Progress in High Temperature Superconductivity — Vol. 22

Beijing International Conference on

HIGH TEMPERATURE
SUPERCONDUCTIVITY

Beijing, China September 4 — 8, 1989

Editors

Z.X. Zhao
G.J. Cui
R.S. Han

World Scientific



oAl ZAT LON EFEFEC LS
TN RADIATIONALLY DISORDERED

HIGCH—TEMPERATURE SUPERCONDUCTORS -
INTERPRETATION

THEORET I AL

B.N.Goshchi[skff,S.A.Davydov,A.EZKarkfn,A.V.Mjrmejsfejn
Institute for Metal Physics, USSR Academy of Sciences,
Ural Branch, Sverdliovsk, 620219, USSR
M. V. Sadovskii
Institute for Electrophysics, USSR Academy of Sclences,
Ural Branch, Sverdlovsk, 620219, USSR

ABSTRACT: Theoretical inter-
pretation of recent experi-
ments on radiationally
disordered high-temperature
superconductors is presented,
based on the concepls of
mutual interplay of Anderson
Jocal ization and superconduc-—
tivity.

Fast neutron irradiation is
probably purest method o]
investigate the effects of
disordering on physical pro-
perties of high-temperature
superconductors, due to the
ahsence of any chemical
effeets 1In case of low
température irradiation L3l
The growth of structural
disorder leads to rather
drastic changes in the beha-
viour of HTSC systems ',
both ceramics and single-
crystals:

(a) continuous metal-insu-
lator transition (from linear
T behaviour of resistivity
to Mott T'* hopping law)
at very slight disordering;

(b) rapid degradation of
superconductivity (fast drop
of T. with disorder);

(E) apparent coexistence
of hopping conductivity and
superconductivity at inter-
mediate disorder and anomalo-
us (exponential) growth of
resistivity with defecl con-
centration:

(d) approximate independen-
ce of the derivative of ihe
upper critical field H e ON
the degree of disorder.

These anomalies were inter-—
preted ® using the idea

of .possible coexistence oOf
Anderson localization and
superconductivity *7.

In the following we present
the basic theoretical con-
cepts on the interplay of
localization and supercond-
uctivity, especially for the
strongly anisotropic (quasi-—
two—-dimensional) HTSC S G
tems *.

Basically the appearance of
Cooper pairing does . nol
depend on the nature of elec-
tronic states (extended or
localized), pairs can be for-
med of exact eigenstate ¥,(r)
in the random field and =]
Lime-reversed partner 9, (r)
=9 (with opposite spins in
case of singlet pairing).
This is valid for localized
states until ®®:

Te » (N(Er)R%c)
Rioe PE~(N(Ee)A) 72
~ (Boh%/P) 2 (1)

where §,~ hve/Tc 1s the

BCS coherence lenglth, Ria—
localization radius, N(Ee)-—
density of states atl

the Fermi level, T. and A
—superconducting transition
temperature and gap, pe—
Fermi momentum. The physical
meaning of (1) i's ocbyieus:
R.. must be greater than
characteristic size Of a
Cooper pair near Anderson
tramsitlon .,

There are several reasons
opposing the Cooper pairing



near the Anderson transition:

(a) growth of Coulomb repul-
gion within the pair®;

(b) growth of spin fluctuali-
ons ';

e "gtatistical” fluctuati-
ons (incipient inhomogenei Li—
es at the transition ".

These lead to the rapid
destruction of superconducti-
vity inside Lhe localization
region =7 in accordance
with the experiment ™.

Considerable importance of
localization effects in HTSC
is primarily due to a quasi-
two—-dimensional nature of

most of these materials:
localization is much easier
to be achieved in such

systems™'™. In particular

this can be seen f[rom the
following ecstimate of the
»minimal metallic conduclivi-
ty® (1.@€, conductivity scale
near continuous Anderson
transition)*'® for in-—

plane conduction:

oll~L e/ha 1n(VZh/wT) (2)
Y

where a, is interplane dis-—
tance, w- interplane trans-
fer integral!, T-is the mean
free time. Due to a smal lness
of w in comparison to the
Fermi energy Es 62 can be
considerably enhanced in com-—
parison with Mott estimates
of G, * 1 02 Ohm™cm™.

For realistic values of para-
meters for HTSC systems this
enhancement may be up to an
order of magnitude, so that
even the besl samples availla-
ble at the moment (both cera-
mic and Singleﬂcrystalline)
are in fact very close to the
Anderson transition. This €X—
plains the development of me-—
tal—insulator transition in
quasl—two—dimonsjonal HTSC at
very low disordering!™=. It
would be very important to
perform similar experiments
with fast neutron irradiation

for isotropic three—-dimensio-
nal HTSC e.g.Ba,.K.Bi10s

which from our poinlt of
view must be rather moreae
gtable to the disorder
induced metal—-insulator Eran—
5 & 1aR.

G-L coefficients, and
especially that of gradient
term, are significantly chaii—
ged close (o the - Anderson tra
nsition®. We give here
basic results for quasi-
two-dimensional case*, For
these coefficients we have:

: 2
Cp = NEDS ) (3)
whcr(3§1|and L actually definc
the in-plane and out-of-planc
size of Cooper pair. Two
important limits are determi-
ned by the condition:

wZT /2rTch >< 1
T élw\kizi Z:Ql

where§ﬁ~th/Tm§i~hwal/Tc

‘are BCS values of coherence
lengths, 1= VT, 1, = wag—
are longitudinal and transver
se mean free palh. Eq. (4) de-—
fine either anisotropic threec
dimensional or "nearly” two-
dimensional behaviour®.
Real HTSC are somewhere in
the middle. Characteristic
conductivity scale is delermi
ned by*:

(4)

0
f, _éﬂ‘- ] 2/3
6~06 (T/EeW) (35)
<ty
For w~E: (5) reduce (O
6*~ 6 (PrEos/h) 7
g cf;c('!"c/EF)“3
For real HTSC we have more or
less ©@%~ G.. The importance
of ®*%* is due to the fact that
for ® >®%we have the usual
behaviour of Gl=coefficienls;
upper critical field He
eteg., as in the theory of
"dirty” superconductors,
while for ® < G*we have “loca-
lization regime”®, where



do not hold. Here the
characteristic sizes of
pairs are estimated

sz
the
Cooper as

~ £ (l Ew)E [6)
Ll

For the derivatives of the
per critical field we have

( é is magnetic flux gquantum)

~SY

(1 Ly :~d>/z”§hc
(qj ' =—,/ 2651 Te
(HL) > /(HE)=E 7€ =ve/wa |

Most important fact =
the ratio of (Hd)'/(H&)’
isalways determined just b0y
the ratio of In-plane and
transverse velocities irres-
pective of
limit through
"localization”
this point
experimental ly observed”
isotropisation in the slopes
of He and He: is due to
the isotropisation of veloci-
ties of current carriers,i.e.
the isotropisation of Cooper
pairs. The remanent anisot-
ropy of resistivities may be
due Lo the anisotropy in the
scattering mechanisms: th>Tl.
Just before the destruction
of superconductivity the sys-—
tem becomes cssentially isot-
ropic and we return to tliree—
dimensional H.. behaviour®
with essential 1ndopendence
of Hw' on®lfor Gllc 6F
Absence of observable & -de-

(7)

that

case to
From
view

*dirty”
regime).
of

up

regime. (from "pure”

as given by standard Gor-

kov relation is also an ecvide

nce of closeness of the avai-

jable samples to Anderson tra-

nsition®.The of-

ten observed upward curvature

of He(T) curve, can also be

explained® for systems clo-

se to Anderson transiltion.
Among the reasons leading

to T. degradation in

localized region probably

the main is due to the

appearance of characteristic

»Hubbard-1ike” repulsion in si

ngle quantum state'’,

leading to destruction of Co

oper pairs®, as well as

the formation of localized

magnetic moments**"*.The

T. drop due to this mechani-

sm is determined by the equa-
tion?:
{ w
th ==
1:)@@ h ETE;_L -
W (8)
0 +2N(E W 2T,

where P =N(Ee )VU 1% uqual
Coulomb potential, ANis the
pairing constant, <W>-charac
teristic freguency of pairing
interaction.It was shown>®
that this relation can give a

satisfactory fit of experime-
ntal dependence of Tc on
the fluence of fast neutrons

using the "experimentally” de-
termined behaviour of

Ric( from the observed ex -
ponential fluence growth of

resistivity, interpreted as

pendence of He' in HTSC sam-— due to Mott hopping law).
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