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ABSTRACT
Low dimensionality and the unusual parameter values in the high
Tc materials lead to a key contribution of the plasmon mechanism of
superconductivity. In addition, these systems provide a unique opportunity to observe a multigap structure. The problem of the lattice
instability is discussed. A manifestation of non-phonon mechanisms
(NPM) in Nb3Ge and the contribution of the intramolecular vibrations
are analyzed. Proximity systems containing high Tc superconductors
are promising from the point of view of possible applications.
I.

INTRODUCTION

Recently discovered high Tc materials l ,2 are characterized by
Ifexotic" properties. This paper is concerned with the description of
properties and with the analysis of the mechanisms of high Tc superconductivity. In addition we are going to analyze the appearance of
the non-phonon mechanism in some conventional systems. The structure
of the paper is as follows. Section II contains analysis of the
properties of high Tc materials. The problems of the lattice
instability, the appearanc·e of a multigap structure and the influence
of the proximity effect will be discussed. We are going to discuss in
detail the plasmon mechanism and its coexistence with strong electronphonon interaction. Section III contains an analysis of some conventional systems.
II.

HIGH Tc MATERIALS

A recent exciting development, the discovery of new high Ic
superconducting oxides l ,2 brought up the problem of mechanisms of
superconductivity in these materials. An analysis of their structure
and parameters leads to the conclusion that their superconducting
state is greatly affected by NPM, namely, by exchange of 2D (twodimension) plasmons.

2
1. Low Dimensionality and "Exotic" Properties of High Tc Superconductors

Main parameters.

Lattice instability.

The new high T materials
c

(x~2) is two
2-x
x
4
dimensional (the interlayer distance d~6.5A), while Y Ba Cu 0 contains
I 2 3 7
one dime"nsional chains. S. Wolf and the present author 3 have carried out

are low dimensional systems.

For example, La
o

' Sr Cu0

our evaluation of the parameters of high Tc materials based on specific
heat data. 4 We think that these data are the most reliable source; they
can be used with high accuracy for analysis even polycrystalline
samples.

\/

Low dimensional~ty is taken into account in a consistent way and
plays a key role 1n the analysis. 3 According to,3 La2_xSrxCu04
is characterized by a large value of the effective mass:

me·

m*~S

EF~

A most striking feature is the small value of the Fermi energy:
0.12 eVe
The situation with such a small value of e.

along with large,
F
comparable value of the energy gap A is unique. In connection with it
I would like to stress that the superaonducting transition affects the
state o~ the lattice and this influence is determined by the parameter
-(A/E ) (see refs. 5 and 6). This parameter is usually small.
F
However, the situation is entirely different in high T superconc

ducting oxides.

A large value of (A/E ) leads to a drastic change
F
of the phonon spectrum. The following increase in Tc (and A) leads
to the lattice instability.

We think that the upper limit of T

c

1S

determined by this factor.
Coherence length. Multigap structure.

According to the analysis 3
o

the coherence length Eo appears to be very small (-20A).

Such small

value of Eo leads to the unique opportunity to observe a multigap
stucture. 7 The appearance of a such structure is connected with the
presence of the overlapping energy bands.
The two-gap model has been introduced by Suhl, Matthias and Walker.~
Afterwards it has been studied by Geilikman, Zaitsev, and the present
author 6 ,9 and by the present author in ref. 10. The difficulty of
observing multigap effects, as well as effects caused by gap anisotropy
are due to the Anderson theorem. ll Namely, the inequality ~ « ~o (~o
is the coherence length, ~ is the mean free path) results in the gap
averaging into a single one. Interband transitions are the main
mechanism of this averaging.
The new high Tc materials provide a unique opportunity to observe,
under certain conditions, effects due to the presence of several gaps.
For relatively clean samples, the criterion ~o « ~ can he met.
Note that the Anderson criterion allows one to determine whether
one is dealing with a multigap case. Indeed, additional doping of
these materials will result in a decrease of
and, ·subsequently, in
becoming less than ~, when a transition to the one-gap picture will

3

take place. Such a transition can be observed experimentally, because
the tunneling spectrum and the temperature dependences, e.g., of the
kinetic coefficients are different in the one gap and multigap cases.
High Tc superconductivity and the proximity effect. The
proximity effect allows one to 1nduce the superconduct1ng state 1n
materials which are not superconductors by themselves. If, for
example, this material is a semiconductor, then, as a"result, one can
take advantage of both superconductivity and semiconducting properties.
An important example of such an application of the proximity effect is
the tunneling system Nb-InAs-Nb, studied experimentally.12 An
externally applied electric field changes noticeably the amplitude of
the. flowing Josephson current, which is promising from the point of
view of making a three-terminal device. A theoretical analysis 13a shows
that the sharpness of the field effect depends strongly on the
temperature and increases with increasing T. That is why the use of
high Tcsuperconductors, namely, the systems Sh-InAs-Sh' or
Sh-S-InAs-S-Sh' where Sh is

~

high Tc superconductor, and S 1S

a conventional material (e.g., Nb or NbN) is promising for the field
effect.
Another interesting proximity system 1S Sa-Sa consisting of two
superconductors (assume that T a>T a).
c

c

Such as system is charac-

terized by a single Tc with Tc a>Tc>T c a (a general expression has
been obtained by the present author in ref. l3b. As a result of the
proximity effect, one effectively increases the Tc of the Sa
superconductor.
Consider the case with Sa is an A-IS compound with high values of
such critical parameters as the critical current and the critical
field. If Sa is a high Tc superconductor, one can use the proximity
effect in order to increase Tc of the A-IS film and to take advantage
of its high values of the critical parameters.
2.

Mechanisms of High Tc Superconductivity.

Plasmon Mechanism.

The low dimensionality. along with the presence of several overlapping energy bands and a. small value of €F makes the appearance of
the plasmon mechanism of superconductivity very favorable. This
mechanism has been proposed by the present author (see refs. 14 and
15) and then developed by H. Morawitz and the author. 16 Later the
plasmon mechanism in high Tc oxides has been studied in. 17 The
new materials are characterized by a relatively small carrier
concentration n,18 and it is important that the intensity of the
electron-plasmon interaction increases with decreasing n.
As is known in the three dimension (3D) case the plasmon branch
has a gap wo at momentum q=o, and the plasma frequency is very high.
In the 2D case the situation is entirely different. Namely, the
plasmon dispersion relation does not contain an energy gap and 1n the
region of small q has the form (see, e.g., ref. 19) w - ql/2.
matter of fact, there are several plasmon branches.

As a

The existence

of the w - ql/2 branch is connected with the low drmensionality of
the system and is present even for a single 2D group of carriers. The
presence of several overlapping energy bands lead to the appearance of

4
an additional acoustic pl~6mon branch. In the 3D case this acoustic
branch was introduced in;
its contribution to the superconducting
_ 21-24
state was studied In.
The presence of the plasmon branches results in electron-electron
attraction which appears to be large for systems with small carrier
concentration.
The effect at the plasmon branch W - ql/2 on the superconducting
properties of an inversion layer was studied in. 2 5 Our approach is
based on the method of the thermodynamic Green's function. The
plasmon mechanism is affected by a number of factors. The high Tc
oxides do not contain just one 20 sheet. They have a layered structure and, strictly speaking, one should take into consideration the
interlayer interaction. One can show (see below) that the main
contribution comes from the short wavelength region and the interlayer
interaction does not play an important role. Moreover, it is necessary
to take into account the presence of several energy bands.

\ .;'

-+

The order parameter 6(W n ,K) describing the pairing in a 20 layer
is described by the following equation, which is a generalized
Eliashberg's equation:
.

6(w ,;)

T 2

=

n

(211') Z

~fd;
L-J
n

r(wn-w ,,; --;.) F+(
n

W

,;)

0)

n

'

-+

Here

W

n

=(2n+l)

function, and

r

1l'T,K
lS

lS

the 20 momentum, F+ is the anomalous Green's

the total vertex.

sum of the plasmon and phonon terms:
-+

Consider the vertex r pt (W,K).
tive excitations, i.e., plasmons.

The vertex
r = r

pt

+ r

r can be written as a
ph

•

Its poles correspond to collec-

Let us study the properties of a single 2D sheet. Consider the
general case of overlapping energy bands. The structure of the vertex
in the 3D case was studied by Geilikman 22a and by Geilikman and the
author. 26 The case of 2D bands has been studied by Tavger and
author. 27 According to 22a ,27, the vertex rll = r ll -, ll is
equal to:

where

v

Here VII' V , V
are Coulomb matrix elements and IT , IT2 are polarI
12
l2
ization operators. The case of a single 20 energy band is described
by Eqs. (2) and (3) with IT22 = O.
in the random phase approximation.
given by

Equations (2) and (3) are written
The quantities ITI and IT2 are

5

cos<P

a. -cos <p
1.

1.

+ i <5 cos <p

=

{l,2}

Here a i = (w/VFiq), VFi is the Fermi velocity for i-th band;
-+the polar axis is chosen along the 2D vector q. Consider the region
~»

1.n the (w,q) plane which corresponds to

1, a »

Then

1.

Z

IT. = - (€'F/~)q2/w2. The equation S=o determines the plasmon branch
1.
1.
wpR.; b which has the dispersion relation w - q 1/2 in the region of
()

small q.

Contrary to the usual (see below)acoustic plasmon

br~nch,

branch wpR.;b exists even in the case of a single energy band.

The

dispersion relation w - ql/2 and the absence of an energy gap at q
a consequence of the low dimensionality.
.case a i > 1 will be given separately.

the

0

1S

The analysis of a more general

If a l «

1, a

2

«

1, we obtain
( 5)

As a result, we obtain the acoustic plasmon branch w
q.
PR. ,a
For 3D system this branch, which is due to the presence of the overlapping bands was obtained in,19 see also. 20 - 24 The vertex
-+r(Wn,K) obtained by substituting w -+--iwn , can be written in the
form:
-+-+f(w n ,K) = r0 + De f f (w n ,K )
where ro = VI

src

describes the Coulomb repulsion and
wpt,a(q)

0)

has the form of the usual phonon Green's function with the dispersion
relation WqR.,a(q) and describes the electron-electron attraction via
plasmon exchange.
.
Consider the effect of the interlayer interaction. One has to
-+introduce quantity ri( K,z;W); this fu.,pction is the Fourie component
of the vertex r( t,w) with respec t to p (the axis z is chosen to be
perpendicular to the layed. -+- Let layer "a" be located at z=O and let
us evaluate the quantity fi(K,O;w). The equation for this quantity
contains the same terms as Eq. (2), but, in addition, we should take
into account its Coulomb interaction with other sheets. For example,
the presence of sheet b at z=d leads to the appearance of the terms
ab
ab
V
(ql,d)IT b(ql;d;w) r ba , etc. These additional terms contain (V
)2
l
l
.1.n t h
I
d
(V
a
b
.
.
,
e owest or er
I
descr1.bes the Coulomb 1.riteract1.on between
carriers, in layers "a" and "b").

It is easy to see that the addi-

tional contribution of fl due to the presence of a layer at z=d
proportional to e- 2q l d • Hence, in the region of sm~ll ql it is

loS

6

necessary to take into account the interlayer interaction and we are
dealing with a 3D problem.
But this interaction can be neglected in
th short wasvelength rdegio~ (~qld » 1) • . For the high temperatur~20
OK17d e Lal.8_~0.2cu04'
= o.5A. The Ferm1 momentum PF = 3.7 K 10
(see ref. 3), and therefore, if ql~0.5 PF' we can

gm K cm sec

consider the 20 sheet only.
The above analysis was carried out 1n the RPA (see e.g., refs. 28
and 29). One can show 16 that the main conclusions concerning the
different plasmon branches the effective electron-electron attraction
via plasmon exchange are valid for high Tc systems and play an
important role in the understanding of the basic mechanisms of high
Tc superconductivity.

\

.;

I

Strong electron-phonon coupling. Consider the phonon part of the
total vertex r (see Eq. (1». Speaking of the electron-phonon interaction (EPI), one should stress that the BCS theory, based on an
analysis of EPI, does not restrict the values of Tc to the low
temperatu~ region.
The_Eliashberg equation (see below, Eq. (8» 1S
v~l id if n «e:F, where n is the characteristjc phonon frequency
( U - QO) and has a solution with a high Tc ~ n (strong EPT).
We
are going to describe the mechanism of the appearance of strong
electron-phonon coupling A and the problem of describing a state with
arbitrary A.
The low dimensionality implies the necessity to analyze the
properties of a 2D gas of carriers. Such a system is characterized by
a Fermi curve. e:( it) = e:F instead of a Fermi surface (it is the twodimensional momentum). If the 20 syjtem of carriers contains a
subgroup with a high DOS near the Fermi level (its presence in the
superconducting high Tc oxides is due to the ~iKed valence state of
- Cu), then the Fermi curve has sections which are almost linear nesting
states. Such a situation has been studied by the author.30 I n 30
the properties of a size-quantizing 8i film were studied. Although Bi
films and the layered superconducting oxides are entirely different
systems, there is a strong analogy in some aspects of their behavior
(anisotropy of the Fermi curve, small carrier concentration, etc.).
The method developed JO can be applied to study the low dimensional
superconductors.
One can show by analogy withJO that the presence of linear
sections (nesting state) of the Fermi curve leads to lattice
instability. This instability comes from the interaction of phonons
with electronic states attached to these linear sections and manifests
itself in the appearance of an imaginary pole in the phonon Green's
function. The tran~ition (at some T = Tp) to the charge density
wave state becomes favorable. A decrease is temperature in the region
T > Tp is accompanied by a decrease in the phonon frequency (phonon
softening). If Tc > Tp (such situation is perfectly realistic for
the high Tc materials), then a low phonon mode with finite momentum
appears, and the smallness of the phonon frequency makes EPI strong
0, -2).

n

The Tc for an arbitrary value of the electron-phonon coupLing
can be determined31 from the usual Eliashberg equation which can be
written in the form (at T = Tc):

=~
n'

[K

n-n'

-2lJ*) ~(n')

( 8)

v

7

(9)

and Z is the renormalization function
Z = 1 + (2n+O-

1

E

K_ ,
n n

(2n'+l)/12n'+111~c

(10)

, n'

'<1

g (Q) =

(l

2 (Q) F (Q ) •

Equations (8) and (10) can be solved by the matrix method developed
by Owen and Scalapino. 32 The solution for any A is obtained by the
author;31 with high accuracy, it can be written in the form (if ~*=O)
2

T

c

- 0.25

0 [eX

-11- 1 •

(10

f

d Q g (Q) Q

nexp

(-1/ A)

n = <n 2 >1/2, <Q 2> = (2/A)
If A

~

1, we obtain Tc 0.25

I

A=

fQ dr g

(Q)Q-l

I

see

re f. 33; one can show tha t (see re f. '31) tha t the express ion

Tc

= 1.14 n exp

{(1+0.5P)P -I} = 0.25

n exp

(-l/A) does not differ

noticeable from the well-known expression obtained in ref. 34; here
P = A(l+A)-l. In the opposite limit we obtain from Eq. (11) T =
c
0.18A l / 2 0, Ln accord with refs. 34-36.
If

~*

1 0, we obtain

where Aeff = (A-~*)(1+2~*+A~*t(A»-1, the function t(A) LS defined. 31
Strong EPI has been found in organic superconductor (see ref.
A major manifestation of the strong coupling is the difference
(La BCS ' where 8 = Eo/Tc' and EO is the energy gap at T=O. In the
37).

weak coupling approximation, ,8 :: 8 BCS = 1. 76. The organic superconductor 8 - (ET)2 AuI is characterized by the value 8 :::: 48 BCS'
2
obtained from tunneling spectroscopy.37 Tunneling data show large
value

8»

~CS

for the new high Tc superconductors.

Recent experimental data (D. Morris and A. Zettl, private
communication) show the presence of the isotope effect in l..a-Sr-Cu-O.
This means that the electron-phonon interaction contributes to
superconductivity. However, the coupling constant Aph is not large
C
enough to provide high T.

Indeed, according to _neutron data,

120K, and hence in superconducting oxides

n ::

1TTC - Q .' In this case

the electron-phonon interaction could provide high Tc if Ap h were
large enough (according to Eq .• (12) this would require Aph : : 5).

I

8

But if this were so, the ratio 2E IT
o

c

would have to be large. 7

present, a lot of data indicate that 2E IT
to intermediate coupling (Aph

= 2).

o

c

=5

At

which corresponds

Hence, the electron-phonon interaction plays an important role, but
in order to provide high Tc, it is necessary to have an additional
mechanism. We think that 2D plasmons (this type of excitations exists
Ln the materials of interest) provide this additional attraction.
We came to the conclusion that our concept of a coexistence of
phonon and non-phonon mechanisms proposed in 14 - 15 is receiving
experimental support. In the next section we are going to discuss the
problem of the coexistence of the phonon and non-phonon mechanisms.
Coexistence of the Plasmon and Electron-Phonon Mechanisms. The
PosslbLlLty of ExperLmental observatLon of the Phasmon Mechanism.
Based on the generalized Eliashberg equation (1) one can evaluate
T and the order parameter. It is important that the part of r
c
Pi
which provides the electron-electron attraction via exchange of 2D
plasmons can be written in the form of the usual O-function. As a
result, Eq. (1) can be written as a usual Eliashberg equation:
6(w ,)
n

Here O(wn,n)

= n 2 /n 2-+Oln2

is a O-function, and g(n)

= gph(n)

+ gpt(n)

where g.L(n) = a.1. (Q) F.1. (n), i = {ph; pn... L
F.1 is the phonon (plasmon)
density of states, a. describe the electron-phonon and the electron1

. plasmon interactions, JspectivelY.

dj(Q)/Q which can be written as a sum

coupling constant )"=2
A= A
+ A
, A.
e,ph
e;pi
1

In addition, one can introduce the

=2

d Q g. (Q) IQ •
1

The critical temperature in the presence of both the electronphonon and the plasmon mechanisms can be evaluated from Eq. (13) (see
ref. 15). We assume weak electron-plasmon coupling (a more general
case will be described elsewhere). Then we obtain
T = T ph(n IT ph)h
c
c
Pi c
.
Here Tc ph 1S

. . 1 temperature ln the a b sence
the crlt1.Ca

0

f th e

=

plasmon mechanism, Q
0.5 E F , h = Apn(Aph+A ). Note that the
pi
ph
...
pt..
large value of the ratio Q IT
makes the contr1.butl0n of
Pi c
For example, if A =1.5,
20 plasmons crucial even for small ),.
ph
ph
Pi
ph
we
obtain
Tc
=
2Tc
•
Qpi/Tc =15,
The very important question arises of how to detect the presence
of the non-phonon plasmon mechanism. Such a separation can be carried
out experimentally pecause the plasmons are excitations of carrier
system whereas the phonons involve ionic motion. It would be important
to carry out a tunneling and neutron scattering experiment. Tunneling
spectroscopy based on inversion of the Eliashberg equation will display
all modes, including plasmons. As for neutron scat~ering, it will show

v

\/
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the function Fph(n) only, because neutron scattering is not affected
by the carriers subsystem.

Usually Fph(n) and gph(n) have a similar

structure (position and number of peaks, the value of n

). If the
max
plasmons play an important role (this is the case for the "high T
c
superconductors), then comparison of the neutron and tunneling data
would allow one to detect the presence of the additional (plasmon)
mode. It would be particularly important to compare the frequency
ranges.
It is essential to stress two points. First of all, the smallness
of the Fermi energy (e.g., for Lal.8SrO.2Cu04 the value e = 0.12 eV,
F
see ref. 3), leads to the plasmon edge within the region suitable for
tunneling spectroscopy.
In addition, the electron-plasmon coupling constant A depends
Pt
-1/2 , see, e.g.,
on the carrier concentration ( A _ V-I
n
F
Pt
ref. 15 and increases with decreasing n. This 1S important because

-

the new high Tc materials are characterized by small values of n.
This fact makes the plasmon contribution crucial for explaining high
Tc in these materials.
III.

v

v

NON-PHONON MECHANISMS OF SUPERCONDUCTIVITY IN CONVENTIONAL
SUPERCONDUCTING SYSTEMS

Despite the considerable theoretical progress and support for the
existence of a non-phonon mechanism (NPM) of superconductivity, (see
e.g., refs. 38-40, 21-27) the situation with NPM remains peculiar.
Strictly speaking, it is impossible to point out a single super_conductor and state that the superconductivity in this material is
caused by NPM. We do not have any definite experimental evidence of a
non-phonon mechanism. Unusual properties of high Tc superconductors
make the appearance of the non-phonon mechanism very favarable(see
above). NPM does not necessarily lead to high Tc. On the other
hand, it is known that the BCS theory based on an analysis of the
electron-phonon interaction (EPI) is not restricted to small Tc
values. It is difficult to imagine a situation in which EPI would not
play any role. Rather, it is more realistic that the phonon and
non-phonon mechanisms coexist, although their relative contributions
may be different. One can synthesize materials with the desired
structure favorable for appearance of NPM. But there are also many
existing superconductors which might benefit greatly from NPM.
Substances containing non-uniform structures with spatial separation
between differen~ groups of electrons, or those with complex band
structures, can be expected to have a si~nificant contribution from
NPM. We should be able to prove experimentally the presence of a
non-phonon mechanism. In other words, it should be possible to
separate the coritributions of NPM and EPI.
It has been noted (see above, Sec. II) that the analysis of the
tunneling and neutron data will allow one to determine the presence of
the plasmon mechanism in the high Tc oxides. In this section we
consider the usual low Tc superconducting system.
Non-phonon contribution from a high frequency peak. Consider the
case when the non-phonon mode 1S located higher then the tunneling

10
region. In the paper 4l the present author proposed a method
allowing one to carry out a separation of this mode. The method 1S
based on tunneling spectroscopy and on measurements of electronic heat
capacity, or on the temperature dependence of the effective mass.
The powerful technique of tunneling spectroscopy allows one to
determine the function g(Q) = a 2 W) FW) (FW) is the phonon density
of states,a2 (Q) describes EPI). This function can be obtained by an
inversion procedure (see, e.g., refs. 42-43) based on the Eliashberg
equation
/l(W) =

lJ

'"j

Z-l(w)jdw' {jdQg(Q) [D(w'+w) + D(w'+w) -

*]

Re {/l (w') [w' 2 - /l 2 (w ' ) ] -1/2 }

(15)

where /lew) is the order parameter, D is the phonon Green's function,
is the Coulomb pseudopotential, and Z is the renormalization
function. It is important that the Eliashberg equation (15) is
written under the assumption that the superconducting state is cause
by EPI only; this interaction corresponds to the energy range suitable
for tunneling spectroscopy.

lJ*

The same function g(Q) affects the behavior of the electronic heat
capacity Ce(T). EPI leads to a deviation of Ce(T) from the linear
law. The analysis of the tunneling data and the behavior Ce(T) allows
one to determine the presence of the NPM (see ref. 41).
Recently a detailed analysis of the properties of Nb Ge aimed at
3
the search for NPM has been carried out by Kihlstrom, Hovda, Wolf, and
the present author. 44 The obtained results manifest a major contribution of NPM to the superconducting state Nb3Ge.
Nb 3Ge has the highest Tc among A-IS compounds (Tc Nb 3 Ge = 22.3K).
Band structure caicuiations 4S show that Nb Ge 1S an unusual material
3
among A-IS superconductors, and the usual EPI 1S not sufficient to
provide its high T.
c

The density of states at the Fermi level is rela-

tively small (see e.g., ref. 46). On the other hand, the band structure
of Nb Ge is favorahle for an NPM. 24 ,4S The presence of overlapping
3
bands might result in pairing in one band via virtual transitions to
another band. 22a In addition, the acoustic plasmon branch (see ahove)
can also provide electron-electron attraction.
The selection of Nb Ge was motivated by these reasons. An analysis
3
hased on the method 4l (see ref. 44) has resulted in a picture entirely
different from those obtained for Pb and V3Si. According to 44 one
can state that the non-phonon mechanism plays the key role in Nb 3Ge.
Pairing via molecular excitations. In the previous section, we
studied the case when the energy of virtual· transitions /l£ Vlr
. t • exceeds
greatly the tunneling region. Let us discuss now
different case when

a

v

11
lies within this region. For concreteness consider the system
47
studied by the author.
If the superconductor contains complex
6E.

v~rt.

molecules (e.g., if the molecules are placed on the surface of a thin
film), then additional electron-electron attraction arises via
vibrational excitation of the molecules. This might result in an
increase in Tc (see ref. 47). This change of Tc can be treated on
the basis of the interesting theory of local modes developed in. 48
From this point of view, aromatic molecules are best because their
vibrational spacing is relatively small (- l02 K) and the contribution
to coupling is notable. This mechanism of superconductivity based on
intramolecular virtual excitations can be detected by the tunneling
technique and will manifest itself as an additional peak. The position
of the peak can be obtained from the second derivative of the tunneling
characteristic.
It is important that the molecular frequencies are known independently from molecular spectroscopy. If the position of the peak
coincides with the molecular frequency, this will manifest a new
mechanism of superconductivity, namely the effect of intramolecular
degrees of freedom on pairing.
SUMMARY
In this paper we consider several superconducting systems which
are greatly affected by non-phonon mechanisms. The main results can
be summarized as follows:
- 1.

The low dimensionality arid the small value of the carr~er
concentration in new high Tc oxides lead to unusual values of
the main parameters such as E F • m*, ~o. As a result, one can
observe a multigap structure.

2.

The state of the lattice~is greatly affected by the superconducting
transition.

3.

Exchange of 2D plasmons plays a key role in high Tc
superconductivity. Its manifestation can be determined
experimentally.
The superconducting state in high Tc materials is due to the
coexistence of the phonon and non-phonon mechanisms.

4.

Superconducting state Nb3Ge is due to non-phonon interaction.
Intramolecular excitations can provide additional attraction which
can be detected by molecular spectroscopy and by tunn~ling.

S.

Effective increase of Tc of A-IS superconductors can be achieved
with the use of the proximity effect.
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