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INTRODUCTION 

In past research on superconductivity, tunneling experiments 
proved to be useful tools in the investigation of its microscopic 
origin (1). They led to the experimental demonstration of the 
Josephson effect (2) which is a direct manifestation of the quantum 
phase of the superconductive order parameter and of the coupling of 
this phase to the electromagnetic field. In particular, the ac 
Josephson effect links the time evolution of the phase difference 
between two superconductors to the voltage between them. Vhen this 
voltage is kept fixed externally, the phase difference increases 
linearly with time, giving rise to an oscillating supercurrent 
between the superconductors if they are coupled by a weak link such 
as a tunnel barrier. This effect depends only on the bose-like 
character of the particles carrying the supercurrent and it has an 
equivalent for the superfluids 4Ke and 3He which has recently been 
observed (3). The relation between voltage V and frequency f is 
simply given by V = (h/q)f where h is Planck's constant and q the 
charge of the bose-like supercurrent carrier. In usual 
superconductors, the observation of the ac Josephson effect yields 
q = 2e (4). Historically, this provided a further confirmation 
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(after the discovery of flux quanti7ation (5)) of the existence of 
Cooper pairs, but other values of q are theoretically possible (6). 

It was thus important to test if the Josephson effect could be 
observed with copper oxide based superconductors (7). This was 
achieved by our experiment performed at Saclay (8) and by other 
experiments conducted independently (9). Since the details of our 
experiment have been reported elsewhere (8), we will focus in this 
paper on our latest results and their discussion. 

EXPERIMENTAL PROCEDURES AND RESULTS 

Our samples of La Sr CuO and Y Ba Cu 0 were mounted 
1.89 0.19 4 1 2 3 7-K 

in a point contact (10) current-voltage (I-V) probe which consists 
of a copper sample holder and a conducting tip whose pressure onto 
the sample could be remotely ajusted by means of a screw. Different 
metals were used for the tip : Nb, Cu, Al, Fe, Au, brass and 
copper-berryllium. The I-V characteristic of the tip + sample + 
holder system was measured using a three wire arrangement with 
filters to prevent ambiant noise from reaching the sample. The 
series resistance of the tip and holder always played a negligible 
role in the measurements. The temperature of the probe could be 
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FIGURE 1 a) Oscilloscope trace of a current-voltage characteristic 
obtained at 4.2 K with an aluminium tip on a La Sr CuO 
sample. Letters a through f indicate sense of trace. Dashed lines 
indicate the switching between the branches, b) Steps induced by 
microwave irradiation. 



varied continuously fro» room temperature down to 4-2 K and was 
•onitored by a simple nickel/manganin thin fil» resistor. 
Microwaves of frequency varying between 1 and 18 GHz were coupled 
capacitively to the junction. 

At liquid helium temperature we found that, irrespective of 
the metal used for the tip, we could always obtain hysteretic I-V 
characteristics of the type shown on Fig. la obtained with a 
La Sr CuO sample. These characteristics consist of two 

1.89 0.12 4 
branches. Increasing the current from zero (point a), one follows 
first a "zero-voltage" branch up to a point (b) where one switches 
to a "resistive" branch (c - d). Upon decreasing the current , one 
follows the resistive branch down to a second switching point (e) 
where one returns to the zero voltage branch (f). This cycle 
repeats itself symmetrically for negative currents. We found it 
necessary to move the tip away from the sample and to re-ajust the 
pressure several times before finding a good zero-voltage branch -
i.e. with an apparent resistance narkedly lower than that of the 
resistive branch. Presumably, this motion allows the selection of a 
favorable location on the sample with minimal series resistance, 
since the exact point probed by the tip varied randomly as the tip 
was moved away from and back onto the sample. Fig. 2a shows an I-V 

FIGURE 2 a) Current voltage characteristic of a Y Ba Cu 0 sample 
3 1 2 3 7-X 

at 4.2 K with an aluminium tip. b) Steps induced by microwave 
irradiation. 
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FIGURE 3 Separation between microwave induced steps as a function 
ot frequency. Solid line is the prediction for a superconductor 
with flux quantum h/2e. 

characteristic of a YBa 2Cu 30 _ sample. The series resistance for 
this material was systematically larger 
La Sr 

than for the 
1.83 o.i9 C u 04 s a m P l e s - W e define the critical current I as the 

current for which the switching b « c occurs. Both the critical 
current and the amount of hysteresis are pressure and location 
dependent quantities. 

The shape of the I-V characteristic does not by itself 
demonstrates its Josephson junction origin. A convincing 
confirmation of this origin, however, is provided by the result of 
microwave irradiation. Well defined current steps equidistant in 
voltage are then induced on the I-V characteristic (see Figs, lb 
and 2b). These Shapiro steps (4) result from the beating of the 
oscillating Josephson supercurrent with applied microwave 
radiation. Steps of rank up to 5 were observed. In Fig. 3 we plot 
the separation V between twd consecutive steps as a function of 
the microwave frequency f. We see that within the experimental 



accuracy, the data obey the ac Josephson relation V = (h/2e)f . 
The saae value of the flux quantum h/2e is found in other ac 
Josephson effect experiments (9) and in flux quantization 
•easureaents (11)-

A fu cher confiraation of the attribution of the steps of 
Figs, lb and 2b to the ac Josephson effect is obtained when one 
varies the microwave amplitude at a fixed frequency. Ve find that 
the current aaplitude I of the step of rank n is modulated in a 
Bessel function-like pattern. Bessel functions are expected when 
two superconductors are coupled by a weak link providing a 
sinusoidal current-phase relation (dc Josephson relation) (10). 

DISCUSSION 

It is important to note that the characteristics of Figs. 1 
and 2 were observed with a non-superconducting - and in one 
instance magnetic - metal tip. Furthermore, in several instances, 
the characteristics showed two or three junctions in series. Ve 
thus conclude that the characteristics originates from a junction 
inside the sample rather than between tip and sample as in usual 
point contacts. The junctions, which we think are located near the 
tip where the current density is the highest, may result from 
cracks, grain boundaries or other defects of the samples. The 
presence in similar materials, even in single crystal form, of 
junctions which would form a random network is now well established 
and is thought to be due to the very short coherence length of 
these new superconductors (12). 

In order to measure the dimension that would characterize such 
a network, a magnetic field was applied parallel to the tip by 
means of a superconducting coil wound on the copper shield 
surrounding the probe. The critical current of the junctions always 
showed a marked dependence on magnetic field and in several cases 
we observed an oscillatory pattern reminiscent of the diffraction 
pattern of a dc SQUID (10). The first minimum of I occured 

C 
typically at B = 100 Oe. If we assume that in this case the I-V 
characteristic results from two junctions in a superconducting 
loop, we find an area of order 0.1 pm2 for the projection of the 
loop perpendicular to the magnetic field. Taking this loop as 
representative of loops in a random network of junctions, this 
order of magnitude is consistent with the interpretation of 



Deutscher and Mûller (12). 

It is worth noting that all the I-V characteristics we 

observed becaae increasingly rounded as the temperature was raised. 

For a given sample, characteristics of junctions with higher 

critical current tend to survive at higher temperatures than those 

with lower critical currents. Typically, in the Sr doped La CuO 

samples, characteristics with I = 1 pA become completely rounded 
c 

at T = 6 K - i.e. well before reaching the superconductive 

temperature. However, in one Y Ba CuO? sample, we could follow a 

junction with I = 50 nA up to 50 K. Ve have no quantitative 

explanation for the evolution of the I-V characteristics with 

temperature but similar rounding is observed in standard Josephson 

junctions where it is due to a combination of dissipation and 

thermal fluctuations of the phase difference of the junction (10). 

This rounding seems to depend on the way the junctions are prepared 

since Tsai et al (13) and MOLeland et al (14) have been able to 

follow Shapiro steps up to 85 K using the break junction technique. 

In conclusion, we have observed I-V characteristics of 

Josephson junctions inside copper oxide based superconductors. Even 

though the exact location in the samples and the origin of the 

junctions remained unknown, we could use them to demonstrate that 

the phase of the superconductive order parameter is coupled to the 

electromagnetic field through the fundamental constant h/2e. Our 

results directly imply that in these newly discovered materials, 

like in conventional superconductors, electron pairing is 

responsible for the superconductivity. 
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