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Abstract. - The microwave signal uGon excitation of YBa2Cu307-S by 9.2 GHz microwaves has been analysed. The
critical exponent of the signal strength has been found to be (T, - T ) ~ 'The
~ . imaginary part of the complex susceptibility
a s a function of magnetic field is found t o exhibit flux quantization.

We wish to report that the derivative dxl'/dH as
function (sin x) /x, occurs at x = 0, so that the maxia function of magnetic field is peaked at the Josephson
mum current is found for a general solution of
frequency. We thus find that the low field~microwave
signal is a new manifestation of flux quantization. The
compound YBa2Cu307-6 (6 N 0.2) has a large superconducting transition temperature, T, = 96 K and
The difference 6 (0) around a closed circuit which enshows a strong microwave signal at low magnetic fields compasses a total magnetic flux q5 is given by S (0) =
(2elhc) 4 so that the maximum current occurs for a
[I]. It also shows a structural distortion upon going
through the transition temperature.
field of,
h
The Josephson current is given by
Bx(t+2X)= (7)
2e
The Josephson frequency and voltage relationship is
given by f i w ~= 2 eV. Therefore, the field at which the
maximum
current occurs is related to the voltage and
where 7 2 and 71 are the phase factors, A is the vector
potential of the electromagnetic wave and the integral the frequency by the relation
is extended over the width of the Josephson junction.
Since A = B x r and 90 = h/2e, we can write,
J = JO sin ( 6 (0)

+ B x (t + 2X)
do

The maximum current is given by

+

where dj = Bx (2X t) with X as the London penetration depth, t the thickness of the normal barrier,
x the width and 4~ = nh/2e where n is an integer.
The amplitude of (1) is related to the gap A of the
superconductor and to the normal state resistivity RN
of the insulating layer, the surface area of which is S,
by the relation,

We use these relations to develop the understanding
of new peaks in d X U / das
~ a function of field in high
temperature superconductors. When a large number
of Josephson junctions occur such as in an oxide material, we expect, to find Gaussian behaviour rather
than that of the spherical Bessel function (sin x) /x as
in (3). When a system is excited by microwaves of
frequency, say 9.2 GHz, the response is given by

where W J is the Josephson frequency. Since the total
current is given by the sum of normal and superconducting currents, J = J , J,. The Meissner effect is
given by

+

c curl

The zeros of the current are located at
2e
h

6 (0) + -B x (t

+ 2X) = a x

integer.

AJ, -I- B = 0

and the supercurrent at E = 0 is given by
(5)

At these fields the Josephson supercurrent is zero for
finite integers and the superconductivity vanishes but
on both sides, less or more, of such fields, the system
superconducts. The maximum of the spherical Bessel

where
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(10)
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In the superconducting state, the response function (9)
becomes

where C = (film)r l c p is the mean free path of the
electron in the normal state and to = f i 2 k p / 2 r n ~is
the coherence length. In terms of the life time T of the
electron we write (13) as,
2A760

/I

X =

(14)

AfL [(w - W J )-~( s Q ) ~' ]

In figure 1 we show the low field electronparamagnetic resonance signal at a temperature of 3 K.
There is a large period as expected from the sin term
in ( 3 ) and in addition the noise is associated with the
cosine term in (3). However, the signal disappears for
temperatures above 10 K. The height of this signal at
the maximum is shown in figure 2 and it follows the
gap as expected from (14).
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Fig. 2. - The height of the signal of figure 1 a s a function
temperature appears like a gap with Tc 1.96 K.

Fig. 3. - The In I, with In (Tc- T ) showing the exponent
2.7.

Magnetic field

Fig. 1. - d X 1 ' / d ~as a function of magnetic field a t a temperature of 3 K. The large period is caused by (sin x) /x
type term and the noise is caused by cos ( n x ) term which
is f 1 for every e l h flux hopping. The height of this signal called I, is temperature dependent. The noise signal
vanishes for temperatures above 10 K.

According to ( 7 ) the peak field of H = 100 G of
figure 1, corresponds to z (t 2X) = 0.2 x lo-' cm2.
200 x lo-' cm, we estimate
Since t << X and X
zN
cm which measures the size of the insulating
.barriers within a superconductor. The logarithm of
the height L of the signal of figure 1 is plotted as a
function of In (Tc- T) with T, 1.92.5 K in figure 3. It
(T, - T ) ~ . The
~ , exponent of 2.7 is
is found that I ,
rather unusual. However, we believe that it is caused
due to different parts of the sample having different
Tc. It is also believed that the different parts of the
sample have slightly different chemical formula.

=

N

+

In conclusion, we have found that dX1'/dH as a function of magnetic field peaks at the Josephson frequency
and shows flux oscillations. The discovery of hightemperature superconductivity by Bednorz and Miiller
[2]has thus opened the doors to a whole wide variety
of new effects. The noise signal seen here has a T, of
about 10 K while the large period has a Tc 92.5 K.
The signal of large period has also been seen by Blazey
et al. [3]independent of our work [4].
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