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It was investigated the specific resistive of Bi-based superconducting thick films in 65+350K
temperature interval. The X-ray analysis show that, the investigated samples are two phases. The
calculations were carried out according to the two-phase theory. It were determined several physical
parameters as: the 2D-3D crossover of the fluctuation conductivity, the width of crossover, the coherent
lengths, the interlayer coupling strength for the investigated samples.

As is known, the longitudinal and cross-section coherent lengths of high
temperature superconductors (HTSC) are very small [1,2]. Short coherent lengths lead to
suffice small coherent volume where only a few cooper pairs contains. As a result of this
thermodynamic fluctuations play an essential role in such systems; fluctuations of order
parameter affects to transport, magnetic and thermodynamic properties.

On the other hand, special interest is represented with kinetic coefficients
researches in such films at the phase transition area (if these samples contain inclusions
of additional phases). Such phases are some kind of defects, the pinning centres, as it is
important for application practice view of second kind superconductors [3]. On aim of
revealing the additional phases influence on superconducting parameters at the phase
transition area have been investigated thick layer HTSC films on the bismuth basis.

EXPERIMENTAL RESULTS AND DISCUSSION

The temperature dependence of specific resistance of the bismuth basis (2212)
thick layer HTSC films with 50+120 microns thickness at the 65+350 K temperature
interval was investigated. The X-ray analysis of grown thick films was carrying out on
DPON-3 diffractometer (CuKa - radiation, the Ni-filter). The X-ray structure analysis has
showed, that samples are polycrystals with some inclusions of a 2223 and 2201 high-
temperature phases. Let's mark, that the structural characteristic investigated by us
samples on a diffraction picture and lattice parameters, are agreed the similar data
obtained in works [4,5]. The received roentgenograms are shown on Fig.1. The basic
structure of the received samples corresponds to a phase 2212 with the lattice parameters
a=b=3,81A and c=30.8A. Experimental interplane distances d, relative intensity 1/1o and
an reflection h, k, I index’s are shown in the table.

The HTSC ceramic grown technique and crystals is described in details [6,7]. On the
basis of synthesized HTSC materials have been received thick layer film on a sapphire
and 22XC substrates. For this purpose samples Bi-Sr-Ca-Cu-O were frayed in an agate
mortar and were located on a substrate, after then heated up to HTSC fusion temperature.
At this temperature samples were maintained during one hour, and then the temperature
went down till 830°+840°C, 5+10hours were additionally maintained in this mode, further
were slowly cooled till a room temperature. Measurements of specific resistance were
carried out by a direct current four-probe method. The current density did not exceed
limiting value of a critical current for a superconductor. Current contacts were rendered
by indium. Contact resistance did not exceed 1,20hm. Temperature stabilization in lower
then 77K area was supported by a steam regulator of liquid nitrogen and not exceeds
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0.1K. The temperature gradient was created by a bifilar 0,2mm diameter constantan wire
furnace and mounted on a butt-end face of a researched sample.

Table

20,deqgree 1/19,% dexp hkl Samples
13.85 6 6,421 - 101
17.25 3,8 5,137 006 101
20.8 3,3 4,281 - 101
219 11,9 4.055 - 101
23 6,8 3,872 008 101
23.48 41,8 3,795 008 97
23,5 55,3 3,779 008 96
24.85 8,1 3,584 103 101
25,4 23,5 3,502 103 96
27.7 100 3,210 105 101
27.96 57,6 3,184 105 96
28.1 13,6 3,171 105 97
29 71 3,082 00,10 101
29.4 25,4 3,053 00,10 97
29.74 100 2,998 00,10 96
31 13,3 2,886 107 101
31 16,4 2,886 107 97
31.48 41,2 2,843 107 96
32 21.4 2,792 107 101
32.58 15,3 2,742 - 96
33.15 17,6 2,704 110 101
33.5 17,3 2,675 110 97
33.72 95,3 2,657 110 96
35 49,5 2,568 00,12 101
35.35 50 2,535 00,12 97
35.48 76,5 2,526 00,12 96
36.95 5,7 2,431 116 101
37.7 10,6 2,385 116 96
42.45 57 2,128 119 101
44.65 9,3 2,028 11,10 101
45 9,1 2,055 11,10 97
45.22 30,6 2,007 11,10 96
47.5 18,6 1,907 200 101
47.6 17,3 1,907 020 97
48.2 54,1 1,888 200 96
50.5 11 1,809 10,15 101
51 32,9 1,788 10,15 96
54 9,4 1,697 208 96
56.35 154 1,632 215 97
56.4 17,6 1,629 216 96
57.3 27.6 1,609 215 101
58 23,5 1,589 216 96
60.1 9,5 1,538 20,12 101
60.5 26,4 1,529 20,12 97
60.7 27,1 1,526 20,12 96
65.7 4.7 1,422 21,12 101
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Fig.1.
X-ray difractogram of the Bi,Sr,CaCu,0Og.x Samples at 300 K.

On Fig.2 are shown the temperature dependences of specific resistance p(T) of the
investigated samples are resulted.
As is seen, the temperature
dependences of specific resistance
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The attention a course of temperature dependences p pays to itself for the investigated samples.
For samples N96 and N101 p (T) has a semiconductor type course, while for samples N97 — metal
type. As is seen from Fig.2, temperature dependences p for samples N96 and N101 have a
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semiconductor type course in a normal condition, though sample N96 has been synthesized on
sapphire, but samples N97 and N101 on 22XC substrates. Proceeding from this, it is possible to
conclude, that a semiconductor or metal type courses of p does not depend on that on what
substrate the sample is brought up; most likely it is bounded with maintenance of the structure. It
is known [6,8], that bismuth systems samples grows not single-phase since at bismuth HTSC
synthesis some phases can be formed as a 2201, 2212, 2223. Depending on what phase dominated
at synthesis, a different temperatures 20 K (2201), 85 K (2212), 115 K (2223) superconductivity
transition condition is observed on experiment. The X-ray phase analysis shows presence of some
share of other phases. Therefore it would be reasonable, to take into account influence of
additional phases on conductivity. Such attempt has been made in this work. The percentage of
phases is taken on the basis of X-ray phase analysis. It was supposed, that samples consist of two
phases. Calculations have been lead on the basis of biphasic system [9,10]. According to this
theory if conductivity of phases not strongly differ, expression for electro conductivity looks like:
_ X, (O-l _<O->)2 X, (0-2 _<O->)2
O'—<O'> 1———2———2 y (1)
3 (o) 3 (o)

where (0)=01X1+6,X, and (6)*=(c1X1+062X5)%, X1 and X, - volume fractions of both
phases. At the calculations the temperature dependences of p of 2223 and 2101 are taken
from [11,6] accordingly. Results of calculation are submitted on Fig.2 by continuous
lines. As is seen the account of a volume fraction of 15% and 25% of the second low
temperature phases 2201 leads to the satisfactory consent with experimental data. Thus, a
semiconductor or metal course of a
p and more exact consent with
experiment can be received, taking

27 into account the volume part of

other phases.

-4 1 On Fig.3 dependence InAc/c
= of In(T=T)/T. is submitted from
-; 64 In(T-Tc)/Tc for samples 96, 97
£ and 101.

3
= 89 Fig.3.
The temperature dependences of
10+ reduced electrical conductivity of
4 3 2 4 0 Bi>Sr,CaCu;Og.x.

In(T-T /T,

As is known, in the phase transition (FT) to conductivity superconducting
fluctuations essentially influence. Within the framework of Ginzburg — Landau theory,
fluctuations amendment to conductivity for HTSC materials has been calculated by
Varlamov and Livanov [12]. According to this theory additional conductivity looks like:

2 -1 -1 _%
Al
167d )\ T, T,

where J=(2{.(0)/d)? - a constant of interplane pairing. It is seen from the equation (2), that
at high temperature T>>T. (where J<<g; (e=(T/T.-1)), Ao is proportional £* (2D-
conductivity), and at approach to the transition temperature T (where J>> g), Ac changes
proportionally 2 (3D - conductivity). According to experimental data, by (2) the
temperature of 2D-3D crossover of fluctuation conductivity for samples 96, 97 and 101
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has been calculated. Has been calculated also the width of 2D-3D transition
AT23(96)=4K, AT»3(97)=3K, AT»3(101)=4.5K. Apparently that depends on structure of a
researched sample. It was analysed influence of the second phase on AT also and is
established, that with increase volumetric the maintenance of the second phase on the AT
2D-3D a crossover increases.

The constant of interplane pairing J (85-10° — samples 97, 56-107° — 96, 48-10° — 101),
coherent length & is appreciated also (2.2 A — sample 97, 1.82A — sample 96, 1.75A —
sample 101). It is received, that with increase in a share of the second phase width of
transition in superconductivity condition also increases, covering wider interval of
temperatures.
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VISMUT 9SASLI YTIK-Ci QALIN TOBOQOLORIN IFRATKECIRICILIYIND
OLAVO FAZALARIN TOSIRI

S.S.ROHIMOV, V.M.OLIYEV, Q. H.HUSEYNOV, M.Z.ZORBOLIYEYV,
R.I.SOLIMZADO, M.LABDULLAYEV

Vismut osash (2212) yiiksoktemperaturlu ifratkecirici qalin tobagolords 65-350K temperatur
intervalinda xiisusi miigavimat todqiq edilmisdir. Rentgenfaza analizi géstormisdir ki, todqiq edilon
niimunolor ikifazalidir. Ikifazali sistemlor ii¢iin nazoriyyoys asason hesablamalar aparilmisdir. 2D-3D
fluktuasiya kegiriciliyi temperaturu, kegidin eni, koherentlik uzunlugu vo laylararasi ciitlonmo sabiti
kimi bozi fiziki parametrlor toyin edilmisdir.

BJIMSIHUE JTONOJIHUTEJ/IBHBIX ®A3 HA CBEPXITPOBOJUMOCTD BUCMYTOBBIX
TOJICTOCJIOUHBIX BTCII INIEHOK

C.C.PATUMOB, B.M. AJIMEB, I T.TYCEMHOB, M.3.3APBAJIMEB,
P.N.CEJIMM3AJIE, M.U.ABJ1YJIJIAEB

[IpoBeneHo wcciienoBaHWE  YNEIBHOTO  CONPOTHUBIICHUS TOJICTOCJIOMHBIX ~ BHCMYTOBBIX
CBEPXIPOBOASAIINX IJICHOK (2212) B TemneparypHoM uHTepBasie 65+350K. PeHTreHOCTpyKTYypHBIH aHaIu3
MOKa3ajl, 4TO HCCIIEIOBaHHBIE OOpa3ubl SIBIAIOTCS AByX(aszHeimu. [IpoBeneH pacdeT Ha OCHOBE TEOPHH
nByxdasHbix cucteM. OrnpeneneHsl HEKOTOPhIE (HU3MYECKHE IapaMeTpbl TakWe Kak, TeMIepaTrypa H
mupuHa nepexona 2D-3D ¢iaykTyallHOHHOH NMPOBOAMMOCTH, IOCTOSIHHAS MEKIIOCKOCTHOI'O CIIapHBaHHUS
U JINHA KOTEPEHTHOCTH.
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