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We show that traveling domains with a finite resistance can exist in type II
superconductors in the presence of a transport current. An experiment in which
this effect generates an alternating electric field and current is proposed.

PACS numbers: 74.60. — w

The structure and mobility of the boundary between the normal phase and the
superconducting phase in type II superconductors with a transport current have been
investigated extensively in the litcrature (see, for example, Ref. 1). However, the exis-
tence and stability of normal regions with finitc dimensions have been investigated
very little under the same conditions. In this paper we show that the superconducting
phase can sustain traveling resistive domains—solitons that have a finite resistance.

We shall examine a sample in which the current 7 flows along the x axis. The
distribution of the superconducting phase (7' < 7';) and the resistive phase (T'>T)) in
the sample is determined by the temperature T(x, y, z) and current density j (T is
determined from the equation j = j. (77), where j_ is the critical current density due
to pinning). Let us assume that the heat transfer coefficient of the coolant i (T'), the
thermal conductivity «, the area A, and the perimeter P of the transverse cross section
are such that #4 /Px<1. Under these conditions the temperature in the yz plane is
almost constant and the problem of the distribution of phases is reduced to a one-
dimensional problem.

The equation for thermal conductivity for the self-similar solutions of interest to
us [T = T(x — vt)] has the form
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where v is the specific heat, @ is the specific heat release, W is the heat transfer
[W = h (TWT — To)P /A4 ], T, is the coolant temperature, and the term ¢d7 /dx depends
on the thermoelectic effect (Thompson effect'™). The expressions for Q and ¢ can be
written as follows:
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where ¢ 1s the conductivity in the magnetic-flux mode, and I1 is the thermoelectric
Thompson constant."” The 7 function determines whether the sample is in the super-
conducting, resistive, or normal state. Henceforth, we shall assume that O»gd7T /dx.
This condition is always satisfied for the real ratio of the parameters.

Equation (1) has the form of the equation of motion of a **particle” in a potential
field—S(7) = ST . (Q— W) dT in the presence of a fictional force (vv — ¢)dT /dx.
Figure 1 shows the shape of S(T) for different values of j. If j» j , then soliton
solutions exist in the system. Assuming that the Thompson heat is a minor perturba-
tion, we can easily obtain the corresponding temperature distribution and the velocity
v
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Equation (4) shows that such resistive domain (7', > 7)) at ¢ = 0 is static and at g0
it is a traveling domain. We nate that it can readily be shown that the Thompson effect
produces an asymmetry in the velocity of the boundary between the normal phase and
the superconducting phase in the direction of the current (v, ) and against (v ) it;
moreover, v, —v = 2v. This effect was observed experimentally in Ref. 3.

We shall now examine the volt-ampere characteristic U = U () of the sample
with a resistive domain. Using Eq. (4) we obtain
T dT
U= 2 f= i =Je)— (5)
B s%
The qualitative behavior of U (/) 1s shown in Fig. 2 as a solid linc. The decreasing U ()
means that such a domain is unstable in the fixed-current mode. The stability can be
achieved at the given voltage or by connecting a shunt with a resistance r in parallel
with the sample. In the latter case, the current across the superconductor is deter-
mined by solving the equation r(J, — ') = U (I ) for which r < [dU /d{ | (point 1 in Fig.
2), where I, = 4 ,, is the current in the outer loop.
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The traveling resistance domains allow the use of this effect for the generation of
voltage and current oscillations at the frequency @ = 2mu/L, where L is the sample
length. Essentially, a “seeding” fluctuation 87~ T, — T, is needed to produce a do-
main. Figure 3 shows a typical experimental arrangement.

The sample is divided into two regions: region 1, wherej> Jj , and region 2, where
j<j, (this can be accomplished, for example, by having different heat transfer 4, and
h, in the regions 1 and 2, respectively). As seen in Fig. 1, a domain can exist only in
region 1; in the “colder” region 2 it dissipates. To form a domain in the active section 2
(see Fig. 3), we must locally reduce the critical current j.A < j.A (for example, by
reducing the cross section AcA ). We now select I, and j.(7,) in such a way that we
can satisfy the inequalities 7, >4 J,(T,) and I < A (To), where [ is a solution of the
equation r{I, — I') = U (J). Thus, in the absence of a domain in the sample the section @
is heated as a result of the first inequality, which produces the needed seeding to
produce the domain. After the domain has formed, the current I evidently is such that
the active section is “quenched” as a result of the second inequality. During the transit
time #, = L /v the domain reaches region 2 where it disappears; this increases the
current 1 to I,, and the entire process is repeated.

This type of self-oscillation mode can be achieved if the domain does not acquire

inhomogeneitics associated with the active section a and with the boundary between
the region 1 and region 2. According to Ref. 4, it can be shown that when 4 = const,
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—~J ¥ 1 I FIG. 3.

50 JETP Lett., Vol. 31, No. 1, 8 January 1980 AVI. Gurevich and R.G. Mints 50



J. < j., and A, is different from 4, (h, < h,), the domain cannot be localized, if

i.(T,)-1i, 72T )1 A K
i '2 _________’c( °) , T2 rcr-’—]— )

i(T,)=Tc(Ty ) (T, T )0 HhxP o AP ()

where / is the length of the active section and 7. is the critical temperature.

To preclude discontinuitics of the magnetic flux in the experiment™ and, there-
fore, to increase the transport current, it is usually easier to use a superconductor
coated with a layer (of the order of A /P) of normal metal. Thus, for the characteristic
parameters g =0,k =k, and v =x,v, + x,v_, x, and x,, are the relative concentra-
tions of the superconducting material (s) and of the normal metal () (x, + x, = 1),
and g¢=gq, = jTd(a,n)/dT, where a, is related to II, by the relation

I, = Tda,/dT. @

We shall now estimate the velocity of the resistive domains, and », and j,. Assum-
ing that v~10* erg/em’. K, j~ j. ~5x 10* A/cm? I, ~10~7 V/K, and T'~7, ~10
K, we obtain v~ 10 cm/sec. This estimate is in good agreement with the asymmetry of

the propagation rate of the normal phase observed in Ref. 3. At o, ~ 10 sec 7', «,,
~10* erg/cm-sec-K, 7~ 107 erg/sec.em® K, /S 4 /P~0.1 cm, r. ~ 10 ~° 2, the charac-

teristic length of the domain /;, = VAk/hP is ~1 cm, and 7. (Ty) — jo50.17.(Ty)

We also note that the resistive solitons, similar to those examined by us, can exist
in thin superconducting films, where j. is determined by the critical velocity.™
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