


1. Introduction

Up to date there is a number of experimental papers dealing
with the investigation of the current-voltage characteristics{CVE)
of the high-T, oxides ~1-6,15-19/.The most interesting of them
have a power-law behaviour V~{I—Ic)a with specific temperature and
magnetic field dependences of the exponent a and critical current
I. f(see eg/1-8.Tc ‘treat these peculiarities some
explanaticns,namely: i3 2D Xosterlitz-Thouless {KT} transition
2s, 11 colle;tive fluxoid motion -3-5/, iii} 3D Josephson medium
/1,6~ have been suggested.

On the other hand v1n the frame of the superconductive glass
{56 model ,pioneered in 7/ and then advanced in ~8-12/,a rather
successful description of the nonequilibrium  {nonergodie)
properties of high-T. superconductors was achieved.In a somewhat
program paper <12/ the connection between the $G model and the
phenomenological critical state modelCincluding the flux creep) is
discussed. It is stressed in 12~ that the glassy picture of high-
T. oxides is restricted to a near Te temperature region.

In the present paper we consider via the SG model a nonlinear
power-law CVC as well as temperature-field dependences of a
¢ritical supercurrent.As it will be shown these deperdences behave
rather like 3D intergranular systems /6. than 20 systems with a
Lopological KT transition 2. In conclusion we discuss

possible

relations of the long-time ¢ low-frequency ) behavicur of the

Josephson spin correlator { in Lhe SG model ) with the iype cof a

nonlinear CVC for systenms containing intragranilar weak links.



2. Power~law CVC of the SG model

As is well known /8,87 the Hamiltonian of the SG model in the
pseudospln representatlon has a form
H = -Re x I,

N 1 J . o
where

Jij = J(T)eXp(i.Aij)' 8, = exp(ifi3,

Ayy = mHOR W0y =y 378, g =Ticr2e, 2

The model (1) describes the interaction between superconductive
clusters (with phasés f; 2 via Josephson junctioms ( with an
energy J(T} ) on a 2-D disordered lattice ( with c¢luster
coordinates ( xi,yj J ) in a frustrated external magnetic field H
= ( 0,0,H }.50,as usually { see however, 10/ ),we have neglecied
ihe shielding current effects. The field is normal to the ab-plane
where a glass-like picture of high-T, oxides is established. Since
the Hamiltonian (1) contains only the tunneling of the Cooper
pairs , the linear (Chmic) contribution to the CVC is abseni.So,as
in paper 13/ we shall use the supercurrent IS ~I—V/RN and not ihe
total current I (this distinction is inessential, however, when
IS»IN 3, and the ¢ritical current IC ( we are dealing with ) is a

decoupling current ,built up from the maximum Josephson current of
individual junctions.

Follewing 13~ for the supercurrent density operator ( on the
square lattice with a side d ) we have

. *
Jg = 2ie Z J”SISJrlJ/’ﬁdz . . (3

where ryj = rl T is the distance between clusters.In our case r
=( %,¥i.0 2.

i

Wnen an electric field E is applied Lo the system (1) , the
coupling energy Jij(T,H) is  renormalized in a way
Jij Jjj8xpCinjt), where 0jj = aeErij/ﬁ .
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According to the linear response theory 14/ the thermal
averaging of the Fourier transform of the supercurrent density
Jg{w) has a form

o
Ciglwd> = 4ezIchosCu¢32GJijelmijt<s?gt)sj(0)>(r,_E)rij/ﬁzdz.

1]
(42
In order to obtain from (4) the mean value of tLhe supercurrent

o

density in the SG model (1),one needs to perform averaging over
random cluster coordinates (ki,yj) { by the Gaussian
P(xi,yj)=exp(—xi/aa-yj/aa)/anc,where o is the projected area of
superconductive loops with a uniform phase 387 Cheosing ,for
éimplicity,E = (E,0,0), after the configurational averaging one

gets for the supercurrent
o0

Iszd<1§cm)>=AJatcoscwt)expc—4e2E2at=/tz)Dct)E , )

o
where

JOT, H=JCTI /(L +HP/H2) 77, A<Be2a J(T, INA%G, H =¢ /20,
D(t)=p <s§ct3sjc0}>/N

1,
So,the form of CVC (5) ¢ as well as the magnetization in the S$G
model /8- ) is determined by the behaviour of the correlator
D) As is shown in G,11/ the long-time ¢ low-frequency )
singularities of the cerrelator D{L) define glassy properties of
the SG model and observable experimental peculiarities. In the
‘present paper we restrict ourselves to the simplest Ansatz of this

kind . Namely , we tzke a power-like relaxation law 9
DELI=L4D_(t/13 72

where

' 45,



o= 142 - 3L2D_ + = hEN/4e?RT .
Here, L(T,H) is the order parameter in the 5G model (1) ( studied
in detail in #8,9,11/ 3 , N is the number of superconduct ing
clusters, and R is the normal state resistance between two grains.
Remember ~O- that the order parameter L(T,H) is the solution of
the equation : L*-L2+L-(1-T*/T2(W)}=0 , where ihe phase boundary
T.(HY € separating ihe nonergodic state from the ergodic one ) was
described in detail in /87 . Thus , the field dependence of the
L(T,H} is governed by the function TC(H) . In the range of
validity of the glass-like picture s127 we have D°~l, L~1-T/Tc .
and 0¢a%1.2 ( see /9 3. According to (BY and (5 one gets a
power-law GVC

VA= (1 -TORT N
where

a=l/a , V =Bd , V chd/@ec*”?r , 1 =AD Flah/2ec'”®

B
1_=I FCOIL/F(alD, , Flod=fdx X %exp(-x*) . (§)

3
So, in view of {7) and (8) the temperature and field dependences
of the exponent a{T,H) and the critical current Ic(T,H) are
governed by the order parameter L(T,H) ( and via the Josephson
energy J(T,H) (53). Figure 1 shows the calculated by (8)-(8)
behavicur of a(T) versus T,/T_ at H=0. It is seen that alT )=2 ( in
agreement with the critical long-time behaviour of the correlator
D) /87 2} and increasés linearly when the reduced Lemperature
t=T/T_ decreases ( of. with a similar behaviour reperted for high-
Tc oxidess1,3,67 ) . As is shown in /8 , the nonergodicity

parameter L decreases with increasing magnetic fileld H . In
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Fig.3: The behaviour of reduced
¢ritical current IC{T)/IC(O.ETCD
versus reduced temperature t.=T/Tc.
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particular , in the region of sirong frustration (H»H 3 this leads
to the following behaviour of the exponent a(H)-E:{HD/H)z. Figure
€ shows the behaviour of the a(H) versus reduced field h=R/H_ at
the reduced temperature t=T/Tc=O.6 . Such a behaviour really
correlates with some observations /3,4, .

Let us now turn Lo the critical current ICCT,H) . As it
follows from (8) the;température behaviour of the I, near Tc is
determined by the critical behaviour of the parameter L(T,H) and
has an asymptotiec form Ic~(1—T/TcJ ( see Fig.3 Y A similar
dependence of the c¢ritical current for high-Tc oxides is discussed
in ~3,6,13,16-19/ . The magnetic field dependence of the critical
current 1is influenced by two factors . They are : i) the coupling
energy JCT,H) (2) , and ii) the nonergodicity parameter L(T,H)
#87. The main contributer is the Josephson energy . In the case of
weak fields (Hell ) from (5) and {8) it follows that :

1 CHY = Ic(O)(i-Ha/Hz). (9
In the opposite case of strong fields (HE»H ) one gets :
I (H) =T COH AH. (iom
C [=1 fal

The behaviour of the reduced critical current Ic{H)/Ic(O) versus
reduced applied field h:H/HO is illustrated in Fig.4 . It is seen
that the observable forms of the ICCH) -4,5,17,18,20/ are in
qualitative agreement with the predictions of the SG model (1) .

3. Discussion

To belter understand the described above features in Lhe
behaviour of the CVC in the real experimental situations , let us
make some estimates for typical values of the current Io and the
voltage V. In view of D1 , Fle~l , and d~ No*’® for J -~ 350K
and R ~5 Q, from (6} and (8) one gets :



I, ~delrk ~ 1074 |, V, ~2eRT /b ~ 1072V, (an
Following the experimental data ~1-5,15-10, . this is the range of
parameters where the obtained above peculiarities in a power-law
CVC behaviour were registered .

It is known , however , thai there are more complex than a
power-like one types of CVC ( e.g. logarithmic-like 21 } . Not
pretendlng to give a unique description of all the observable laws,

we would like to emphasize the following circumstances. As is
well-known /7-9 11,127, the most prominent feature of the glassy
behavicur is the ex1stence of a hierarchy of long-time relaxation
laws ( including the aging effects 22/ ). If , Tor instance |,
instead of the power-law Ansatz (6) for the correlator D(t) ( used
in the-present paper ) we took a logarithmic one 8., the above
described procedure would lead us to the logarithmic CVC .21/ So
it is possible that the existence of different types of QVC
reflects complex dynamical ¢ low-frequency ) processes of
relaxation in these materials . To verify such a hypothesis one
needs to make the measurements of bolh the long-time relaxation
law { e.g. of the remanent magnetization ) and the corresponding

CVC for the same sample but at different initial condltlons Ceq.
for different waiting times ) .
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