


INTRCDUCTION

In recent years, there emerged theoretlcal and experimental
papers devoted to the study of simulated supsroonductlng layered
structures Nb-Cu, Nb-Ta, V-8I, Nb_NbOx—Nb/1’2 .

Within thess struotures cne can separate three trends of inves-
tigatlons: guasl-two-dimensional superconductivity, pinning and
the changs of characterlstlcs due to the interaction wlth other
layars.

Simulated layered struoctures are an ldeal model system for
studying such fundamental problems of physios és the existencs of a
nonphoncn mechanism of the Copper pailring and the hlgh-temperature
superconductivity. )

Recently, 1t has been discgovered that multilayer structures
from oxide-metal layers of nilobilum Kb-NbOx-Nb with a predetermlned
oonditions of oxldetion provide a discrete increass in the temperatu-
re of trarsformation 1nto a sﬁpercqnducting state depending on the
number of layers in the structure

The nloblum layers were evaporated by }he magnetometer in the
atmosphere of spectroscopioally pure argon 2/ . The interaoction
between the layers was controlled by the oxidation conditions. The
interactlon 1s specified by the product of reslstivity of the oxide
layer 9,; times its thickness a’f.' + It was determined from measu—
rements of tunnel contasts Nb-NbOx-Nb prepared 7nder predetermined
oxldation oonditions /2’3/. The HAuger analysis 2/ enaured the
contrel of oxidation conditions of niocdium and indicated the psric—
dlc structure, whioh ls especiglly important for chenglng the oriti-
0l temperature of a superconduoting transition on an N layer of the
structure from a number of identioal layers jt; ”ﬁ-gﬁtﬁ).

STATEMENT OF THE PROBLEM

The multilayer struocture NbrNbOmeh may thought to be guasi-
two-dimenslonal as the current Cd.l.%o)- flows accross the layers;

in this case, in an 1solated layer of ithe structure from each thin

nloblum layer of 100400 1 with the thickness of the oxide layer

1020 A there exists superconductivity (Tc~v4,9 K), Under given
sonditlons of oxldation the product(Eﬁdf) ohanged from
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2.107% oM.cM2  wp to 2.107° OM-CH?

- These values are typical
of the Josephson functions.

Ag 1s known, in a pure two-dimensional system the phase fluctua-
tions destroy a long-range order in a superconductor. Nevertheless
electron transitlons between the layers completely suppress thosze
fluctuatiéns, the order parameter 1n three layers being }Egependent
of electron transition probabilitles between the layers + Indeed,
as has been shown by Dzyaloshinsky and Kats even a very small
overlapping of the electron wave functions of adjacent layers ledds
to complete suppression of the phase fluctuatlons destroying a
furthermost order of the two-dimensional system.

THE RESULTS AND THEIR DISCUSSION

Let us consider a multi-layer structure ("N-sandwich") as a
semimaoroscople quantum system in which N tunnelings procecd. The
total wave functlion satisfies the equation
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where ﬁ/ is the Hamiltonian operator of the considered system.
Following Feynman /6 the -systems of Copper pairs {(without teking
acoount of recomblnatlon and decay of palrs into electrons with
transition into the continuous spectrum) will be treated as a two—
level quantum system. Under the assumption of disoreteness of states

of the system { of =1,2,..., A ) the wave function/%} is
represented as

[Vee)>= D e Y>. @

Under the condition of normalisation with the density of the Copper

palirs we have 3,{ = /C:/z + Then, the Schroedinger equation (1)

results in the followilng system of equations for

S RIS G
2 (3)

Hig= CHIRIY > = SYF v



Allowance for the interaction only between the nearest layers
leads to the following structure of three-dlapgonal partitioned
natrices of the recurrent typei

(a)

Representing the probabllity amplitudes as Ch = ugk-exp(c 9")
taking into aceount egs. (3) and (4) we get the system of equations

for parameter phase Jumps of an order of individual tunnellings
in the plane (x,y) model
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where )\3- < -R /Eﬁ,d‘h(‘.r) is the Josephson parameter,
‘P,,‘,.,“:Q..H-ea is the phase jump from a layer M to g layer

{n*1). To derive {5) the "block" form (4) of the matrix /‘&(h}

and the Maxwell local equations a describing suparconductive strip
resonator for individual layers 4/ were uged ' -*! Since we
are ihterested in the change of the phase jump in the transverse
directlon of transition along the Y axis (the +transition is the
plane ( X~ ) (£1g.1)), in additlon to the Maxwell equation we have
the basie equation for the Josephson current in the form /7

3} (‘a’-t)-a )\-.;' -Sin "Ph-ﬂ‘h . The projection of the Maxwell
equatlion for the rotor E’ onto the X axls glves

[VxBL= fo-Ju + pCe 1?”'”” , (6)

where
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do =(f1o' CJS 0/#;) is the velocity of wave propagation in the
Josephson distributing Junction,

¢ 1s the capacitance per unit of
the junctlion area and

# 18 the thickness of the oxide film,
Transition from (6} to (5) 1is obvious. The full change of the phase
Jump in passing from the first layer to an N layer is defined by

(V“_d Bt)‘P,N-—J"X
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where I}_: i1s the effective Josephson current for the N layered
8D8 ..., SDS structure. ¥ote that using (7) one can easily derive
the expression found in ref. for supercurrent in the system of

N layers - N ) - (1)
S0Py = Ayt sinlfien i te0)-di,

which has been presented in ref./8 »9/

(7

from phenomenolegical considera—
tlons. The free energy of the system consisting of N layers is
represented as d/2
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Aa will be shown telow, the last term is to bs taker into account.

Varying (8) with respect to “Ph‘ héa we get
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where Vn = C-B + , By), S is the unit vector orthogonel to the

gurface 5 nhRtt /10
Using the coordinate representatlon as a "'olane moving wave /

X K )\ (i g‘) (Co,»(ﬁ), ~ [t)(;c)where o(/_-";

are the d:r_rectlon cosines to the coordinate axes. Now we choose

axes (:Eig 1)
e (e T 4 x-Xs) ply-1s]

at V=0 , X=X, =and y,,:o ; thus, the phase jump for the order
parameter may be thought to be a function LP";*"*! = Fomes (2)r.
where 2= -?\}’.p-é . Taking into account & F= O in (2) and the

dependence of the functionm LP...,....,_Jl = Pn, ned () » We get the
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Fig.1l. BScheme of the N layer structure (8_D_8),
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system of difference equations for the N layered structure with the

corresponding boumdary cenditions on the surface of sgeparation of
layers

D () 2= Sin[ Pun,()]

I0
D2 'LPh,h-f-ﬂ_ o'-:-' d'lPh’nf.i. (1)
tj=‘3'\.h¢-1
Allowing for the fact that in (I0) the Jump of the order parameter
Phase changes slightly at the layer boundary at y,ff,,H = n.ﬂ,
where 5(:5{4.0/" 1s the thickness of the film consisting of the
layer of a superconductor of thickness 6{ and oxide layers of
thickness ofy ; (ﬂ,_,,ﬂ,»\, O(lﬂ"h‘!) » we have SiM 'ﬂ.’,,,,, 3 R
Then, the system of the Sin-Gordon equations (5) transforms into the

system of linearised equations with the boundary conditions dsfined
by the constant C’

BQZ : \Ph

th+y =~ \'Ph,hq.ﬁ_

(11)
22 Pomg) = dPCy3, ).
4252,
The solutien (11) has the fom
(12)

k.Ph,h+i = Cogs (/53/)\3)

Taking account of (12)

we can write the boundary conditions in
(11) as

. .:.n+1 (13)
5ty (B g

The transoendental equation (13) 1s solved with respect to )\3 by
the ilteration mathod. 4s g result, we pet the characteristics of
Tc(n). Without 1oss of generality we consider (13) in the oase of

"i -] en,
)"S F ‘é"r'\'l-l((i * ™
h (d+on) A*a : (14)
T
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at p:i the current 1s perpendicular to the layer surface.



Using the expressign for the temperature dependence }\T(T)
from the BCS {heory M e get >\3. CT)

L] R :
}\3(TJ~ (e/u.,vd) T A(T)th (A (T/2KT)

where Rpm i1s the tunnelling resistance per unit of the t{insition

area provided that both the metals are in the normal state and

A (T) 1s the energy gap width at the temperature f (o< Te Tg«) .
Considering (143,(15) near T, we get

D) o )0 A T )

(18)
1700 - %—7 , A% 2/315%K) .

From (16) we get the temperature dependence Tc(n) on the number of
layers M7 and thickness of the oxidemetal layer

(h) e fmavy) 2 c. 2 ~1

where N 1s the maximal number of layers at which in fact

7—;”“#3 ]‘; h) fA/=8-.‘—/O).Now we rewrite (17) introducing the film
thickness het W =divd

-4
Ch) = Cmatx) 2 Pl +
’ M

In eq. {18) don:i 15 a constant depending on the type of the
oxldemetal structure with dimensg.on ([_,"’T) « Thus, for the system
Nb - NbO_ - Nbo, const ~ )\ 0) ‘TQM" see ref. /22 | Tne solu~

ticen (183c can be compared with that of the total transcendental
equation (13)

-4 1/2 %
tg [ L) N 1oL Jetor e
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Fig.2. Dependence 0§ TC(N) en N given by (18),(20),
Experiment 1 is denoted by the points - 0~I1].

The diaprams of solutions (18) and (19) are given in fig.?. Thus, 1in
our case the quasi-two-dimensional superconduotivity is the current
between the layers ngt violating superconductivity inside the layers,
The current density J’h,h+1 between the layers n and h+q can
be caleulated by perturbatlon theory under the assumption that the
order parameters of the layers A, and A“*i are constant inside
the layer N . As in the_case of usunl Josaphson Junctions, the

current is determined as jh'h+1 = Je (A) - SCh (P eq -Pn)s
where ‘Ph 1s the phase of the order parameter in the layer |,

Recently, in the case of metal superlattices within the model
of inhomogeneous electron—electron interaction Shapiro and Efimova
have found the dependsnces of the transition temperature into a
superconducting state for the guasi-two-dimensional structure depen—
ding on the number of layers (N) and their width C’ 12/ .

The free parameter of the theory [ (see the boundary condition
at the boundary of separation of layers) allows one to take into
account the specific properties of the N layered structure, especial-
1y, a type of a good superconducting material and layer.

In conclusion, we should like to note that the caleulation of
Tc(n) in the N layered 8D8 structure 1s not associated with any

mechanism providing palring, for instance, with an electron interactien.
Apparently, this fact will be useful when investigating the phy-

gisal propertles of N-layer structures in higheTc supereonducters.,
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