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Abstract. The main results achieved in the HTS Josephson junction 
technology arc reviewed anel the possible reasons leading to the reduction 
of their characteristic voltage are discussed. It is emphasized that the 
electron diffraction at the SN boundaries as well as at the inhomogeneities 
in CuO planes plays a decisive role ill HTS weak links and grain boundary 
junctions. 

1. Introduction 

So far the possibility of making HTS Josephson junctions with the value 
of the characteristic voltage as high as Fe ~ 20 - 30 m V at T = 4.2 K 
have been proven experimentally in UlC mono crystalline breal( junctions 
[1]. But till now all attempts to develop a way to fabricate reproducible 
HTS weak links [2-8] or single grain boundary junctions [9-12] with the 
same characteristics have never led to a noticeable success. 

The goal of this work is to review possible mechanisms leading to the 
Ve suppression in I-ITS Josephson junctions and to discuss their relevance 
to the expcrimcntal data. 

2. Josephson effect in HTS weak links 

The calculations in the BCS based weak link models [13,14] show that 
their properties depend on two dimensionless parameters which ill the 
"dirty" limit given by the equalities 

(1) 

where PN,S and ~N,S arc the normal-state resistivities of the junction ma­
terials, and their coherence lengths respectively, while RB is the specific 
resistance of the SN boundary. 
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The characteristic voltage Ve of SNS sandwich-type junctions in 
the limits of small thickness of the junction L ~ ~N or large I B ~ 
max{(Tc/T)l/2, 1(1 - T /Tc)-1/2} is given by equations (2) and (3) re­
spectively: 

where ¢ is the phase difference of the superconductor order parameters, 
W = 7fT(2n + 1) are the Matsubara frequencies, Gs = wvw2 + ti2 , 
IBM = IL/~N' L is the thickness of the N-layer. The specific normal 
junction resistance is determined by the sum of the interface resistances: 

(4) 

In the SN-N-NS variable thickness bridges the SN interface resis­
tances also make a noticeable contribution to the full junction resistance 
RN: 

(5) 

where dN is the thickness of the N-film. The temperature dependencies 
of the parameter Vc in the cases of large IBM ~ Tc/T or small bridge 
length L 

L ~ max{~N' ~NVI'BMmin{l, JT/(Te(1 + IBM»}} 

are determined by equations (6) and (7) respectively: 

eVe T """" ti 2 7fTe) 3/2 L ~ 
27fT = T. ~ w2 + ti2 (W'VB'" exp( - C* 7fT)' 

c C w>o I iYl <"N e 
(6) 

eVe _ T . """" 2.. )[ 2 ( 2 ]-1/2 27fT - T ma"q, ~ ti sm( ¢ 20J2 0 + 0c) 
c e w>o 

(7) 

where 0 = vw2 + ti2, Oc = wJ(l + IBMO/7fTc)2 + ti2 cos2 (¢/2). 
Expressions (2)-(7) are valid if the conditions of dirty limit are ful­

filled for N- and S-metals as well as the suppression of the superconduc­
tivity in the S electrodes of the structures due to both the proximity effect 
and the supercurrellt flow is negligible. 
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To use those results for HTS weak links one should also suppose 
that in HTS material the mean-field approximation holds and the weak 
coupling limit takes place. The first condition is probably satisfied in 
the HTS due to the smallness of the ratio Tel E f [15]. Since the exper­
imentally obtained Ll(T) dependence is similar to that predicted by the 
BCS theory the account of strong-coupling effects results only in a mod­
ification of the ratio Ll(O)ITe and can result in temperature independent 
corrections to Ve of the order of unity. 

Rough estimations [14] of the suppression parameters for the atom­
ically sharp and "clean" (without additional dielectric layers) HTS/N­
interface give 

(8) 

if the C a..'{is of HTS material is perpendicular to the SN boundaries of 
the junctions and 

III ~ 5, IBII ~ 20, (9) 

if the C axis is parallel to the boundaries. 
From equations (2)-(9) it follows that at T ~ 0.5Te and L ~ ~N the 

simple estimations for the parameter Ve are valid for the sandwich-type 
junctions 

Ve ~ 80181 m V, Veil ~ 4 m V, Ve.L ~ 10-2 m V (10) 

and for the variable thickness bridges 

Ve ~ 80,,{;//2 mY, Veil ~ 1 mY, Vc.L ~ 5 * 10-3 mV. (11) 

From Eqs. (10) and (11) it follows that the suppression of the pa­
rameter Ve in HTS weak links is the result of the finite transparency of 
HTS/N-metal boundaries. It is also interesting to note that equations 
(2), (4) and (5), (6) determine the scaling law 

v: R-k 
cO( N' (12) 

where k = 1 or k = 3 for the sandwich type junctions and the variable 
thickness bridges respectively. 

The theoretical predictions (2)-(12) can be easily used for interpre­
tation of recent experimental results. 

2.1 HTS/N/LTS sandwiches 

These structures arc usually used to investigate the quality of the HTS /N 
interface (N = Ag, Au). Unfortunately the useful information is seriously 
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masked by the suppression of the superconductivity in the vicinity of the 
N/LTS boundary (LTS = Nb, Pb, Sn) since the parameter 'Y is greater or 
nearly equals unity here. In this case the value of the anomalous Green's 
functions responsible for the critical current have to be proportional to 
(T; - T) at the interface and at T ~ T; /2 their absolute value is an order 
of magnitude less than the order parameter of the bulk LTS electrode. 
Hence in the vicinity of the critical temperature T; of LTS material the 
Ve(T) dependencies have to be proportional to (T; - T) and the absolute 
value of parameter Ve be strongly suppressed [16]. 

These predictions fit well the experimental Ve(T) dependencies [17, 
18]. To obtain better agreement with absolute values Ve ~ 50 - 500 m V 
it is necessary to assume that the order parameter near HTS/N interface 
is also suppressed (~ ~ 0.1 - 1 mY). This fact can be due to the ion 
cleaning of the HTS surface before the N film deposition leading to the 
formation of the thin oxygen deficient nonsuperconducting layer on the 
top of the film [13]. 

However even in the absence of such a layer the properties of HTS /N / 
LTS sandwiches seem to be close to those of SINS junctions where the 
role of I layer is played by this boundary. This is due to high 'Y B values 
intrinsic to HTS/N boundaries. Recently, the scaling law Ie ex R;/, 
which is typica.l for SINS st.ructures has, been proven experimentally in 
sandwiches YBCO/Ag/Nb [19]. 

2.2 Variable thickness bridges 

The technology of the variable thickness bridges fabrication [2,3] usually 
starts with in - situ making the HTS/ Ag,Au bilayers. The SNS junction 
is formed using high resolution lithography or ion milling to make a gap 
and then bridging this gap by Ag or Au. 

Since the HTS films in all experimental realizations of the structures 
were C-oriented, the in - situ fabricated HTS/N boundary have a small 
transparency and the properties of the junctions were determined by the 
quality of the interface between the bilayer edges and the bridging film 
resulting in SNS sandwich type junctions. The experimental data [2] arc 
fitted well by the theoretical predictions for SNS sandwiches following 
from equation (2) with 'YB = 20. 

Using the typical value of 2 * 10-11 Ocm2 for the PN~N product and 
experimentally defined RN ~ 40 (for the junctions made by means of 
the electron beron lithography) from (4) one can obtain the area A ~ 
5 * 10-12 cm2 for the real cross-section of the junction. The latter differs 
from the geometrical assessment by nero·ly two orders of magnitude. This 
discrepancy may be due to the oxygen diffusion during the fabrication 
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processes which extends preferably into the ab-planes than along the C­
axIS. 

Thermal treatment of the bridges made by the ion milling method [2] 
increases the critical current of the junctions and decreases their normal 
resistance due mainly to the growth of the area A because of the normal 
metal diffusion process. The comparison of the data with the Vc(T) 
dependence given by equation (2) shows that this method of fabrication 
results in worse SN-boundary transparency ('Y B ~ 250) and lower Vc. 

So the properties of the boundaries play a decisive role in these 
structures. To mal{e these boundaries more controllable it is necessary to 
begin the Josephson junction fabrication with the deposition of the SN 
bilayers based on a-oriented films. 

2.3. Edge-type junctions. 

The technology of the junction fabrication usually begins with the de­
position of the HTS/dielectric bilayers. Then a part of the structure is 
removed by ion milling to obtain the edge. Before the top electrode de­
position the edge is exposed to a plasma discharge processe in CF4 gas 
[4,5] or a thin PrBaCuO layer is grown [6]. 

The investigation of the junctions [4] shows that they reveal the 
Josephson-like behavior for the temperature T > 0.5Tc. A decrease of 
the temperature leads to intensive growth of the parameter Vc and to the 
shrinking of the Shapiro steps in the iv-curve. This behavior is typical for 
SS'S structures where the transition between depairing and the Josephson 
effects takes place when T passes through the critical temperature of the 
weak link material. 

The experimental data obtained for the junctions with the PrBaCuO 
interlayer with the thickness d ~ 6 nm [6] are fitted well by the theoretical 
predictions for SNS junctions with rigid boundary conditions at SN in­
terfaces [20] with d ~ 6{iV. So we can conclude that the coherence length 
of the Pr-based compound (~ 1 nm) is close to that of YBCO material 
and the suppression of the parameter Vc in these structures is mainly due 
to the large value of the N-Iayer thickness. 

The surface of the film edge in the above mentioned technique can 
be tormented during the process of the edge fabrication leading to an ir­
reproducibility of the junction parameters. To circumvent this difficulty 
a new technique has been proposed [7]. First a sharp step in a substrate 
is produced. Then the HTS film is deposited across the step. The ob­
tained superconducting electrodes are in - situ linked via the deposition 
of the normal metal film. The process results in a fabrication of the SNS 
sandwiches with different transparencies of the SN boundaries which can 
be characterized by the parameters 'Y B1 and 'Y B2. 
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The theoretical analysis of the structure in the practically interesting 
case of the small electrode spacing leads to equation (2) in which the 
product 0.5/B must be replaced by 1'8 = /B1/82/(l81 + /82). It is 
important to note that in the limit / B1 ~ / B2 the stationary properties 
of the structure happen to be close to that of the SINS junction where the 
role of I-layer is played by the boundary with larger /B. In this case the 
characteristic voltage Ve depends only on / B2 as for the symmetric SNS 
sandwiches. Thus to achieve the estimated Ve values (10) it is sufficient 
to have only one perfect SN boundary. 

2.4. Sandwich-type junctions 

Despite of the failure with PrBaCuO interlayers the idea of employing 
epitaxial trilayer structures for the Josephson junction fabrication is still 
promising. This has been confirmed by recent experiments with Nb­
doped SrTi03 as the new coupling material which at the doping level 
between 1017 and 1020 cm-3 is a good normal metal [8]. The experimen­
tal data obtained in these junctions with the N-Iayer thickness d ~ 25 
nm are in a reasonable agreement with the predictions of the SNS junc­
tion's theory [20] with d ~ 6ft.. The estimated value of coherence length 
~N ~ 5 nm coincides with the estimations obtained in [8] from Ie(d) 
dependence. 

So to get higher Ve values it is necessary to reduce the interlayer 
thickness. 

3. Single grain boundary junctions 

This type of junctions can be fabricated either by pattering the randomly 
occurring grain boundaries in granular films [9] or by epitaxial growth of 
the HTS films on the complex substrates (bicrystal [10], step-edge [11], 
or obtained by "planarization" technology [12]). 

The scope of experimental data [9-12] (excess current in iv-curve, 
temperature dependence of Ve(T) ex (Te - T? at T ~ Te, the scaling 
law (11) with k ~ 1) permit to conclude that the junctions are of the 
SNS type. The only contradiction comes from the values of the normal 
resistance (10-7 -10-8 Ocm2 ). For SNS junctions this values would imply 
that the resistivity of the N-metal is about 0.2 to 2 Ocm assuming a 
thickness of some 0.5 nm for the N-layer. This value of the resistivity is 
several orders of magnitude larger than that of the grain material. 

The key to the problem can be found if we tal(e into account the 
wave nature of the charge carriers. The estimations show that their de-
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Fig.I. The scheme of the 90° grain boundary. 

Brogile wavelength A is comparable with the effective thickness d* of 
their localization in the vicinity of CuO planes. So we have the effective 
waveguide for the carriers and any inhomogeneities of the scale d* lead 
to diffraction and as a consequence to an additional resistance. 

To calculate this resistance for the 90° grain boundary (see Fig.l) we 
suppose that the quasiparticles are localized within the conductive layer 
of thickness d* and the probability of their tunneling to the neighboring 
layers is negligibly low. Assume also that the wave function equals to 
zero at the boundaries of the CuO planes and that the parameter a = 
(2d* / A) ~ I. 

Solving the Schrodinger equation we get the transparency coefficient 

D(O) = 0, € = arccos(l/a) > 0 > 7r/2, 

D(O) ~ 7.5(a2cos2 (O) - 1), 0 ~ 0 ~ €, 

(13a) 

(13b) 

where 0 is the angle between the Fenni-momentum of the quasiparticles 
and the X axis (see Fig.l). 

To calculate the grain boundary resistance we solve master equa­
tions. Taking into account that D ~ 1 and equation (13) for d* ~ 0.5 nm 
one can obtain 

Expression (14) fits the experimental data if 

a ~ 1 + (1 - 5) * 10-3 or A ~ 2d* ~ 1 nm. (15) 

Thus the chosen value for A is closed to that obtained by the other 
methods [15}. 

In the framework of the proposed waveguide model it is possible to 
explain the Josephson properties of the grain boundaries. They look like 
the SNS sandwich with two effective boundaries formed by the inhomo-
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geneities of the plane waveguide. The diffraction region between these 
boundaries serve as the weak link material. The calculation of the critical 
current in this model is in progress now. 

4. Conclusion 

The analysis of the HTS Josephson junctions have shown that to un­
derstand their properties it is necessary to take into account the wave 
nature of the current carriers in the CuO planes. It is the diffraction 
of the quasiparticles that determines the specific resistance of the clean 
HTS/N-metal boundaries and hence the properties of the HTS weak links. 
The processes in single grain boundary junctions can also be understood 
in the framework of the waveguide model taking into account this effect. 
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