Size effect in hard superconductors at unilateral excitation
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It is shown that size effect plays an important role in the ac response of hard superconductors not
only at bilateral but at unilateral excitation as well. This effect manifests itself in the ac amplitude
dependences of the surface impedance and absorptivity. We find that the absorptivity of a
superconductor has always a prominent maximum independently of the dielectric properties of the
substrate. This statement is demonstrated by theoretical calculations performed within the critical
state model. ©1995 American Institute of Physics.

The size effect is well known in the electrodynamics of place at unilateral excitation just as at bilateral one. The ex-
metal$? and superconductofs® This effect has not only ternal ac signal and the wave reflected from the interface
academic interest but also plays an important role in applisuperconductor substrate play the roles of two necessary
cations. For example, it is used as a basis of the new corwaves to observe the size effect.
tactless method for testing critical parameters of  This fact is not only of fundamental interest, but holds
superconductord. significance for applications. Indeed, a lot of experiments are

The size effect at bilateral excitation manifests itself as gperformed namely at the unilateral excitation and all ac ex-
steplike change of the imaginary paxtof the rf surface periments with superconducting films concerning this prob-
impedanceZ=R—iX (of the real part of dynamic mag- lem.
netic susceptibilityand as a peak iR (in the imaginary part We shall demonstrate the size effect at unilateral excita-
of magnetic susceptibilityversus ac frequency, temperature, tion by the following simple example. Let a superconducting
external magnetic field and other parameters of the probleninfinite plane-parallel plate overlies a substrate with dielec-
Such peculiarities of the surface impedance were observe#fiC constante. Thex axis is normal to the plate boundaries.
for instance, in Refs. 9—11. It is noteworthy that some au-The free boundary of the superconductor isca0 and the
thors tried to explain experimental results in terms of thelnterface superconductor substrate xatd. The boundary
inverse relaxation time of the vortex systéfnintravalley —X=0 is irradiated by an external ac magnetic field, directed
oscillationd® and intervalley transitioté* of the vortex &long the plate surfad@long thez axis) and having the form

Iines,7 thermally assisted ﬂu>.< ﬂ.o.W.However, Geshkenbein H(t)=H cog wt). 1)
et al.” attributed these peculiarities namely to the size effect. R

Thus the size effect should be taken into account in the inThe magnetic inductioB(x,t) contains the component and
terpretations of all experiments at ac bilateral excitation. the electric fieldE(x,t) has they component only.

Usually, the size effect is explained in the following way. The electrodynamic properties of the superconductor
Let us consider the bilateral, symmetric in ac magnetic fieldwill be described within the critical state mod&which is
(antisymmetric in ac electric fieldexcitation of a supercon- valid in a wide range of ac amplitudes and frequencse=,
ducting plate. If the penetration depthof the ac field is for example, Ref. 1) In the assumed geometry the Maxwell
much less than the plate thicknedsthe impedanceZ is  equations are written as
small asd/d<1 and increases witld. In the opposite case
when &>d, the ac electric field is small because it has dif- _ ﬁz Aﬂ i E: — E ﬁ

: . Je SQNE, : )
ferent signs at the plate boundaries and does not vary prac-  9X  C X c Jt

tically within the whole sample volume. Therefore, the ValueHere,jc is the critical current density and=1 for monoc-

of R tu(;ns ﬁm to be srr%allhagﬁjmh and decre_asess & 'g’ rystals and films. For ceramic samplgsis the critical den-

creased. This means thaishould have a maximum a@t-d. g of intergranular current and factar represents the ef-

Thus in order for t.he size effgct.to take place, it is 'mport?ntfective magnetic permeability0<u<1) which allows for

to ha\(e two ac S|gnals_|rrad|at|ng both sampl_e bour?da”eﬁntragranular current€ The first equation in Eqs2) is valid

For this reason there exists an agreed-upon point of view thafy‘in those sample regions where the electric field is non-

the size effect can be observed only at bilateral, symmetric i'%ero. In other regions, whef&=0, the magnetic induction

the external ac magnetic field, excitation. B(x,t) turns out to be frozen. It keeps the same shape as at
The aim of this letter is to show that the size effect takesya |ast moment of prehistory whé&«0. The complete sys-

tem for determining field€(x,t) and B(x,t) is formed by

dElectronic mail: fperez@sirio.ifuap.buap.mx Egs.(2) together with boundary conditions
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E(d,t)=B(d,t)/ uwe?. )

B(Ot)=uH(1), Sor a)
The set of Egs.(2) and (3) is essentially nonlinear.
Therefore, the penetration depftof the ac field depends on § wor
the wave amplitudéd,, and we can study the manifestation X
of the size effect in the peculiarities of the surface impedance § or
and absorptivity as functions &f,. It should be noted thatin ..
the case of unilateral excitation the real pamf the surface 3 20t
impedance and the absorptivith characterize different %
physical quantities. The value &is connected to the wave g:, 10 e
energy passing through the surfaceO, whereas the value e T T T
of Ais related to the part of this energy dissipating within the 0 : . : :
. 0 2 4 6 8 10
superconducting plate<x<<d. ho
In this brief communication we present only the final
results of calculations. At small ac amplitudes the size effect °r b)
does not manifest itself becaugezd and the electromag-
netic signal does not achieve the interfaced. The corre- =
sponding inequality may be written as N
=) 3 L
Ho<Hp, Hy=4mj.dlc. @ s
Here,H, represents the ac amplitude at which the radiowave § 2r
reaches the substrat@=d). The formulas for the surface X T T~
impedance and absorptivity d,<<H, can be expressed <& 1 TTe e~ .
via the ratio hg=Hq/H,: = Tt
R(ho)/R(1)=X(ho)/X(1)=A(ho)/A(1)=hy, % 2 s 5 0
0
R(1)=4X(1)/37=mwA(1)/c=8uwd/3c?. ®)
1.5
At high amplitudes, ©)
Ho>H,, ho>1, (6) < /
N AN
the size effect occurés>d) and the functionsZ(h,) and § 1oy AN
A(hg) become sensitive to the dielectric properties of the = S
substrate, i.e., to the value ef Note thate can vary in a = Sl
broad range because even ferroelectrics are used asE 0s| Tee
substate$® The shape of the functionZ(ho), A(hy) at 3 el
ho>1 is governed by the parameter & B
a=pwedlc, (7) 0ol : : . :
0 2 4 h 6 8 10
0

which represents the absolute value of the ratio of the surface
impedances of the superconductor plat hy=1) and
substrate.

The asymptotics foZ(hg), A(hg) at a>1, hy>1 are

FIG.

1. Dependence®(hy)/R(1) (solid line) andA(hg)/A(1) (dashed ling

at (a) «=0.1, (b) «=1.0, (c) @=10.

R(ho) _A(hog) 3 2 X(h 2 2 (h2—1)12
R(1) A1) hy hZ’ ® %=1+;arcco$hal)—;%é)—; (11)
X(hg) 2—hg %1 2)+4 L 2)2
=2- arccosl——|+—|1——
X(l) hO ™ hO A(hO)_ 6 2 aN12_ -1 1
AL _Eg[(ho 1) arccosgh, )]+H§ (12

16
X (hg—1)%2— W(ho—l)w- ©)
0

Note that these asymptotics can be realized, for example, if the

The size effect leads to a high maximum with a magnitude of

order ofa~ 1 in A(hy) dependence, an abrupt increase of

metal serves as the substrate. In this situation, the size effeR(h,) and a break o¥X(h,) at hy~1. Numerically calcu-

results in maxima oR(hg) andA(hg) athy=4/3.
In the opposite case whena<1, hy>1 the following
formulae are valid,

R(hy) 3 - 3(h§—1)1’2+1_ 10
W—;arccwo) Tag TR (10)
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lated plots forR(hg), X(hg), and A(hy) are presented in
Figs. 1 and 2. It is seen that the maximumAith,) depen-
dence exists at any value of the parameteNote, that the
argumenth, is defined not only by the ac amplitudie, but
also byj.. So, the revealed peculiarities should be observed
in temperature dependencesdandA as well.
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