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ABSTRACT

The influence of disordering on the properties of high—TC guperconductors is
investigated. The results show that pairing takes place in the systems of loca -
lised electrons even in slightly disordered samples. Superconductivity exists
111 radius of localisation exceeds the typical size of Cooper pairing in highly
disordered system.

INTRODUCTION

Fast neutron irradiation is one of the most pure methods to investigate ef -
fects of disordering on physical properties of high-temperature superconductors
(HTSC). It is known that disorder which is not connected with magnetic impurities
according to Anderson theorem should not appreciably affect superconducting tran-
gition temperature Tc of the conventional (wide-band) superconductors. However,
the properties of such superconducting compounds as A-15, C-15 and Shevrel phases
turn out to be highly sensitive to disorder. Thus, response of the system to intro-
duction of defects helps to better understand the peculiarities of its electronic
properties in the ordered state characterised in our case by high values of Tc'

Previously [1—3] we have shown that disordering of YBaCuO and LaSrCuO leads to
a rapid decrease in TC. The derivative of the upper critical field Hég practical-
1y does not change. At large fluences instead of linear dependence the Mott-type
temperature dependence of }D(T) is observed in the temperature interval 5< I<300K:

- 1/%
P(T) = Aexp(@/T™), Q=21[M(E)R, ] (1)

While measuring Jj of both systems at 80 K directly during fast neutron irradia-
tion we found that JO gg Brows exponentionally with fluence sl y leo€e }3 go ™
exp(a ® ) beginning with the smallest & . The observed variation of p depending
both on fluence and temperature may be described using the empirical formula [1]:

p(T)=f(T)€></J(‘1¢/T,/9)- (2)

According to experimental data locelisation effects are essential in these sys-
tems even at the smallest extent of disorder.

The present study is further investigation of localisation effects in high TC
superconductors including BiSrCaCul (zero resistivity at T=70 K, JO 300% 2 mohme*
cm and linear temperature dependence of L0 (T7)),single-crystal sample of YBaCuO
(TC:BO By JOJOO: 2 mohme.cm). Here we investigated also the influence of isochro-

nous low-temperature annealing (T&nnsEBOO K) on electrical resistivity of high-
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T, materinls disordered under fast neutron irradiation (Tirr = 80 K). Besides, we

pregent here the data on the NQR spectrum and spin-lattice relaxation time T? for

the sample of YB&20u306 95 irradiated by a fluence of 5 x 1018 cm"24

EXPERIMENTAL RESULTS

Radiation disordering, deviation from oxygen stoichiometry, introduction of
impurities into Cu sublattice suppress superconductivity in YEBECuBOT—S" Structu-
ral changes are different in all cases. Orthorhombic parameter (b-a) gradually
decreages with decreasing oxygen content., In this case oxygen is removed from
gites 04 (in chains). As for sites 05, they are filled slightly with increasing P
just before the tetragonal phase transition [4] . Radiation disordering results in
oxygen distribution over sites 04 and 05 and growth of the mean-quadratic atomic
displacements. The structure, however, remains orthorhombic. Appearance of oxygen
vacancies in sites 04 is well seen in the NQR spectra for the irradiated sample of
YBaCuO (Fig.1). The structure of the NQR line on the 630u atoms in Cu2 site is
associated with vacancy configurations in 04 sites as well as in oxygen-deficient
samples [5] . Spin-lattice relaxation time T1 on 630u nuclei in Cu2 sites in nor-
mal state (T‘>TC) increases from 0,5 to 150 msec on changing the oxygen content
from & =~ 0 to §= 0.2, Radiation disordering (Tc=:70 K, =5 x 10180m—2) leads
also to increase in T1 but to a legser extent. Assuming that the whole T1 increase
is connected with the change of electron states density on the Fermi level N(EF)
it will decrease more than by order in the first case and by 25% in the second.
Distribution of relaxation times over Cul sites of the irradiated sample points
to appearance of disorder in the electron environment of the Cu atoms in these
gites, Measuring T1 in a superconducting state (Tcﬁ‘TO K) of the irradiated sample
yields the value lefkTC"“TE (as in the initial sample). This evidences a very
strong coupling regime (bearing in mind the maximum value of & gap). In an oxygen-
deficient sample with approximately the same Ta (& = 0.2) the value of a reduced
gap decreases to 20./ch~a4m6 for both sites of the Cu atoms. Temperature indepen-
dent contribution to magnetic susceptibility %LO also behaves differently in
both cases under consideration, i.e. it drops with increasing & and grows under
irradiation. Growth of X G under irradiation
and simultaneous increase of spin-lattice relaxa-
tion time shows that an attempt to explain their
change only by N(EF) variations leads to a contra-
diction.

Variation of the oxygen content directly alters
electron structure of the YBaCuO system since the
concentration of charge carriers changes. Radiati-
on disordering affects the electron structure on-
1y through disorder., Differences in behavior of

FIGURE 1. Evolution of the NQR spectrum on the
630u nuclei in Cu2 site for YBaECuBOT- :a)5=0.05;
§) the sample irradiated by a fluence of

oy 5 x 10'8em™2(2_=70 K); B) § = 0.2 (T % 70 K).

| I \ L Frequency is given in MHz.
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FIGURE 2

Temperature dependence of electrical re-
gistivity for the disordered BiSrCaCul
gsample: 1)the initial sample; 2) &

x 1018, 3P =5 % 1018; 4)% =T x 1018em2
Indexes a and b correspond to annealing at
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FIGURE 3

Temperature dependences of electrical
resistivity for the disordered

1)the initial
sample; 3) 5 x 1018,
4) 7% 10°7; 5) 10 x 1018cm™2

YB&ECu306_95 samples:

2)¢ =2 x 1018,

18 . In-

T =200 K and T = 300 K, respectively. dexes a and b correspond to ennealing

at T = 300 K for 20 min and two weeks

¥BaCuO on introduction of defects of different types underline, however, the ge-
neral property: degeneration of TG always goes with transition to dielectric be-
havoir of resistivity.

The samples of BiSrCaCu0, as well as YBaCuO, with high enough TC

small disordering) are characterised by linear growth of electrical resistivity

(relatively
with temperature (Figs.2,3). Increasing extent of disorder leads to exponential
temperature dependence of electrical resistivity described by eg.(1). After annea-
ling for 20 min at T = 300 K T
shes practlcally within the Whole temperature range beginning from T to 300 K.
For ¢ 2 101 %m
and Q in eq.(1) while T, does not appear at all.

appears and linear dependence of jD(T} reestabli-

anneallng at T< 300 K leads only to decrease in coefflclentq A
Pig.4 shows the dependence of
f)BO on fluence of fast neutrons for materials under study. The value of JDBO
grows exponentially with fluence. According to measurements made in the basal
plane of a single crystal YBaCuO sample exponential growth of resistivity of jjBO
is the property of the material itself and not the consequence of the preparation
technique of ceramic samples. The data from Fig.4 as well as the behavior of
dH;2/dT [6] and QP (T) in the disordered HTSC sample show that localisation ef-
fects are likely to appear well before the disappearance of Tc' But the supercon-
ducting transition does not allow to observe this experimentally on the tempera-
ture dependence of f)(T).
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FIGURE 4. Dependences of 1380 on fluence of fast
J I 1 neutrons for ceramic and single-crystal YBaCuO
=2 saemples (curve 1 and 2, respectively), BiSrCaCuO
9‘11 : y (3) end 8nMocSg (4).
S
i ks 7 DISCUSSION
It is well known that full encugh disorder may
72i////,,——-f—————*¢ result in the metal-insulator transition due to
KA electron localisation (Anderson trensition). Ander
‘iﬁ‘ 'lIZbléﬁV%%J son showed [7] that in localised electron system

Cooper pairing may take place only between the
electrons with centres of localisation lying with-
in the sphere of the order of localisation length
Ripa” The states of such electrons are splitted by
oc 3 21
energy to a value of the order [N(EF)Rloc] [8] .
Apparently the condition should be held that the
value of a superconducting gap A (at T=0) is essen-

tially higher than the value of this splitting :

-4

A T [NEDR, ] 3)

oC

Eq.(3) is equivalent to the requirement that localisation radius should be essen-
tially higher than the typical size of the Cooper pair in highly disordered sys-
tems [6] . Using experimental data on electrical resistivity for the disordered
gamples of YB&20u307_S (for fluences of P> 5 x 10780m_2) and empirical formula
(2) for smaller fluences one may calculate the variation of localisation radius
Ry, 88 & function of fluence. On the other hend eq.(3) gives the limited values
of Rloc’ at which superconductivity may still exist in the system of localised
electrons. Assuming that for all fluences N(EF) =5x 1033 (erg-cmB)"1 (in the
model of free electrons this corresponds to one electron per a unit cell, i.e.

a carrier concentration of 6 x 10°7em™) and the left-hend side of eq.(3) equals
5 TC, one will obiain the result shown in Fig.5. From this figure it is seen that
eq.(5) is not valid for ®> (5-T) x 10"8cm™2
character of this estimate it should be noted that it is in surprisingly good
agreement with the experiment. Fig.5 allows to easily interprete the date concer-
ning the influence of low-temperature annealing. In the vicinity of #~(5-T7) x
10180m_2 annealing results in Ry . increasing, eq.(3) is valid and superconducti-
vity appears., At high fluences low-temperature annealing is not enough for appea-

. Bearing in mind the qualitative

rance of superconductivity.

Trom the given estimates, however, it is not clear why the superconducting
transition temperature should drop for high (in comparison with the limited) va-
lues of Rloc‘ It is difficult to make & conclugion sbout the reasons of Tc decrea
sing with increassing disorder because of lack of theoretical understanding of the
nature of TC in HT4¢. However, proceeding from the traditional congiderations
about the pairing interaction one may expect that one of the reasons for suppres-

sion of T, may be conneclted with the growth of the Coulomb pseudopotential /(* .



467

FIGURE 5. Dependence of Ry . (so0lid line) and B
(open circles) on fluence of fast neutrons for
YBaCuO. The dashed line shows the values of Rloc
calculated by eq.(3). The dash-dot line shows the
values of T calculated by eq.(5).

which describes Coulomb repulsion of electrons
forming the Cooper pair. This effect iz connected
with growing lag effects of Coulomb repulsion in
Cooper pair with decreasing diffusion coefficient
during the Anderson transition. According to [6]

in localisation region we have

: #AE  y_yrd
b= ¥ E T wE) izl

where V/ is the digamma functlon_J;f =V N(L ) is the Coulomb potential, A F"J
R -3 . This formula describes T suppr9351on due to growing effects of Coulomb re-

loc
pulsion in a single quantum (1ocallsed) state. Taking into account egs.(1) and

/ T il 20 vid)
! 9‘//2 vx T, (21)" ) e -

Then using the data from Fig.4 end assuming that /Jz 1 one may easily calculate
TC as a function of disordering extent (Fig.5). As for the functional dependence
it slightly differs from the experimental one (note that in the theoretical

curve the derivative ch/d(p — 0 for - 0) however, the qualitative agreement
is out of question. Faster suppression of T, at small extent of disorder observed
experimentally may be connected with additional regular contribution of electron

(2) from eq.(4) we get

densities correlator which was neglected in eg.(4).

This approach helps to elucidate some typical features in behavior to disorde-
red HTSC, The fact that these materials are close to Anderson transition metal-
insulator and the existence of superconductivity with high enough ‘I‘C in a system
of localised electrons is likely to be a specific feature of HISC. This "nonmeta-
lic" behavior of these compounds becomes evident when comparing, for example,
with A-15 superconductors. The latter behave themselves more like metals than
HTSC's. As for the superconductors with the structure of Shevrel phase, they
present an intermediate case between the A-15 and HTSC.

CONCLUSION

Quasi-two-dimensional systems to which the superconductors under study belong
are expected to show strengthening of effects of localisation that occurs at
values of conductivity appreciably exceeding typical values of three-dimensional
gystems The properties of electronic system of HTSC's make them close to Ander-
son metal-insulator transition even in the ordered state. This feature differs
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new HTSCG's from previously known superconductors of other systems., In the first
cage pairing is likely to occur in systems of localised electrons even at the
smallest disorder. TG sharply decreases when at low temperatures the dependence
})(T) of type (1) ig observed. Superconductivity is fully suppressed when ener-
getic splitting between the localised states becomes comparable with the value

of a superconducting gap.
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