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Tunneling junctions containing a semiconductor film are studied. The key role is played by the prox
imity etfect. A particularly interesting situation arises in the presence of a high Tc superconductor. 
Its presence increases the sharpness of the field effect. The properties of the system Sc-S-N-S are 
discussed. 

The systems superconductor-semiconductor-super
conductor (S-Sc-S) are characterized by a number of 
peculiar features and have attracted a lot of 
interest. They are very promising from the point 
of view of various applications. The presence of 
the semiconductor instead of an insulator makes 
such a system entirely different from the usual 
junction. The proximity effect plays .a key role 
and we are dealing with tunneling in a proximity 
system. This paper contains an analysis of the 
properties of systems containing an S-Se contact. 
Major attention will be paid to the properties of 
tunneling junctions containing the S-Se system. 

The structure of the paper is as follows. 
Section I contains a description of the theory of 
the S-N proximity system (N is a normal metal, 
semiconductor or semimetal). An analysis of the 
properties of·the S-Sc-S Josephson junction is 
carried out in Sec. II. We will discuss in that 
section also the special case when S is a high 
Tc superconductor. The systems Sc-S-1-S are 
studied in Sec. III. 

S-N and S0 -S8 Proximity System 

S-N system. The properties of the S-N system 
have been studied in many papers (see, e.g., the 
reviews (1) and (2)). If the thickness of the normal 
film LN is not small (LN » (N' (N •1\VF/kTc 
is the coherence length in the normal film(3)), it 
is necessary to take into account the space 
dependence of order parameter. Many interesting 
results have been obtained by the method developed 
by the Orsay group (see ref. 1). However, this 
method based on the Ginzburg-Landau theory· is not 
applicable in the region far from Tc. 

A different method which can be used at any 
temperature has been developed by the author 
in(4). The approach(4) is based on the method of 
the thermodynamic Green's function and on the 
diagrammatic technique. It is important that the 
diagrams and the corresponding equations are given 
in the coordinate representation •. 

The proximity effect is due to the peculiar 
features of the boundary region. Namely, normal 
electrons ~an make transitions into the super
conductor with the formation of Cooper pairs. · S+N 
penetration also takes place. The important 
feature of the method(4) is the introduction of 
special self-energy parts describing these 
transitions. The disappearance of one electron 
from the N film due to an N+S transition can be 
described as the creation of a hole. Then the 
proximity effect can be viewed as an electron-hole 
transition near the boundary (Andreev's reflection). 
In the presence of a plane boundary, the problem 
becomes one-dimensional. The x-axis has been 
chosen to be perpendicular to the boundary. 

One can evaluate the expression for the function 
FN(x,x) _which is proportional to' the order para-
meter 6N(x). One can see that 6N(x) decreases 
exponentially with increasing x(- exp(-x/(N)); x•O 
at the boundary. Hence, if the thickness LN << (N, 
the order parameter in the normal film can be 
treated as a space-independent quantity. In this 
case the McMillan model(S) becomes applicable. 

As was noted above, the proximity effect allows 
one to induce the superconducting state in the 
normal system which is not a superconductor in an 
isolated state. A very interesting situation arises 
for the S -S system (assume that T a > T B). 

Q 8 c c 
As a result of the proximity effect, we obtain a 
single value of Tc for the system, and T a > T > T s. c c c 
This means that the effective T of the c 
a-superconductor can be increased by the proximity 
effect. 

This opportunity is particularly interesting in 
the light of the recent discovery of high Tc 
superconductivity(&). If for example, S is a 

0 

high Tc superconducting oxide and s8 is an A-15 
compound, then one can take advantage of the 



properties of A-15 materials (e.g., high critical 
current} at a higher temperature. 

S-Sc-S Josephson junction. Field effect jn the 
presence of a high T superconductor. The paper(7} 
in which the field effect has been used in order to 
change the amplitude of the Josephson current has 
attracted a lot of interest. The Josephson current 
in S-N-S systems has been studied(S-9}. In(7} the 
system Nb-InAs-Nb has been studied. InAs contains 
an inversion layer which provides coupling between 
the two superconductors. 

The detailed theoretical analysis carried out 
in(4} shows that the low dimensionality of the 
barrier plays a key role. It has been shown that 
the use of a one-dimensional channel will lead to 
an even stronger field effect. 

According to(4), the sharpness of the field 
effect depends strongly on several parameters: .T. 
LN, m*N• Ns (m*N is the effective mass in the 
semiconductor film, Ns is the surface carrier 
concentration). For example, in the region T- Tc• 
the Josephson current is described by the dependence 

j - exp{-Fd( )}' where Fd and F correspond max c c 
to the "dirty". (t « ~ N; 1 is the mean free path} and 
the "clean• limits, respectively. One can show that 
Fd- (T/Ns~) 112 LN' where~ is the mobility, and 
F - T N - 112 L c s s N' 

We would like to stress the strong dependence of 
the current on temperature. An increase in T leads 
to a decrease in the absolute value of the Josephson 
current but at the same time it leads to an increase 
of the field effect,·that is, the dependence jm(Ns) 
is getting sharper (the applied .electric field 
affects the carrier concentration Ns and this 
influence is the main mechanism of the field effect 
see (4). From this point of view, the use of a high 
Tc superconductor instead of Nb, or the use of the 
system Sh-Nb-InAs-Nb-Sh is promising for applica
tions of the field effect. (Sh is a high Tc 
superconductor; the proximity system Sh-Nb has a 
higher Tc than the Tc of Nb, see below.) 

Sc-Sm-I-S
8 

tunneling junction. Consider the 
special case of a Josephson junction with one of 
the superconducting films backed by a semiconductor 
film. The presence of the normal film, because of 
the proximity effect, changes the order parameter 
of the superconducting film, and this affects the 
current. Such a system has been studied by thP 
author(lO). 

2 

In this paper we consider the behavior of the 
order parameter Am. Based on the McMillan model(S) 
which is valid if Lsc << tN (this criterion can 
be met for a thin Sc film, or in the low temperature 
region), one can show that am' - La1• 

Hence the value of the Josephson current can 
be controlled by the thickness La. The most 
important factor is the dependence of the current 
on the density of states in the semiconductor. The 
density of states depends strongly on the carrier 
concentration in the Sc film: v - nl/3 The Sc 
carrier concentration can be changed, e.g., by 
radiation, and hence the Josephson junction can be 
used in order to detect radiation. 

Conclusion 

The presence of a semiconductor film in a 
tunneling junction allows one, because of the 
proximity effect, to affect the properties of the 
junction. 

The use of the field effect is very promising 
from the point of view of building a three-terminal 
device. The recent discovery of high T super-c . 
conductivity may result in a noticeable increase in 
the sharpness of the field effect. In addition, 
the use of a high Tc superconductor as part of 
a proximity system results in an effective 
increase of Tc for a conventional superconductor, 
like an A-15 material. 

The properties of the system Sc-S -I-S appear 
m 8 

to be sensitive to the value of the carrier concen
tration n in the semiconductor film; the value of n 
can be changed by external radiation. 

The use of tunneling systems containing a 
semiconductor film is very promising from the point 
of view of many applications. 
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