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TUNNEL AND DIRECT CURRENT TRANSFER
IN HTcS SYSTEMS
(instead of preface)

The main purpose of our Symposium is to discuss a problem of the Current
Transfer in HTS: direct and tunneling mechanisms. As you know metaloxide
is a very complicated object which is described in the net approximation of
weakly coupled superconducting contacts. In fact we have a deal with a
multiconnected system that determines a specificity of the current transfer and
complicates an analysis of experimental data. I would like to call attention to
series of questions and to share with you some considerations.
I. Spectral function of the Electron-Phonon Interaction (EPI) in HTS. The

manifestation of the phonon structure in the tunneling conductivity implies
that phonons strongly couple with electrons in the metaloxides. It is a great
experimental achievement of Tunneling Spectroscopy. However the only
evidence of the EPI dominant role can be the numerical reconstruction of the
Eliashberg function.
To receive the EPI function first of all we must strive to take into account
contributions from various mechanisms of the current transfer throuth tunnel
barrier (Andreev reflection, proximity effects, Yanson shorts and so on). It is
appropriate to remind that for HT superconductors the probing depth is very
short (about hvf /co lmZ(.co), where Z(a>) is the renormalization function).
Hence the getting from superconducting (N-I-S and/or S-I-S) tunnels of the
reliable amplitude data on high energy bosons seems to be problematical.
Unfortunately until to day publications did not contain a detailed numerical
analysis of initial HTS tunnel experimental data for EPI function.
Consequently there was no reason to place our trust in the quantitative side of
such informations.
Therefore the tunnel study of the self-energy effects for nonsuperconducting
oxides (N-I-N junctions) acquires the actual value as another approach to rise
an experimental trustworthiness of the EPI contributions in the pairing
mechanisms for HTS.

2. The linear background conductance is other interesting tunnel result,
which requiers of an explanation yet. As a matter of fact the linear contribution
can be explained by energy dependence of the transfer matrix element
(and/or by exotic mechanism). Thank to the success of the modern technology
of both native and artificial barrier fabrication (Tsukuba, Lausanne) there
arise unique experimental possibilities to investigate an influence of barrier
properties on the tunnel transfer of charge in the contact of the metalmetaloxide type. Here Tunnel Experiments under High Pressure (HP) and
with photo-sensitive barriers can contribute to our understanding of the
mechanisms of the "linear conductance" and "zero bias anomaly".
From the point of view the STM study it is very important to remove an
effect of solid state barrier properties. It seems to me, the current transfer
in the atom-sized contacts discovers fantastic experimental possibilities to
simulate different situations on the atomic level (Kharkov, Leiden).
3. A network of weak links creates a serious technological barrier to achieve
and to maintain the High Critical Current in Magnetic Fields in bulk
materials.lt is obvious we must decrease amount of weak links. However from
our point of view an important reason of the current stabilization of ceramics
in high magnetic fields is both the spatial inhomogeneity of the Josephson weak
links and the existence of Abrikosov vortices within the granules. As a result
the improvement of the Critical Current-Magnetic Field Dependence could be
achieved by reduction of the granule sizes. Of course to day there are the
splendid technological achievements in some Labs of Europe, China, Japan,
and USA but I believe our conclusion will be useful for the further improvement
of HTS properties.
4. To study in detail the role of the weak superconducting links and the
different nature contributions in current transfer of HTS it is possible to use
High Pressure. The basic idea of HP experiments is to vary the weak link
parameters which will change characteristics of intergranular and interplane
barriers and hence the density of structural fluctuations. Moreover HP
provides a variation in the lattice constant and hence of the EPI. An efficiency
and prospective of such an experimental approach with HP had been
demonstrated by investigations of Texas Center for Superconductivity,
Amsterdam Free University and our Institute.
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It is hoped that Symposium will stimulate fresh ideas and will promote to the
scientific cooperation.
And now let me express our sincere thanks to
• National Academy of Sciences and State Commettee for Science and
Technology of Ukraine for giving us opportunity to continue HTS
investigations and to carry out International Symposium (the financial
foundation is Ukrainian Grants ##0.9.01.01/012-92, 04/065-93,
02/030-94, 01/056-94, 04/057-94);
•

Japan Society for the Promotion of Science for the palpable financial
supporting of Second Symposium.This generous gesture was possible
thank to the understanding of our today life by many Japanese scientists
and especially thank to the initiative and noble steps of Prof.I.Iguchi and
Prof.Y.Ichikawa;

•

Jnternational Soros Foundation via the American Physical Society for
individual Grants (500 $US) for many symposium's participants;

•

Scientific Council of the National Program of Russia on "HTS" and
especially to Prof.N.Chernoplyokov and Prof.Yu.Osyp'an for the warm
moral supporting;

•

Prof.A.Alekseev, Dr. Medicine Felix Vouhl and his sons Aleksei and
Seva, and Mr.A.Stojan for the disinterested assistance;

•

many coworkers of Donetsk Physico-Technical Institute and especially
Dr.Yu.Kuzin, Dr.N.Mezin, Dr.I.Sibarova, Dr.E.Solovjov, Mr.G.Ajzetulov
and Mr.V.Chajka for invaluable assistance in the various stages of
Symposium organization.

The success of this Conference was equally due to the close attention of the
International Advisory Committee and to the brilliance of the speakers and to
the high standard of contributed papers and posters.
This book contains the proceedings of the Second International Symposium
on High Temperature Superconductivity and Tunneling Phenomena (IS
HTS-TP'94) held in Slavyanogorsk (a nice place near the Donets river,
Donetsk region, Ukraine) from September 3 through September 6, 1994.
The Proceedings contain the selection of invited and contributed papers
covering the most important issues in the field of high-Tc superconductivity.
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The number of participants was more than sixty. I appreciate their activity
and especially I thank them for the decision to visit our country just when the
tremendous social perturbations take place.
i would like to create together with future sponsors the Symposium
Foundation to support and to stimulate the International Scientific
Cooperation and an activity of a promising researchers in countries of the
Former SU. This support will be very important in our heavy times of
economic and social experiments. As it says in the Bible "Any gift is a
blessing".
Thank you !

Vladimir M.Svistunov
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I. TUNNELING EFFECT AND
HTSC MECHANISMS
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LINEAR APPROXIMATION OF THE ELIASHBERG
EQUATION FOR OBTAING <x2(Q)F(Q) FROM
TUNNELING DATA
R.Aoki, H.Murakami, T.Kita, Y.Nishio* and M.Shirai* ;
Dept. of Electrical Engineering Fac. of Engineering,
*Dept. of Material Phys. Fac. of Eng. Science, Osaka
University ; 565 Suita, *560 Toyonaka, Japan
For obtaining the high Tc Cooper-pair informations
from the tunneling spectrum conductance data a=(dI/dV)V, a linear approximation of the Eliashberg equation is
carried out, and it turns out that peak intensity
S(Qoi)=H • W 2 in d2I/dV2-V spectrum well represents
the pair coupling intensity a2(Qoi)F(Qoi)/Qoi.
In terms of the Eliashberg equation, superconducting gap
parameter A(co) is expressed, as follows
A(co) = Z(co)~

•CCQ(O)')[K+(CQ,(O')

-

where

Q(co')=Re

.
^
2
-ylieo'-ir) -A(<w') 2

K+ (w,a)') =J^°°a2(Q)F(Q) [L+ (©,ft)1 Q,) + L_(m, w' ,Q)]dQ
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1
)1 +Q) ± (co + id)

>\Q,«>) =

We can observe this A(co) character by means of the
tunneling conductance o=dI/dV measurement with
following relation, and it can be approximated for the bias
(eV) range far beyond the gap edge (Ao) as

as =

+A(eV)

eV J

and
dV

=

uN

eV

do)

(2)

Many investigators have undertaken numerical
calculation to obtain the pair coupling spectral function
a 2 F(Q) by introducing the a-V data into the Eliashberg
equation (1), for instance, previously Huang et al. [1] for
BKBO and NCCO, and recently a systematical
investigation by Svistunov et al. [2] for most of the high
Tc superconductors.
However, their computational process is rather
complicated and much sensitive to the background noise of
the spectrum data, and some possibilities to lead a spurious
result,since without any perspective during the numerical
computation.
Here we attempt this elucidation in more simple and
analytical procedure by the following linear
approximation of the Eliashberg equation.
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For o>' integral in eq(l), dominant part comes from the
gap edge point of <JQ'=AQ , where Q(o)') becomes
maximum of Q(Ao)= y/Ao/4r. Then A(co) is expressed by
the principal value of
ACOD^ZO' 1

• Q(A0) • K+(co,A0)

where the renormalization function Z(co) was assumed
nearly in constant Zo, and the screened Coulomb potential
\x* was neglected.
The next approximation is related to the phonon
spectrum F(Q). The observed tunneling spectrum (do/dVV) shows a certain evidence of optical phonons
contribution [3] to the Cooper-pairing. In that case, the
density spectrum F(Q) shows sharp van Hove singularities
and can be approximated with 6 function followingly

Accordingly, the interaction kernel K+(co,co') will be
expressed in a form of

In subsequence, we obtain a linearized form of A(co) as
a 2 (QOi ) F ( Q a )L_ (A 0 , QOi,
I
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Combining this result with the tunnneling conductance
derivative expression of eq(2), we obtain in consequence

Here P(Q)=a2(Q)F(Q)/Q is the electron-phonon
coupling intensity, and P • L[(Ao+Qoi)-(co+iS)]) is a
Lorentz type function, and its derivative PdL/dco is
characterized by a negative peak at coi=Ao+Qoi with height
Hi=Pi/Si2 and width Wi=2>/3~- Si, therefore the peak
intenstity S(QOi)=H • W 2 observed on the tunneling
spectrum dos/dV is just proportional to the a 2 (Q)F(Q) to
be investigated.
Thus obtained a 2 F(Q) was again introduced into eq(l)
and da/dV-V spectrum was re-calculated, and it turns out
in good agreement with the initial data,which means the
validity of this linear approximation. [4]
[1] Q.Huang, J.F.Zasadzinsky, N.Tralshawala, K.E.Gray,
D.G.Hinks, J.L.Peng and R.L.Greene ; Nature 347, 369
(1990)
[2] V.M.Svistunov, M.A.Belogolovskii and A.I.
Khachaturov ; Physics Uspekhi 36 (2), 65 (1993)
[3] R.Aoki, H.Murakami and T.Kita ; Physica C 225, 1
(1994) ; ibid Physica C 235-236 (1994) (in print)
[4] R.Aoki, H.Murakami,Y.Nishio and M.Shirai ; (to be
submitted elsewhere)
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LIMITATION OF THE ZA/kTc RATIO IN A BOSON THEORY OF HIGH-Tc
SUPERCONDUCTIVITY: A MONTE CARLO STUDY
AXD'yachenko

UA9600433
A.Galkin Donetsk Physicotechnical Institute, National Academy of Sciences of
U/craine, Donetsk 340114 , Ukraine

Calculations of the 2A/kTc value for the all possible Bose- like pairing
mechanisms are presented. The maximum value for 2A/Tc was found to be lower
than 7 (Tor Tc~)20 K). It is a new upper limit for the isotropic gap value for any
superconductor characterized by an electron- phonon density and Coulomb j
repulsion parameter -0.2< \k* <0.45.
Tunneling experiments with high-Tc superconductors often give very high
values for the ratio of 2A/kTc >7 [1-2]. Here we state that these values are
impossible in the limits of any boson approach. As is known, the high values of the
energy gap correspond to the strong coupling limit [3] when the critical temperature
Tc is determined by the isotropic Eliashberg equations. [4] That is why we studied
only the isotropic limit. The Tc and energy gap parameter were calculated with the
help of the numerical solution of the Eliashberg equations for complex frequency

-«xm<oo,

(1)

where A and Z are Matsubara gap and renormalization function evaluated on the
imaginary frequency axis at the discrete points icon=i7tkgT(2n-l), n=0,l,2,3...In these
equations T is the temperature, kg is Boltsmann's constant, «>c is a cutoff on the
Coulomb repulsion, and K(n) is given by
X(n)=2J{o)g(foV(o32+con2)}dco .
The real- axis formulation of the Eliashberg equations can be obtained from eq (1)
by the simple analytic continuation. The resulting equations would be fully
equivalent only if an infinite cutoff © c is used. In the spirit of the strong coupling
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theory, finite cutoffs are introduced both in the real- and imaginary- axis versions. It
must be emphasized, however that a sharp cutoff on the real axis does not
analytically continue on the imaginary axis and vice versa [5] The real gap at zero
temperature was obtained by the analytically continuing A(Vtin> to the real axis using
Pade apprroxitnants.
For the spectral function of electron-phonon interaction, gfco^-a-Fuoi die
known data on the phonon density of states F(o>V YBCO. BSCCO and LCCO
metalceramics [4], gtra^Za-fropFf'cbj ) were taken while the ou« > ninctions were
substituted by constants 04 . These constants were varied independently but
preserving the given value for Tc=120'Kfcutoff toc-500nieV). Here Ff(o() is the part
of the function F(w) localized near the iUl= peak of the phonon spectrum [4J. The
comparison of me calculated and experimental [5,6] results for F(o.V) YBCO.BSCCO
and LCCO metalceramics shows that the position of the spectrum singularities at »=Wj (maxima and minima) is set even for different cuprates with essentially accuracy
whereas the relative amplitude of the peaks essentially depends on the material.
To provide the maximum statistical reliability a Monte Carlo method was
used. The 04 parameters and the constant

were considered as random and uniformly distributed values, so the whole
possible variety of g(w) functions for the given Tc was computed The nonphonon pairing mechanism was considered by the variation of the Coulomb
pseudopotential (.i*. The extension to negative u* values formally include also a
magnetic for plasmon) mechanism into the analysis. Effective values for u* were
determined by the self-consistent way for the Tc=120K corresponding to the Bi2223
metalloxide. The calculations include --10"' different model g(o.i) spectra. Thus, the
whole variety of possible functions gira) was simulated numerically (see tig).
As a result, the limits of 5<2A/kTc<'7 are surely satisfied for all the reasonable
values of Coulomb pseudopotential -0.25< u* - 0.45 and Tc -120K. So the value
of 2A/kTc>8 was never obtained for any realistic g(a> i function and an additional
high-frequency Bose-like pairing mechanism, ft should be noted that the BCS
limit for 2A/kTc~3.5 also was not reached because the phonons increase
significantly the value of A at presence of the strong Bose-like pairing.
When the high-Tc superconductivity was discovered and realization of
electron- phonon interaction with large coupling constant X became possible a
number of attempts were made to set up the dependence of 2 A;'kTc on X at X~ > 1.
The Monte Carlo calculation shows that the relation of 2A/kTc -A. has a
logarithmic behavior.
?A/kT c =4.2 * 1

12

8.0

7.0

w 6\ 0 A

5.

H

.1

0.4

-0.2

0.0

Fig. The "2A;TC its a tunction of effective Coulomb mteractioii parameter \i* for
the whole possible spectra] function g(co) andT c =120 K.
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In conclusion, the main assumption that underlie the derivation of Eliashberg
equations is the Migdal's theorem which states that contribution from the
electron- phonon vertex corrections to the electron self- energy would be of the
order of XQ /Ep, where Q is the characteristic phonon frequency and Ep is the
Fermi energy. In conventional metallic superconductors, in winch Q/Ep <0.01 and X
<2, the lower order perturbation theory is sufficient if we include Coulomb
interaction (that is a renormalization of the X value and the pseudopotential u*1. The
situation in high-Tc oxides is quite different. Here Q/Ep~0.1 and if X>\, formally
speaking the perturbation theory does not hold. It can be shown [7] that at least for
an Einstein spectrum the effect of the vertex correction is to renormalize the
interaction constant X and the characteristic frequency Qg These changes are
taken into our calculations directly.
Quite possible that this result is a simple consequence of the relation A=KJ>/Z all
the same topological structure of the F^ynmaft, diagrams. So, if the sign of the
collections to Z and <p is the same, the:i?p|i5crions in the relation A=<p/Z are
sufficiently reduced. In fact, for this reason in the attractive strong-coupling limit the
energy gap becomes isotropic. For the mean values of X ~1 the large A can exist for
highly anisotropic but still three dimensional superconductors. The rather larger
value ot 2A/kTc~10 have also been obtained for the spin- fluctuation mechanism of
superconductivity {8] which predicted the d x 2. v 2 pairing state.
Acknowledgment's
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FEATURE OF THE ENERGY GAP IN YBa2Cu,O. FROM BREAK JUNCTION
MEASUREMENTS
T. Ekino, T. Minami, and H. Fujii
Faculty of Integrated Arts and Sciences, Hiroshima University, Higashi-Hiroshima
724, Japan
Superconducting energy gap in YBa,Cu3O7 have been investigated using break
junctions. The tunneling conductance, di/dV, at T= 4.2 K shows no leakage around
zero bias, while the gap edge peaks are broadened compared to the simple BCS
density of states. These features suggest the spatial distribution of the energy gap or
the anisotropic j-wave pairing. The observed largest gap value, determined by the
peak-to-peak(p-/>) separation in dl/dV, is 140 meV, which corresponds to the 4A of
an SIS junction. The observed tunneling density of states is fairly well expressed by
the probability distribution of the energy gap using the BCS density of states.
Electron tunneling technique has been provided the most direct information about
the mechanism of superconductivity through the measurements of the quasiparticle
density of states[l]. However, the tunneling measurements using the high-r c
superconductors have been confronted with serious difficulties because of the surface
degradation of samples during the junction fabrication processes. One of the solutions
against the difficulties is to use the in situ break junction. Since this technique
provides the most clean and unaffected junction interface, intrinsic feature of the
tunneling density of states can be obtained.
In this paper, we report on the tunneling measurements of the superconducting
energy gap in Y(Gd)Ba,Cu3O7 using the break junction technique. For the
measurements, polycrystaftine samples with Tc = 90 K and the resistive transition
width ATC < 1 K were used. The junctions were formed by fracturing the thin
strip-shaped sample in liquid helium just before the measurements. It is noted that in
the break junction method, the fractured surface will be rough so that the scattering
of tunneling electrons in the junction is expected to occur. In this case it is considered
that the averaged tunneling density of states with respect to the Fermi surface is
obtained. The tunneling conductance, dl/dV, were measured using a standard lock-in
technique with a constant modulation amplitude of 100 jiV.
Figure 1 shows the tunneling conductances from the different GuBa,Cu3O7(GBCO)
break junctions at T=A3 - 4.7 K. In Fig. 1 (a), the magnitudes of the conductance
are largely different between opposite bias polarities, but the peak positions in dl/dV
occur at ± 70 mV. The gap structure is largely broadened compared to the simple
BCS denstity of states and the large leakage conductance is observed. On the other
hand, the gap-edge peaks in dl/dV in Fig. l(b) are much sharper than those in Fig.
l(a), and no leakage conductance is observed around zero bias. The junction resistance
at the gap edge is 300 kfi in Fig. l(b), which is much higher than 400 Q. in Fig. l(a).
Nevertheless, the peak-to-peak separation of 140 mV in dl/dV is similar with each
other and this is the largest value observed in our measurements. From these facts,
the value of 140 meV is considered to be Ahpp of the SIS(S=Superconductor,
I=Insulator) structure in the break junction, where the A is defined by the half
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Fig. 1 Tunneling conductances from
high junction resistance regimes.

»7 break junctions in (a) low and (b)

value of the peak-to-peak separation in dl/dV of an SIN(N=Normal metal) junction.
As- shown in Fig.l, the conductance peak position is almost independent of the shape
of the curve. This is different from the usual broadening of the BCS density of
states, where the peak position is moved to higher bias with increasing the broadening
parameter[2]. The A_. = 35 meV is consistent with the largest gap value obtained
from the Andreev reflection measurements of YBCO[3] and is almost the same as
that of B i ^ C a C u P g single crystal[4]. The structure at the bias of + 50 mV in Fig.
l(b) is probably due to ?Ap.Je from a lower r phase because the well defined gap
structure with 4/1^ = 100 meV was also reproducible in our measurements.
Figure 2 shows the tunneling conductance (solid points) from a YBCO break
junction at T = 4.2 K with an s-wave like gap structure. This is our best data in a
sense that there is a wide zero-conductance bias region within the gap. The peaks in
dl/dV occur at ± 35 mV, while there is no leakage within ± 15 mV. Since the
peak-to-peak separation of 70 mV is half that of Fig.l, this can be attributed to the
2A Je of an SIN junction which is accidentaly formed in the break junction. The
background conductance shown by the solid curve in Fig. 2 is obtained by the fitting
using the data between ± 6 5 - 8 5 mV. The curve is expressed by the parabolic shape
of a + p v + yV z witha = 21.8 xl0' 6 [S],|3 = -3.3 x 10 "5 [S/V], and y = 3.3 x 10 "3
[S/V 2 ][lj. The asymmetry of the background about zero bias is due to the asymmetric
barrier profile.
The normalized conductance, which is obtained from the raw data in Fig. 2
devided by the background at each bias point, is shown by the open circles in Fig. 3.
The asymmetric feature of the raw data in Fig. 2 is more or less diminished by this
procedure, which makes the data more reliable. To evaluate the tunneling density of
states for YBCO, we have fitted the experimental data in Fig. 3 with the calculated
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Fig. 2 Tunneling conductance from a YBa,Cu3O7 break junction. Solid points and
solid curve represent the experimental raw data and the fitted background (see text),
respectively.
curve. For the fitting function, we here introduce the probability distribution of the
BCS density of states as follows,
N.(E) = Nn(0)

/ (E2 - A2)l/2} g(A) dA

(1)

where. N (E) is the superconducting density of states, Np(0) is the normal state
density of states at zero bias, A is the energy gap, and g(A) is the weighting function
for the probability distribution^]. We assume that g(A) = (2n) 8 exp[ -(A-A,,)7(28)
] (the Gaussian distribution function) for A, < A < A2 and g(A) = 0 for A < A,, A} < A,
where A,, and 8 are the average gap value and the standard deviation, respectively.
The tunneling conductance were thus calculated and fitted to the experimental data
by choosing appropriate values of Ao, 8, A,, and A^ as the fitting parameters. In this
calculation, we put T= 0 K because thermal smearing at 4.2 K is not significant for
the superconductor with Tc = 90 K.
The fitting result is shown by the solid curve in Fig. 3. The calculated conductance
curve on the basis of the above assumption actually matches with the data especially
below the gap-peak biases. The disagreement between the experimental and calculated
curves at higher biases is due to ambiguity of determining the background. The
fitting parameters are A,, = 31 meV, 8 = 6 meV, A, = 17 meV and \ = 61 meV for
the negative bias, and Ao = 33 meV, 8 = 10 meV, A, = 17 meV and A2 = 71 meV for
the positive bias, respectively. The significant feature of the fitting result is that it

27

.42

-100

-75

-25

0

25

50

75

100

Voltage (mV)
Fig. 3 Conductance fitting result for YBajC^O, using the Gaussian distribution of
the BCS density of states. Open circles and solid curve repesent the experimental
data and the calculated curve using Eq. (l)(see text), respectively.
really needs a sharp cut off at A,, which indicates the existence of the minimum gap
value in the quasiparticle excitation spectrum. The higher-energy cut off at A, =
61-71 meV, which is larger than the SIN gap value of Ap.p = 35 meV, probably
reflects a mixture of the gaps from partly formed SIS junctions at the interface.
In conclusion, the measurements of the superconducting energy gap in YBajCu?O7
using the break junctions showed the s- wave like gap structure. The obtained tunneling
conductance is fairly well fitted with the Gaussian distribution of the BCS density of
states with the energy cut offs at both sides of the distribution. These features
indicate the existence of either the real gap distribution due to the local distribution
of oxygen concentration or the gap anisotropy in this compound.
This work was surported by a Grant-in-Aid for Scientific Research on Priority
Areas, "Science of High Tc Superconductivity" given by Ministry of Education,
Science and Culture, Japan.
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JOSEPHSON AND QUASIPARTICLE TUNNELING FOR
SUPERCONDUCTORS WITH PARTIAL DIELECTRIC GAPPING
A.M.Gabovich Crystal Physics Department, Institute of Physics of the National
Academy of Sciences, Kiev, Ukraine
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Josephson and quasiparticle current-voltage characteristics for junctions
with partially-gapped CDW- or SDW- superconductors are calculated. Extra
Riedel-like and Giaver-like peculiarities appear for voltages determined by
the superconducting gaps as well as the dielectric gap L.
The question whether the superconducting state and charge- (or spin-) density
waves (CDW, SDW) really coexist has a long history and is still unresolved in
experiment directly. But many indirect data as well as theoretical considerations
speak in favour of the promising coexistence possibility for various substances (see,
e.g. [1-3]). In the temperature range where there are both the superconducting
order parameter A and the dielectric gap S (the latter accompanies CDW or SDW)
various thermodynamic and transport properties should somehow differ from the
BCS ones. Of course, the same should be valid for tunneling between CDW- or
SDW- superconductors (both in symmetrical and in non-symmetrical junctions).
Here we outline the main features of tunneling phenomena involving such
materials.
The consideration is based on the Bilbro-McMillan model [4] of the anisotropic
metal with nesting Fermi surface (FS) sections (1 and 2), where the gap £ develops
below temperatures T = Td or 7^ (higher than the critical temperature Tc of the
superconducting transition). Thus, the dielectrization is partial because the section
3 of the FS is not influenced by the electron-hole pairing and may be affected only
by formation of the gap A for T < Tc.
The superconducting order parameter will be considered hereafter to be spinsinglet and posessing s-wave symmetry and the dielectric order parameter to be
spin-singlet (CDW) or spin-triplet (SDW). The corresponding energy gap 2 is
chosen to be real (positive or negative). Imaginary order parameter 2 describes
phenomena which have not yet been observed. The strong mixing of all branches of
the non-reconstructed electron spectrum is suggested [4].
For CDW-superconductors the following normal and anomalous Green's
functions should be taken into account: Gnd, G a , Fnd, and Fd. The "interband"
function GA describes the influence of the electron-hole pairing on various metal
properties and is analogous to the Gorkov's functions Fnd (Fd) for the Cooper
pairing. For SDW-superconductors the extra Green's function F& enters into the

problem. Clearly the explicit expressions for the functions involved are different for
the two cases [1].
The full current through the junctions with slowly varying bias voltages V(t) can
be expressed as follows:

(1)
Here e is the electron charge, I, is the Josephson current, I2 ts the interference pairquasiparticle dissipative current, and J is the quasiparticle current. The components
I,, I2, and J consist of several terms each. These terms correspond to various
combinations of fs and G's. It is well known that there are singularities and jumps
in lj, 12, and J for definite V [5]. In our more complicated case the number of the
feature points is much larger.
As a result, for CDW-superconductors in the symmetrical case (CDWmetal/insulator/CDW-metal) we have jumps in the dependences I,(V) for D-A (for
T = 0), where D = (A 2 +2 2 ) l/2 and the logarithmic singularities for eV - ID, A+D,
arid 2A. Hereafter we assume eV > 0. Otherwise, one should take -eV = \eV\
instead. For 12(V) and J(V) there are jumps for eV = 2D, A+D, and 2A and
singularities for D-A.
For
the
non-symmetrical
junctions
CD W-metal/insulator/ordinary
superconductor, where the latter is characterized only by one superconducting gap
d, the Riedel-rype logarithmic singularities for lt(V) will exist when eV = D+5,
S±A, and jumps when eV = \D-d[ and |A-$ (for T * 0). The corresponding
singularities and jumps for I2 and J can be easily obtained from the KramersKronig-like relations [5].
The SDW-superconductors are characterized by slightly more involved
quasiparticle spectrum in the parent undistorted phase. Thus, the results are
different from those for CDW-superconductors, although rather similar. In the
symmetrical case the Josephson current 1, has logarithmic singularities for eV =

2D± = | S ± A | , H+ = D+ +D_, M±=D±+A

and 2A and jumps for eV =

H_ = D+-D_
, N± = \D± - A| and T* 0. The same biases correspond to jumps
and singularities ofI2(V) andJ(V).
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For non-symmetrical junctions the Riedel-type singularities should be observed
for eV = D±- S and A+S and jumps for eV = D±-5
superconducting gap of a conventional superconductor.

and A-£, where 8 is.the

We want to stress that our results for I^(V)
and Jm(V) in SDWsuperconductors crucially depend on the sign of E. That is the direct consequence of
the existence of C?a, and F^. These Green's functions are different for E > 0 and E <
0 due to dissimilar structures of the elementary Fermi excitation spectrum in two
cases [6].
The predicted peculiarities of the current-voltage characteristic behaviour can be
observed directly by tunnel or point-contact spectroscopies. Also, the Josephson
subharmonics for eV = eV9Se6al / ( 2 « + l ) , where n = 2,3,..., and Riedel
singularities in the microwave-irradiated junctions for eV + CO = ^V^eAeX, where co
is the frequency, should appear.
To summarize, the dielectric gap not only changes the quasiparticle current
J(V), that is quite natural, but can also drastically modify the Josephson coherent
superconducting properties. One should bear in mind that the possible interesting
coherent effects [7] of sliding CDW or SDW are completely excluded from
consideration here.
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INELASTIC ELECTRON SCATTERING INFLUENCE ON THE STRONGCOUPLlNG OXIDE SUPERCONDUCTORS
A.M.Qabovich and A.I.Voitenko Crystal Physics Department, Institute of
Physics of the National Academy of Sciences, Kiev, Ukraim

UA9600436

The superconducting order parameter A and energy gap A are calculated
taking into account the pair-breaking inelastic quasiparticle scattering by
thermal Bose-excitations, e.g., phonons. The treatment is self-consistent
because the scattering amplitude depends on A. The superconducting
transition for any strength of the inelastic scattering is the phase transition of
the first kind and the dependences A(T) and AJT) tend to rectangular curves
that agrees well with the experiment for high-Tc oxides. On the basis of the
developed theory the nuclear spin-lattice relaxation rate Rs in the
superconducting state is calculated. The Hebel-Slichter peak in RS(T) is
shown to disappear for strong enough inelastic scattering.
For high-T0 oxides one of the most important distinctions from the BCS
behaviour is the almost rectangular temperature, T, dependence of those
characteristics which are measured by resistive (tunnel and point-contact), infrared
or Raman spectroscopies, and are generally identified with the superconducting
order parameter A or the energy gap A in the quasiparticle spectrum. The other
unusual feature of the these superconductors is the absence of the Hebel-Slichter
peak in the nuclear spin-lattice relaxation rate Rs below Te. This peak is a clear
manifestation of the s-wave Cooper pairing and traditionally serves as a check of its
realization for various specific superconductors. We suggest that these phenomena
are due to the inelastic quasiparticle scattering in the superconducting state.
Here we develop a phenomenological approach, based on the BCS scheme,
which treats the scattering processes as pair-breaking factors [1]. All these
processes are described by a single pair-breaking factor v= (TTC0)-\ where r is the
inverse inelastic relaxation time, Tc0 is the critical temperature of the metal with no
inelastic thermal scattering (v = 0), and h — kB = 1. We suggest that v depends on
T as well as on the order parameter A of the superconductor. In turn, A is defined
by the equation derived within the framework of Abrikosov-Gor'kov theory for
superconductors with paramagnetic impurities [2]. This equation includes v as a
parameter, so the problem becomes self-consistent.
We consider Cooper pairing to be of the s-type. We think that this assumption
agrees well with experiment (the situation is quite different from that for heavyfermion substances). But there is another point of view suggesting a spin-singlet
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anisotropic d-wave pairing. It is based, in particular, on experiments where the low
temperature power dependences of transport properties were observed.
Nevertheless, the s-wave character of the high-Tc oxide superconductivity is
supported by gap-like Giaver one-particle tunnel currents for oxides, the
conventional magnetic flux quantization in Nb-YBajCujOy rings, and usual
temperature and magnetic field dependences of the Josephson current in
Pb/insulator/Y,^P^BajCujO^g tunnel junctions.
We select the dependence v(t) in a rather general form v(t) = Atpf[t,
S(t)],
where t = T/Tc0, 6= A/Tc0, A and /? are the dimensionless parameters of the theory.
The exponent J3 can be found both from theoretical considerations and from
resistive measurements, and usually falls into the interval 1 to 3.
The function f(t, 5) allows for the reverse effect of the electron spectrum gap on
the scattering process. In particular, it can be chosen as a constant, which makes
the problem non-self-consistent. But if the quasiparticle recombination processes
make the dominant contribution into inelastic scattering, it is reasonable to select
f(t, 5) in the form

f(t,S) = cxV[-S(t)/t].

(1)

This equation has been obtained [3] from Eliashberg equations not allowing for
the reduction of the real spectrum gap A (T) against the order parameter A(T):

(2)

where S^AJT^ is the dimensionless energy gap. So, we assume that the following
model will be more correct:
g()

(3)

In Fig. 1 the temperature dependences of the superconducting order parameter
8(1) are shown for various types of the pair-breaking factor. The dashed curve is the
Miihlschlegel curve within a factor rc0/A(0) = y/it, where y = 1.7810... is the Euler
constant. Curve 1 corresponds to our model with a temperature-dependent pairbreaking scattering but without self-consistency: v(t) = 0.5t. We remark that even
in this version of the theory the ratio 2A(0)/Tc0 is far in excess of its BCS value
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Inly, the conclusion being in agreement with the majority of experimental data for
HTSC. Curves 2 and 3 were calculated in the self-consistent framework of Eqs.(l)
and (3), respectively. Here A = 0.5 and /3
= 1, the latter being common to
YBa^UjO?. The calculations were
performed only in the gap region
defined by the condition v(t) S(l). One
can see from Fig. 1 that the order
parameter becomes double-valued when
treating self-consistently. The dashed
portions of curves 2 and 3 describe the
lower
branches
connecting
the
branching points and the points where
the condition v(t)
8(t) fails. One
should note that curve 3 ends at the
intersection point with curve 1 since v(l)
t = TIT.cO
- 5(t) here.
Fig.l:
The double-valued character of A(T)
in Fig. 1 at the first-glance resembles one for the gap edge obtained in [4,5] within
the Eliashberg theory. However, the calculations of these works led to the singlevalued behaviour of the order parameter \(T) and the energy gap \CO, which
vanished continuously when 7" approached Te in line with the theory of secondorder phase transitions. The double-valued nature of the order parameter A CO and
hence the gap \(D survives, as our calculations show, for arbitrary small A and J3
> 0, but the branching point rapidly shifts towards the close vicinity of 7'c when A
becomes small. Therefore, the predicted effect would not be observed for low-Tc
superconductors since it goes there beyond the accuracy of the experiment.
The lower branches of curves 2 and 3 correspond to-unstable states which can
not be realized since the free energies of the superconducting state for them exceed
the free energies of the corresponding stable branches with larger order parameter
ACO- Therefore, the continuous behaviour of &(T) is interrupted at the branching
point and the phase transition of the first kind into the normal state occurs, so that
the order parameter goes discontinuously to zero at T = 7C. The transition is
depicted by the vertical solid parts of curves 2 and 3. The transformation of the
phase transition order in a similar situation, when the instability is driven by a nonequilibrium external electromagnetic radiation, was obtained in Ref.6.
The T-dependence of the nuclear spin-lattice relaxation rate in the
superconducting state is the most popular among transport characteristics of highTc oxides. First of all, here the BCS theory leads to the non-monotonous behaviour
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of RS(T), whereas in experiments for high-Tc ceramics RS(T) is monotonous. The
other reason is its importance for
understanding of magnetic properties of
Cu-based oxides, being magnetically
unstable for definite compositions.
Without any intrinsic or extrinsic cut-off
processes the ratio p = RJRn, where Rn is
the nuclear spin-lattice relaxation rate in
normal state, diverges logarithmically
below Tt. With allowance made for these
processes, the divergence transforms into
the so-called Hebel-Slichter peak. In our
case the elimination of the singularity is
1 .Odue to the inelastic electron scattering by
thermal excitations. The main challenge
for any theory describing relaxation in
&
the superconducting state is to explain the
absence of the peak below Tc for high-Tc oxides. The modification of the
dependences p(0), where 0= T/Tt, for the most realistic self-consistent model (3) is
shown in Fig. 2 for /? = 1. Here curves 1-5 correspond to parameter values A = 0.1,
0.2, 0.5, 1, and 1.5. From Fig.2 it follows that in this model the coherent peak
disappears and the dependence p(T) becomes monotonous with jump to unity at T =
Tc. Such a behaviour agrees with the experiment for ceramic oxides.
1. J.Appel, Phys. Rev. Lett. 21, 1164 (1968).
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JOSEPHSON CURRENT IN SUPERCONDUCTING
SUPERSTRUCTURE.
G.A.Gogadze.

UA9600437

B.I.Verkin's Institute for Low Temperature Physics & Engineering by the
Academy of Sciences of Ukraine, Lenin av.47, Kharkov 310164, Ukraine.
The Josephson current in superconducting superlattices is investigated.
1. The Josephson-type model structure which consists of the periodically
alternating superconducting (S) and ^normal ,(N) metallic layers
(superconducting superlattice) was considered. The period of this structure
equals d = ds + dh (there ds , d h are the thicknesses of S- and N-layers,
consequently). The period is large to be compared with the atomic scale but it
is comparable with the superconductor coherence length £ (T). The
Josephson current in the superlattice depends on both the Fourier-transform
of the thermodynamical Green function of superconducting superstructure
and the Green function of normal metal. The Josephson current near the
critical temperature T c is a complex function of the phase difference <p
between the nearest superconducting layers. If we introduce the dimensionless
parameters a = JtTd/V y =d s /d h and believe that parameter 1 / [a(l+y)]
is small then we can obtain the current as a series (there V is the Fermivelocity) :

i(!P ) = ^f-

• | f [[ A (a) - B (a; y) ] sin* +
"

(1)
00

y

e -2a(2n+l)

4

V"< e-2a(2+y)(2n+l)

where A (a) = JL*

5-, B (a; y) = -TT— JLA
n=0 \
n=0
The critical current of the superconducting superstructure is
n
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* " ^ r • £ [A"B

J( }

In the limit case y -* oo the expression obtained is equal to the critical
current of the S-N-S contact.
2. The essential role can be played by the modification of the superlattice
condensate spectrum from the continuous to bandy one while studying the
thermodynamical and kinetic characteristics of the superconducting
superlattices (SS). In paper [1] the possibility of existence of the band
condensate spectrum in SS was pointed out for the first time. It was
predicted.that the condensate spectrum slipping became available starting
from a critical level of modulation of the order parameter SS. The condensate
states in different bands are distinguished with the modulus of order parameter
in space. The Josephson specific of the SS behavior appears in the possibility
of upper in energy current bands of condensate in excited bands with the
ordinary superconductive current, which corresponds to the lowest band.The
presence of the SS energy bands makes it possible for the condensate
transitions from one quantum state to another as an macroscopic system.
Let us study the band states stability of SS. The consideration is done in
framework of the Ginzburg-Landau (GL) scheme on a superconductive film
the order parameter of which is depressed due to proximity effect by periodically deposited normal metal layers.
The Ginzburg-Landau equation in normalized variables for SS is:
+ 00

d V

2

^ + V(x) [ 1- | V(x) 1 ] = X 2

d x

d (x- m d) V(x) (3)

m=-oo

where V (x) is the order parameter of SS, d is the period of superlattice, the
dimensionless constant A > 0 characterizes the degree of suppression of
superconductivity in the points x = md. The Kronig-Penney model for SS
with delta functions is true, when the effect of the pair-breaking
mechanism is localized on distances much smaller than d,£ (T). The states of
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the system are characterized by quasimomentum ps. Let us introduce the
modulus F(x) and the phased (x) of the order parameter. Phase shift over the
lattice period <I> = % (d) - % (0) is related to the ps as
d
4> = p s d = j I d x / F (x), where j is supercurrent density.The equation
0
for F(x) takes the form [1 ]:
+ 00

F " - j 2 / F 3 + F ( l - F 2 ) = A 2 <5(x-md)

(4)

m= —oo
Let us solve eq. (4) for F(x) in the range 0< x< d (with zero right hand side)
with the boundary conditions :

F(O)=F(d),

F(0)=-F'(d),

F'(O) = AF(O)

(5)

The general solution of eq.(4) is expressed in terms of the Jacobi elliptic
function of modulus q = V (zo—Z])/(z2—z{)

(for "even" solutions) and

2

is written for value z (x) = F (x). For the "even" solutions eq.(4) the value of
the order parameter has maximum at x = d/2 (number of zeros of z (x) on the
SS period is even); for "odd" solutions q = V(z o —z\)/{z2—z\) .The
system of equations for values Z\ , z 0 = z (0), Z(j = z (d) , zj > *& *s
obtained in [1 ] (eq.(14) - (17)), which implicitly defines the dependence of
the current j on p s . The analytical dependence of the current on the phase can
be obtained in the limit case of large value of A. Solving the system of equations
in the form of power series in parameter 1IX « 1, we obtain for current:

j = ( - l ) n j c n s i n O n , 0»= psd
,- ~
- IX 7zo(°) V
( 1l _ 7z(°)/2)
Jen
o ' z) •
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(6)

()

(7)

where K(q) is the complete elliptic integral of the first kind.
It is necessary to consider the sign of the second variation of the
thermodynamical SS potential W for the investigations of the thermodynamical
stability of the solutions of GL equations. Let us consider SS in the form of
closed ring with one weak link, when the phase F is fixed. It can be shown,
that F(x) is stable, when the lowest level of the operator 3F2(x) - 3 j 2 / F 4 (x)ry

ry

- 1— d /dx is positive. The equation for the eigen functions and eigen
values of this operator in the current absence can be transformed to the Lame
equation of degree 2 :

= {6q 2 sn 2 (a;q)-A}u(a)

;

(8)

da
u (0) =u [2 (n+l)K(q) ] = 0, n = 0,l,2,...
where A = ( 1 + q 2 ) ( 1 + e ) = 2 ( 1 + £ ) / ( 2 - zQ0)) .The values z^0) are
quantized by the condition (7). It follows from the connection between X and
e that £ o n ) = X (")/( 1 - q 2 ) - 1 > 0, i.e. stability band condition is of
the form:

Aon) > 1 + q2

(9)

We choose the functions Uj(a) and U2 (cc) (depending from the elliptic
0 ' (cc\
functions H( a ± a j) § (a) and Z(a) = Q ; .', which satisfy to the boundary condition (8) as linear independent solutions of the Lame equation.The
fulfilled analysis showed that the smallest eigen value has the solution in the
form sn a dn a. The condition XQ = 1+ 4q 2 > 1 + q 2 is fulfilled.i.e. the
band is stable.
1. OmeVyanchuk A.N.,Gogadze G.A.,Kulik I.O..Sov.J.Low Temp.Phys. 6(1),
19 (1980).

NONEQUILIBRIUM STATES OF HIGH Tc YBCO
SUPERCONDUCTORS UNDER TUNNEL INJECTION OF
QUASIPARTICLES
I. Iguchi, Q. Wang, K. Lee and K. Yoshida

UA9600438

Institute of Materials Science, University of Tsukuba, Tsukuba, Ibaraki, 305 Japan
The nonequilibrium states of high Tc superconductors are investigated by means of tunnel
injection of quasiparticles using Pb(or Au)/MgO/YBCO tunnel junctions.

The effective

critical-current reduction due to tunnel injection is observed, whose behavior is different
from simple heating.

The observed results suggest that the resultant nonequilibrium

states may also differ from those described by conventional nonequilibrium models.

The nonequilibrium states of low 7c metal superconductors under high
quasiparticle injection attracted considerable attention. They can be created by
injecting photons or quasiparticles into a superconducting film. Under strong
injection of quasiparticles, various interesting phenomena such as the gap
reduction, the spatial instability, the multiple gap states have been observed
[1-5] . On the other hand, there have been very few reports on the
nonequilibrium states of high Tc superconductors. By means of optical
excitation .technique, both bolometric and nonbolometric reponses to pulsed
laser excitations have been observed [6-8] . For tunnel injection of
quasiparticles, we have recently reported the strong critical-current
suppression under tunnel injection current [9,10] . Here we report these
observed results on tunnel injection of quasiparticles into a superconducting
YBCO film and the further extended works.
The samples were prepared by fabricating a runnel junction onto a YBCO
stripline by in situ deposition technique. First, a YBCO film was epitaxially
grown onto a MgO(lOO) single crystal. The film was patterned out either by
in situ metal mask technique or by photolithography technique. The film
width was 0.2mm for the former case and 15-60 fi m for the latter case. The
film thickness was 40-100nm. The junction was formed by depositing MgO
barrier of l-4nm thick and subsequently a Pb or an Au counterelectrode.
The measurements for Pb(or Au)/MgO/YBCO junctions were performed by
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feeding two currents in a YBCO film, one across the junction( injector
current: Bnj), the other through a YBCO film only (transport current I). The
Pb/MgO/YBCO injector junctions showed a reasonable gaplike structure at
V= A/e~20mV and a sharp Pb gap structure [11,12] .
It was found that the film critical current Ic decreased as Iinj was increased.
Figure 1 shows an example for the I-V characteristics under different injector
current Iinj for an Au/MgO/YBCO junction. The junction resistance was
about 30 Q. The positive current axis corresponds to the case that / flows in
the same direction as Iinj in a YBCO film. Ic (=20mA) was suppressed to
zero at Iinj=14mA, suggesting the effective gap reduction due to quasiparticle
injection. The second bend in the I-V curve may correspond to the critical
current in the unperturbed film part. The current gain defined by
Ic(Iinj=0)/Iinj(Ic=0) was about 1.45. Figure 2 depicts the plot of Ic as a
function of Iinj at 4.2K for the other sample. The solid line corresponds to the
case that only the current summation effect is involved. The calculation for
simple heating model (dashed line) yielded the curve with downward

Fig.l Current-voltage characteristics of a YBCO Fig.2 YBCO film critical current Ictilm
under different injection current Iinj

as a function of injection current Iiaj
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curvature, in qualitative disagreement with the experimental data. When /
flowed opposite to Iinj (negative axis in Fig.l), the value of h was almost
unchanged or slightly dereasing. This is a rather obvious fact since the film
critical current is the smallest in the unperturbed part of a film.
For Pb/MgO/YBCO tunnel junctions, more interesting phenomena were
observed. Figure 3 shows the change in the critical current Ic with an increase
of Unj. When / flowed in the same direction as Iinj in a YBCO film, k
decreased monotonically with Iinj. The injection current Iinj=56mA yielded a
complete suppression of Ic (=70mA), again demonstrating the effective
involvement of quasiparticle injection effect. The dashed line shows the
simple current summation effect. On the other hand, when / flowed in
opposite direction, to Iinj,, the apparent enhancement behavior in Ic was
observed. For example, at 4.2K,./c tooka maximum value around
2rn/=2QmAand decreased for Iinj >20mA. This behavior cannot be
interpreted by the conventional nonequilibrium enhancement model since the
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bias voltage for the injector junction is much greater than A • The
enhancement of Ic in the experimental situation may be interpreted by
assuming that Ic of a YBCO film underneath a junction part is smaller than
that outside a junction part due to possible damage by multilayer deposition
process. It should be emphasized that the enhancement can be observable only
for a certain range of junction resistance (75 Q — 300 Q) The mechanism of
enhancement of Ic is, however, still unclear. We conjecture that it may arise
from either the inelastic scattering effect (hence creating preferable
nonequilibrium enhancement condition) due to injection of very high energy
quasiparticles (~0.5eV) or the local current distribution in a junction part.
In conclusion, the tunnel injection of quasiparticles into a YBCO film
yielded a variety of interesting phenomena, which may be different from those
observed for low Tc superconductors. Further study is necessary to clarify
the nonequilibrium states of high Tc superconductors.
1. D. N. Langenberg, in Proceedings of the 14th International Conference on Low
Temperature Physics, edited by M. Krusius and M. Vuorio (North-Holland, Amsterdam,
1975) Vol. V,p.223.
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BARRIER PROPERTIES OF HTSC TUNNEL
JUNCTIONS
A.I.Khachaturov, M.A.Belogolovskii
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A.Galkin Donetsk Physico-Technical Institute of Ukrainian National
Academy of Sceinces, Donetsk 340114, Ukraine
It was found that the overall shape of the normal state tunnel conductance of
metal oxides with low Fermi energies is very sensitive to the barrier height and
thickness. It was shown that this curve can differ considerably from the usual
tunnel characteristics known from the tunnel spectroscopy of conventional
metals.
In the most part of metal oxide tunneling investigations in analyzing normal
state anomalies of their tunnel conductance it is assumed that its ideal behavior
does not differ from that of the conventional metals, i.e. for low voltages it
should be a constant and should increase as a parabola for high voltages
(« 1 eV). In any case [ 1 ] it was universally accepted that this curve increases
monotonically and therefore any deviation from this behavior should be
regarded as a peculiarity. But such an approach does not take into account that
the metal oxide differs considerably from conventional metals not only in their
superconductive properties but in a number of normal ones, hence good
reasons exist for revising some of the fundamentals accepted in the tunnel
spectroscopy of conventional metals.
The aim of the present work is to answer for the question "What differences in
overall shape of a (V) could be caused by the small value of the Fermi energy
in metal oxides, that is very much less than in the conventional metals ?". In
our calculating we take care not to deviate remarkably from the initial
suggestions on the nature of the potential barrier made by previous
investigators [1,2] and used the simple model proposed Brinkman et al in
their classic work [ 1 ]. Following these authors we chose the trapezoidal barrier
to present insulator <p (z,V) == (pi+ ( z / d ) (<P2~eV~<Pl)> where^pj and
<P2 are the barrier height on opposite sides of the tunnel junctions with zero
applied voltage, d is the barrier thickness. As far as we interested in
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conductance variations over a large bias range a zero-temperature evaluation
will suffice for the present work.
In this paper we restrict attention to symmetrical tunnel junctions with the
same Fermi energies in both electrodes E p =» E F « E F . This conditions is
fulfilled automatically in the break-junctions. In other types of contacts it
exists if both electrodes are fabricated from the same materials. As pointed
out in [3 ] symmetrical tunnel junctions can be also formed by asymmetrical
electrodes for example in the point contacts between the metallic tip and
ceramic. In this case the former intimately contacts with one of conductive
grains of the ceramic and electron tunneling takes place between
neighboring grains in a bulk of ceramic.
The calculations of the tunnel conductance a (V) were performed using the
expression for tunneling current proposed in [2 ].
**

P(EZ,V) dE

J(V) =
H
0

J(E Fi -E z )P(E z ,V)dE z

(1)

One of the conclusions by Brinkman et al [1 ] is that the shape of the curve a
(V) does not depend on the Fermi energy E F . Our calculations for the
rectangular barrier with the fixed values of the thickness of d - 10 A and the
height of (p = <p i= <P2 = 3eV show that this is true only for the relatively large
Fermi energies. Indeed, curve 3 and curve 4 in Fig. 1 obtained for E F - 3 eV and
E F = lOeV respectively practically coincide. But at low E F less than 1 eV
the delineation of a (V) changes drastically. At E F = l.OeV (curve 2, Fig.l) a
zero bias "resisting peak" anomaly is seen in this curve and at E F =0.5 eV the
tunnel conductance decreases throughout the entire range of voltages.
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The barrier thickness d proved to have a pronounced effect on the overall
shape of the tunnel conductance. As shown in Fig.2 (curve 4 and curve 5) at
quite large thicknesses d - 15-20A the conductance versus voltage appears
roughly as a parabola but when thickness decreases down to 10 A (curve 2,
Fig.2) and 5 A the behavior of the o (V) undergoes the profound alternations.
Taking into account that in many types of junctions (for example point
contacts) the barrier thickness can be changed quiet easily (often by an
uncontrol fashion) the reason of conflicting results in the tunneling literature
become understood.
The set of plots in Fig.3 shows the pronounced effect of changing the barrier
height on the shape of the a (V) at low EF. The fixed parameters here are
Ep = 0.5eV and d =10A. Curve 1 are calculated for <p = 3 eV, curve 2 for <p =
1 eV, curve 3 for <p = 0.5 eV, curve4 for 0.3 eV. As we see the usual parabolic
shape has only curve 1 whose barrier height less than Fermi energy E F .
Let us discuss some simple reasons that on our opinion are good enough for
the qualitative understanding of the nature of the effects under consideration.
It is instructive to recall that the band density of states of three dimensional
metal with the spherical Fermi ocean decreases rnonotonically by a square

46

1.10
0(0)

0.90
-100
Fig.4

Fig.3

root law N(E)/N(0) = ( 1 - E / E F ) 1 / 2 when moving to the bottom of the
conductance band. In the case of conventional metal tunneling spectroscopy
this factor can be ignored because of at low voltages the density of state can
be regarded as a constant and at large voltages, when the decreasing in N(E)
becomes remarkable, the behavior of the tunnel conductance is dominated by
the exponentially increasing tunneling probability P (Ez ,V). For metal oxide
compounds with a small Fermi energy we have another situation. In this case
the density of states considerably decreases already in the voltage region near
zero bias where the tunneling probability can be considered not to depend on
both the energy Ez and applied voltage V. Then from formula (1) we reach the
conclusion that the density of states N(E) = a(V) / a ( 0 ) = 1 - eV/EF
linearly decreases, i.e. it behaves in the same fashion as the curve 4 in
Fig.4.

The inclusion of the preexponential term does not qualitatively
alter our results. This point is illustrated in Fig.4 where the
calculations for the same barrier parameters as in Fig.3 are
repeated taking this term into account. For this we used the
expression given in [ 1 ] that was obtained in the sharp boundary
limit.
Conclusions. In contrast to the tunneling spectroscopy of conventional metals
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the overall shape of the conductance versus voltage dependence of metal oxide
tunnel junctions proved to be sensible to barrier parameters <p and d. Their
magnitude can be determined by many factors (including little controlled)
and, therefore, can alter their values considerably even for one experimental
cycle. In our point, namely this reason should be regarded as the main source
a great deal variation in HTSC tunneling spectra seen from different
experiments. The work is supported in part by the State Committee of Science
and Technology of Ukraine.
Acknowledgements. The authors are very grateful to the Japan Society for
Promotion of Science for supporting the Symposium where this work is
presented. We are also indebted to V.M.Svistunov for his encouragement
during the investigation.
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Using a mechanically controllable break junction atom-sized Sbcpntacts
are studied at liquid helium temperature. The absence of conductance
quantization, which, if present, would be clearly distinguishable from ,. v
conductance steps resulting from atomic rearrangements, is rfjscussed. f
Mechanically controllable breakjunction (MCB) technique, scanning tunnel-;
ing- and atomic force microscopy (STM and AFM) have, been used extensively
in recent years to study the conductance in atom-sized metallic pointcontacts
with variable constriction diameter [1-5]. An important item in experiments
on these systems is the possible existence of conductance quantization. Thep-,,.
retically, continuous variation of a mesoscopic constriction diameter (which is
of the order of the Fermi wavelength, Ap) leads to discrete steps in the conductance ofexactly the quantum unit, 2e2//i, in case of ballistic current flow.
This quantum size effect, described by the Landauer formula [6], is due to
quantization of the transverse electron motion in the constriction. Experimentally, in metallic contacts discrete steps in the conductance are observed as the
contact size is changed by varying the pressure of the contact. These steps are
of order 2e2//i, but not exactly reproducible at integer values of this quantum
unit. The diameter of the metallic contact, in which the Fermi wavelength is
comparable to the atomic radius, can not be varied continuously due to the finite size of the atoms. The non-reproducible conductance steps are attributed
to strain-induced atomic rearrangements in the contact, such as those found in
molecular dynamics simulations [7].
In the present experiment atom-sized contacts are studied for the semimetal Sb using an MCB at liquid helium temperature. In a semimetal the
number of carriers per unit volume is small compared to typical metals: in
Sb n«5-10 19 cm~ 3 in each band (for Cu n«910 22 cm~ 3 ). In a free electron
gas approximation this results in A F « 5 5 A (for Cu A F « 4 . 5 A). Because of this
large Fermi wavelength it should be possible to make a clear distinction between steps resulting from the above mentioned quantum size effect and those
resulting from geometrical rearrangements.
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The samples of the very brittle single crystals of Sb are spark-cut to the
shape of a thin bar with approximate dimensions 0.5x0.5xl5mm. Into the
center of the bar, which is glued on a phosphor bronze substrate, a notch
to about halfway the diameter was spark-cut. By bending the substrate the
sample was broken at the notch at 4.2 K, under UHV conditions. The size of
the extremely stable contact can be adjusted on an atomic level over a wide
range down to one atom by applying a voltage over a piezo element, by which
the bending of the substrate is controlled. This voltage Vp is proportional to
the displacement of the electrodes. From the sample geometry we estimate
that IV corresponds to ~0.05-0.lA. The temperature for the measurements
presented was between 1.3 and 4.2 K.

tt

119
Figure 1. The evolution of the resistance in an Sb-junction while scanning
the transition between touching and breaking of the electrodes. The vertical
arrows indicate the scan directions. The measurements were performed at
4.2K in 40s. The resistance was measured at a constant bias voltage of 10mV.
In Fig. 1 the evolution of the Sb-junction resistance while scanning the transition between mechanical contact and vacuum tunneling is illustrated. In
analogy to observations on simple metals [2], the transition between vacuum
tunneling and mechanical contact is discontinuous, with a comparable hysteresis which is as small as 0.1 A. This jump is attributed to attractive forces
between the front atoms of the two electrodes, as discussed in Ref. 2. For a
metal like Cu the resistance value, just after the jump-to-contact, interpreted
as a one-atom contact, coincides with the quantum unit 12.9kQ=(2e2/ft)~1.
In the case of Sb, starting in the tunnel regime, and decreasing Vp (smaller distance) results in a gradual resistance decrease followed by a jump from ~4 MQ
to ~1 Mfi, as can be seen from Fig.l.
The jump and its hysteresis, occurring when the V^-sweep direction is reversed after the jump, are reproduced in detail by repetition of this approach and
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retreat sweep over a small Vp-range. For R > 4 MQ in Fig. 1 decreasing or increasing Vp over a larger range gives perfectly reproducible smooth resistance
behavior, which is characteristic for the vacuum tunneling regime. At large
electrode separation the resistance depends exponentially on the distance. The
logarithmic slope is in good agreement with the literature value of the workfunction of Sb. For R < 1 Mfi larger V^>-sweeps do not reproduce: the contact
area between the two Sb-surfaces can not be controlled reversibly.
For a series of measurements on different Sb-samples the resistance value
just after the jump-to-contact ranges mostly between (approximately) 1 and
2 Mfl, although values 50 % larger and smaller are sometimes found. This high
resistance value can be explained by the large Ap of the electrons in a semimetal
compared to a simple metal. Atom-sized contacts of Sb have a transverse linear
dimension much smaller than Xf. This implies that in these contacts there are
no ballistic conducting states at Er, so that only tunneling contributes to the
current, resulting in a conductance much smaller than 2e2/ft.
In Fig. 2 three representative measurements of the conductance of an Sbcontact as a function of Vp are shown. A standard AC modulation technique
is used. In curves b and c two typical curves are shown for conductance values
smaller than the quantum unit. In curve c the discontinuous transition between
mechanical contact and vacuum tunneling is indicated. The location of this
transition is without ambiguity, again because only in the vacuum tunneling
regime decreasing or increasing Vp over a larger range gives perfectly reproducible smooth resistance behavior. In the mechanical contact regime shown in
curve c, as well as in curve fc, non-quantized conductance discontinuities are observed, much smaller than the quantum unit. These sub-quantum conductance
discontinuities are attributed to atomic rearrangements in the constriction.
For conductance values a few times the quantum unit a gradual decrease
is observed with increasing Vp as can be seen from curve a. If conductance
quantization would be present in these Sb contacts, clear conductance plateaus
at integer values of the quantum unit should be observed reproducibly. The
absence of clear reproducible plateaus can be explained by the geometry of the
constriction. Sb constrictions with a conductance of a few times the quantum
unit consist of a large amount of atoms. It is plausible that these large contacts
do not have an elongated shape, especially not at 4.2 K. Recent calculations on
conductance in a quantum constriction between two three dimensional electron
gas reservoirs [8] show that for such short mesoscopic contacts this quantum
size effect is absent.
In addition, possible conductance quantization in a semimetallic contact
can be suppressed by the fact that, as discussed in Ref.9, the elastic mean free
path of the electrons (/,~10~ 9 m) is comparable to the large Ap.
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Figure 2. Three examples of the conductance of an Sb-contact at 1.3K
as a function ofVp, with Vp increasing. The curves are recorded for three
different Vp-sweeps, in ~30s using a current modulation of a few nA. In
all three plots every tick on the horizontal axis corresponds to Vp=10V.
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COMMON FEATURES IN JOSEPHSON SELF-RADIATION AND
SHAPIRO STEPS FOR VARIOUS HTSC JUNCTIONS
Kiejin Lee and Ienari Iguehi
Institute of Materials Science, University of Tsukuba, Tsukuba, Ibaraki3Q5, Japan.
Abstract—We have investigated the Josephson self-radiation from different types
of YBCO thin film junctions: natural grain boundary junctions, step-edge junctions
and bicrystal junctions. The self-radiationpowers were directly detected using a
total power radiometer receiver system with receiving frequencies off =11-72 GHz.
For all types of junctions the observed self-radiation linewidths were deviated from
the theoreticalRSJ values due to noise source in the junction boundaries. For
microwave-induced Shapiro steps, the harmonic steps and additional subharmonic
steps with their quasi-periodic variation satisfying the Josephson equation
, V=(n/m)(hf/2e), were clearly observed. The results on the observed ac and dc
Josephson effects will be discussed in terms of a model which treats the grain
boundary junction as a multi-connected Josephson junction having a non-sinusoidal
current-phase relation.
Recently, many types of HTSC Josephson junctions, such as natural grain
boundary junctions]!], step-edge junctions[2] and bicrystal junctionsf3] have been
investigated for the purpose of microwave device applications. For natural grain
boundary junction, the junction properties are strongly influenced by the
microstructure of grains, which behave in many ways like a random arrangement of
weak links, sometimes called a Josephson medium. For step-edge junctions, a caxis oriented YBCO film is grown across the edge with the appropriate step height.
In this case, the c-axis is tilted at the edge and at least two grain boundaries are
formed. For artificial grain boundary junctions on bicrystal substrate, during the
YBCO growth, the grain boundary is characterized by the disorientation angle given
by the difference between the lattice directions in the crystals on either side of the
boundary and, hence, the in-plane(a-Z>) grain boundaries are formed at the border. In
this paper, we report the direct detection of the Josephson self-radiation from the
various YBCO junctions and the current-voltage(/- V) characteristics as a function of
microwave irradiation. The microscopic crystal orientation relationship at the
junction boundaries will be discussed in connection with the observed Josephson
effects.
The YBCO natural grain boundary bridge junctions were prepared by surface
diffusion process on ceramic Y2BaCuO5 substrates[l]. The constriction dimensions
were 100x100 (xm^. The YBCO step-edge junctions on LaAlO3 substrates on
which steps were shaped by Ar ion beam milling and the bicrystal junction on the
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(100) MgO bicrystal substrate with the disorientation angle of 24° were prepared by
an electron beam and resistive heater coevaporation method. We patterned films
into an apex of the bow-tie antenna with constriction dimensions of 5-20 \im wide
by conventional etching process. The microwave experimental setup and the
detection system were used in the measurements reported in ref. [1].
Figure 1 shows the typical / - F characteristic and the current-dependent
Josephson self-radiation power at receiving frequency/=11 GHz of the natural grain
boundary junction bridge. One can see that the distinct radiation power P(I)
exhibited at about 0.5 mV which has no relation to the Josephson voltage-frequency
relation. The strong asymmetry in the microwave radiation characteristics also
observed. It indicates that the natural grain boundary bridge junction act as a
Josephson medium which consists of the. complex series-parallel array of Josephson
weak links in bridge junction. The resistive state of the j'unction is also caused by
the random distribution of impurity and inhomogeneity of the grain boundaries.
Hence, the Josephson radiation peaks showed at higher bias voltage values and the
multifrequency behavior. The radiation power at 0.5 mV was about 1.6x10' 12 W
which is typical value of the HTSC Josephson junction. But the Josephson
linewidth was about 43 GHz which was considerably larger than that of the
theoretical RSJ value.
For the step-edge junction, at the step angle about 50-60°, two tilted grain
boundaries with the (103X103) segments nucleated at the two step edges. In this
case, the step-edge junction is a series connection of two junctions formed by the
90° tilt grain boundaries with their different critical currents. In Fig.2, The
voltage value of distinct peak at receiving frequency fREc=22 GHz and 72 GHz
exactly satisfied the Josephson frequency-voltage relation//{£c=(2e/nft,)F, where
8.0
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-2.0

-1.0

0.0

1.0

2.0

3.0

CURRENT(mA)
Fig.l Typical/-K characteristic and the Josephson self-radiation power at receiving
frequency/=11 GHz of the natural grain boundary YBCO bridge junction.
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fREC's th e central frequency of a receiver and n is an integer. The full-width halfpower linewidth of the Josephson self-radiation at/ BEC =22 and 72 GHz were about
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Fig. 2. Typical /-^characteristic and the Josephson self-radiation peaks at/=22 GHz
and the /-^characteristics under the microwave irradiation/=72 GHz of a YBCO junction
on (100) MgO bicrystal substrate at 4.2 K.
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4/=4.8, and 3.6 GHz, respectively. Note that, as the self-radiation frequency
increased the linewidth was decreased. These facts indicated that the 1/f Flicker
noise may be main source of the broad linewidth. For the /- K characteristics under
external microwave field irradiation, the typical harmonic steps V=n(h/2e)fa and
additional half-integer steps satisfying the Josephson equation V=(n/m)(h/2e)fa
with their quasi-periodic variation were clearly observed.
For the bicrystal junction, it has been shown that the grain boundaries in the
film wiggles back and forth over the bicrystal grain boundary with the average tilted
angle about 24° on a scale of 180 nm. At the junction boundary the c-axis oriented
YBCO film have the [100] and [010] in-plane direction aligning either with the
[010] and [100]. Figure 3 shows the /- V characteristic and the Josephson selfradiation peaks at receiving frequency f=22 GHz. The Josephson self-radiation peak
exactly satisfied the basic Josephson relation. The Josephson linewidth was about
4 GHz, which was larger than that of the RSJ value. For the / - F characteristics
under external microwave field irradiation, the typical harmonic steps and additional
half-integer steps were also clearly observed.
For all the grain boundary junctions one can find the half integer steps. The
occurrence of half-integer Shapiro steps in the step-edge and bicrystal junctions can
be understood by considering the total phase difference which appears across the
junction. In this case the current-phase relation deviates from the simple sinusoidal
form., This behavior also found that the magnetic field dependence did not show
the sine-type shape. Thus we can write the current-phase relation as
/js/^in (wi4<|>)[5]. The variation of half-integer steps is seen to be distorted Bessel
function of the type Jn[2(u> i/to)]., where Jn is the «th-order Bessel function of the
first kind.
In conclusion, the experimental investigation of the Josephson effects in
various HTSC junctions showed the deviation of the Josephson linewidth from the
predicted RSJ model and additional subharmonic Shapiro steps according to
V=(n/m)(hf/2e). These behaviors may be explained by the existence of the multicurrent-paths along the junction boundaries and the mixture effect due to the
effective nonsinusoidal total phase difference across the junction.
[1] K. Lee, I. Iguchi, S. Lee, and G. Park, Physica C, 221, 254 (1994).
[2] W. Reuter, M. Siegel, K. Hermann, J. Schubet, W. Zander, A. I. Braginski, and P.
Muller, Appl. Phys. Lett. 62, 2280(1993).
[3] Yu. Ya. Divin, J. Mygind, N.F. Pedersen, and P. Chauddari, Appl. Phys. Lett. 61,
vol. 61, .3053(1992).
[4] K. Lee, and I. Iguchi, submitted in Appl. Phys. Lett(1994).
[5] P. E. Gregers-Hansen, M. T. Levinsen, and G. F. Pedersen.J. Low Temp. Phys. 7,
99(1972).
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A microscopic constriction in the superconducting state
C. J. Muller*, B. J. Vleeming, M. C. Koops and R. de Bruyn Ouboter
Kamerlingh Onnes Laboratory, University of Leiden, P.O. Box 9506,
2300 RA Leiden, The Netherlands
Recent progress in micro mechanical manipulation has resulted in the
possibility to fabricate long-term stable point contacts with a constriction as small as a single atom. These microscopic size constrictions are
obtained with the use of the mechanically controllable break (MCB)
junction. Here we present investigations on one atom point contactsjnj
the superconducting state. The one atom point contacts can be broken
and reestablished in a perfectly reproducible manner. We show_that
it is possible to apply a pressure or a tensile force on the single atom,
which bridges the two electrodes. The superconducting and normal state
properties are studied during a change of pressure on this atom.\
In this experimental paper we will start by giving some arguments why
single atom point contacts exists and why they can be adjusted in an
inherently stable manner. In the mechanically controllable break or
MCB technique a reduction factor is used for the manipulation of two
electrodes [1]. The extreme stability of this system is obtained due to
this reduction factor and to the small section between the electrodes
which are glued to a rigid bending beam. The smaller this section is
the better, since it increases the reduction factor, which means a better
control and a more stable geometry. When a vacuum gap is adjusted
between the two electrodes somewhere tunneling will occur between two
nearest atoms on opposite electrodes. In this respect we should keep in
mind that the diameter of a metal atom is about 2 A and that the tunnel
probability decays by a factor of 100 over this distance in vacuum. Since
both electrodes are rough on an atomic scale the majority of the current
will tunnel between two atoms. This is also the reason why the STM
works, making it possible to map surfaces with subatomic resolution. So
if tunneling always takes place between two nearest atoms why is there so
much effort spend in the STM world to make sharp tips? That is because
the STM takes scans of surfaces which are not always atomically flat.
* present address: Dep. of Electrical Engineering, Yale University, P.O.
Box 208284, New Haven, CT 06520-8284, USA
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If a STM tip'has multiple tips close to the surface, tunneling can change
from one tip to another during the scan if e.g. a terrace is approached.
This unwanted effect can be avoided by having only one tip. Despite
this possible multiple tip effect during scanning we still claim that no
matter what the electrode geometry looks like, if the distance between
the electrodes is reduced to tunnel distance (« 5 A) tunneling will occur
between two nearest atoms due to the atomic roughness of our two electrodes after breaking. Even if we approach an atomically flat surface
with an atomicaUy fiat rod of 1 m diameter it is practically impossible to have these surfaces exactly parallel within tunnel distance, thus
somewhere two atoms will be closest and there tunneling will occur.
We now proceed by showing an I-V curve of an single atom contact in
the superconducting state of Sn at 1.3 K (figure 1). The normal state
resistance of this contact is 7kft. By studying many single atom contacts
of various materials we come to the conclusion that the resistance of a
single atom contact just before jumping to the tunnel regime lies between
6.5-13 kft. The curve shows a critical current region which is enlarged
in the inset.
500

I(nA)
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Figure 1: The I-V curve of a single atom contact (Sn electrodes) shows the
threshold current region, subgap structure and a linear branch. The lower
inset is an enlargement of the central section, the arrow indicates the threshold
current It.
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Figure 2: The nature of the experiment is to break and reestablish a one atom
contact, this is achieved with Ta by applying a varying voltage on the piezo
element (top panel). The following panels display data in the contact regime
only. Increasing the Vp (electrodes move apart) results in a large increase and
decrease oflt whereas R^ increases slowly until a jump occurs into the tunnel
regime, indicated by the first arrow. A subsequent reduction of Vp results
in the sudden formation of a single atom contact, indicated by the second
arrow. The reproducibility shows that during contact formation and breaking
the bridging atom favors one specific site. The ItR^ panel is obtained by
multiplying the It with the RN panel.

59

The supercurrent is not a clear zero voltage supercurrent but has a finite
slope. For this reason we call this a threshold current It. In the following
experiment we apply a pressure or a tensile force on the bridging atom
(Ta at 1.3 K) and study the It and the R^ changes as a result of this. The
top panel in figure 2 shows the triangular shaped voltage applied to the
piezo element to induce the pressure or tensile force on the atom. The / t
panel shows that as a result of an increasing tensile force (increasing Vp)
the It increases by about 100%, then decreases followed by.a jump to
the tunnel regime where J t is smaller than 1 nA. When the electrodes are
brought together again a jump to a single atom contact coincides with
a jump like increase in It. Applying a pressure on this contact leads to
a decreasing / t . As demonstrated the breaking and establishing of the
single atom contact is perfectly reproducible. After the / t measurement
a _RN measurement was performed. As expected, the jumps in the R^
panel line up with those in the / t panel, so at a specific time the i t and
i?N value belong to the same contact configuration. We observe that the
/ t variation is about 100% whereas the R^ variation amounts to 6%.
This is reflected in the ICR^ panel, which shows a similar behaviour
as the Jt panel. In contrast to this large iti?N variation we observed a
constant /<,-RN product in the tunnel regime [2].
In conclusion, it is shown experimentally that the /t. values for a single
atom contact may double while the concomitant resistance variations
are relatively small. A possible explanation may find its origin in the
scattering on a single defect and the variation in scattering probabilities
when a pressure or a tensile force is applied on the bridging atom [3].
We acknowledge many stimulating discussions with A. N. Omelyanchouk. One of us (CJM) gratefully acknowledges the financial support
from the Niels Stensen Foundation from The Netherlands.
1 C. J. Muller, J. M. van Ruitenbeek and L. J. de Jongh, Physica C 191,
485 (1992).
2 C. J. Muller and R. de Bruyn Ouboter, Proc. of the 20th Int. Conf. on
Low Temp. Phys., Physica B 194-196, 1043 (1994).
3 A . N . Omelyanchouk, R. de Bruyn Ouboter and C.J. Muiler, Low
Temp. Phys. 20, 398 (1994).

60

UA9600443

ANISOTROPY OF POINT-CONTACT SPECTRA
OF URu2Si2 IN NORMAL STATE
Yu.G.Naidyuk1, O.E-Kvitnitskaya1,1.K.Yanson1,
A.Nowack , A.A.Menovsky
1

B.I. Verkin Institute for Low Temperature Physics and Engineering, National
Academy of Sciences of Ukraine, 47 Lenin Av., 310164, Kharkov, Ukraine'
II-Physikalishes Institut Universitat zu Koln, Germany;
V a n der Waals-Zeeman Laboratorium, Universiteit van Amsterdam,
Amsterdam, The Netherlands
A series of point-contact experiments were performed in the temperature range
between 4,2 and 20 K to study the anisotropic transport properties of the
superconducting heavy-fermion system URu2Si2 along two main crystallografic directions in the normal state. Below the Neel temperature, T N , the
dV/dI(V)-characteristics of URu2Si2-homocontacts show asymmetrical
maximum at zero bias. This maximum was seen at the symmetrical part of
dV/dl (V) for current directed perpendicular to c-axis, although it was absent
or suppressed for current along c. Mentioned maximum we associate with
opening of an asymmetrical gap over a part of the Fermi surface due to
formation of a spin-density wave. The gap value estimated from maximum
width of symmetrical part of dV/dI(V)-characteristics at V = 0 is 10± 1 mV.
While temperature increased the amplitude of maximum rapidly decreased
and the maximum disappeared at temperatures closed to T N , although its
width decreased slightly. Such behavior is similar to temperature dependence
of effective energy gap obtained from tunnel measurements for charge-density
wave systems with an anisotropic electron spectrum [ 1 ].
The reproducible asymmetry of differential resistance for heterocontacts between URu2Si2 and simple metals was also investigated. It appears to be due
to the influence of a peak of density of states which is asymmetric relatively
Fermi level.
/. X.Huang and K.Maki, Phys.Rev. B 40, 2575(1989).

TRANSPARENCY OF ATOM-SIZED SUPERCONDUCTING JUNCTIONS
N. van der Post", E.T. Peters", I.K. Yanson* and J.M. van Ruitenbeek"
"Kamerlingh Onnes Lab., P.O. Box 9506, 2300 RA Leiden, The Netherlands
*Verkin Inst. for Low Temp. Physics and Engineering, 47 ,Lenin Av. ,310164
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We discuss the transparency of atom-size superconducting tunnel junctions by comparing experimental values of the normal resistance and
Subgap Structure with the theoretical predictions for these phenomena
by Landauer's formula and Multiple Andreev Reflection, respectively.
Since its invention in the 1960's Point Contact Spectroscopy (PCS) was
always restricted to junctions of relatively large surfaces (compared to for instance the: Fermi wavelength). The reason for this can be found in the fabrication process: in case of the spear-anvil technique the stability of a junction
requires a large surface, and when planar junctions are used the lithographical
lengths are typically 100 nm.
The recently developed Mechanically Controllable Breakjunction (MCB)
extended PCS up to contacts consisting of a single atom. The MCB technique
[1] uses a (superconducting) metal wire which is glued oil a substrate and can
be broken by bending the substrate. Breaking the wire at low temperature and
high vacuum guarantees two atomically clean surfaces. The surfaces can be
brought together again, and the distance can be controlled by a piezoelectric
element. Reducing the piezo-voltage, the surfaces will be pressed together and
a point contact with resistance less than an Ohm can be formed. Increasing
the piezo-voltage results in a smaller point contact, which is eventually reduced
to only a few atoms. In this regime the resistance increases stepwise, since the
contact breaks down atom by atom. It is possible to form a point contact
consisting of only a single atom [2]. The difference between a one atom MCB
junction and a one atom STM junction is the exceptional stability of the former
(better than 10~ 13 m), allowing detailed current-voltage measurements. When
the piezo-voltage is increased still further, a jump to tunneling is observed and
a vacuum barrier is formed between the two foremost atoms. In this case we
have a single atom tunnel junction with a transparency T decreasing with the
width d of the vacuum barrier. These ultra small junctions have been studied
for several properties: resistance per atom, Kondo effect, supercurrent, excess
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current, subgap structure and vacuum tunneling regime[l,2]. Several questions
remain open. In this paper we will discuss two ways of gaining insight in the
transparency T of superconducting atom-size tunneljunctions of Nb and Pb,
applicable in the contact and vacuum tunneling regime, respectively.
i) One atom contact Upon decreasing the junction surface, the last step
before entering the tunneling regime is a contact consisting of a single atom.
The resistance of this contact can be measured and is called Re. A lot of
theoretical work has been done on contacts of dimensions close to the Fermi
wavelength. It is generally accepted that the best theory to describe this regime
is according to Landauer, which expresses the conductance 1/RC of a contact
as a sum of the conduction channel transparancies: l/Re = 2e2/A ]£ m Tm =
1/12.9 kn]£^ m T m where Tm is the transparency of the m-th channel. We measured for superconducting Nb and Pb contacts Rc = (8 ± 2) kfl. Taking the
measured value Rc ~ 8k£2, £ m Tm ~ 12.9kfi/8kfi ~ 1.6. Clearly, at least two
channels contribute to the current through a single atom of Nb and Pb, and
the transparencies are smaller than 1.
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Figure 1. Current-voltage characteristics of a Nb MCB junction with Rn — 145AQ, at 1.4K. Subgapcurrents at eV = 2A/n
are clearly visible on the expanded vertical scale of the inset.
ii) Tunneling regime Another way of gaining insight in the transparency of
atom-size junctions is checking the theoretically expected behaviour of Subharmonic Gap Structure with respect to the resistance Rn of an MCB in the
vacuum tunneling regime [3]. A typical I — V curve of a Nb junction with
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Rn = 145 kf2 is depicted in Fig. 1. The superconducting gap is clearly visible
at a bias of 2A = 2.85 meV. Visible in the inset are the subgap current steps
dJn at biases eV = 2A/n for n — 2 and 3. The position of the steps, denned
as the position of the maximum in dl/dV, is constant for the various junction resistances and dJn is found at 2A/n within 6he experimental accuracy of
5 fiV. Many curves similar to those in Fig. 1 were measured for both Pb and
Nb, for various settings of the vacuum barrier width d. The magnitude of the
current steps at 2A/n decreases rapidly with respect to the step at 2A when
the separation between the electrodes is increased. The systematic variation of
the subgap structure is brought out by the plot in Fig. 2 where we present the
ratio of subgap currents dJnldJn-\ for n=2 and n=3, as a function of 1/Rn1
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Figure 2. Ratio of the subgap currents versus h/(2e2Rn), with
Rn the normal resistance measured far above the gap and h/(2e2)
the quantum resistance. The full line is a fit to the data points
and corresponds to the prediction of MPT and MAR theories.
Here, we anticipate that the current steps dJn scale with the transparency T of
the tunnelbarrier as dJn ~ T n . The ratio of the steps at 2A/n and 2A/(n — 1)
would therefore scale as dJn/dJn~i ~ T. The normal state resistance is expected to depend on the same transparency as Rn ~ T" 1 . An example of the
way in which dJn is extracted from the I — V curve is given in Fig. 1. Rn is
determined from the slope of the line connecting points on the I — V curve at
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eV = ±4A. Some non-linearities in the I—V curve above the gap are taken into
account and lead to small error bars. Fig. 2 is given on a double logarithmic
scale since we cover almost two orders of magnitude in Rn, i.e. Rn ranges from
45 kfl to 1.3 Mfi. A least squares fit of the form dJn/dJn-i = (Ro/RnY gives
p — (1.00±0.05) which is in excellent agreement with the expected dependence
(see below). The constant Ro is found to be (7.9±0.8)kQ which is comparable
to the value of a one atom contact. It is observed that for both Nb and Pb
both dJ^/dJx and dJ$/dJ2 follow the same law. It is generally accepted that
the explanation of the SGS can be found in the theory of Multiple Andreev
Reflection. The theory predicts dJn/dJn-i ~ T, since djn is the current increase where n particles cross the barrier simultaneously, with probability T".
The prefactor of this formula has been calculated recently by Shumeiko and
coworkers [4]: dJn/dJn-i ~ 0.5T for n = 2 and n = 3 and T < 1. If we
compare this to the experimental finding djn/djn-i
= Ro/Rn, we can interprete the prefactor Ro, depending on the number of quantum channels that
contribute to the tunnel current. For a tunnel junction, we view the potential
barrier between the two front atoms to be squeezed forming a saddle point in
the center of the junction so that the tunneling is dominated by a single channel. In this case the Landauer formula allows us to make the identification T —
Rcj/Rn, with RQ = ft/(2e2) = 12.9 kQ. With the experimental observation
dJnjdJn-x = Ro/Rn we obtain dJn/dJn-t = (Ro/RQ)T = (0.61 ± 0.06)T.
This is remarkably close to the theoretical prediction. Hence, in the tunneling
regime conduction is taking place through a single channel, with transparency
dependent on the vacuum barrier width. For Rn between 45 k£2 to 1.3 MQ we
obtain T - 0.3 to 0.01.
Conclusion We have used the Landauer formula, the theory of Multiple
Andreev Reflection and our experimental results to discuss the problem of the
transparency of atom-size superconducting tunnel junctions. We found that in
the contact regime several conduction channels'contribute to the current' with
non-unity transparency, whereas in the tunneling regime a single conduction
channel is present, with a transparency dependent on the normal resistance
Rn[1] C.J. Muller, J.M. van Ruitenbeek, and L.J. de Jongh, Phys. Rev. Lett.
69, 140 (1992).
[2] J.M. Krans, C.J. Muller, I.K. Yanson, Th.C.M. Govaert, R. Hesper and
J.M. van Ruitenbeek, Phys. Rev. B 48, 14721 (1993).
[3] N. van der Post, E.T. Peters, I.K. Yanson, and J.M. van Ruitenbeek, to be
published
[4] We are grateful to V.S. Shumeiko and E.N. Bratus for communicating these
results to us prior to publication.
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ON THE POSSIBLE ORIGIN OF GAP SMEARING IN
THE METALOXIDE POINT- CONTACT JUNCTIONS
Yu.F.Revenko, D.N.Afanassyev
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A.Galkin Physico-Technical Institute of Ukrainian Academy of Sciences of
Ukraine, Donetsk 340114, Ukraine.
The considerable smearing and shift of gap feature as well as the distortions
of the whole conductance structure taking place for the point-contact
metaloxide tunneling junctions have been described introducing the outside
resistances in series and in parallel to the junction itself. As is shown, the
origin for these resistances is due to the presence of a deteriorated surface layer
of metaloxide. Their influence on the observed tunneling conductance in some
cases could be more significant than the smearing due' to the finite lifetime
of quasiparticles.

The correct determination of energy gap parameter A is crucial for the
numerical reconstruction of Eliashberg function from the tunneling data.
However, the metaloxide superconductors usually demonstrate more or less
smeared gap structure. The gap value obviously does not correspond to the peak
position of the gap feature, the measured value of A p for the N-I-S structure
means that the ratio of 2A p / k T c = 8-10 and even more for some highresistance junctions [ 1 ]. This gap smearing is often considered to be due to the
finite lifetime of quasiparticles and is approximated by introducing the T
parameter into the BCS density of states (Dynes formula),

NS(E) = Re [(E- iT) / ( ( E - ir) 2 - A2 ) V l ]

(1)

Such an approach is now widely used to fit the experimental data and, in
principle, it could enhance the accuracy of determination of the A value.
However, even at the low temperatures the smearing could be so large that even
assuming the T > 0.5A one can not get the good fit. We think that at T = 4.2K
there is no physical reason for so large T values in the given metaloxide
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compound except the inelastic processes in the deteriorated surface layer
[2 ]. That is why we have to consider the object under investigation to be not
the simple S-I-N junction but the more complex structure. According to [3],
the presence of oxygen-deficit layer at the very surface of superconducting
metaloxide in the case of injector electrode made of Pb makes possible to
obtain several different structures: Spjj-I-Nj^^-Sj^g , S pb -N HTS -I-S HTS ,
Spb~^HTS~^HTS a n c * Sp b -S HTS -I-S HTS • Considering our experiments
described in [4 ], we assume that we can get any of the mentioned structures
so there is the reason for the great diversity of measured conductance curves.
Where the energy gap and spectral features of superconducting metaloxide are
visible, the structure of second type is probably realized. To determine the
behavior of dynamic conductance in this case we have examined a model
where the structure elements surrounding the N-I-S junction are considered
to be the linear series resistance, r s and shunting conductance, 0j. The r s
represents the resistance of normal surface layer which could by high for the
metaloxide films featuring the higher values of the normal state resistance or
even that of the S-I-N - type junction formed by the lead injector, native
dielectric barrier at the very surface of metaloxide and the normal surface
layer. This is probably the case where the gap of Pb is observed in the tunneling
conductance, the r s here would be of course nonlinear, but this situation is not
considered in our analysis. The O| represents the shunting conductance of
non-tunneling origin. If a (V) = dl/dV (V) is a dynamic conductance of the
tunneling junction, the total voltage V, developed on the potential terminals
V

J

Vj+ rs Jcr(V)dV

(2)

Here Vj is a voltage developed directly on the N-I-S junction what
can not be measured due to the presence of rs. So, the following
equations
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V(Vj) = Vj + r s / a (V) dV
0
v

(3)

j

0
describe parametrically the current-voltage characteristic of our structure.
Assuming A = 1 and varying the T within 0.02-0.2 in (1), the background
conductance as cr n (V) = a + b V

or 0n = a + c V , we have calculated the

dynamic conductance dl/dV(V) of the described model circuit. The results
are shown in Fig. 1. The inclusion of r s in series with a N-l-S junction leads to
the additional gap broadening and shift towards the higher voltages and that
shift could be even as large as D for the significant value of r s . Moreover, there
is a reduction of gap peak as well as the influence of background conductance,
CTn (V). The dI/dV(V) curve of the described structure remains nearly
constant at V » A while the C n (V) features a strong rise at that region. Such
a behavior remains the same for both types of analyzed a n (V). The
introduction of a shunting conductance, Ox enhances both the smearing and
shift of the gap feature together with the increase in zero-bias conductance
what is obvious. In this case, the considerable shift of the gap is observed
even at the small values of r s and O-x, for example, r s < 0,5 and Ox < 0,5 .
Moreover, the whole voltage scale is distorted and the features of the phonon
or other origin observed in the spectrum would be shifted and reduced in
amplitude. To make this distortion visible, we have calculated the dl / dV (V)
curve with the small harmonic oscillation 0.1 cos (&rE) added to the BCS-type
density of states, as is shown in Fig.l , the introduction of r s and, especially,
together with CTj, results in nonuniform distortion of the oscillation period.
Hence, the considerable and nonuniform shift between the positions of the
specific features in the tunneling spectra and those obtained using the
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Fig.l Results of calculation: a - gap shift and smearing due to the rs only;
b - the same for r s and o\; c - distortion of the whole energy scale under
the influence of r s ; d - the same for rs and o\. For all the cases A = 1.0
meV, T =0.1meV.
other methods may take place. The inclusion of r s and o{ makes the sum rule
[5 ] unsatisfied as well what is demonstrated in Fig.l. So, the situation where
the influence of these structure components is significant is easy to recognize
and such conductance curves should be ruled out while selecting ones suitable
for the reconstruction of the Eliashberg function.
This work is supported in part by the State Committee for Science and
Technology of Ukraine (grant No 09.01.01/056-94, The State Programme of
High-Temperature Superconductivity). Also the authors are grateful to the
Japan Society for Promotion of Science for the support of the Symposium where
this work is presented.
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THE SPECTRAL FUNCTION OF ELECTRON-BOSON
INTERACTIONS OF BiSrCaCuO METALOXIDE
Yu.F.Revenkoa, D.N.Afanassyeva, V.D.Okuneva, I.Iguchib,
V.M.Svistunova
a

A.Galkin Physico-Technical Institute of National Academy of Sciences of
Ukraine, Donetsk, Ukraine, institute of Materials Science, University of
Tsukuba, Tsukuba, Ibaraki 305, Japan.
The tunneling spectroscopy method using the point-contact junction has been
applied to study the spectrum of quasiparticle excitations in the BiSrCaCuO
superconductive films. The obtained dlfdV(V) curves have demonstrated the
various structures depending on the pressure applied to the injector electrode.
For the curves revealing mostly the tunneling behavior of conductance and
featuring the pronounced phonon structure the Eliashberg function has been
reconstructed. Also the analysis of possible partial contribution of the main
lattice vibration modes has been performed.

In the present report we discuss the results of determination of the Eliashberg
function for the bismuth high-Tc cuprates using the method of electron
tunneling. To measure the quasiparticle density of states we have adopted the
point-contact barrier technique providing the possibility to vary the junction
resistance over the wide range. These junctions were formed by the
superconductive film of BaSrCaCuO (mostly of 2212-phase) and the injector
electrode made of lead wire. The films were fabricated using the method
described in [1 ]. Adjusting the pressure applied to the injector electrode we
could get the dI/dV(V) curves characterized by the different barrier
transparency as is shown in fig.l. If the resistance of junction was within
10-100 Ohms (fig.l, curves 2 and 3) the behavior of dl/dV was indicative of
highly transparent barrier where the structure due to the Andreev reflection is
quite visible [2 ]. With an increase in junction resistance the character of
conductance curve changed to be more BCS-like but the gap background
conductance and all other structure was progressively smeared and reduced in
amplitude. That is why we have tried to reconstruct the Eliashberg function
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Fig.l. The dI/dV(V) curves of Pb/BCCO point junction for three different
pressures applied to the injector tip. The zero-bias resistance is 500Q
for curve 1, 220Q for curve 2 and 140Q for curve 3. Note the departure
from the BCS-type density of states and inverted slope of the
background conductance.
from the curve 2 in fig.l. Although in this case the potential barrier was of
relatively high transparency and the conductance was of course influencedby
the Andreev reflection, the observed structure should be understood as one
defined to the large extent by electron tunneling. Also we had to exclude the
influence of deteriorated surface layer what can introduce distortions into the
observed structure of dynamic conductance. This problem is discussed in [3 j .
The background conductance was derived extrapolating to zero voltage the
high bias regions of dI/dV(V) curve in order to satisfy the sum rule (see
curve 2 in fig.l). Then the renormalized density of states was processed by
the special software for the inversion of Eliashberg equations [4 ]. The
calculated values of A = 2.42, fi = 0.075 and T c = 65.2K for the sample
consisting mostly of Bi-2212 phase and having the measured T c = 80K and
A = 19 meV allow us to state that the obtained Eliashberg function is good

Fig.2.
The normalized tunneling
conductance cr(V - A /e) for curve
2 (fig.l), its derivative da /dV,
experimental and calculated
densities of states Nexp (E) and Nc
(E) and the reconstructed
a z F(E) functions. The vertical
bars point the energy positions of
lattice vibration modes taken from
the Raman spectra for Bi-2212 [5].
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at least for the qualitative understanding. Also we have found (see fig.2) that
the positions of the main features of reconstructed a F(tt>) and Van-Hove
singularities of the Raman spectrum [5 ] are in good agreement. Hence, we
assume that the observed structures in the tunneling conductance should be
of phonon origin. Then we have performed the inverse calculation
reconstructing the density of states N (co) from the neutron diffraction data
on F (CO) function [6 ]. Here we have assumed that a 2 (<w) = const. The
parameters of electron-phonon interaction in this case were: X = 2.66, fi= 0.1
and A = 19.2 meV, T c = 80.3K. The comparison of this N((O) and
experimental normalized conductance is given in fig. 3 together with the
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Fig.3.
The comparison of da/dE from the
tunneling experiment and that
calculated from a F(co) function
(a = const) from [6 ].
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a F(a>) from [6 JAnalyzing the reconstructed Eliashberg function we have
determined that the main contribution into the electron-phonon interaction
in these compounds is due to the oscillations of oxygen atoms in the Cu2-0
planes where the superconductive pairing takes place according to the existing
understanding. The contribution of high-frequency oscillations of oxygen
atoms in the Bi2-O2 planes in our spectra have not been observed what could
be explained by the significant attenuation of high-frequency phonon modes
due to the short probing depth in comparison to the thickness of the
deteriorated surface layer.
This work is supported in part by the State Committee for Science and
f echno'logy of Ukraine (grant No 09.01.01/056-94, The State Programme of
High-Temperature Superconductivity). Also the authors are grateful to the
Japan Society for Promotion of Science for the support in organizing the
Symposium where this work is presented.

74

/. V.D.Okunev, N.N.Pafomov, Z.A.Samoilenko, V.M.Svistunov, JTP
"planter, 30, 39 (1993).
2. A.DiChiara, F.Fontana, G.Peluso, F.Tafuri, J. of Superconductivity, 1, 391
(1994).
3. Yu.F.Revenko, D.N.Afanassyev in this book, p
4. A.A.Galkin, AJ.D'yachenko, V.M.Svistunoy, Sov.Phys.JETP, 66, 2262
(1974).
5. S.Sugai, M.Sato, Phys. Rev. B40, 9292 (1992).
6. B.Renker, F.Gompf, D.Ewert et al, Z.Phys.B - Condensed Matter B77, 65,
(1989).

75

THE SPECTROSCOPY OF 1 : 2 : 3-CRYSTAL
NEAR-SURFACE LAYER
V.V.Rumyantsev, E.Ya.Shtaerman
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Because of the small coherence length £ of the YBaCuOtype high-temperature superconductors the experimental data are often detennind by layer of width d ~ £. The Raman
light scattering is a good means for diagnostics of the state
of such near-surface region. The paper theoretically studied both spontanious and induced liglit scattering at surface
polaritons propagating in the near-surface layer of 1 : 2 : 3crystal.
In ideal crystals with the inversion centre (to which the
1 : 2 : 3 compound also belongs) the Raman active phonons
corresponds to symmetrical displacements of ions (of the gtype) and the IR-active ones to antisymmetrical displacements (of the it-type). However, in real crystals the rules
of selection with respect to parity may be violated. This was
the case of our earlier work [1] - in the YBaCuO crystal the
displacement of 0(4) ion in the bridge having vacancy, on the
one hand, has the dipole moment (and, thus interacts with
the electromagnetic field) and on the other hand, it stretches
the chemical bond Cu( 1) - 0(4) resulting in the change of polarizability ^(and the Raman light scattering at dipoleactice
oscillations of 0(4). The like odd IR-modes which became
active because of crystal structure violation (disordering or
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presence of oxygen defects) were possibly observed in the Raman spectra of YBa2Cuf0r [2]. Since the symmetry of (110)
surface of 1 : 2 : 3 compounds is lower than that of the space
group of the crystal, mixing of g- and w-phonon modes at
the interface is also possible. The potential energy U of zoscillations (the z-axis is along the normal to the surface) of
the near-surface pair of the 0(4) ions is of the form:
U =

m(uJ2u+Au:2/2)(qu+aqg)2/2+m(uj2g+Au2/2)(qg~aqu)2/2

where m is the mass of the 0(4) ion. In case of even
small correction Au> to the frequency of surface 0(4) (because of the distortion of lattice symmetry), symmetrical
q"g and antisymmetrical qu combinations of 0(4) displacements with corresponding frequences ug and uiu have no sense.
a = Au2/2(u>2 - ul). . We have studied the spontaneous Raman light scattering at surface polaritons (frequency Cl) due
to like mixing of g- and it-modes in YBaCuO single crystal.
. The intensity of scatted light flow generated at Stock's and
anti-Stock's frequences: LOS = u>i± fi (u>i is the frequency of
incident light) is found by the formula:
/, = Ii4KYg(0)(dx^z/dqgnojsd/c)Hg2&s

(2)

where qg(0) is the addition of <7-oscillations to displacement
of ions under the action of polariton, d is the thickness of the
near-surface layer, 0 s is the angle between the direction of
scattering and the z-axis. Account of the anharmonicity suraniand fiqgq'i added to formula (1) has made it possible to consider other consequences of mixing u- and ^-electromagnetic
modes in the near-surface layer of YBaCuO crystal:
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1) Second-harmonic generation.
2) Induced Raman light scattering.
As for the l)-st one, the two conditions should be satisfied:
1) presence of cubic anharmonism in energy operator and 2)
each dynamic variable in anharmonicity operator should be
connected with the electromagnetic field. The both conditions are satisied which makes the observation of the effects
due to second-harmonic generation possible. This case considered in our work [3]. A possible scheme of the experiment
for second-harmonic signal recording is as follows. The wave
of frequency u> falls on surface at anqle 0. Then, in direction of the reflected light one can observe a signal of doubled
frequency 2u and wave vector 2k , occurring in the result of
non-linear interaction of g- and it-modes. If one considers the
displacement of 0(4) ion in the near-surface layer of YBaCuO
under the influence of the exciting light signal of intensity 70
within the framework of unharmonicity oscillator model, then
the intensity of second harmonics /(2a;) is determined by the
expression

When considering the induced Raman light scattering due
to parametric, bond of nuclei and electrons we used the model
of bound oscilltors which is described by the potential:
•U(x\ Q) = mwgz2/2 + Mtt*Q2/2 - fix'Q - eEx

(4)

here x and U>Q are coordinate and eigenfrequency of the electron, Q and flo are the same for nuclei (qg<u is linear combination of normal displacements of electrons x9iU and nuclei
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Qg,u), the binding parameter n ~ (dx /dQ)m2u>o/'2e2 If the
incident field is the biharmonic one u\ - u>2 ~ fi (frequency
of polariton) then 0(4) displacements coherent with the incident light will cause, due to the cubic anharmonism nqgq^
in energy operator, additional coherent scattering at 2u>2 — ^>\
Stock's and anti -Stock's 2uj\ - u>2 frequences.
The approach under consideration is a rough one (it studies only ^-oscillations of the apex oxygen 0(4) since it does
not take into account the mixing, in full-symmetrical highfrequency modes, of oscillations of the oxygen ions bilonging
to CuOi -plane and the bridge. But it allows us to elucidate the peculiarities of the Raman light scattering because
of 0(4) symmetry violation (vacancy, surface, etc.). E.Sodtke
and H.Munder [4] also note a peculiar role of the apex 0(4)
in disordering of the oxygen subsystem. The above optical
methods of investigation are good as the theoretical ground
for non-destructive diagnostics of the oxygen subsystem state
in the near-surface layer of a HTSC-crystal.
1. V.Rumyantsev, V.Shunyakov, Superconductivity 5,832
(1992).
2. R.Lin et all., Phys. Rev. bf B37, 7971 (1988).
3. V.Rumvantsev, V.Shunyakov, Izv AN SSSR. Ser. Fiz.
56, 178 (1992).
4. E.Sodtke, H.Munder, Preprint of Research Center
JulichGmbh(1992).

79
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The self-energy effects in the normal state tunnelingjunctions of yttrium-based
metaloxides have been observed that allowed us to reconstruct the Eliashberg
function. The results are indicative of the visible role of interaction between the
electrons and the high-frequency lattice vibrations in these materials.
For all effort undertaken for clearing up the mechanism of high-Tc
superconductivity this problem is still unsolved. Here an important part was
assigned to the tunneling spectroscopy that in the case of ordinary
superconductors enabled to convincingly prove the crucial role of the electronphonon interaction in arising the conventional superconductivity. But in the
case of HTSC this method has encountered a number of the serious difficulties.
The point is that the top layer of metal oxides is oxygen deficient so the
superconductivity here is partially or completely suppressed. On the other
hand the coherent length £ in these materials is very short and comparable
with the lattice parameters. It is not surprising therefore that even observation
of the superconductive gap in the tunneling conductance curves is not simple.
Still worse the things stand with the observation of a structure at the high
energies m related to the electron-boson interaction responsible for the
appearance of a superconductive state. In this case, the probing depth is about
h ft)p / ( Im Z(fi>) 0) ) and decreases with increasing to, where Z (CO) is
the renormalization function. Therefore the getting of the reliable information
on high energy bosons seems to be very problematical. That is why, the
tunneling spectroscopy of the normal top surface layer of metal oxide, that in
composition and structure does not very differ from the superconductive bulk,

shows promise. The self-energy effects as is well known, are manifesting in
the structure of the odd part of dynamic conductance of the normal-state
tunneling junctions:

cr_(V) = [ a (V) - a (-V)] / 2 * Re 2 (V)

(1)

According to the method [1 ] the cr_(V) determined by (1) can be used to
obtain the Eliashberg function for the normal metal:

//->•"

.ox-^r^cto1-

(2)

0
We represent here the experimental results based on the analysis of the
self-energy contributions to the elastic components of the tunneling current.
The YBCO/barrier/Pb tunnel junctions were fabricated using the electron
beam and resistive heater coevaporation chamber described in [2 ]. The YBCO
films were grown onto MgO and SrTiO substrata at 650-700 °C. The obtained
films were highly c-axis oriented and the T c was typically of 82-88 K. The
artificial barrier was formed by depositing the layer of A12O3 a few nanometers
thick. The counter electrode was a Pb film deposited at the room temperature.
These junctions had the well-reproduced tunneling properties and were stable
against at least one or two thermal cycles. Measurements of the tunnel characteristics were performed using the conventional modulation technique in the
four-terminal configuration. The most part of the conductance curves of the
YBCO/I/Pb tunnel junctions manifested the well-pronounced gap structure
of Pb and had no signs of the gap structure of the material under investigation
(see Fig.l). The former implies that the tunneling is the dominant
mechanism of the charge transfer in our junctions but the latter gives a
possibility to assume that the electron tunneling occurs in a
nonsuperconductive surface layer of the metal oxide film. The method for
reconstructing the electron-boson interaction function [1 ] is based on the
analysis of the nonlinear contributions to the odd part of the dI/dV(V) curves.
As their magnitude is small (one or two percent of the background value for the
case of conventional superconductor), the excessive noise of 1 /f type specific
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Fig.l.
The
experimental
dI/dV(V) curve for the
normal Y B C O / I / P b
junction at T= 4.2K.

for the metaloxide compounds makes the data processing more difficult. To
avoid this problem the primary experimental data were subjected to the further
numerical filtering using the gaussian weighting function. This smoothing
routine was perfonned several times for the fine adjustment of weighting
parameters. As a result, the data were smoothed enough to provide a good
quality of the second derivative, d 2 I/dV 2 (V), taken numerically from the
directly recorded dl/dV data.
In Fig. 2 the reconstructed electron-boson function for yttrium metal oxide and
the phonon density of states from the neutron
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The
phonon
density of states
from [3 ] (solid
line) and the
calculated
electron-boson
interaction
function.

measurements [3 ] are presented. The locations of the main peaks of the both
curves are in satisfactory agreement and this, on our opinion, is the conclusive
evidence that boson excitations have a mere phonon nature. Our calculations
by the method [4 ] show that this spectrum provides a quantitative characterization of the superconductive properties. The values of the main
microscopic parameters for jw =0.1 were found to. be equal? 4>«=J 7.0 meVI,
A = 2.05, TC = 84K.
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EFFECTIVE INTERACTIONS AND CHARGE ORDERING
IN THE MODEL WITH LOCAL ANHARMONICITY
FOR HTSC SYSTEMS.
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Abstract

UA9600449

Pseudospin-electron model (used for the description of high-Tc superconducting systems) including strong electron correlations and interaction with local anharmonic vibrations is investigated. It was shown
that in mean field approximation (MFA) the pseudospin-elcctron interaction further the transition to charge ordered state. The calculation
of the "transversal" dielectric susceptibility xi(q,w) within the generalized random phase approximation in the method of Matsubara's Green
functions is performed. The possibility of the dielectric instability and
instability with respect to charge ordering is shown; the influence of the
anomalies of % i. o n the superconducting pairing of electrons is discussed.

1. Introduction. An important role of the apex oxygen anharmonic vibrations in the phase transition into superconducting state has been already
mentioned [1,2]. Within the models describing the coupling of correlated electrons to vibrational degrees of freedom one can consider the model for which the
Hubbard Hamiltonian is supplemented with the interaction of electrons with
local anharmonic vibrations where the latter are represented by pseudospin
variables. The Hamiltonian of the pseudospin-electron model derived in this
way has the following form [3]
H = T,Hi + T,uA<,«i<»
i

(1)

ijcr

Hi = Un^nn + £70(n,-T + nn) + g(n^ + n u )S? - QSf - hSf.

(2)

In the previous papers [4,5], we considered single-electron spectrum, electron-electron exchange interaction and static dielectric susceptibility of the
model (1).
2. The effective Hamiltonian and charge ordering in MFA. The
perturbation theory expansion up to the second order of tij is constructed with
the help of canonical transformation of Hamiltonian
H -*H = e-iSHeiS,
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(3)

where the generator S is determined from the cancellation condition of terms
describing so-called nondiagonal interband hopping.
Besides the exchange interaction, the perturbation theory expansion contains the terms which do not vanish for infinite Coulomb repulsion (U —*• oo)
and describe the interaction between electrons and pseudospins at neighbouring
sites

Hint = J2lUl-

">K [-« (Si + S/) + b(S!~ S/) + 2c5? + Id Sf] , (4)

where the coefficients a, b, c, d are complicated functions of the Hamiltonian
parameters [6]. One can interpret (4) as the effective interaction between electrons at neighbouring sites of VijTiiUj type with the constant depending on
the orientation and dynamics of pseudospins. Such interaction can lead to the
electron charge ordering.
Next, the transformation from the Hamiltonian Yji Hi + Hint in the Hubbard operator representation to the mean field Hamiltonian HMF is performed.
It was obtained that the instability arises at certain temperature Qc • This deals
with the phase transition into charge-ordered state accompanied by the modulation of pseudospin mean values.
Using mean field Hamiltonian the free energy calculations were also performed. It is found that transition into the charge ordered state is of the
second order type [6].
3. Dielectric and charge—ordering instabilities. The external electric
field directed normally to CuO layers is taken into account by addition of the
term

J2i,

Pi = dsS? + dem

(5)

to the Hamiltonian (1). Vector Pi corresponds to the so-called transverse component of polarization. In the case of YBaCuO-type superconductors this
component is connected with the apex oxygen ion motion in the double potential well and with the electron charge redistribution between layers and other
structure elements. We can separate ion, electron and mixed components in
the total susceptibility
Xx(q,w«) = 4 * 5 5 ( q , " n ) + ^X""(q,wn) + dsde (XSn(q,un)

+ Xn5(q,^)) ,

where \AA — KAA in the regime n = const (when we fix the value of the
chemical potential ji = —EQ and allow 'charge redistribution between conducting sheets CuO2 and other structural elements) and xAA = KAA —
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KAnKnA jKnn in the regime n = const (when we fix the electron concentration value n in the conducting sheets CUO2) [9J. Here KAA (q,w n ) are
Fourier-transforms of semi-invariant Matsubara's Green functions
Kfm'ir ~ r') = (TAl{T)A'm{T'))e = {TA,(r)A'm(T')a(l3))Oc

(7)

constructed of the operators 5 | , n;.
, We restricted ourselves to the case of the absence of tunnelling splitting
in anharmonic potential well (fi = 0). For calculation of functions (7) we
rewrote them in the terms of Hubbard operators and then used perturbation
theory with respect to hopping term in (l) : and corresponding diagrammatic
technique for Hubbard operators within the so-called generalized random phase
approximation (GRPA) [7,8]. Detailed description of these procedures is given
in [9].
4. Numerical calculations and conclusions. The numerical calculations of the static dielectric susceptibility X-LCQ'O) were performed for different
points of Brillouin zone. We may separate three regions corresponding to different values of asymmetry parameter h (h < 0, 0 < h < g, h > g) with different
behaviour of susceptibility.
The divergencies of the temperature dependencies of functions \nS anc l xf,S
(appearing in the certain range of parameter values) are the essential feature
of the model [9].. At T < T* (where T* is the temperature of the divergency),
susceptibility \SS is negative in certain temperature range. For h > 0 and
h < g such divergencies exist only at q = 0 (T-point) and can be treated as the
manifestation of the dielectric type instabilities which appear in the pseudospin
subsystem (i.e. system of anharmonic oscillators) under the influence of the
effective interactions.
The phase diagram T* vs n and q (where q is changed along T — M line
in the 2D Brillouin zone) is shown in. fig. la, where the surface limiting the
stability region is plotted.
For 0 < h < g besides the dielectric instability at F-point the instability
at q = (J, J) (M-point) with respect to the charge ordering is manifested
(fig-lb).
This instability at Af-point corresponds to the one obtained within the
mean field approximation (MFA) in the previous section.
It should be mentioned, that obtained considerable increase of the contribution into transverse dielectric susceptibility from pseudospin and electron
subsystems can be relevant to superconductivity state. In so far as the effective interelectron coupling constant A is proportional to the contributions of the
correspondent lattice mode into dielectric susceptibility (A ~ A^(0)(^2)xs(0)),
the increase of Xsity and especially the anomalies of this function can initiate

(a)

(b)

Figure 1: T* vs n and q at h/g = 1.05 (a) and h/g - 0.9 (t>) (U -> oo,

the transition to superconducting phase. The analogy (maybe formal) between
the right hand part of diagram T* — n at q = 0 (fig. la) and typical dependency
of temperature Tc vs electron (hole) concentration in high-Tc superconductors
can lead to this conclusion.
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We have studied the electron tunneling in Bi2223 break junctions under high
pressure 0<P<10 kbar. A reproducible pressure influence on the linear conductance
background has been found. We observed, that the normalized conductance vs
voltage was increased with the pressure. This set of measurements seems to indicate,
that the linear tunneling conductance may have its explanation in the characteristics
of the tunneling barrier namely on the resonant tunneling through the localized states
in the insulating barrier.
The Cu-O based superconductors were found to have the universal anomalies in
the tunneling conductance: for the NIN-junctions the dynamic conductance
dl/dV=dI/dV(O)+yabs(V), where constant y depends on experimental conditions. A
number of explanations for the unusual behavior of dl/dV in tunneling into the highT c supercondiictors has been proposed, including the voltage dependence of the
elastic tunneling matrix elements [1], charging effects in the insulating barrier [2],
and a modification of the effective tunneling density of states in terms of the
marginal Fermi liquids theory (3], Kirtley et al [4] have argued that it may be clue to
inelastic tunneling from a broad distribution of states. We may point, however, that
the linear conductance background extends to the energies of eV-~0.5V [5] and more.
that is beyond those of the elementary excitations, e.g. phonons, magnons. charge
density waves that may be excited in the inelastic scattering.
An alternative approach has been developed by Halbritter [6], who showed the
importance of the contribution of localized states in runnel junctions. The localized
states appear to be caused by title great number of defects, for example, by oxygen
disorder in the Cu-0 chain region, which change the delicate hybridization between
the coper and oxygen levels. Both mechanisms of the linear contribution in to dl/'dV
can essentially distort the usual dl/dV-V parabolic dependencies for NIN runnel
junction.
As is well known, the technique of liigh pressures is a powerful tool in the tunnel
investigations [7], In our experiments it allows to separate the effects due to a change
of the tunnel density of states [3,4], inelastic tunneling [4.8] and the effects, which
are caused by the localized states [6].
The tunneling break junctions were prepared using small (0.02*0.5*10 mm) plate
samples of Bi-2223 ceramic material with the optimal composition of

Bi:Pb:Sr:Ca:Cir-=1.6:0.4:1.8:2.2:3.0. The samples of the current density
Jc=6-8-103A/cm2 (E=l aV/cm, 77K, B=0) were fabricated by pressing Bi2223 ceramics between the two copper wires. They were annealed at 850°C -for 20 hours.
The insulating barrier between the two electrodes was the natural oxide grow on the
surface of the ceramic material, or the degraded ceramic on the Bi2223 surface due to
oxygen disorder in the Cu chains [6]. The junctions were examined at temperatures
from nitrogen to room temperature. Pressure (up to 10 kbar) was developed in the
beryllium bronze chamber that contained the junction, a thermometer and a
manganine pressure sensor. The thermometer was a bifilar microcoil wound with
copper wire 0.02 mm in diameter.
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Flg.1 Normalized linear background vs applied voltage of a tunnel
Bi2223 break-junction conduction measured at different pressures
(1 -0 kbar, 2-6 kbar, 3-9 kbarY
Fig. 1 shows the normalized conductance vs. voltage characteristics of a typical
junction taken at different pressure at T=77K. One notes an approximately parabolic
shape, and a small offset that can be explained assuming a different average barrier
height at each side of the junction barrier. The experimental dl/dV (Fig.l) is described b y (1) where the parabolic part of o"T(V) is due to the usual potential

dl/dV = crT(V) + y\,V| ,
bamer changes vs. V [1] and y|V| is the linear background.
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(1)

We have observed tlie strong pressure influence on the linear background term in
the normalized tunnel conductance cf=dI/dV. that is difficult to explain by the
''marginal Fermi liquids effects" [3] or in the spirit of the theory ['!]. According to the
theory of inelastic tunneling [4] the changes in linear background are amount to
changes of the anfiferroniagnetic magnon spectral density F'.oV) and can no; be
essentially.
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Flg.2 Normalized tunnel conduction vs applied voltage of a Bi222.'V)n
measured at. different pressings (a- 9 kbai, b- 0 kbar>.
Sharifi et al. [9] formed the tunnel RKBO/Au junctions of vario\is resistances so
the change in the junction arrays was minimal. As a result, tliey have observed that
the background slope y(P) was proportional to the zero-bias conductance rro(P) We
have obtained another result: the linear background slope changed with pressure
more quickly than the conductance a 0 (Fig 1) For runnel junctions with
theconventional metals the pressure do not change the normalized tunnel
conductance a f W a o , the obtained results demonstrated only a sensitivity of the
asymmetry of conductivity o(V) to the applied hydrostatic compression (Svishmov
et ai.[7]). As is seeii (Fig.2) for the Bi2223/In junction we have observed a strong
influence of the pressure on the tunnel parabola.
To our mind there is only one main mechanism of the pressure influence on the
linear background: the change of the potential barrier height cp and thickness d under
pressure. Really the tunneling into localized states is proportional to expt-dtp1'2') and
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the conventional tunneling through ideal insulating layer is exp(-2d<pi/2). Therefore
after the normalization process the contact conductance retains the exponential
behavior with the tliickness d.
.
This phenomenon have not been observed for tunnel junctions when barrier not
contains the localized states. In this case we have the equation (2), where o(v) is
o(V)/o(0)~N(V)
(2)
conductance at the bias voltage v and N(V) is the density of states. The contribution
to the pressure dependence of tunnel conductance arisen from the tunnel density ot
states is small because according to the model [3] this contribution can be changed
as the critical temperature T c , but the observed dln(Tc>dP=0.002 value is too small
to explain the observed pressure effects.
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MAGNETIC-FIELD AND DISPERSION
CHARACTERISTICS OF JOSEPHSON MEDIA.
L.V,BeIevtsov and S.S.Shevchenko
Donbas State Mashinbuilding Academy, 343916 Kramatorsk, Ukraine
As is well known, the current transport in Y-Ba-Cu-0 superconducting
ceramics has the Josephson nature. The disordered system of weak links
consists of the contacts with the different critical current densities. Somewhat
these contacts can be destroyed with an increase in the transport current. That
is why, the study of the self magnetic field which influences the intergrain
current will be actual.
Another question is the correlation between the intergrain critical current
density and the grain size.
In this paper we consider the field and dispersion characteristics of the)
Josephson system consisting of two grains. We assume the model is in the
critical state. We admit that the grain is of cylindrical geometry as well as the
small size (i.e. a grain radius R « A:, with the A: is Josephson penetration
depth). As is shown in the inset in figure, the transport current J = (0,0,J Z )N
flows along the Z-direction, assuming that the external field is absent. J
Making use of the London (for grains) and Maxwell equations the following
relation may be obtained for the average critical current density

<J C (H)>=J C O (1-H/H O ) ,

(1)

where
2

I
271 AT
Ho = -=±
c" P(y) J co ,

y = R/AL ,

(2)

and A^ is the London penetration depth, J co is the critical current density at
the temperature T = 0 and the magnetic induction H = 0. The dispersion
function
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POO = v h(Y) / / tto0O- 1] xdx,

(3)

0

in terms of the modified Bessel's functions \v ( £ ). So, T = 77 K and
A L ~ Kr 5 m, P(y)

__ » 10, J c o « 10 I 0 A/m 2 ,thenH 0 == 1(T5T.
y —5
As appears from (1) - (3), the JC(H) function depends on:
(1) The grain shapes and sizes (R).
(2) The grain physical properties U L ).
(3) The intergrain media properties (Jco).
(4) The self magnetic field (H).
Otherwise speaking JC = JC (H, R,AL,JC0)
It follows from obtained relation that if X\j* °o or R-> 0, then <JC> -» Jco.
But, if AL~* 0 o r R-> oo., then <JC> approaches to constant.
The figure shows the dispersion
curves for different magnetic fields
10' 6 T(2) and
66
0" T (3), as is computed from
5 10"
eqs. (1) - (3). The stronger fall
depending on < J c (y) > is found for
the stronger fields and it characterizes
the beginning part of the curve. Next,
with the growth of y the saturation
begins. This tendency shows, that the
fine-grained ceramics is useful for us.
6 V
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The anisotropy of unusually large magnetostriction for textured YBaCuO were
investigated. The sample length change A L In the ab-plane when magnetic field
H parallel and perpendicular to the c-axis were measured. Large jump of the
magnetostriction coefficient assotiated with the flux jump were founded.
Magnetostriction measurements are a new technique for studies of the
magnetic flux pinning as a fundamental property of real type-II
superconductors.
Studying Bi2Sr2CaCu20g single crystals, H.Ikuta et al. [1 ] reported
uncommon for superconductors high magnetostriction values, which can be
qualitatively explained on the basis of the pinning mechanism for the magnetic
flux in the samples. High values of critical currents (80 kA/cm at 77K) in
our MTG-samples stimulated us in our magnetostriction experiments.
For these measurements we used 0.5x3x5 mm3 melt processing YBaCuO
plates. Variations of linear dimension of samples A L(H) = L(H) - Lo (where
LQ = L(H = 0)) in ab-plane was registered by a resistance tensometcr,
incorporated in the branch of a dc-bridge. The rate of H variations aligned
along c-axes was8mT/sin the range ± 12T. Before every measurements the
samples were heated above the critical temperature.
In Fig. I field dependencies of the magnetostriction coefficient A L/L o at
different temperatures for H orientation along c-axes are shown. At T=4,2K
if the field is increased up to 8T the sample is monotonously compressed and
then a avalanche-like (jump) variation of A L/Lo takes place associated with
the jump of the magnetic flux. After the jump of of the magnetostriction
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is observed. After this in magnetic field 11 T the flux is again torn-off and then
after some recpyer of dimensions a smooth change of the deformation sign up
to 12 T takes place. Such jump phenomena associated with magnetotermic
instability were observed by us also in the magnetization. These data speak in
the favour of the magnetostriction mechanism based on the pinning [1,2].
In accordance with [ 1 ] the equation of balance between the pinning force of a
flux line f (on the unit of the length) and the internal local stress a (z) is written
as follows:

da(z)/dz = N(z) fp,

(1)

where N (z) - is the density of magnetic flux lines B (z). Since
f ~ dB(z) /dz, then from the balance equation (1) it follows that

A L /LQ ~ 1/C j | B J - B2(z)j dz ,

(2)

where C is the hardness coefficient, Ba is the external field and d is the
thickness of the plate. Thus, variation of samples dimensions are given by
variations of magnetic flux distribution. The hysteresis of the magnetostriction
coefficient (see Fig. 1) can be explaine by difference of distributions B (z) in the
increased and decreased fields.
In H 11 ab-orientation together with hysteresis phenomena in A L(H) considerable reversible variations of the magnetostrictioncoefficient are observed. As
follows from the above data, the reversible part of magnetostriction is of high
temperature dependence. However, the irreversible phenomena in L(H) in this
orientation do not practically depend on temperature and have a complex
form.
As follows from the measurements carried out and from the data taken from
[3 ] the magnetic field as high as 8 T at 4,2 K produces in the sample pressure
of ~ 0,5 kbar. Considerable external cyclic tensions can produce cracks in
samples and thus decrease their current carrying characteristics. Sensitivity of
the experiment allows to well register quite a few "creaking" impulses. It is to
be noted that these inpulses can be caused also by local lupms of the magnetic
flux.
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Anisotropy of the development of instabilities in YBa2Cu307_<5 textured
samples in magnetic field up to 12 T has been studied. Large jumps of the
magnetic moment of the sample have been observed. Stabilization of the
magnetic properties through remagnetization has been found out.

Progress in the HTSC technology resulted in creation textured samples, which
are usefull for technical needs. In this relation there is an increased interest in
studying magnetodynamic instabilities in such objects [1-4]. The MTGprocess results in a number of layered defects set in the ab-plane, in the
formation of twins directed normal to the plane. These defects are the
anisotropic centres of pinning and provide the anisotropy of instability
behaviour.
This report gives the results of investigations of anisotropy in the behaviour of
instabilities in the magnetic properties of MTG-samples.
The magnetization M of the sample (1,5x1, 6x4, 2 mm ; jc(77K) =
~ 80 kA/cm2 in the intrinsic magnetic field, T c = 91,8 K) has been studied
with the aid of the vibrating sample magnetometer. The rate of H change was
equal to 20 mT/s.
Initiation of instabilities for the samples with remanent magnetization
Mrem > 300 emu/g in high enough fields is the well- known factor. Thus, for
example, in [3 ] for samples with M = 330 emu/g, at T = 6K, instabilities of
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the magnetic flux have been already observed in the H > IT oriented along the
c-axes and expressed as nonrnonotous behaviour of magnetization M (H).
In our samples possessing the helium temperature Mrem= 600 emu/g in this
orientation a large jump of magnetization has been observed (Fig la). Such
jumps of the magnetic flux accompanied by the development of instabilities
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Fig.2.
Remagnetization curves.
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are typical of the type-II LTS (Evetts J.E. et al., 1964). Development of these
instabilities can be explained by Mintz and Rakhmanov model.
One of the important experimental results is that in MTG-samples the
magnetic-flux jumps at 4,2K take place only during the first magnetization and
subsequent first remagnetization of the sample after passing the maximum +
Mmax (Fig.2). All other remagnetization starting from point - Mmax do not revel
the magnetic flux suppression, i.e. the total cycle of remagnetization as if
stabilizes the magnetic properties of the sample. Data of Fig.la evidence too
that at T = 46K, the hysteretic loop M(H) as a whole lowers down the
magnetization axis, i.e. becomes "more diamagnetic" one. For field orientation
along the ab-plane at helium temperature the instabilities are absent (Fig. lb)
which is evidently connected with a more than two time decrease of the
maximum diamagnetic moment as compared with its orientation along the
c-axis. But with temperature increase they occur in the form of giant nonmonotonicities of magnetization with breaks (Fig.lb, T = 42K).
/. L. Legrand et al. Physica C 211 (1993) 239.
2. A. Gerber et al. Physica C 209 (1993) 147.
3.1. Monot et al. Supercond. Set Technol. 5 (1992) 712.
4. K.-H.Muller and C.Andrikidis. Phys.Rev. B, 49 (1994) 1294.
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MAGNETIC PROPERTIES OF TmBaCuO7_s 123 and YBaCuO8 124
CRYSTALS
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S.A.Klestov ,V.l.Voronkova
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Magnetic studies of single crystals of HTS have been central in stimulating new
ideas relating to vortex phases and dimensionality. We have studied the form of the
magnetic relaxation in high quality TmBaCuO 123 as a function of oxygenation
and YBaCuO 124 crystals, for dc magnetic fields up to 8 Tesla, applied parallel to
the crystal c axis. In both systems similar regimes of vortex dynamics can be
discerned over a wide region of the H-T plane. We compare pinning properties in
the two systems as a function of reduced temperature and find the 124 system
apears to be considerably more anisotropic than well oxygenated 123.
Introduction
The YBCOg 124 system is an interesting one to study magnetically because it
shows no oxygen deficiency and does not form twin domains. Since it possesses a
double CuO chain structure it is instructive to compare its magnetic properties with
that of its sister compound YBCO. S 123 which has a single CuO chain only. It is
well known that the CuO chain in YBCO 123 plays a dual role[l]. Firstly, as a
charge reservoir for the in plane superconductivity and secondly as an interplane
conducting link. The latter is responsible for the much lower anisotropy of
superconducting parameters in the YBCO 123 system compared to BSCCO 2212,
for example. Although it might seem plausible that a second copper oxygen chain
per unit cell would reduce the anisotropy further, this turns out not the case. We
have studied the form of the irreversible magnetisation in high quality YBCO 124
crystals and we make comparision with the behaviour of a series of deoxygenated
TmBCO7.s 123 crystals [2].
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Experiment
All experiments were carried out using an Oxford Instruments 3001 vibrating
sample magnetometer with a 8T maximum vertical field. In this study we restrict
our discussion to magnetic field applied parallel to the crystal c axis only.
We define the irreversibility line (Hirr), as the collapse of the irreversible
magnetisation or M-H loop. This evaluation is a function of magnetic field sweep
rate and threshhold criteria. Although Hirr is rather ill defined a comparison
between different samples is still meaningful if the same criteria are used in each
case. Where we discuss the normalised creep rate we refer to the change of the
magnetisation signal as a function of the sweep rate of the magnetic field H'and we
define the normalised creep rate to be S= dlnM/dlnH'[3].
Results and Discussion
We first use the irreversibility line data to compare the behaviour in several
different families of crystals. As oxygen is removed from the thulium samples the
Tc drops in a similar fashion to that observed for YBaCuO7.8 [2]. The T c values
vary from 91,88,84.8,82, 68.5, 57.8 to 56.5K. The BSCCO 2212 sample has a Tc
'= 89K and the YBCO (124) a TC=85K. Figure 1 shows Hirr plotted against reduced
temperature t=T/Tc. We can see clearly the effect of deoxygenation in the thulium
123 system and how it compares to the extremely anisotropic 2212 [4].
Interestingly, the Hirr line for the 124 sample lies between that of the two thulium
crystals which have a Tc of 82 and 84.8K (samples T4 and T3 respectively).

Figure 1: The Irreversibility field versus reduced temperature T/Tc for a series of
deoxygenated TmBaCuOi.5 (123) crystals (+), an YBaCuOg (124) sample (0) and
a BiSrCaCuO 2212 crystal (*).
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We speculate that although 124 has two chains layers, its CuO2 plane-plane (or out
of plane) coupling is weaker than well oxygenated 123 because of the greater
distance between the planes. (The variation is from 8A in 123 to 14A in 124).
Furthermore, as we remove oxygen from 123 we disorder the chains making the out
of plane coupling weaker. The Hirr(t) in the BSCCO 2212 system is much lower
over much of the H-t plane than 123 or 124 and this is attributed both to weaker in
plane pinning and out of plane coupling.
As a result of this line of arguement it is interesting to compare the pinning
properties of two systems with chain layers whose Hirr(t) (for t>0.7), lie in
approximately the same region of the H-t plane, implying similar anisotropy values.
In figure 2 we have made this comparison for the 124 sample withtC=85K and the
123 sample (T4) with TC=82K at the same value of reduced temperature t = 0.5. It
can be seen that the 123 crystal carries 30 times the current of the 124 crystal
implying that the in plane pinning in 124 is greatly reduced. We speculate that this
is a result of the absence of twin domains and oxygen disorder in the 124 system.

0E + 0 0 -0

2 3
4 5
Applied Field

Figure 2. The variation of the screening current density J with external magnetic
field for the YBaCuOg 124 and the TmBaCuO6.7 123 crystal at the same value of
reduced temperature t =T/Tc=0.5. The latter shares the same Hirr (t) line as the
124 sample but carries 30 times more current.
Next we look at the flux dynamics S (averaged for increasing and decreasing dc
magnetic field) in the 124 and T4 crystals. In order to compare the S behaviour in
the two systems using appropriate field scales [5] we show the corresponding
magnetisation curve M (in arbitrary units) on the same graph.
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Figure 3: The normalised creep rate S as a function of applied magnetic field at
T=40K for the 124 crystal and T4, a deoxygenated 123 crystal with Tc = 82K. In
both cases the magnetisation M is plotted in arbitrary units for comparison only.
We find for the 124 and 123 crystal T4, whose Hirr(t) lies in the same region of the
H-t plane, rather similar behaviour both in the form of S as a function of magnetic
field, and the absolute value. The 124 crystal has some extra low field feature in S
and M which has been associated with surface barriers[6]. We conclude that the in
plane pinning properties which are quite different in these systems do not strongly
affect the form of the flux dynamics.
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The ac"susceptihility,,pf

policristaline

and epitaxial

YBCO flliHs

was*

investigated in exciting magnetic fields Hac = (' 0.1 - 1000 mOe) using the
inductance technique. The irreversibility line ('•' 1-Tm /Tc ) (Hac) and', the,n
maximum ofdissipativeios'ses% " (li.AC) were studied. Two characteristic fields
H* and H*2 with which ( 1-Tm /Tc ) fH a ( J

and x" (H&c) line than change

their slope were found. It was been shown that the index of degree at H a c in
equation ( 1-Tm/Tc ) ~ a H^c depends.on a type of the weak links forming in
the YBCO film when it grows.

.•-••.

One of the most important characteristics of high-T c superconductors is the
irreversibility line, Tj^CH). This line separates the region of the reversible
behavior from irreversible one. Muller et-al. [1] found, measuring the
temperature dependence of the DC magnetization, that for bulk LaBaCuO
composites there existed in these materials a magnetically reversible region
above a magnetic field-temperature line between the lower and upper critical
magnetic field curves. The zero field cooled and field cooled magnetization
curves coincided in this region. They found that with increasing the applied
field H the certain lower temperature T ^ shifted according to

1-T irr /T c = a H q

(1)

where q = 2/3. They argued that this behavior was a consequence of a
superconducting glassy state.
Malozemoff
et al. [2] found a similar relation in a single crystal of
YBa 2 Cu 3 0 7 and called the new field-temperature relation the irreversibility
line. They have found that it could also be measured by the shift in temperature
of the peak of the dissipative susceptibility %" (T) with DC magnetic field.
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Within the limitations imposed by the thermally activated flux creep model
used in they analysis, the irreversibility line is a crossover from flux creep to
flux flow and not a true phase transition.
Alternative mechanisms have been suggested to explain the origin of the
irreversibility line. These are vortex-lattice melting [3 ] and a phase transition
from a vortex glass to vortex liquid [4 ].
A detailed study revealed difference between the shift in temperature of the
dissipative % " peak with DC and AC magnetic fields. The latter can be
described by the empirical expression [5 ]:

(1-T m /T c ) = [c list d jc(0) ] q x H!jc

(2)

where d is the slab thickness, j c (0) is the critical current and T m is the
dissipative % '' peak temperature. The expression (2) describes the case
when AC field parallel to the slab surface.
At the same time there was a report [6-9 ] that the irreversibility line does not
follow a power law (l)and(2)or that the exponent power q does not agree with
the theoretical values of 2/3 or 3/4.
In the present work we investigate the irreversibility line of epitaxial YBCO
films using AC susceptibility measurements at exciting magnetic fields H a c =
= 0.1-1000 mOe.There are three magnetic field regimes where the irreversibility line and the dissipative susceptibility are quite different.
The diamagnetic susceptibility was measured at a frequency of 10 KHz by
means of Hartshorn bridge, well balanced within a wide temperature range.
The mutual inductance bridge was calibrated by the susceptibility measurements on a niobium film 0.1 mm thick whose shape was the same as that of
the films studied. The apparatus and techniques for AC inductance measurements have been described previously [10 ].
The samples used in this study were prepared by the standart laser ablation
technique on an StTiO3 (100) substrate. Thefilmthicknesswas0.3mm. X-ray
analysis has revealed that the films were single phase (100 % YBa 2 Cu 3 0 7x ).
The scanning electron micrographs of this films indicated that the average
grain size is of the order of 1 mm and the connectivity between the grains

108

appears to be fairly good, with no gaps arid that these often from clusters of
the size of 0.1 -1 mm. Details of preparation methods can be found in ref. [11].
The irreversibility line is determined from of the imaginary (£ " ) part of the
AC susceptibility at different exciting magnetic fields.The irreversibility
temperature is defined as the peak temperature T m of the# ".. versus T
curves, that is T i r r = T m [12 - 14 ]. The dissipative loss curve % " (T) at the
ultraweak magnetic field 0.2 mOe has a fine structure - five of the dissipative
X " peaks. The width of the dissipative peaks is increased with increasing the
AC field, they are merged and a single peak is only observed at H a c = 1 Oe.
At these magnetic fields a good match between the hysteresis losses % "
(Hac) and the shift.in temperature of the# " peak in the low temperature
region has been obtained. As shown in Fig.l, there are three different
magnetic field regions: from 0.2 to 5 mOe, from 5 to 100 mOe and up, to 100
mOe. At H a c up to 100 mOe the diamagnetic response can be described with
help to the critical state model. The local value of the macroscopic current
density induced in the film is given by

j = j c (0) { 1 - (kT/U) In (cE / 2 K VO B)}

.

(3)
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where K is the average distance between the pinning centers, v0 is the
frequency of the vortex oscillation in potential well and U is the well depth [12].
In the magnetic field region from 5 to 100 mOe there is a transition from a low
to strong flux creep. The slope of the irreversibility line in such fields varies
with decrease of the critical current density. We assume that in a weak
magnetic field the pinning potential is decreased with increasing the
temperature. As a result, the viscous motion of vortices is decreased and the
vortex lattice is melted. The hysteresis losses are drastically reduced.
The existence of the gigantic flux creep can be the reason of the independence
temperature range on a magnetic field-temperature line in ultraweak AC
fields. This assumption confirms of the anomalous behavior of the lower critical
current H c j in a narrow temperature range around T = 85.8 K, as
illustrated in Fig.2.
In the magnetic field region from 0.2 to 5 mOe we found the linearity of the
diamagnetic susceptibility of the film. Previously, we reported that the
linear diamagnetic response had nothing common with the critical state [IS].
The most interesting information about films has been obtained when films
were exited by a very weak magnetic field « 0.1 to 1 mOe. The diamagnetic
response in such fields develops in a narrow temperature range around T .
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'Owing to this we have observed the change in the motion mechanisms 6f
vortices in three magnetic field regimes. It is suggested that the exponent power
q in empirical expression (2) depends on type of the weak links forming in
the film during growth.
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DOUBLE-STEP BEHAVIOR OF THE CRITICAL CURRENT VS
MAGNETIC FIELD IN A METAL CERAMIC: infergranular fields and
relaxation

A.l.D'yachenko

UA9600456

A.Galkin Donetsk Physicotchnical Institute National Academy of Sciences of
Ukraine, Donetsk 34114, Ukraine.
A theoretical analysis of metastable states for the flux line lattice at the
vacuum- superconductor interface have been performed. A new model is described
the physics of a strong magnetic field H influence on the critical current J c of
the anisotropic high- T c superconductors.
It is known that the magnetic field H considerably influences the critical current J c
of a system of superconducting grains coupled by Josephson weak links (the
"Josephson medium"). It turns out, however that the situation changes considerably
if vortices have entered into the granules. If the field H is parallel to the contact area
then intragranular vortices reduce the surface current J s f of the granules and hence
change the sensitivity of Josephson junctions critical current on the field H. In the
most general case the JC(H) value is determined by the magnitude of a surface
current J s f, Jc(H)~l/Jsf(H). The basic idea of the model [1,2] is that the J s f value is
the sum of "Meissner" component Jm and the irreversible critical current of
grains J c g [1 ], J s f=J cg ^J ra , and
Jc<Ky-JC0/{\+q(2k (J cg +J m )+Hxt)),

(I)

q=27ija0 r / O 0 , r is the "short Josephson junctions" width, t is the Josephson contact
thickness, X. is the London penetration depth into the granules H is the field
component parallel to the contacts plane. The value of surface current J i n can
be equal to the Ginzburg-Landau decoupling current J ^ only for H>HC and
very uniform superconductor/vacuum (S/V) interface, when the situation with
the Bean- Livingston surface barrier is realized (here H c is
the
thermodynamic magnetic field. H c » H c j ) .
For a nonuniform S/V interface the
Meissner state becomes unstable for H>H c j at a "weak place", where the value of
the surface current J m is close to J^ c . But out of the surface defects the local
value of the surface current J m (r) is regulated by small elastic deformations of the
flux line lattice. Let us assume that this process realizes in accordance with the
known principle of minimum entropy production. In that case, almost on the whole
surface of the superconductor the flux line lattice is in a metastable state with the
minimum possible "Meissner" current J m = J e c = Hc\/\«i^c,
-consequently, if

the vacuum- superconductor mterface is nonuniform almost on the whole surface
the condition >ni=JSq is fulfilled. Once the flux line have penetrated into the
Josephson junction banks, an addition surface current component J c g appears
which is caused by the gradient of the density of these vortices, whereas the
amplitude of the Meissner surface current J ^ is controlled by the induction B
jump at the S/V interface. In an increasing magnetic field H u p , the vortex density
inside the grains is less than at their periphery, so that J c g sums with J m :
•}si^up)~= •'m : hg>- l n decreasing field H(} o w n tlie total surface current density
decreases, Jsf{down>=Jm(down)-JCg.
If there exists a Bean- Livingston surface barrier to vortex motion the
equilibrium par! J in for field increasing and field decreasing processes is
extremely different and, as a result, the strong hysteresis of the Josephson critical
current J c exist: J n i (up)/J m (down)~H c /H c j».l (!]. On the other hand, when
the
vortices penetrate into the granules the surface current Jsf(up) is
approximately constant and the Josephson medium critical current J c vs. H
dependence has a double- step behavior (2]. The first drop in J c is for H<H c j
(H<kHc for the;Bean-Livingston surface barrier, k<l). This is followed by a
plateau region of relatively constant critical current at magnetic fields H<Hjj.,
where the Josephson medium irreversibility field Hj,- is
Hil.=(2X/t)(Hc!! 1 + A/f) + XJ cg ) .

(2)

In the framework of the discussed model, reason for the J c vs. H hysteresis
behavior lies in the irreversible dependence of the granules surface current. An
additional contribution arises if the dipole field of the grains H r e v (or persistent
loops) changes the intergranular field value H g [3].
Let HU]f is tlie internal field, H e x is the external field and B a v is the average
induction field in the sample. Then

fH

rev-

H e x +(D g -D)xM a y +H r e v ,

(4)

where D, Dg are the demagnetizing factors of the whole sample and of the
average grain respectively, M a v =M a v (Hj n t ) is an average magnetization of the
Josephson media and H r e v is the dipole field of the grains (or persistent loops)
which spills into the intergranular region, H rev =-kgMg, for Mg~±y<a>JCg is the
grain magnetization for the intragrain critical current lcs and grain diameter <a>^y~l.
The average induction field B a v is related to the field within (subscript s) and
between the granules ("subscript n) by
.
... - ,;,,
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Bn > =

£;(H g +M g +M eq ) + (l-f s )H g -H g +f s xM) , (5)

frpl-fs, M(Hgr)=Meq+Mg is the full grain magnetization, M e q is the
equilibrium part of the grain magnetization, M e q~ -H c j g . From (3-5) one obtain
the relation between internal Ho and applied HgX fields
H g = He X + {(Dg-D)xfsxM + (l-D)xH rev }/(l-D g ) .

(6)

The average field along the grain boundaries (6) can be approximated by
Hg=H ex - nxM(H g ),

(7)

where n is the effective demagnetization factor of the grains in the granular sample,
n={(D - Dg)xfs+(l-D)xkg)/(l-DgKO .

(8)

For a granular film in the normal external field D~l, Dg~l/3 and n~fs, Hg=H ex -f s x
M. For a thin slab in the parallel field D ~ 0 and
ri=-!'D g xf s -k g )/(l-Dg).
Recently, Kwasnitza and Widmer have found, that the relaxation rate of the
intergrain critical current J c is strongly hysteretic[4]. They take on trust that the value
J c is determined by the effective field Hg between the grains. This effective field is a
superposition of the applied field H e x and the field B m due to the magnetization of
the grains [3]. At first sight, this simple model is evident. Unfortunately, this model is
unrealistic. As is seen from (7-9) in the very experimental situation effective
demagnetizing factor n <1 and at high fields and low temperatures intragrain
vortices in the closer vicinity of the Josephson junctions strongly influence the
Jqsephson current and are responsible for the high- field hysteresis behavior of Jc.
The grain demagnetization effect (7) undoubtedly plays a secondary role at these
fields.
According to the model [1,2] even without grain demagnetization, the
irreversible flux dynamics inside grains should contribute to the irreversible behavior
of J c . The reason is that the intragranular critical current density. J c g at the grain
surface adds to or subtracts from the Meissner shielding current. With me knowledge
of the hysteresis of intragrain current JCg relaxation is it now possible to make
detailed predictions on how the critical transport current J c should change in time.
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The critica] current of a Josephson contact I c in the parallel field H can be written
in the following form Ic(H}=ffHef|(H)), where f(H) is given by the real structure of
the contact and

•••••••

.-

In the Meissner phase of grains the surface current density J s f is Jsf=H/A,, so
Hej=f=H. For the derivation of the transport-current relaxation Jc(t)~Ic('c) we find the
derivative
d/(;Jc(x))/dA={di(Jc(H))/dH} x {dH/dHeff} x
In the mixed state dHefj/d/T=+(2A.2/t)x{dJcg/d/t}, Jcg=yt<a>Mg? and at least
d/«Jc/d/x=±{2X2/7t<a>}x{d/«Jc/dH}exp{dM7d/x}exp;

...

(9) .

where the derivatives {d/«J c /dH} cxp , {dM/d/x}exp are the experimental values, (+),.
corresponds to the increasing and (-) to the decreasmg external field H. According to
(9) the relaxation rate of the critical transport current is strongly hysteretic. As a
fiinction of the external magnetic field cycling the J c relaxation rate dJc/dx can be
positive or negative and even equal to zero.
In summary, we favor the idea that hysteretic behavior of critical
intergrain current JC(H) is caused by the change in the direction of ihs
intTagranular critical current density J cg . Usually the plateau in JC(H) is explained
by current percolation through weak link free paths [5]. We argue that this high field
behavior is also consistent with Josephson coupling of grains that are in the mixed
state. The thermally activated motion of the vortices in the grains should be reflected
in the surface current what turns in the transport current J c (H)=J c (J m ±J C g). This
novel flux creep effect is a result of the decay of the induced intragrain current JCg
and supports the proposed model.
Acknowledgments. The work was supported by the State'Committee on science
and Technology of the Ukraine.
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EFFECT OF SUBSTITUTION OF Hg FOR Cu ON PROPERTIES OF HgBASED HTSC.
R.V. Lutsiv, Yu.N. Myasoedov, M.V. Matviiv, Ya.V. Bojko
HTSC Laboratory, Dep. of Phsics, Lviv State University, Lviv, UA-290005,
UKRAINE
New Hg-based HTSC are synthesized in a homological series of
HgBa2Can_1CarP2n*2+5i w e r e n > 1 a n d 5 - excessive oxigen in a Hg-plane [15J. Analogously to Tl based HTSC, number of CuO2 layers per elementary
cell in the Hg-based HTSC grows with increase of n and the temperature of
su-perconductive transition Tc increases for 3>n>1 The Tl- and Hg-series
differ in oxygen occupancy of a site in Tl - or Hg-plane, what is greater then
0,75 in the Tl-compound [6,7], but is significantly less than 0,5 in Hg-based
superconductors [8,9], In contrast to Tl-based HTSC, a HgOs plane in the Hgbased HTSC in larger extent is depleted by oxygen, were unique
properties of dependence of Tc on pressure are observed for 0,25<5<0,4
[10-12]. Maximal reached Tc=164K has been obtained for Hg-1223 under
pressure of 100GPa [12]. For low temperature phase of this HgBa2Cu)4+5
(n=1, Hg-1201) series, the temperature Tc is changed reversibly with 5 from
OK in underdoped state (5=0; dielectric) to 97K (8=0,25; peak) and further
it is decreased to 20K (5=0,4; overdoped state) [13-15]. The structure of Hg1201
represents
by
itself
a
sequence
of
layers
(CuO2)(BaO)(HgOs)(BaO)(CuO2), were Cu cations are octaedrically
coordinated but coordination of others cations depends on value of oxigen
index 5. As the excessive oxigen atoms increase the average oxidation rate
of copper
and create the concentration of holes necessary for
superconductivity, then one can expect that the change of Tc is bound up
with the extent of filling of possible positions in Hg-plane by oxigen atoms.
J.L.Wagner for the first time has observed, that 5 is changed depending on
occupation of (1/2 1/2 0) position in Hg-plane by the oxigen atoms (0,08 per
formula unit) [8]. It was noted, that the substitution of some Hg for Cu at (0 0
0) position can initiate additional oxigen in (1/2 0 Z) position. At the same
time the autors have not noticed in the samples studied the change of
concentration of this defects type depending on an annealing conditions, and
its contribution in doping has remained unclear.
In our papers [16,17], it was set forth an assumption, that creation of
suffitient number of defects of substitution of Hg for Cu together with
additional oxigen in Hg-plane at (1/2 0 0) position should result in the holes
concentration increase and respectively in the Tc increase. In papers of
L.W.Figner and O.Chmaissem [18,19] one can find confirmation of influence
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of excessful oxigen at different positions on SC-properties. Samples
corresponding to nominal stoichiometry of Hg-1201 have been prepared in a
two-step process as described in reference [1,16,17]. After synthesis, small
drops of Hg were observed in a quartz tube. At the same time X-ray powder
diffraction analysis gives evidence of possibility of substitution of Cu for Hg.
In Table 1, there are characteristics of two samples with different levels of
substitution of Hg for Cu. Occupancy of (1/2 1/2 0) position
for
(Hg 089 Cu 011 )Ba 2 CuO 4+5 and (1/2 0 0 ) one for (Hg 083 Cu 017 )Ba 2 CuO 4+6 with
the oxigen results in considerable differences in SC-properties.
The temperature dependences of second harmonic generation and magnetic
susceptibility are shown in Fig. 1 and the values of Tc equal to 94K and 120K
for
the
(Hg 089 Cu 011 )Ba 2 CuO 4+5
and
(Hg 083 Cu 017 )Ba 2 CuO 4+5 ,
correspondingly, were found from comparison of these dependences.
Schematic representation of an elementary cell for different levels of filling
by oxigen of position in Hg-plane is shown in Fig.2. The difference in
properties between the three mentioned states is defined by coordinate
characteristics of positions of statistical mixture H g i ^ C u ^ . Stoichiometric
defectless HgBa2CuO4
(81=82=5=0) is a antiferromagnetie insulator
according to the Mott-Habbard description as well as others undoped cuprates
(e.g., La2CuO4 and (Sr,Ca)CuO2) . Filling of positions (1/2 1/2 0} with oxigen
for (Hg 089 Cu 011 )-1201 results in appearance of SCrproperties. For except
the filled to 78% atomic positions 01, corresponding to the
"dipole"surrounding of the Hg atoms it appears that,-the one of possible
intestitial positions (1/2 0 0) is filled fo 26%, providing with general octahedral
coordination at joint presence of all oxigen atoms at (0 0 0..221) and (1/2 0 0)
positions in elementary cell. The presence of statistical fragments with
quadratic (octahedral, see Fig.2c) coordination of Cu in addition to basic
layers of squares [CuO2], i.e. the presence of two layers [CuO2] in averaged
elementary cell, allows to explain characteristic for two-layered by [CuO2]
structures increase of Tc from 94K for (Hg 089 Cu 011 )-1201 to 120K for
O~'9o83(-'U0 17H201. Defects of substitution of Hg for Cu is the necessary
condition of the structure stabilization and together with additional oxigen at
position (1/2 0 0) affords the increase of the hole concentration and density of
states near Fermi level. As a concequence of this, it is the increase of Tc.
Increasing of Tc to 118 K under pressure for Hg-1201 [19] gives evidence of
possibility of Tc increasing also at "chemical" compresssion. Complex study
of the substitutional defects Hg/Me will reveal directions of search of new
HTSC.
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160
Fig.1. Temperature dependence of SHG and %ac for t w 0 different states of
oxidatort Hg- states of oxidaton Hg-1201 : o -(Hg 089 Cu 011 ) - 1201, with the
position ( 1 / 2 1 / 2 0) which is occupated by the atom of oxigen and o (Hg 083 Cu 017 )1201 with the position (1/2 0 0 ) which is occupated by the
atom of oxigen respectivrly. In the inset we plot p(T) for (Hg 0 8 9 Cu 0 1 1 ) 1201.
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Fig.2.Schematic representation of an elementary cell for different levels
of filling by oxigen of position in Hg-plane.
.;••

Tabl.1. Coordinates and isotropic thermal parameters of atoms in the
(H g i . 6 l Cu 5 1 )Ba 2 CuO 4 + s l ^ 2
8 = 0,11
8 = 0 , 17
B(is/eq) X
N
(ATOM X Y Z
N
Y z
a
0 0 0
0.89(1 ) ) 1.45(4)
0
0 0
0.83")
Hg
Cu d
0 0 0
0,17b)
0.11(1)a> 0
0 0
0.96(3)
Ba
0.5 0.5 0.297 2
0.5 0 .5 0.294 2
Cu
0 0 0.5
1
0.81.(7)
0
1
0 0.5
20
O(1)
0.5 0.5 0
2
0.5 0 .5 0
0.5(3)
0 0 0.209 2
0
O(2)
1.2(3)
0 0.221 2
Id)
- 0.5 0.5 0
1.160
O(3)
2 e)
O(4)
0,5 0 0
Sites occupations
a) Hg: 0.89(1)Hg+0.11(1)Cu; b) Hg: 0,83(2)Hg+0, 17(2)Cu c) O1:
d)O3: i0.12(4)0 e)O4 : 0,24(9)0
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B(is/eq)
1.0(2)
1.2(1)
1.5(8)
1.580
1.580
1,580
0,78(9)0;
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ABOUT THE ROLE OF SILVER IN HIGH TEMPERATURE REACTIONS OF YjBa 2 Cu 3 O 7 . 8
SUPERCONDUCTOR CERAMIC
Jorge E. Fiscina 1 - 2 . Carlos J.R. Gonzalez Oliver2, and Daniel A. Esparza1. Centra Atomico Bariloche (CNEA). 8400
S.C. de Bariloche (RN). ARGENTINA. (1) Comision, Nacional de Energia Atomica. (2) Consejo Nacional de
Investigaciones Cientificas y Tecnicas.
^Superconducting properties vs. firing protocol was studied in Ag-YiBa2Cit3O7^ composite. We present. as a part of a
jiiore complete study, R vs. T characterization, DTA-TGA measurements, and SEM-EDAX analysis^
Silver affects the high temperature reactions of YjBa2Cu-^O7_5 ceramic, shifting the on-set temperature of reaction,
and changing its dynamics. The central rol of Ag-AgO eutectic temperature in the thermal behavior of AgYjBa2Cu3O7_g cermets was established. At pre-Ag-AgO eutcctic temperatures, silver increases the partial
decomposition of !23 phase, while at post Ag-AgO eutectic temperatures, we note a optimal re-absorption of the 123
acompanying phases. In this range of temperatures, a modified 123 phase, named 123 , is re-assembled in the 123
grain boundary region. R-T characterization show us for the 123 an on-set critical temperature of 95K, and from XRD
analysis an increased c-axis.
In particular, we deduced from SEM-EDAX that the liquid post-peritcctic was modified. We can observe that the
process of nucleation and growing of the 123 phase was more efficient in the silver doped ceramic, it means a better
reabsorption of 123 acompanying phases (ie.:011).
Synthesis of Ag-Y]Ba2Cu3O7_§ cermets allows the obtainement of a material with superconducting state performance
that is specially apt for specific applications (i.e.: superconducting wires and tapes). This work is a part of a complete
study*'2 o f the role of silver in the interaction between 123 phase with its accompanying phases.
Here in, we present DTA-TGA experiment on a Ag plus YiBa2Cu3G"7_§ homogeneously mixed powder', under
dynamic Oxygen atmosphere, with constant heating rate of 10°C/min. The cycle consisted of heating from ambient
temperature up to 1200°C, and cooling till around 400°C.In order to carry out R-T characterization and SEM-EDAX
microstructural analysis vs. thermal protocol, we treated by differnt sintering paths, pellets from the Ag plus
_§ powder1.
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Figure 1: DTA-TGA measurements for (a) the powder A (0%wt. Ag.), and (b) the mixture F (10%wt. Ag), at 10°C
/min., under dynamic 02- Probable Thermal Events: 1. Partial decomposition of the 123 phase. 2. Ag-AgO Eutectic. 3.
Peritectic. 4, 5, 6 Crystallization and post-peritectic products re-absorption. 7 Silver Solidification.
In Figure 1 we show the thermal events measured in the DTA-TGA experiment. In accord with Lindemer-', the on-set
temperature for thermal events in cermet samples was around 30°C lower than in ceramic samples. On the heating way,
the endothermic event 1 corresponds to the partial decomposition of the 123 phase into 011 phase plus an Yttrium rich
liquid phase (202 1 ' 2 - 4 ). From TGA measurements we note, for the Ag plus Y j I ^ C ^ C ^ s powder, an increase in the
amount of starting 123 involved in the event 1. The event 2 corresponds to Ag-AgO eutectic reaction. The heat of
reaction for the event 2 results 20% lower than for pure silver (25cal/gr). For cermets treated at post-eutectic
temperatures, we note (SEM-EDAX) a better re-absortion of 123 accompanying phases. The event 3 corresponds to the
principal peritectic reaction of the 123 oxide. The peritectic heat of reaction for cermet samples results higher in
cermets than in ceramics (sample A: 59.4 cal/gr. sample F 69.3 cal/gr).
SEM-EDAX observation of ceramic and cermet samples, slow cooled from post-peritectic temperatures, reveals a
typical sinphatetic nucleation with a better reabsorption of accompanying phases in the case of the cermet samples. The

presence of ~3(.im silver grains array on a 123 ceramic-pseudograin matrix, the event 7 (figure 1 (b)) of a 21 cal / gr
corresponds to silver segregation and solidification, and it is an evidence of the Ag-. Ba-, and Cu- liquid compound
existence at postperilectic temperatures. From etching studies on these samples, it was concluded^ that in the presence
of silver the 123 grain boundary is formed with_a lower interface solid-solid energy.

Figure 2: R-T behavior of 123 Ceramics, and 123-Ag Cermets vs. sintering paths in Oxygen dynamic atmosphere
(except M120: in Air): M112A (SSC+6%wt. Ag Flakes): s 9()0°C, 10 hs.. M117A (SSC+6%wt. Ag Flakes). Ml 18
(SSC+6%wt. Ag JM), y Ml 19 (SSC): s 930°C, 40 hs.. M120 (SSC+6%wt. JM): 932°C. 17hs.. M135 (SSC+3%wt. Ag
Flakes), y M137 (SSC+6%wt. Ag Flakes): s 950°C, 20hs.

In figure 2, we show the R-T characteristics vs. different sintering paths. The experiment of the figure 2 (a) shows the
effect of the endothermic event 1 on the transport properties, because of the 011 phase precipitation at the 123 gTain
boundaries zones, i.e.: cermet Ml 12 was sintered at 900°C that correspond to the beginning of the event 1. Cermet
M117A was treated first at 93O°C, that is around Ag-AgO eutectic temperature, and in a second treatment, the same
sample was treated at the event 1 on-set temperature (~900°C) for obtaining the cermet M117B. SEM-EDAX analysis
show us, a good densificated cermet Ml 17A, with 123 grain boundaries zones free of accompanying phases. This
contrast with the 011 zones between 123 grains for sample Ml 17B. We noted through chemical etching technique, the
high degree of crystallinity of 123 grain couplings. M117A and B microstructural aspects correlate with a sharp
transition R-T behavior for sample M117A (Figure 2(a)), that it was degraded after the second treatment (sample
M117B). In Figure 2 (c) we show R-T characteristics for ceramic and cermet samples treated at 930°C, the high silver
diffusivity at this temperature promotes for cermets a sharp transition behavior.
Figure 2 (d) shows the R-T characteristics for cermets M137 and Ml35 treated at 950°C, for these samples the on-set
temperature for the normal-superconductor transition was around 95K. An XRD analysis on these samples show us a
tendency in 123 phase c-axis to be longer than in 123 phase treated without silver.
We can conclude that the Ag-AgO eutectic reaction is central to clarify the rol of silver in these cermet system. While at
pre-eutectic temperatures silver promotes the partial decomposition of 123 phase in a Oil phase plus a 202 liquid
formed at the 123 grain boundaries zones, at temperatures around Ag-AgO eutectic temperature, it could be a formation
of a Ag-, Ba-. Cu- compound, that results in an optimal re-absorption to form a new grain boundary. From the fact of a
lower interface solid-solid energy for this new grain boundary, and the results of XRD analysis (a increased c-axis), and
R-T behavior for this type of samples (on-set TC=95K), we conclude that for post-Ag-AgO eutectic temperatures it is
operating a "re-assembling" mechanism of the partially decomposed grain boundary region, that results in a new 123 caxis increased phase, that we have named 123 .
1. Jorge E. Fiscina. Ph. D. Thesis, submitted to Institute Balseiro (1994)
2. Jorge E. Fiscina. et.al.. to be published in Physica C the proc. of the M2S-HTSC IV Conference. (1994).
3. T.B. Lindemer, et. al. Phys. C 196, p. 390 (1992).
4. Rodriguez et.al. Phys. C 206 (1-2), p. 48 (1993).
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STUDY OF CURRENT-VOLTAGE CHARACTERISTICS IN
Bi 2 Sr 2 CaCu 2 O x SINGLE CRYSTALS BY PULSE METHOD
S.N.GORDEEV1, W.JAHN2, A.A.ZHUKOV3, H.KtJPFER2, A.A.BUSH1
^•Moscow Institute ofRadioengineering, Electronics and Automation,
Moscow 117454, Russia
^•Kernforschungszentrum Karlsruhe, Institutfitr Technische Physik,
Postfach 3640, D-76021 Karlsruhe, Germany
3Physics Department, Moscow State University, Moscow 117234,
Russia
ABSTRACT .
Two Bi2Sr2CaCu2<?x single crystals from the same
batch with different contact configurations have been
studied by DC and pulsed current method. Three
temperature regions with various types of current-voltage
(I-U) characteristics are distinguished. Above 40K at a
magnetic field of 20kOe the I-U dependence is ohmic,
between 40 and 27K the nonlinearity becomes more
pronounced and below 27K the nonlinear I-U
characteristics is independent of temperature. It is proposed
that thermal instabilities limit the transport current in this
low temperature regime.
Two single crystals with Tc=90K, grown by flux method [1] were
investigated. To study the transport properties along and perpendicular to
the ab-plane, we used different contact geometries. For the sample BB1
(dimensions: 0.025x0.7x2 mm-*) all four contacts were placed on the top
surface, as shown in the inset of Fig. la. In the sample BB2 (dimensions:
0.025x0.9x2 mm-*) current contacts were deposited on top and bottom
surfaces and covered ~70% of the sample area (inset in Fig. lb). Strictly
speaking, the geometry of contacts in both cases cannot provide uniform
current distribution, especially in ohmic regime. But at low temperatures,
where I-U dependence is strongly nonlinear, current should be much more
homogeneous because the regions with higher current densities have larger
resistivity and the current will flow around such high resistivity domains.
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Fig.l. Current-voltage characteristics for the samples BBl (a) and BB2 (b)
at magnetic field H=20kOe. The inset show the geometry of the contacts.
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So at least at low temperatures the samples BBl and BB2 will show
transport properties along and perpendicular to the ab-plane respectively.
In our investigations we have used the DC transport method for
low currents (KO.OIA) and short pulses (10"^-10"^s) with triangular or
rectangular shape for high currents (0.002A<K2A). All measurements
were performed in the geometry magnetic field parallel to the c-axis, this
means current perpendicular to the field in BBl and parallel in BB2.
Fig.l shows I-U characteristics for the samples BBl and BB2. Three
temperature intervals may be distinguished. Above T=40K the I-U
dependence is ohmic for both samples. Between 27 and 40 K the I-U
curves undergo transformations from ohmic to a highly nonlinear
behavior. Below T=27 K the I-U characteristics become independent of
temperature. These three regions can also be found in Fig.2, where the
temperature dependence of the current IJJ for a fixed voltage criterion
U=10'^V is presented. However the transition from ohmic to nonlinear
regime is very smooth. For both samples the ITJ value increases with
decreasing temperature until T=27K. Below 27K the current ITJ is nearly
constant. On the other hand, magnetic measurements of similar
Bi2Sr2CaCu2Ox single crystals show in this region a strong increase of
the shielding current flowing in the ab-plane (inset in Fig.2). To find the
reason for such a drastic difference in the low temperature behavior
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Fig.2. Transport current corresponding to the voltage criterion U=1
for the samples BBl and BB2 as a function of temperature. The inset shows
the temperature dependence of the shielding currents atH=20kOe.
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between transport and shielding currents, we have compared the I-U
characteristics for both methods. Magnetization measurements [2] give a
smooth powerlike dependence U~I n with high values of n larger than 5.
Transport I-U curves have a steplike fine structure (Fig.3). As shown in the
inset of Fig.3 the voltage response in the region of the steps is not
10'
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*-*30
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J
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*
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Fig.3. Current-voltage characteristics for the sample BB2 obtained from
rectangular current pulses. The inset shows the shape of the voltage signal
for current pulse with 1=0.144A.
constant during the rectangular current pulse. The arising voltage jumps may
be explained by thermal instabilities. As shown in Ref.3 the thermal
equilibrium state for high currents becomes unstable in the region where the
derivative dR/dT has a sufficiently large value. Thermal instabilities can lead
not only to voltage jumps but also to periodical voltage oscillations as was
observed in Y E ^ C ^ O y thin films [3]. Another reason for steplike fine
structure might be a mechanism proposed by A.Gurevich [4]. This model
predicts a fragmentation of magnetic flux in anisotropic superconductors with
highly nonlinear I-U dependence.
Work was supported by the Russian Foundation of Fundamental Researsh
(N93-02-14768) and Scientific Council on HTSC (Russia) (Project 93173).
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FORMATION MECHANISM OF THE (Bi,Pb)-Sr-Ca-Cu-O SYSTEM 2223 PHASE
M.T. Malachevsky and D.A. Esparza - Centro Atomico Barilochc, Comision Nacional de Energia Atomica. 8400 San'
Carlos de Bariloche. Argentina.
<'r

Isothermal treatments were used to investigate the transformation mechanism from 2212 to 2223 phase on the
(Bi,Pb)-Sr-Ca-Cu-0 system. Silver was added in 10 wt% to observe modifications in the reaction. With the aid of
Rietveld refinement, the fractional conversion of 2223 phase with time was calculated. Silver addition was observed to
slow down the formation of the 2212 phase, and hence of the 2223 phase, and stabilized the PbCa2O4 phase. SEM
analysis showed that the 110 K phase grew by deposition of a viscous liquid in layers over the platelets. We assigned
this mechanism to the coherent superficial nucleation of 2223 phase on 2212 plates, the rate of formation being
controlled by nuclei growth, that is by the velocity of migration of the liquid.
INTRODUCTION
To analyze the kinetics of reaction of the 2223 phase, a non-isothermal method would hardly detect the onset of the
transformation from 2212 to 2223 as the whole range of formation-decomposition temperatures is very narrow. In
order to get information about the 2223 phase evolution, an isothermal method should be employed. The aim of our
work was to establish the transformation process from 2212 phase to 2223 phase as function of time, starting from a
mixture of oxides (with and without silver addition) submitted to isothermal anneals of different duration.
EXPERIMENTAL PROCEDURE
Precursors were prepared by a citrate route [1], with nominal stoichiometry Bil.6Pb0.4Sr2Ca2Cu3Ox (BSCCO),
plus 10 wt% silver (in metallic form) for the doped case (BSCCO/Ag). Neither 2212 nor 2223 phases were detected by
x-ray diffraction analysis on the powders. Samples were annealed for different periods of time in an atmosphere of
nitrogen with 7% oxygen at 2223 phase formation promoting temperatures (840 °C for BSCCO and 825 °C for
BSCCO/Ag). Intermediate grindings were performed after anneals of more than 50 hours, x-ray diffraction analyses , K
were performed after each heat treatment, using CuKa radiation in 0.05° - 5 sed steps;
-.,...
RESULTS AND DISCUSSION
In a multiphase compound, if the x-ray diffraction peaks of its components do not interfere, a linear relation can be, J
obtained between the intensity ratio of the peaks of any two compounds in the mixture and their weight fraction ratjo /

|2], For our study we selected the (002) peaks of the 2212 and 2223 phases as their corresponding Bragg reflections
are well differentiated in a mixture of both. The weight fractions of each phase were obtained from a quantitative
analysis performed using Rietveld refinement on selected samples [3]. The results show that the quantity of 2223
phase increases as the 2212 phase decreases. This is a clear indication that 2212 phase is the precursor for the
formation of 2223. Once the proportionality constant is obtained for each precursor, the law followed by the fractional

Figure 1: Evolution of the fractional conversion of the 2223 phase with the annealing time. The curves result from
fitting the experimental data with an exponential law.
conversion a in each case can be easily derived from the relative intensity of the (002) peaks. Then the fractional
conversion of the 2223 phase as a function of annealing time for BSCCO and BSCCO-Ag precursors can be calculated
(figure I). The experimental data were fitted to an exponential law. this approximation being good for the undopcd
samples but not for the silver-doped ones. The latter suffer an abrupt transformation after an incubation time of 20
hours. X-ray analysis indicated that silver slows down the formation of 2212 phase thus retarding the appearance of

2223 phase. There exists a linear dependence of the transformation process, represented by the function g(a). with
lime that makes possible to find by trial and error the function that best fits the experimental data ot(t). The most
suitable model would be the one whose g(a) best fits a straight line when plotted as function of the annealing time.
The analytical form of g(a) has been established for several models of solid state reaction mechanisms, satisfying the
relation |4|:
g{a) = k(T)t

or

g(a) ~ - I n ( l - a ) = k(T)tr

(Avrami-Yerofcev-Koglomorov relation)

(1)

where k(T) is only dependent on temperature and the Avrami factor r depends on the shape of the product domains,
the rate of nucleation and the type of subsequent growth of the nuclei. Four mechanisms were found to satisfy these
requirements for both precursors (figure 2 (a) and (b)). The Fl model considers the random formation of one nucleus
in each particle and its subsequent growth. Taking into account that it has an Avrami factor equal to 1. this model
indicates a diffusion-controlled growth for plate-like particles, starting from instantaneous nucleation. The D2, D3 and
D4 mechanisms correspond to a shrinking core model in 2 (D2) or 3 (D3 and D4) dimensions. These models assume
that when diffusion starts, a thin layer of product is already distributed coherently and propagates to the center of the
particle. In our case, for the D2 model, we have to assume that 2212 platelets have cylindrical symmetry, and are
rapidly covered by a layer oflllTi that grows leaving the 2212 phase in the interior. Both D3 and D4 models assume a
spherical shape for the 2212 phase with isotropical diffusion, which do not fit the real shape of the grains of these
materials. In order to establish which model fits better the real process, samples were examined by SEM. On some
grains, a layered growth can be observed as if a liquid phase has been deposited on the plates. At increasing annealing
time, the quantity of these grains increases. For the silver-doped samples annealed for 10 hours, no grains with these
characteristics were found and very few can be observed for 20-hour annealed samples. These two specimens have no
2223 phase as detected by x-ray diffraction. After complete transformation is achieved (150 hours annealing) all
grains present this layered morphology. We can conclude that this is the way in which the 2223 phase grows. It is
evident from this observation that the mechanism of formation of the 2223 phase is better represented by the Fl
model, as the growing is not to the interior of the plates. According to this mechanism, the 2223 phase nucleates
coherently on each 2212 plate and grows by deposition of a viscous liquid in layers over the platelets. The growth rate
is limited by the migration of this liquid phase. The velocity of migration must be connected with the velocities of

diffusion of Ca and Cu toward the liquid, as this phase must be rich in these elements in order to transform the 2212
phase to 2223 phase.
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Figure 2: g(a) vs. annealing time plots for the four bets fitting models for (a) BSCCO and (b) BSCCO/Ag (the delay in
the formation of the 2223 phase is taken into account by reducing the effeclive annealing time in 20 hours).
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THE LOCATION OF TWO-DIMENSIONAL
SUPERCONDUCTING LAYERS IN YBa2Cu3O7
P.N.Mikheenko, V.A.Voloshin, V.V.Babenko, V.G.Boot'ko,
I.M.Reznik, Ya.I.Yuzhelevskii
A.Galkin Donetsk Physico-Technical Institute of the National Academy of
Sciences of Ukraine, 340114, Donetsk, UKRAINE
At present there are many proofs of the two-dimensional nature of
superconductivity of HTSC compounds [1-7]. The aim of this paper is to
estimate the thickness of the superconducting layer and to compare it with the
data, followed the obtained electron density maps.
The thickness of the region where superconductive current in YBa2Cu307
flows can be found on the basis of experiments on registration of the topological
transition by Berezinskii-Kosterlitz-Thouless. However, some assumptions
must be previously introduced.
It is known that at optimum doping by oxygen the every elementary unit of
YBa 2 Cu 3 0 7 contains 0,5 holes [8 ]. Let all of them are paired. Then the
two-dimensional density of superconducting charge carriers n 2D must be
equal to 0,5I ab, where a and b are the lattice parameters of compound in
ai-plane. By numerical solving of the well-known equation for the temperature
of the topological transition T KT (see e.g. [9-11 ]):
™
T

_

h2 n

2D ( T KT)

._-

,n
(1)

where m is the mass of paired charge carriers and the temperature dependence
n 2D (T) is presented in the form of dirty limit [9 ]

= -2D(0) ^

th ^

(2)

with the standard tabulated temperature dependence of the energy gap of the
superconductor A (T) we obtain the difference between T co and T KT equal
to ~ 2K. This contradicts to the available experimental data, obtained on the
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single YBa 2 Cu 3 0 7 layers, Y/Pr superlattices and textured films, where this
difference equals to tens of K [2,6,7,12 ].
To avoid this contradiction one must assume that the thickness of a layer d
restricts the mean free path of charge carriers /. Roughly speaking one can
presume that in the limit of a very thin film d identically equals I. In this case
the electron density is renormalized [9 ] down to a lower value:

>ab
where £ a ^ is the coherence length in the ab-plane of a compound (£ a £ « 16
Angstrom [14-16]). Considering this renormalization as a basis for maximum
values of the difference between T co and T KT , obtained in the already cited
experimental works we find [17,18 J the thickness of a single superconducting
layer of YBa 2 Cu 3 0 7 must be equal to 0,2-0,85 Angstrom.
In the present paper the maps of distribution of the electron density in different
planes of an elementary cell of YBa2Cu307 are analyzed. Its structure is
represented in Fig. 1. The theoretical bases of
the electron density map calculations are
given in the previous papers (see [19] and
references therein).

Fig.l.
The structure of YBa 2 Cu 3 0 7 . Dashed
planes represent the cross sections for
electron density charts. The plane restricted
by oxygen ions corresponds to Fig.2 . The
plane normal to this plane corresponds to
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Fig.2

As is seen from Fig.2 CuO2-planes are well isolated one from another. Between
them the only relatively thin layer of the low collective electron density (14 e
on the unit) is placed. The thickness of this layer is 0,48 Angstrom. If to
presume that supercurrent flow is localized in this narrow region, the possible
two-dimensional nature of superconductivity in HTSC compounds becomes
more understandable.
In Fig.3 ED-distribution in the plane, located between corrugated CuO2planes is shown. It should be emphasized that in this plane only the lines with
local ED of 1 e continuously join all parts of the elementary cell.
\

Fig.3
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These lines form very thin "capillaries" of the thickness = 0,1 Angstrom.
They are placed on the ideally flat surface in the edges of the cell, exactly
between corrugated planes. In the center of the cell these lines brace the region
of increased electron density around the yttrium ion. If we assume that
supercurrent flow is associated with these "capillaries", anisotropy of
superconducting parameters in this plane is obvious. To emphasize the small
thickness of "capillaries" we show in Fig.4 and Fig.5 the maps of the electron
density for the planes which are parallel to but placed 0.117 and 0.235
Angstrom upper the plane represented in Fig.3. The evolution of the electron
density strictly tells in favior of the existense of a thin layer which can define
the place for the movement of paired holes in this compound.

Fig.4

Fig.5
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Table 1.
The parameters of a cell of YBa 2 Cu 3 0 7 used for ED calculations.
X

y

z

Y

0,0000

0,0000 -

0,0000

Ba

0,0000

0,0000

0,3147

Cu1

0,5000

0,5000

0,5000

Cu2

0,5000

0,5000

0,1441

04

0,5000

0,5000

0,3407

03

0,5000

0,0000

0,1210

02

0,0000

0,5000

0,1240

01

0,000

0,5000

0,5000
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LOCALIZED STATES AND
IN BiPbSrCaCuO FILMS

SUPERCONDUCTIVITY
I

V.D.Okuneva, N.N.Pafomova, B.I.Perekrestova, I.Iguchi5 ,
V.M.Svistunova
a

A.A.Galkin Physico-Technical Institute of National Academy of Sciences,
Donetsk 340114, Ukraine;
Institute of Materials Science, University of Tsukuba, Tsukuba, Ibaraki 305,
Japan.
The influence of the metal-insulator transition (MIT) on the superconductive
state has been studied for the series of BiPbSrCaCuO films produced by the
method of DC gas discharge sputtering. We have found all the manifestations
of the superconductivity in the dielectric films as well as the appearance of
"return" regions in thep (T) curves for some of them are caused exclusively by
the presence of unhomogeneities.
The present report deals with the studies on the influence of metal-insulator
transition (MIT) on the appearance of a superconductivity in BiPbSrCaCuO
films.
The films under investigation have been produced by the technological process
described in [ 1 ]. There was possible to obtain the films with large variation of
properties depending on the parameters of film growth and the subsequent
thermal treatment. The films featuring the metallic mechanism of conductivity
(/? =p~i (dp /dT) > 0) with the specific resistancepc< 5- 10"3 Ohm cm
demonstrate the single-step transition with T c =l 10 K orT c =70-80K as well
as double-step one with T c , = 110 K and T c2 = 80 K. Where pc > 5- 10~3
Ohm • cm the T c as a rule is below 80 K.
The sign of/3 is altered at 1.5 10

< pc< 2-10 Ohm-cm and the

behavior of p (T) curve changes to that of activation type. If the p is
increased above 2 • 10' 2 Ohm • cm the T is rapidly decreased. For this case the
"return" region can appear in the p (T) curves (see fig.l, curves 1 and 2) at
the dielectric side of the MIT. For the case of the metallic conductivity the
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100
200
300 IK
Fig.l "Return" (1 and 2) and "tail" (3 and 4) regions on the r(T) curves,
1 - the film on SrTiO , 2 - 4 - the substrate of AI2O3. On the insert - the
curve 2 replotted in the coordinates of lg(p/p 300 ) - 10 / T .
formation of "tail" at the low-temperature region of p (T) curve (see curves
3,4 in fig.l) is possible.
Considering the mechanism of MIT for any material one have to study the
p (T) dependence at the limit of T-»0 [2 ]. In our case this is impossible due to
the presence of superconducting transition.The simpler is to study the electric
conductivity in the dielectric region suficiently far from the MIT. If the p is
high enough, its thermal dependence for both the amorphous or polycrystalline
films corresponds to the Mott law
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For the amorphous-crystalline films with the granular structure this dependence is following:

[(Ti/T)1*]

(2)

For the superconductive films the proof that the structure is mainly of granular
nature is undirect. As is shown, the most significant changes in the
concentration of holes in the grains occur at the very beginning of their
formation when the size of metallic grains is small. With an increase in their
size and quantity the concentration of holes become saturated. As a direct
result, there is no dependence of T c on the electric conductivity, when the later
is varied over one order of magnitude. The variation of conductivity is due to
the change of volume of the metallic phase while the concentration of holes in
the grains remains constant. Obviously, the Tc should be independent on the
conductivity in this case. The dependence of p on the concentration of metallic
phase Cm is shown in fig.2.
If the Cm exceeds a definite threshold, the electric conductivity is defined by
the power law:

(3)

(C m )~(<

Fig.2
Correlation between the specific
resistance r and the concentration of
metallic phase C.

0
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As is determined by the analysis of experimental data (see fig.2), the most
certain value for C^[t

is 0.20±0.01. The corresponding value of pcnt

is

2-10 Ohm-cm. The value of t in (3) is l±0,05 what is obviously
corresponding to the two-dimensional case. As is shown, the MIT in the films
under investigation belongs to the Anderson type. Here according to the Mott
concept on the existence of a minimal metallic conductivity,

<7min = ^ r e 2 /4zha ( B/V o ) c2rit

(4)

Here B = 2 zl is a band width, z is a coordination number,V is a random
potential
and
I
is
an
overlapping
integral,
I = f <E>*( r - R n ) H O ( r - R n + l ) d 3 x, where H is hamiltonian and
<!> (r - R) are the wavefunctions of the localized states. We have found the
estimated concentration of holes in our films corresponding to the MIT. For
z = 6, Anderson localization criteterion of ( V o / B ) c r j t = 2 [2 ] and crmjn=
= 50 Ohm"1-cm"1 we have found that the distance between the potential
minima is a = 12 A. Considering that the distance between the CuO2 planes is
lesser then 12 A, the value of z = 6 is obviously better then 4. Hence, the states
are localized if there are 3.2 holes for 100 atoms of Cu. If the concentration of
holes exceeds this figure, the metallic conductivity appears. Because the
superconductivity in high-Tc compounds is observed if the concentration of
holes is no less than 0.05-0.07 per atom of Cu [3 ], this is obviously the state
with metallic conductivity. The appearance of superconductivity at the
dielectric side of MIT in our films is almost due to the existence of
unhomogeneities. Here there are the simple explanations for some complex
dependencies. For example, the existence of the "return" regions in p (T)
curves for some films (see fig.l) could be explained by the presence of long
thin paths with the metallic conductivity surrounded by the dielectric medium.
For such a topology the mean concentration of holes(over the whole sample
volume) could have the value typical for the mean concentration of the surface
states in dielectric. Hence, the free carriers from these metallic filaments could
be trapped in the surface states of the surrounding dielectric and the film
resistance could increase with a decrease in temperature. Here in the certain
temperature range depending on the specific energy distribution of the surface
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states the drop of resistance is possible due to the superconductive interaction.
On the inset in fig.l there is the p (T) curve for a sample of such type
characterized by the curve 2 in fig. 1 replotted in the coordinates of lncr - 1 /T.
The activation energy for T = 150-250 K is the same than that for
T= 30-50 K and has a value of 3 ; 10" eV. The surface states with such
energy could be the trapping centers only for the low (30-50K) temperatures
but being unable to play the same role at T= 150-250K, these states
nevertheless could impede the free charge carriers.
This work is supported in part by the State Commitee for Science and
Technology of Ukraine (grant N 618). Also the authors are very grateful to the
Japan Society for promotion of Science for the support in organization of the
Symposium.
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2. N.F.Mott, E.A.Davis, Electron Processes in noncrystalline materials,2
ed., Clarendon press. Oxford 1979.
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THE MICRODOPING INFLUENCE ON THE
STRUCTURE AND PROPERTIES OF HIGH-Tc
YBa2Cu3-xMxOy SUPERCONDUC TORS.
V.P.Pashchenkoa, R.M.Poritskib , V.B.Tuytuynnikb ,
O.P.Cherenkova, E.P.Strekalovab.
a

A.Galkin Donetsk Physico-Technical Institute of Ukrainian Academy of
Sciences, Donetsk,340114, the Ukraine;
b
Research Institute "Reaktivelectron", 96,Bakinskih Komissarov str.,
Donetsk, Ukraine
A determination of the role of admixture ions differed by charge states,
covalences and magnetic properties.
"Using X-ray, magnetic, microscopic, hydrostatic and Moessbauer
methods the ceramic high temperature superconductors
YBa2Cu3_xMxOy microdoped (0.0 < x < 0,1) by metal oxides with different
valences (MnO, Fe2O3 , ZrO2 , Nb2O5 ) were investigated. A choice of such
small quantities of dopants was due to a number of factors, amongst of which
an inevitability of presence of small impurities , a greater possibility of small
quantities solubility into main phase and superconducting preservation should
be marked.
According to X-ray diffraction data, all the investigated samples are
identified as single-phase ones. However, there is no basis to consider them
as single-phase ones, because the small addition quantities can be
inhomogeneously distributed in the main ortho rhombic phase or even can
segregate forming into intercrystalline zones, the more disordered ones or
microphases.The doping can lead to a change of oxygen content and
superconductive transition temperature [1 ].
A nonmonotonous character of a number of physical parameters depending
upon additions content testifies to the complicated physical and chemical
nature of their influence on the structure and properties of HTSC.
The investigations of MnO and Fe2O3 influence revealed the oxygen content
is changing weakly, especially under Mn doping, because of valence change of
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copper {2 j and manganese [3 ]. The analysis of temperature dependences of
X in comparison with data on oxygen content and its distribution along a
and b directions of single-phase samples rhombic structure allows to draw
a conclusion that Mn is mainly in the two-valent and partly in three- and
four-valent [4 ] states forming a superposition of multy-valent states [5]
and replacing the copper cations in the Cu(l) and Cu(2) posi tions respectively.
Fe is in the three- and two-valent states. So, the oxygen and anionic
vacansies in ab plane redistribute changing a degree of rhombic distortion.
The sufficient changes of samples density and porosity testify not only to
Mn and Fe influence on real structure , but on the crystallite-porous one
too. The extremes at x = 0.02 - 0.04 are observed in the concentration
curves of a number of parameters ( T c , c T c ,V l a t c e l l ,p ets.).
The analysis of Fe cations influence, in comparison with data including
Mossbauer ones on the solubility and positions of Fe ions [6,7 ], showed the
oxygen content decrease at# increase is due to the changes of Fe and Cu
valencies mainly under anionic vacances formation violating a superexchange
interaction and anisotropy in the Cu-O-Cu chain and decreasing the
temperature of the transition beginning into superconducting state.
The investigations of ZrO2 and Nb 2 O 5 influence showed the oxygen content,
porosity and a volume of lattice cell are changing more sufficiently under this
metaloxide microdoping with higher charge state of cations. That is why, the
extremes of parameters at x = 0.02 - 0.04 were discovered too. It is in part due,
in our opinion, to a limited solubility of Zr and Nb in the main phase and their
localization in intercrystallite zones and a formation of structuralchemical inhomogeneities.
Ther are remarkable extremes also observed at
x = 0.02-0.04 at
microdoping of not only HTSC, but other metal-oxides too.
That is why a conclusion is drawn that such an influence of concentration
has more general physical nature.This is due not only to a certain real and
crystalline-chemical structure formation but isotopic oxygen content, O
(0.04%), too. Thus, the microdoping influence by cations with different
valences on the structure and properties of HTSC was determined in this
work, using complex methods. A complicated character of microdopings
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influence and extremum presence in concentration curves of a number of
microadditions were shown, the assumptions about possible causes of a
physical nature of these extremums were made. An elucidation of these causes
demands for the further investigations.
1. V.P.Pashchenko, V.T.Pitsyuga, V.S.Abramov. In:Fiziko-himia i
tehnoLvysokotemp. sverhprov. mater. M., Nauka. I9S8, p. 152- 155.
2. M.A.Poray-Koshits. Izv.DANSSSR 305, F4, 906 (1989).
3. G.N.Kuzmitchova, E.P.Khlystov. Izv.AN SSSR.
Neorgan.mater.K
199O.-c26J6.- p. 1264-1266.
4. Muralidharan P. Umadevi, A.D.Damodaran. Jap. J.Appl.Phys.Pt. 1.-199L.
30,F2.-p.280-281.
5. V.P.Pashchenko, Z.ASamoilenko and all, Conference "Material.VTSP",
Kharkov, the Ukraine, April 5-9, 19931 3,33.
6. I.V.Boidachenko, A.O.Komarov. Fiziko-himia i tehnol. vysokotemp.
sverhprov. mater. - M., Nauka.- 1988.- p. 102-103.
7. L.Nunes, R.D.Rogers, G.W.Grabtec, U.Welp, K.Vandervoort, A.Umezawa,
Y.Fang. Phys.Rev. B.-1991.-44, F9.- p.4526-4531.
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HTSC CERAMIC CURRENT-TRANSPORT DEVICES
B.LPerekrestov3, A.V.Vasilenkoa, J.Leszczynskib
a

A.A.Galkin Physico-Technical Institute of National Ukrainian Academy of
Sciences,
b
Institute of Principles of Electrical Power Engineering 1-12, Technical
University of Lodz, 18/22, B.Stefanowskiego str., 90-924 lodz, Poland
The technology for production of the current-transport devices of Bi-2223
ceramic with the Jc =1.2-3.1 kA/cm and Ic > 250 A have been developed and
applied to produce the current terminals for the superconductive magnet
systems. The heat con duction of these devices was found to be 6 times lower than
that of the convention copper ones at T=* 77 Kin helium atmosphere what makes
them good thermal decouplers.
We have developed and successfully applied the methods of fabrication of the
High-Tc ceramic devices providing the critical currents of several hundred
Amps [1 ]. These devices could be made of various sizes and cross-sections and
could be used as the current terminals for the superconductive magnet
systems operating at the liquid helium temperature. The heat released inside
the helium bath depends on the dissipation in these terminals and their heat
conductance. The dissipation is canceled using the high-Tc superconductor as
a material of current terminals but the heat conduction remains. At the low
temperatures this heat flux is quite low [2 ] but it should be considerable at
T=77 K.
The present study is intended to determine the current-transport properties
and heat conduction of prototype current terminal in the gas-phase helium
environment at T = 77K in comparison with the conventional copper current
terminal. The HTS ceramic devices were of tubular shape having the lengths
of 150-200mm and wall thickness of 0.3-0.4mm. The material was the Bi-2223
ceramic. The powder of the initial compound together with 5-10% of plastifier
was subjected to hydroextrusion to determine the geometry. After the removal
of plastifier the samples were annealed by two steps with the addition
hydrostatic pressing at P = 5-6 kbar.
The electrical measurements were performed using the four- probe method.
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The critical current was taken at E = 1 /uV/cm. The typical R (T) curve for the
current terminal with T c = 110 K is shown in fig. I (curve 3). The narrow
transition width is indicative of a good quality of grain interfaces and
uniformity of current-transporting cluster. The typical critical current density
was J c = 1.2-3.1 kA/cm2. The JC(H) dependence of this samples is similar
than that of the flat ones [3 ]. There is a sharp drop of J at the low fields but at
H = 1 kOe the JC(H) has a plateau. The small abnormal hysteresis of JC(H) is
specific for the granular structures [4 ] with the good quality of grain interfaces.
The heat conduction w of these samples as well as that of copper ones of the
same geometry was measured using the single-axis heat flux induced by the
local heater [2 ]. The gradient of temperature along the sample was monitored
by the resistive sensors made of fine copper wire. The power of the local heater
was kept the same for both the ceramic and copper samples. Results of
measurements of dT = Tj-T 2 « 1 /w are shown in fig. 1, where Tj is the
temperature near the heater and T 2 is the temperature in a distance about 6
mm from heater. The heat conduction for the ceramic devices have been

Fig.l. Dependencies of T(T) for ceramic current terminal (1) and copper
sample (2) and the R (T) curve (3) for the HTS ceramic.
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determined to be lower that that of copper ones by the factor of 6. So, even at
T = 77 K the ceramic inserts could serve as the good thermal decouplers
significantly reducing the heat flux from outside to the helium bath.
Acknowledgments. The authors are grateful to Japan Society for Promotion of
Science for financial support of the Symposium.The work was also supported
by the State Committee on Science and Technology of The Ukraine (project
N 0.901.04/057-94).
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HIGH PRESSURE EFFECT ON STRUCTURE AND
PROPERTIES OF MeBa2Cii3O7-<5 (Me =La.Nd.Gd,Sm,Eu)
HTSC CERAMICS
,
UA9600465
9
T.A.Prikhna1, V.S.Melnikov% V.E.Moshcil\ V.V.KovylaeV,
V.F.Solovyov , P.A.Nagorny
1

V.N.Bakul Institute forSuperhard Materials, 2 Avtozavodskaya Str., 254153,
Kiev, Ukraine; 2Institute of Geochemistry, Mineralogy and Oreformation,
institute of Materials Science Problems, 4Institute of Metal Physics, all of the
Ukrainian National Academy of Sciences
The influence of high pressures (2-6 GPa) and temperatures (900~1200°C) has
been studied on the structure, phase composition, superconductive and
mechanical properties o/MeBa^CugO^
(Me-La,Nd,Gd,Sm,Eu).
The high pressure - high temperature (HP-HT) conditions have been created
using a recessed-anvil-type high pressure apparatus, the samples have been
insulated from a graphite heater by the use of zirconia [ 1 ]. The accuracy of the
pressure and temperature measurements were ± 0,15 GPa and ± 20°C, while
the rates of sample heating and cooling made about 1000 and 400 °C/min,
respectively. The electrical resistance of the samples have been determined
using the magnetical measurements. An AflIT-1 difractometer and a Jeol
Superprobe-733 X-ray microanalyzer (Japan) were employed to evaluate the
sample phase composition and crystallographic parameters, to do the
quantitative analyses. A MXT 70 Matsuzava microhardness tester has been
used to measure Vicker's microhardness.
X-ray examination show that the unit cell parameters of as-treated at the
given temperature 123 phases are strongly pressure-dependent. In general
case (for P=2 and 5 GPA) (Fig), the decrease of the c-parameter with the
temperature increase from 900 up to 1200°C is observed. But the mode of
c-parameter variations for different 123 compounds differ sharply. At P=
= 2 GPa, the c-parameter decreases with the temperature increasing is most
distinct. The Gdl23 and Eul23 demonstrate the maximum c-parameter
decreases at 1200°C that makes 0,15 and 0,08 A, respectively. This is
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Fig.
The c-unit cell parameter variations
with treatment pressure and
temperature.
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essentially lower than that of the initial samples with d ~ 0 and indicates
the surplus oxygen penetration (more than 7,0 for one unit cell) into the 05
positions of the structure. The similar effect for Y123 have been reported by
us earlier [2 ]. For the other rare-earth analogs of the Y123 phase, the decrease
in c-parameter is less pronounced. For Sml23 and Lai23 the A c values are
0,03 A and 0,00, respectively. The Ndl 23 phase exhibits A c » 0,05 A already
at 900°C and at the 1200°C transforms into the non-perovskite structure to
form the nearest to the NdBaCuj 64OX stoichiometry phase as the
quantitative analysis shows. At P = 5 GPa, the Sml23 and Eul23
compounds have exhibited the c-parameter variations neither at 900°C nor at
1200°C, and Gdl23, which is most sensitive to HP-HT treatment, changes
only slightly (Ac = 0,04 A). Under the above pressure, the Ndl23 phase
remains but its structure reduces insignificantly along the c-axis ( A c 0,04 A). The c-unit cell parameter is the most sensitive structural characteristic
of the YBa2Cu3O7_(5-type (Y123) with respect to the oxygen content. The
critical temperature features the clear dependence on oxygen content and
consequently on the c-parameter (Tabl.) Only under such conditions, when
the c-parameter value is hold to correspond to d ~ 0, the high T c value can
be obtained (Gdl23 phase, for example). The supersaturation with oxygen
(more than 7,0 per one unit cell) of Y123-type phases leads to the T c decrease
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Table
Crystallographical parameters, temperature of SC transition and Vickers
microhardness versus of the process technological parameters
No

Treatment
conditions

Compound

P,
GPa
1
2

it

_

min

89

initial sample

Nd(123)
_

T,
oC

Temperature
Vickers
of theSC- nicrohardness
transition, K
GPa,
at2-N load
Tc2
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1.2
5.9, 1.2

2
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5.8 2.6

2
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2
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-

5
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-

initial sample
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5.9,2.9

2
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4.5

Eu(123)
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-" -

2
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-" -

5
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15

Gd (123)
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-" .".

17
18
19

-" _«
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initial sample

-

5.7
74
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0.3
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5.6, 3.0
-

2
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5
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2
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-
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6
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-

-
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La (123)
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35
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-
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2
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23

2

1200
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67

4.3,2.2, 1.2
2.7,2.0

-

4.8, 2.8, 0.9

or absence of the superconductivity. Another factor that influences the Tc
decrease is the presence of the admixture phases in the initial material. The
admixture phases can appear also in the HP-HT treatment process and,
apparently, the higher pressures (5-6 GPa) hinder the process. The phase
transformation in Ndl23 under 2 GPa and T > 900°C may be connected with
the structure supersaturation with oxygen, but the X-ray diffraction
pattern shows the high homogeneity of the product obtained (it is practically
single-phased). The microhardness tests show an essential increase in.
microhardness of the samples after HP-HT treatment due to densification. But
in case of multiphase samples, the microhardness values of the same sample
differ greatly.
/. Prikhna T.A. elal. Superconductivity, 5, N4, P.666-672, (1992).
2. Prikhna T.A. et al. Fizika i Teknika Vysokikh Davlenii, 1, Nl, P.84-88,
(1991).
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X-RAY ELECTRON SPECTROSCOPY STUDY
OF THE ELECTRON STRUCTURE OF YBa2Cu3O7-x
I.N.Shabanova, S.F.Lomaeva, N.S.Terebova,
N. M. Nebogatikov
Physico-Technical Institute, Ural Scientific
Izhevsk, 426001, Russia

Center,
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The determination of superconductivity mechanism as well as the stability
boundaries of superconductive phases is an important problem of hightemperature superconductivity physics. The present report deals with the studies
of the electron structure changes at the superconductive transition of hightemperature superconductive compounds (HTSC) (YBa2Cu307_x^.
The method of X-Ray electron spectroscopy is most suitable to investigate
the electron structure and that of chemical bonds, because it does not derstruct
the latter in the analyzed layer (20-30 A). The X-Ray electron magnetic
spectrometers [ 1 ] used in this work allow to obtain the spectra within the
temperature range from liquid nitrogen to 2000°C with layer by layer
mechanical cleaning of the sample surface in the superhigh vacuum [2 ].
The sample was cooled down to -196oC in the operating chamber of the
spectrometer. The temperature of the sample surface was kept constant and
monitored during the whole experiment. The cooling agent was the liquid
nitrogen. The cooled sample surface was cleaned with the diamond film to
remove the adsorbed substances before recording the each-spectrum. The
instrument resolution was (1-1,2 eV), the accuracy of X- Ray electron state
spectra measurement was 0,1 eV. The intensity scattering was 5%.
YBa 2 Cu 3 0 7 _ x films were deposited onto (001) Si with the barrier layer of
ZrO2. The barrier layer thickness of semicrystalline ZrO2 is 1 /im. The
deposition time was four hours, the film thickness was 2-3 /um. The substrate
temperature was 250-300°C.
The comparative study of YBa 2 Cu 3 0 7 _ x sample at room temperature and that
of liquid nitrogen was carried out.
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The spectra of inner levels of 01s, Cu3p, Ba3d,Y3d and the valence band were
recorded. The spectra of Cu3p were chosen to study the chemical state of Cu
atoms because of a greater kinetic energy of electrons and hence their exit from
the most deep surface layer in comparison with the electrons of 2p level. The
Cu3p, Ba3d, Ols and valence band spectra of YBa 2 Cu 3 0 7 _ x sample are
presented in Fig. 1.
The analysis of the obtained data showed that Cu atoms are in three states:
with the lesser (Cul) and the greater (Cu2) number of oxygen atoms around
the Cu atoms and CuO with the deficit of oxygen atoms in Cu environment.
The CuO state at the room temperature is expressed poorly.
The electron Ba 1 state with the oxygen deficit in the environment of Ba prevails
VALEKCf

Mh'D

785

Fig. 1. The X-Ray electron spectra of Cu3p, Ba3d, Ols and valence band.
a) T = +30°C the surface without mechanical cleaning; b) T=+30°C the
surface after mechanical cleaning; c) T = -190°C the surface is cleaned
completely; d) the valence band of Cu; e) the density of states 13 ].
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in Ba spectrum than Ba2 at room temperature. This is due to the more probable
location of oxygen vacancy in 01 oxygen position on axis from our point of
view.
The CuO state intensity due to oxygen deficit in Cu environment and that of
Ba2 because of more higher number of oxygen atoms around Ba are relatively
increased at the temperature of -196 °C. This fact can be explained supposing
the most probable path of oxygen ionsdiffusion in the YBa 2 Cu 3 0 7 _ x is from
04 position in Cu-0 plane to 01 oxygen position on c-axis.
The study of valence band spectra showed a strong hybridization of Cu3d and
02*p states reflecting the changes taking place in the neighboring environment
of Cu and O atoms what results in the overlapping of Cu3d and 02p electron
orbitals.
/. Trapeznikov V.A., Skabanova I.N. el.al. lzv.Akad.Nauk SSSR, serfiz., 50
(1986) 1677.
2. Shabanoval.N. et.al Melallofiz., 3 (1981) 102.
3. Massida S., Jaejun Y.U. et al. Physics Letters A 122 (1987) 198.
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CORRELATION BETWEEN THE
SUPERCONDUCTIVITY AND STRUCTURE OF
BiPbSrCaCu FILMS.
Z.A.Samoilenko, V.D.Okunev, E.I.Pushenko, N.N.Pafomoy
A.Galkin Physico-Technical Institute of Ukraine National Academy of
Sciences, Donetsk 340114, Ukraine
The amorphous films of different thicknesses already in the initial state were
characterized by diffraction patterns differed by width, B, location jof halo
maximum, ©, and the intensity of incoherent Compton scattering of roentggn
(CrKa ) radiation (Fig. 1).From B and © values the estimation of cluster
sizes,m, {1 ]and interplanar distances,d, in the mesoscbpic atom groupings of
obtained films have been determined (Fig.2). One can see from Fig. 1,2 that
with the increase of film thickness, h, the decrease of m is observed at the
decrease of average interplanar distances inside the clusters
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Fig. 1 .Diffusion halo on roentgenograms of amorphous films with thickness 0.3
(a), 1.1 (b), 3.3 (c) and 6.3 (d) mu.
Fig.2. Dependence of cluster sizes, m, interplanar distances, d, and intensities
ratio I noncoh /I c o h on film thicknesses, h.
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Fig.3.
Roentgenograms of the films with
different thicknesses after short (a)
and long (b) annealing
(1-0.3, II-l.l,III-3.3,IV-6.5mu).

themselves and the simultaneous increase of total disorder of amorphous
structure, of what the increase of relative intensity, Inoncoh/ICOh>ls indicative
(Fig.l).
The investigations revealed that to form the texture by the amorphous statecrystal phase transition in bismuth ceramic films the ones with thickness of
0.3-1.OjHtn were most favorable as is seen by the anisotrope characteristic form
of reflexes on the diffraction patterns (Fig.3).
A nonmonotonous shape of resistivity dependence , p, on amorphous film
growth temperature, T s , and differing values of superconductive transition
temperature,Tc, of the crystallized films (Fig.4) are explained by the atomic
mesostructure peculiarities in the origin samples and genetic order
inheritance at amorphous state-crystal transition. Fractographic analysis of
fine structure of halo allows to mark off 3 temperature intervals differed by
the types of atomic packings (Fig.5). In Is1 range (20-150°C) the clusters
forming the main trunks of heraldic tree of the structure arise in the regions
of defective matrix phase growth. Here a growth process of amorphous
layers is accompanied by prevailing development of clusters with atomic
packings in the form of planes of (11L) type of 2212 phase.
In II" interval (200-300° C) the growth temperature is sufficient for passing
the relaxation processes. By the same, a more favorable conditions for less
defective layers of the main structural Sr2Can jCu n 0 2n+1 cell (with n = 3)
demonstrating in the form of clusterized groups of atoms of 2223 phase (11L)
planes type are formed. The maximum of such structures fits in T = 250° C.
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Fig.5
Fig.4. Dependence of resistivity of amorphous (1) and crystallized (2) samples
on T .In the insert: the temperature dependence of resistance after
high-temperature annealing.
Fig.5. Phase composition of films in initial state depending on T .
In IIIr interval (350-450° C) a growth temperatures are sufficient not only to
form undercriHeal germs of crystalline structure (clusters), but the more
large-scale, critical ones too. In this region the change of crystallographic
direction of ordering atomic layers as a planes of 2223 phase planes of (00L)
type is a distinctive feature of atomic order formation.
•••
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CORRESPONDENCE OF THE T c VALUES FOR
YBa2Cii3O6+<5 COMPOUNDS TO THE POSITIONS OF
LABILITY BOUNDARIES FOR THE ORTHO- AND
TETRA-PHASES ON THEncuO 2 -<5 STATE DIAGRAM
•Ya.Sukharevskn
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A.A.Galkin Physico-Technical Institute of National Academy of Sciences of
Ukraine, Donetsk, Ukraine.
The present report is intended to describe the further development of problem
first discussed in [ 1 ]. The main goal is to give a background for the two
following hypotheses.
1. The charge carrier concentration at the CuO2 planes in the HTS cuprates
corresponds to the position of lability boundaries on the n - 6 diagram.
2. The T c values for the HTS compounds are proportional to the charge carrier
concentration n ^ u Q at the CuO2 planes. The d is determined by the
difference in the number of electrons per formula unit for the superconductive
and dielectric phases of the given cuprate. For the compounds of YBa 2 Cu 3 0 x
type the dielectric analog is YBa 2 Cu 2 + Cu + 0 6 , sod = x - 6. The total number
of charge carriers (holes) is 26 = n t o t

2(5 = n + n C u + + nCuOd ,
where n = riQuQ >ric u o+ i s a n u m ^ e r °f ion-bound holes n ^ o ^ - number
of holes at the fragments of copper-oxygen chains terminated by the oxygen
vacancies.
To determine the lability boundaries one have to examine the Landau
potential

0> = aoV2 + borj4 + or}6 + d£ 2 + ft]112 + g | 4
here rj and £ are the order parameters. The factors of a0, b o ,d and f are
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To/To 111

Fig.l.The phase diagram. 1: b 2 - 3ac = 0, 2: a = 0, 2': a0 - 0.1- tetra-phase I
(r] = o, | = 0), II- ortho-phase II ty * 0, £ = 0), III- tetra- phase II
(77 = 0 , 1 ^ 0), IV- ortho-phase I ty * 0,£ * 0). Experimental points:
• - [ 3 ] , o - [4],x-[5],A~[6], -[7].
the linear functions on n and d. These dependencies determine the
positions of lability boundaries on the n -6 diagram. They correspond to
the experimental data for the positions of the apex of parabola 1 (see Fig.l),
the polycritical point nQ, (50 and d (n=€). The renormalized quantities a and
b , used during the analysis are the following

a = a o -fd/2g,

b = b o -f 2 /4g.

The results of analysis of the Landau potential <2> are demonstrated in
Fig.l. The regions I,II,III and IV correspond respectively to the tetragonal
phase I , orthorhombic phase II tetragonal phase II and orthorhombic phase
w
II.
,, ...: ^ ,
...
"
To test the abovementioned hypotheses, the experimental data points taken
from [2,3,4,6,7] are put on this phase diagram. The n values are derived
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from the data on diamagnetic responce [2,3,4], Hall effect [5], Moessbauer
effect [6 ] and Neel temperature asa function of oxygen content [7 ], assuming
that n ~ T c and with the use of theoretical results of [8,9].
As a result, the both mentioned hypotheses are confirmed. The points obtained
assuming the T c is proportional to n^uO together with ones representing n
(d) by the data of Hall and Moessbauer effects as well as T N (d) lay at the line
of type II phase transition (curve 2' in Fig. 1) and at the upper and lower lability
boundaries (curves 1 and 2 for the decrease and increase in <5, respectively).
To obtain the additional facts that these hypotheses are true one can compare
the values of r/+ and r\_ (for the upper and lower lability boundaries)
calculated using the potential O with the experimental data on (b-a)/b
taken from [3,4 ], as is shown in Fig.2.
The examined system is completely determined by the potential of
O (j]o , £ o ) (here (tjQ , £ 0 ) are the equilibrium values for the order
parameters, so £ means RQuQd • Fig.3 shows the theoretical values of
n

Cu0<5 an( * n C u + = 2(3—n— JtlCuOd together with the same quantities
derived from the Moessbauer data [6 ]. That is why, the assumption that
T c ~ riQ u o and the values of n^ u Q correspond to the lability boundaries
Li

id

08

Fig.2.

The
order
parameter ?)+
OS (b2 - 3ac = 0) and
rj- (a = 0). Solid
CL4 line - theory, the
dots - experiment
02

00

08 _ 08
0
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-

Concentration of holes
n

Cu+. a n d nCu0<5 v * dSolid lines- theory, the dots
- experiment [6 ].

0.0
is confirmed again. The approach suggested and checked here has been applied
to determine the distribution of charge carriers between the structural
elements of bismuth cuprates (2201, 2212 and 2223). The relationships
derived from the analysis of potential 4> together with the experimental data
on thecontents of different valence Bi ions (O.5rigj3+ = [Bi + j) [10 J have been
used. The axes in Fig.4 are choosen to make Bi5+ a linear function of Tfi. The
expe rimental points in Fig.4 also confirm that fact. The parameters of linear
dependence in Fig.4 make possible to determine the value of d and the
coefficients in expression for the potential <£ necessary for the numerical
calculations. Fig.5 demonstrates the right branch of the lability boundary in
terms of n ,d . For this case n = T c /180 is'assumed what is true for,
. The experimental values for

(d) lay at the lability;.^

boundary also confirming theformulatedhyptheses. The theory also predicts
the existence of a left branch of the lability boundary (see Fig.5) Here the T c "
would increase with <5 instead of its decrease observed at the right branch.
There are no synthezied bismuth compounds with 0 values in a region of left
branch. If the left branch is symmetrical to the right one, the "lefthand"

163

n
1.0

Fig 4.

as

Correlation between the T c and
rig 3-J™. The dots - experimental
data for 2201. 2212 and 2223
phases [10].

08

<u
02
ae

no 02
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superconductive compounds would have <5 > 0.25. These two branches have a
cross point at 5 = 1 . The maximal T c = 120K. It should be noted that the
dependence of Tc(<5 ) shown in Fig.5 is the same for the compounds
tJ^oi2*--"*-'6+(5 > ^"2 2
2 8+<5 ^ n " "*2 2 2 3 10+<3 *
For each compound at d = 1 the value of T c = 120K is theoretically possible

Fig.5.
Phase diagram. Solid
line is the lability
boundary for
b 2 - 3ac = O,the dotsexperiment [10].
Insert: the schematic
diagram for lability
boundaries.

1.3

1.4

1.5

1.8
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but perhaps the limit for n in CuO2 planes is about 0.2-0.3 holes per formula
unit what corresponds tp the well-known Chu rule.
/. B. YcuSukharevskii, Low Temp. Phys., 20(2), 97, february 1994
2. B. YcuSukharevskii, I. V.Zhikharev, S.I. Khokhlova et al, Physica C 194*'373
(1992)
3. E.Takayama-Muromachi, Y.Uchida, H.Ishii et al, Jpn. J. Appl. Phys. 26,
L1156(1987)
4.1. V.Aleksandrov, A.B.Bykov, I.P.Zibrov el al, JETP left., 48, 493(1988)
5. Z.Z. Wang, J.Clayhold, N.P.Onget al, Phys. Rev., B36, 7222(1987)
6. I.V.Vilkova, L.A.Ivchenko, V.G. Ksenofontov et al, Hyperfine Interactions,
70, 1223(1992)
7. J.M.Tranquada, A.H.Moudden, A.Y.Goldman et al Phys. Rev., B38(4),
2477(1988)
8. A.A.Lushnikov, JETP, 56(1), 215(1969)
9. M.M.Bogdan and A.S.Kovalev, Fiz. Nizk. Temp., 16, 1576(1990)
W.Kazushige Ohbayashi, Kenji Yoshida, Masatoshi Anma et al, Jpn. J. Appl.
Phys., 31, L953(1992)
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MAGNETIC FIELD AND HIGH PRESSURE DEPENDENCIES OF T c AND
CRITICAL CURRENT IN HgBaCaCuO SYSTEM

V.Yu.Tarenkov, A.V.AballoShev

UA9600469

A.Galkin Donetsk Physicotechnical Institute National Academv of Sciences of
Ukraine. Donetsk 340114, Ukraine
R.V.Lutciv, Yu.N.Myasoedov and Ya.V.Boiko
TheLviv State University .Dragomanova Street tO. Lviv 290001, Ukraine
The high-temperature phase HgBaCaCuO (HBCCO) compound with an onset
transition temperature 7^135 K has been investigated under hydrostatic pressure
up to 12 kbar. We found a positive pressure effect on T c with a rate 0.2 K/kbar and a
positive
pressure
effect
on
the
transport
critical
current
Jc,
dln(,Jc)/dP=0.2±0.02 K/kbar. The observation of tlie stiong hysteresis effect in J c vs
magnetic field H dependencies show the possibility of surface barriers to vortex
motion in the high-Tc HBCCO system.
The high-temperature phase HgBaCaCuO (HBCCO) compound with an onset
0.6
transition temperature
Tc*135°K. has been
investigated under the
0.5
hydrostatic pressure
up to \2 kbar. We
0.4 -i
found a positive pressure
effect
on
0.3 -t
Tc(fig.l J with a rale of
0.38 K/kbar and a
0.2
positive pressure effect on the transport
critical current
Jc
ffiti.2UHn(Jc)/dP-0.18
k-'kbar. These samples
0.0
130
150
1 VO
were
synthesized,
T(K)
following the two-step
solid-state reaction [1).
Fig.1. Temperature dependence of the electrical resistance A precursor material
for Hg-1223 sample under different pressures (1.-1.5 kbar, was prepared from a
2.-3.5 kbar, 3.-6 kbar, 4.-9 kbar)
mixed powder of the
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oxides of BaO. CuO and CaO at ~850°C in air for 16 h with one intermittent
grinding and pressing into pellets. The precursor powders obtained were taken into
dry box, where powders of HgO and Ba?CuC>3 were ground well and pressed into a'
pellet. The pellet 3x4xl6mm was then introduced into a quartz tube and evacuated.
The samples were heated slowly to 820°C for 4 h, held at 820°C for 4-6 h, and then
slowly cooled to room temperature. The pellets were finally annealed at 300°C for
several hours in air.
500
400 -!

B

300-i

2 0 0 ->

100

Flg.2. Influence of pressure on the I-V characteristic for
Hg-1223 sample (the pressxire is the same as Figure 1). Inset shows
the critical current variation with pressure.
We observed a sharp behavior of the R(T) transition of the HBCCO cuprate. Its
form and magnetic responce field excluded the possibility of the BerezinskiyKosterlitz-Thouless two-dimensional effects, which are typical for Bi2223 and
T12223 system. This suggests that in die HBCO structures the flux-flow pinning has
mainly three-dimensional behavior. It is quite possible that for this reason the
observed irreversibility line of the HBCCO-cuprates is observed at. temperatures
higher than that in the double Bi and Tl layered high-Tc superconductors. The
observation of the strong hysteresis effect in J c vs magnetic field H dependencies
show the possibility of the Bean-Livingston surface barriers to vortex motion in the
HBCCO systems[2-4]. The point is that in the most general case [5] the response of
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the critical current I c of Josephson junctions to a magnetic field H is determined by
the magnitude of the surface current J s f induced in the granules. In the presence of
the surface barrier for the increasing fields J s r ^ c ^ ^ l c Cup)~l/J s f-l/H c , while for
decreasing fields Jsf~Hcl and I c (downV-l/H c ]. That is why ! c (up)«I c (dowTV
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Modification of YBa 2 Cu 3 0 7 ^ Ceramics after Pulse
Neodymium Laser Irradiation
M.WLVasygk, R.V. Lutciv
UA9600470
HTSC Laboratory, Dep. of Physics, Lviv State University,Lviv,UA-290005
Ukraine

t h e transport properties, surface morphology and stoichiometry of
YBa 2 Cu 3 O 7 . 5 after neodymium laser irradiation were investigated. Laser
treatment produces a general increase of resistivity and a change in the
resistivity temperature dependence type from metallic to semiconductor,
ceramics surface morphology and distributions of K^Cu) and L a (Ba) lines
from X-ray microprobe analysis are more uniformly on irradiated regions of
samples. We observed decreasing of oxygen contents, carbon and copper
concentrations on the irradiated surfaces using Auger-electron spectroscopy.
Loss the oxygen is a native process, which
determins phase
transitions at treatment HTSC by different types of irradiation such as
electrons, ions and so on'[1,2]. The change of distributions of another
ceramic components also can lead to changes of samples YBa 2 Cu 3 O 7 . s
properties. The condition of surface ceramics before and after laser
illumination is a important part of our reseaches.
The influence of pulse laser processing (X=1,06 urn, x ~10"3 s, E=1-30
J/sm ) on the transport properties, surface morphology and stoichiometry of
HTSC ceramics YBa2Cu3O7.5 has been investigated.
The superconducting ceramic was synthezised from powders of Y 2 O 3 ,
CuO and BaCO3 by solid state reaction in an oxygen atmosphere for
4 h, then slowly cooled to room temperature. X-ray diffraction revealed the
desired YBa2Cu3O7.5 phase.
The irradiation by millisecond pulse neodymium laser provided to the
local change of irradiation regions [3]. The temperature dependences of
transport properties ( 77<T<250K ) before and after laser illumination were
used to control the laser processing and formation of the semiconducting
phase. The resistance versus temperature data from original and irradiated
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zones for ceramics YBa 2 Cu 3 0 7 . 5 are shown in Fig.1. Laser processing
produces a general increase of the resistivity values and a change in the
character of temperature dependence of resistance at T>T C from metallic
to semiconductor type. The laser-modified region shows superconducting
transition at more lower temperature then from unirradiated regions.
The laser modified region at lower energy density does not exhibit any
physical degradation in the form of microscopic material removal,
chacking or melting and another kinds of surface degradation, howewer,
there is an obvious change in the transport properties, increasing of density
energy provides to change of ceramics surface morphology. Fig.2
shows
scanning
electron microscopy (SEM) pictures of YBa2Cu3O7.5
surface. There are grains in original ceramics with typical sizes near 10 mm
(Fig.2a). One can easily see from Fig.2d hat with increasing energy of laser
beam surface morphology is more uniformly. We observed melting of
grains from Fig.2b and its boundaries in interaction zones of laser beam
with YBa2Cu3O7.5 ceramics using optical and electron microscopy.
The influence of laser processing on the stoichiometry of YBa2Cu3O7.8
ceramics has been investigated using Auger-electron spectroscopy and xray microprobe analyses. Relative intensities of components peaks
l(O)/l(Ba), l(Cu)/l(Ba),
l(C)/l(Ba) we observed for different zones of
samples. It is found, that surface composition depends on laser irradiation
intensity, but on place of probing by electron beam: in laser irradiation
zone and its boundary also. We observed decreasing content of oxygen
with moving of electron beam to centre of laser treatment region and
increasing of laser energy density. Loss the copper was observed at
irradiated surface YBa2Cu3O7.g shoter pulses also. From our results Ba is
more stable element to laser treatment. Necessity of examinating
values l(C)/l(Ba) caused from fact, that we used carbon tehnology of
obtained samples and conditions of keeping their. Loss the carbon is very
intensity and relative intensity l(C)/l(Ba)-»0. That fact is positive from the
point of view formation of ceramics with qualities grain boundaries.
It is found, that intensity of Ka(Cu) and La(Ba) lines along samples from
microprobe analysis for laser-modified zones is more unifomly then at
unirradiated region. Reducing oxygen, copper and carbon concentrations at
the highest dose of laser irradiation, that results in changing of the electrical
conductivity properties. The effects of irradiation by Nd-laser on the
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Fig.1 Resistivity versus temperature YBa2Cu3O7_5 a) unirradiated region; b)
after irradiated by Nd-laser.

Fig.2 Electron micrographs of YBa2Cu3O7_6 surfaces from original sample -a,
on condition of melting begining by Nd- laser -b, on boundary of original and
illuminaited material -c, at centre of zone laser treatment (on TV- monitor of
Auger- spectroscope).
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Laser irradiation

J J H i U I

Fig.3 Intensity.of K^Cu) and La(Ba) lines along sample from X-ray microprobe analysis.

electrical properties, surface morphology and stoichiometry HTSC ceramics
YBa 2 Cu 3 O 7 . 5
were determined. These effects can be used for
understanding the influence of structural disorder and oxygen vacancies on
the superconducting properties, and, possibly, for modifying such properties.
1. E. Adem , L.Martines , J.Rickards et.al., J.Mater.Res.3, 807 (1988).
2. A. Iwase, N.Masaki, T. Iwata et.al. Physica C.174,321 (1991).
3. M.M. Vasyuk, P.V. Galiy, R.V. Lutciv, Ukr.Phys.Journ.38,1210 (1993).
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THE CONDITIONS OF THE CRITICAL STATE
TRANSITION IN THE YREBaCuO (RE;- Pr, Nd)
SYSTEM
i mil nun

UA9600471
V.A.Voloshin, I.S.Abaiiosheva, G.Yu.Bochkovaya, F.A.Boiko,
N.A.Doroshenko, Ya.I.Yuzhelevskii
A.Galkin Donetsk Physico-Technical Institute of the National Academy of
Sciences of the Ukraine, 340114, Donetsk
The YREBaCuO specimens are superconductive. However, partial substitution
of Y by RE (RE = Nd,Pr) and Ba by RE results in a certain (particular for each
concentration) decrease in the superconductivity transition temperature (T c ).
In this paper we make an attempt to find the parameters which change with the
variation in the impurity ion concentration thus characterizing the temperature
dependence of the electrical resistance of the specimens of the system under
investigation and determine their superconductive transition. To solve this
problem it is necessary first of all to provide a mathematically unambiguous
description (within the framework of the chosen model) of the temperature
dependence of the resistance of the investigated specimens at various RE
concentrations.
In specimens with rather high concentration of the RE ions (Figs.l a,b) the
temperature behavior of resistance at high temperature has a metallic character, i.e. obeys the equation
p(T)=/»o+flT,

(1)

where po is the residual resistance in mOhmcm and a is the coefficient in
mOhmcm/K.
As the temperature decreases the type of dependence becomes semiconductive,
the character of the resistance growth being close to the exponential law
exp (A E/kT). This character is believed to be due to the presence of potential
wells (traps) in the vicinity of the impurity ions whose depth is characterized
by energy E. At the further temperature decrease the exponential growth
terminates and the resistance drops sharply down to zero.
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Fig.l. Temperature dependence of resistivity of Nd(Ba0 8 Nd 0 2 )2Cu 3 0 7 (a)
and Yo 52Pr0 4gBa2Cu3O7 (b). The experimental data are shown as
dots. Curve (1) is calculated using Eq. (2), curve (2) - using equation (2)
without the second term. The fit parameters are given in the table.
For the specimens with the lower RE concentration no semiconductive character of the resistance change is obviously observed but to describe all the
specimens under study the following formula is proposed

po+ccT
1-

l-exp(-AE/kT)] '

(2)

where n j is the number of traps with respect to the carrier number (holes). It
is assumed that the trap number is less than the hole number, i.e. 0 < nj< 1
and the trap with the hole inside becomes neutral. The reasons why will be
understood below.
The second term in Eq.2 whose form coincides with the well- known correction
of Aslamazov and Larkin [1] is introduced for simulation of the
superconducting transition. And it should be mentioned that no definite
physical sense is attributed to parameter/3.
It is clear that thanks to such big number of fit parameters any particular
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experimental result can be matched with the calculation by means of different
sets of these parameters.
The unambiguity of this analysis must be determined by the rigid framework
of the proposed hypothesis. In this case the main assumption consists in the
fact that the superconductivity cannot be realized at the exponential growth of
resistance and at the temperature a bit higher than T c the semiconductormetal transition occurs (all the traps are occupied by the carriers and are
neutral that enables the superconductive transition).
It should be noted that this assumption is purely intuitive and may quite
appear to be erroneous. It must be additionally tested experimentally. The aim
of the present paper is just to find out whether there is a set of parameters at
which this hypothesis would not lead to any controversy. In other words, we
want to see whether it is possible to exclude the parameters at which the
temperature behavior of the resistance would be metallic below T c and in
agreement with the experiment above T c . It turned out to be possible and the
set of parameters is determined unambiguously with an additional restriction
which consist in the fact that the trap depth (AE) for different specimens
within the same system is the same.
In accordance with the principal assumption and the formula being analyzed
the temperature dependence of the electrical resistance in the normal state
is expressed by the first term in Eq. (2) and T c explicit form is excluded from
the calculation. Other parameters were selected so that the semiconductormetal transition occurs just close to the experimentally observed Tc.
The ceramic specimens Yj _ x Pr x Ba 2 Cu 3 O 7 (x = 0; 0,16; 0,32; 0,48; 0,7) were
synthesized from the mixture of Pr, Y, Cu oxides and barium nitrate using the
conventional technique. Then the pellets were cut into 10x2x0,5 mm3
specimens whose resistance was measured by means of the usual four-contact
method in the range of 4,2-300 K.
The data of Ref.[2], i.e. the temperature behavior of the resistance of
Nd / BaT _ x Nd x ) 2 Cu 3 0 7 specimens (x = 0,2; 0,25) were also analyzed.
The calculation of the hypothetical semiconductor-metal transition at the
temperatures close to T c and the comparison of this calculation with the
experimental data are shown in Fig.l. An unexpected result was that the
necessary condition of the fulfillment of the proposed hypothesis consisted in
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parameter pQ being equal to 0.
Physically these results can be presented in the following way. In a crystal
there are separate rather extended faultless regions isolated from the shortrange effects. There are also far-off regions with drastically higher (or lower)
electron density which due to the Coulomb interaction create traps for current
carriers. As the temperature drops the carrier get into the traps, become
"frozen" and the potential relief becomes smooth. The conductivity acquires
the metallic character. The faultless regions where the metallic conductivity is
realized can be represented as the Cu2-O2-O3 planes as is done, for example,
in [3 ] and the regions with the electron density deviating from the average one
can be represented by the areas near Pr and Nd ions substituting Ba ions. This
will be discussed in detail in our next paper.
Fig.l present the results of the calculations for the specimens of the
Nd / Baj_ x Nd x ) 2 Cu 3 0 7 system at x = 0,25 and Y 1 _ x Pr x Ba 2 Cu 3 0 7 system
at x = 0,48. The experimental data are shown by dots. The curves in both
figures were calculated using Eq. (2) with the parameters given in the table with
and without the account of the second term, respectively. The figures show that
at the particular set of parameters (X , p and ,AE curves agree with the
experimental data both below T c and above it, and curves 2 exhibit the
semiconductor-metal transition in the vicinity of T c . The simultaneous
fulfillment of these two conditions turned out to determine unambiguously
the set of parameters specified in the table.
The similar results were also obtained for the other specimens under study
(see the table). The data for the specimens with the praseodimium
concentrations of 0,32 and 0,16 and also with the excessive neodymium
concentration of 0,2 can be restored by the parameters given in the table. The
experimental data correspond almost completely to the curve obtained using
formula (2) and the hypothetical drop of resistance corresponds to the curve
obtained by the same formula but at/3 = 0.
In connection with the above considerations some questions arise.
1. Was the semiconductor-metal transition observed near T c experimentally
in these systems?
According to the data of Ref. [4] (Fig.2) the Meissner effect was, in fact,
observed at the lower temperature than the resistance drop onset near Tc
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2. The specimens with a high content of Pr (x > 0,5) are known to exhibit no
superconductivity (Fig.3). Do these specimens possess any perfect conductive
regions (i.e. is it possible to describe the temperature dependence of their
resistance within the framework of the accepted formula provided that
parameter p0 is equal to zero) ?
It appears that under these conditions there are no faultless regions. To make
an agreement with the experiment nl should be equal to 1 and/>0 be much
greater than 1.
Moreover, it should be noted that within the framework of this paper
suppression of superconductivity with the growth of concentration of Pr and
exessive concentration of Nd is connected with the magnetic moment of rare
earth ions, i.e. the temperature behavior of resistance in both system under
investigation is described in this work by means of the same formula (2). For
the Nd system, however, the magnetic properties of the rare earth ion do not
almost effect the resistive properties of the specimens whereas for the Pr
system the mechanism of magnetic pair breaking surely exists. Therefore the
comparison of different mechanism of the resistance suppression requires both
experimental and theoretical study of these systems.
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Fig.2. Comparison of the temperature dependencies of the Meissner effect
(curve 2, left-hand scale) and resistivity (curve 2, right-hand scale) of
Yo 7 Pr 0 3 Ba 2 Cu 3 0 7 . T (by the data of Ref. [4 ]).
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Fig.3.
Temperature dependence of resistivity
of Yo 3 Pr 0 7 Cu 3 0 7 . The experimental
data are shown as dots, the solid line is
the fit one to Eq.(2) with the
parameters as given in the Table.

In conclusion the authors express their gratitude to Yu.Kusovlev for his
brilliant program "Graphical Calculator".
Table. The values of fit parameters for systems Nd ( Baj _ x Nd x ] 2 Cu 3 0 7 and

X

ni

AE
cm" 1 mOhmcm

Tc,
K

a

Fig.

mOhmcm mOhmcm/K

Yi- x Pr x Ba2Cu3O 7
0,16

0,58

-85

0,005

77,5

0

0,0046

-

0,32

0,7

-85

0,005

57,5

0

0,0079

-

0,48

0,91

-85

0,018

35

0

0,0078

2

0,70

1,00

-17

-

28,00

0

4

-

Nd(Bai- x Ndx) 2 Cu 3 07
-105

0,5

32,3

0

0,096

-

0,25 0,9545 -105

0,5

9,9

0

0,0155

1

0,20 0,885
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The A.Galkin Donetsk Physico-Technical Institute is founded in 1965.
The basic fields of scientific activity are the following:

- physics of magnetic phenomena;
- electron properties of solids and superconductivity.
- physics and technology of high pressures;
The institute proposes the joint research projects including the development of
materials with controllable magnetic properties; studies of the structural,
electron and thennodynamic properties of high-Tc superconductors; elastic
deformation and destroying of solids under the influence of high hydrostatic
pressure; forecasting and controllable modification of rock mass properties for
the development of deep coal seams.
Today in the Institute there are several products of high technology suggested
for the marketing: precision brasswires of diameter of 0,2-0,4 mm for the tool
production having the level of exploatation properties equal to the best
products worldwide; microfilaments 5-30 pm thick of the steel and other
metals or alloys, and the porous materials on the base of these filaments for
the different purposes; sample sells for the studies in the field of
barocryomagnetic processing of solids and liquids; microwave electron
paramagnetic processing of solids and liquids; microwave electron
paramagnetic resonance spectrometers and cryogenic magnet systems.
The Institute proposes the foundation of joint enterprises and associations,
license and engineering service, know-how transfer etc. on the bases of the
mentioned developments.
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Head Prof. Vladimir Svistunov
Leading coworkers, Drs: M.Belogolovskii, O.Chernyak, A.D'yachenko,
O.V.Grigut', A.Khachaturov, V.Okunev, Yu.Revenko, V.Tarenkov.

Special interest in HTS areas:
CONTACT PHENOMENA
Properties

as

Spectroscopy Methods and Device

TRANSPORT PROPERTIES. WIRE,TAPE and FILM SANDWICH
FABRICATION
HIGH PRESSURE EFFECT. HTS MECHANISMS

Some Achievements:
•

Observation and study of Josephson effects - ac, dc and influence of the
different nature fluctuations (Pis'ma Zh.Eksp.Teor.Fiz. 1967,5, p.396;
1968, 8, p.521; 1981, 33, Nl, p.274).
«.- Tunnel experiments under pressure: observation of the changes of the
energy gap, the phonon spectra,electron-phonon interaction and quantum
size effects.The creation of the direct method for determining the spectral
electron-phonon interaction function of metals (Sov.Phys.USPEKHI,
1987, 30, Nl, p.l; Sov.Phys.JETP, 1974, 39, p.1115; Sov.PhysJETP,
1983, 57, p.1038).
•

The temperature and pressure dependences of the critical current of
superconducting ceramic Ba-Pb-Bi-0 had been studied to know the
barrier pecularities of intergrain boundaries to formation of transport
properties of perovskite-type superconductors. Observation of the mixing
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effect of rf signals in BaPbBiO ceramic. (Fiz.Nizkikh.Temp., 1985,11,11,
p. 1133; Pis'ma Zh.Techn.Fiz. 1986, 12, N14, p.845).
•

Experimental evidence for the the superconducting gap and the influence
of the phonon spectrum on the tunneling density state of HTS. Realization
of the persistent currents in the ring type HTcS ceramic samples at 77K.
(Fiz.Nizkikh.Temp., 1987,13,N8,P.851.; Pis'ma. Zh.Eksp.Teor.Fiz .35
15; Fiz.Nizkikh Temp.1988.14, p.lO95;Physics USPEJCHI, 1993,36, N2,
p.65).
• '•• : '.•-:- • "''" "?• ';^ :; '; , 7 ; J v l

•

Discovery of the considerable suppercurrent increase (by two and more
times) under pressure of HTcSceramics(YBC0,BSC6).The critical
current hysteresis in magnetic fields have. been; .explained (Pis'ma
Zh.Ek'sp/Teor.Fiz., 1988, 47, p.457; §oy.Phys,JETE, 1991, 73(6)
p. 1076; Supercond.Sci.Technoi. 1992, 5, p.lOl; Physica C 213, 1993,
p.167).

•

Observation of the self-energy effects: in film normal state tunnels of
metaloxides. (Fiz.Tverd.Tela. 1989, 31, N6. p.296; Modern Phys.Lett. B
1990,4, N2.p.lll).

•

Growth of thin HTS films by Plasma Activation Method (Pis'ma
Zh.Techn.Phys. 1991, 17, N9, p.l; 1993, 19, N5, p.39; 1994, 20, N10,
p.60).

Main goals:
•

•

Search of the relation between mechanisms of superconducting current
transfer,power dissipation in metaloxide and the technology of the
fabrication HTCS materials to increase and maintain Critical Current in
High Magnetic Fields.The hydroextrusion fabrication of HTCS
wires,cables and high-current conductors.
Contact Phenomena Investigations are focused on the elucidation of the
physical nature of various contributions in the tunnel conductance of
N-I-S, S-I-S and N-I-N junctions to reconstruct the spectral Eliashberg
function for High-Tc Superconductors.

Our study is being carried out within the framework of the State Program"HTSC" and is being sponsored and financially supported by the State
Committee for Science and Technology of Ukraine (projects
##0.9.01.:0.1/012-92, 04/065-93, 02/030-94, 01/056-94,04/057-94);
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Technology Principles for producing long-length wire (including the multifilament cable) by the hydroextrusion method are elaborated. We have
fabricated the laboratory silver-sheathed Bi-2223 wire samples 10 m long and
1 -0.3 mm in diameter. The test of current transport properties of these samples
have revealed the following parameters: Jc = 2.2 • 104 A/cm2 at T=77 K, B = 0
andJ c =3-10 3 A/cm 2 at B = IT; at 4,2 K Jc = 2.4- 105 A/cm2at B = 0and
Jc =3.1- 10 4 A/cm 2 atB=12T.
The technolology for producing BSCCOfilmsofTc about 80-110 K by the gas
discharge sputtering is developed too. There are possibilities for
a) obtaining glass-like optical YBCO and BSCCO covers
b) measurement of the concentration of the current carries in the region of
metallic conductivity;
c) estimation of the concentration of metallic phase in the films;
d) determination of Fermi- level of HTS films.
Our study is carried out within the framework of the Ukrainian State HTS
Program according to projects 09.01.04/065-93, 02/030-94, 01/056-94,
04/057-94.
We are ready to take part in International Cooperation to continue effectively
our investigations.

Contact:
Prof.Vladimir M.Svistunov, Head of Department.
Fax: (062 2)55 0127;
E-mail:svistuno@sts.dipt.donetsk.ua
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AC Susceptibility Studies on HTSC Submicron Films;
Ultraweak Magnetic Fields,
Direct and Alternating Transport Current.
The AC susceptibility measurements are essential for the characterization
and analysis of superconducting materials. Specific features of films reveal
themselves only in weak magnetic fields. At amplitudes H ^ «=? 0.1 - 10 mOe the
magnetic flux penetration in the thin film differs from the theoretical
predictions of the critical state model. With decreasing magnetic field, the
diamagnetic screening of submicrori films is enhanced while the quadrature
signal # '' drops abruptly and the dissipative loss curve has a fine structure.
Totally new possibilities open up when a film is subjected to the simultaneous
action of ac field and transport current. This method is ideal for testing thin
films. It is capable to measure the magnetic microstructure and dynamic of
HTSC films
The new experiment of nonlinear induction of magnetic, fjeld by
alternating transport current in a film has made it possible: to detect a
temperature-dependent response in the resistive region; to suggest a new
method for accurate determination of the temperature T R - 0 ; to determine
independently the magnitude and temperature dependence of the critical
current; to detect even harmonics of the ac magnetic field in the film.
Our AC Susceptometer measures both the real <x ") and imaginary fy')
components of susceptibility as a function of temperature (< 4,2 K to 300 K),
amplitude of an ac field (0.1 mOe to 1 Oe) and frequency (1 to 25 KHz) with
or without a dc bias field (0 to 5 T). The AC Susceptometer permits to measure:
the AC susceptibility signals on a fundamental frequency and on higher
harmonics as well; an ac susceptibility signals and R (T) at the same time; a
response of HTSC films supporting as on direct and alternating current.The
ac sensitivity of our AC Susceptometer is 2 *10 emu in term of an
equivalent magnetic moment.

V.F.Drobotko and V.A.Khokhlov
Donetsk Physico- Technical Institute, Ukrainian Academy of Sciences,
R.Luxembourg St., 72, Donetsk, 340114, Ukraine.
Fax.: (0622) 550-127, (0622) 957-667
E-mail: svistuno@sts.dipt.donetsk.ua
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