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Experimental data on a two-pulse and a stimulated echoes in a superconducting
YBaCuO and BiSrCaCuO powders in a static magnetic field at a frequency - 20 MHz’
-are presented. The field, filling helium gas pressure and temperature dependence of
the echo intensity and relaxation time were measured. A stimulated echo has been
even detected some hours after the removal of exciting pulses (the memory effect). T h e
echoes are practically disappeared at temperatures 50 E; for >.ttrium powder and at 30 K
in the case of Bi-powder. Experimental results are in a qualitative agreement with a
supposition that the phase coherence arises due to the movement of lattice imperfections
by vortex lines.
P.kCS. 74.25.Sf - Response to electromagnetic fields.
PACS. 74.72.Bk - Y-based compounds.
PACS. 74.72.Hs - Bi-based compounds.

The phenomenon of po\vder echo (PE): tvhich is also called polarization or phonon
echo, leas discovered in 60-s and has up to now attracted considerable interest of experimentalists as well x theoreticians. The PE in powders is an electromagnetic response of
a sample, placed in a static magnetic field, by two or three electromagnetic pulses. The
PE has been observed in po\vdered segnetoelectric, piezoelectric, ferromagnetic, normal
and superconductin g metal materials (see the review [I])_ It follows from the experimental
results obtained that in all cases the phenomenon is conditioned by acoustic vibrations of
poivder particles \vh.ich are resonantly excited nith radiofrequency pulses. It is also well
known that acoustic \vaves are easily electromagnetically excited in HTSC [2].
The signals from two and three-pulse PE were named dynamic echoes. Besides. in
powders of different materials the stimulated or static echo is also observed that originates
under the influence of a read pulse even if the pair of write and store pulses is switched off.
This effect of the memory of the time-sequence of exciting pulses is conserved in a sample
during a very long time - hours and even days. In powders of the II type low-temperature
superconductors the PE iva_s discovered as early as in 60-s. r\fter the discovery of high-ir,
superconductors similar echoes were also observed in their powders [3-S].
t Refereed version of the contributed paper presented at the 1995 Tailvan International Conference
on Superconductivity, Xugust S-II, 1995, Hualien, Taiwan, R.O.C.
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All echo phenomena are inherently nonlinear, but in each case the nature of nonlinearity has its own origin. In superconductors the PE is seen
in superconducting phase
with the echo amplitude that is three orders of magnitude higher than the NMR signal in
these compounds. The question arises as to a cause of such a strong ymplification of the
PE effect in superconductors as well as to a connection of superconducting and acoustic
properties of the material. In the paper the results of a detailed experimental study of
the two-pulse (dynamic) and stimulated echoes in yttrium and bismuth based HTSC are
presented.
To observe the echo signal, we used the standard pulsed NMR technique at frequency
of about 20 MHz. The echo signal is caused by the oscillations of the diamagnetic moments
of single grains of polvder which induce a voltage in the rf circuit. A strong echo signal
was detected when a resonant circuit with a powder received two y 100 W, 5ps-long rf
pulses. The rf coil, filled with powdered high-;‘, superconducting material (- lo6 particles
- 100pm in size), \vas inserted into a superconducting magnet in such a way that its
axis would run perpendicular to the static field. The rf circuit was placed in a container
filled with gaseous helium. The temperature of the sample was varied by means of a wire
p the sample and was measured by a semiconductor
heater placed inside the cell holdin,
thermometer inside the same cell.
The pressure of gas (helium in our case), in which the powder is placed, affects
appreciably the formation of an echo. Upon increase in the pressure from 1 Torr to lo3 Tori.
the intensity of rno-pulse echo decreases by a factor of ten and the intensity of a stimulated
echo decreases by a factor of thirty. This pressure dependence clearly indicates that the echo
signal really results from mechanical vibrations of the powder particles. The echo intensity
decayed when the pauses r between’ the exciting pulses with a time constant Tz 21 40,~
increased at a temperature of 4.2 K. The T2 of the PE is slightly decreased with temperature
(approximately at twofold rate at 50 K in the field 2,4T for YBCO).
When the delay between the two exciting pulses was short (- Tz), we detected a
second and even third echoes. If a third rf pulse with a delay even much greater than the
relaxation time 2-2 is sent to the rf circuit, we saw a stimulated echo signal. The stimulated
echo signal remains even if two pulses of the three-pulse train are removed - it is initially
reduced approximately by half in lo-20 seconds, and then, after some minutes, becomes
constant that equals 0.4 of its preliminary value. In our experiments the stimulated echo
has been detected some hours after the removal of exciting pulses, and which means that
the system under study has a long-time memory of the time varying train of exciting pulses.
A long-lived stimulated echo vanishes when either the magnetic field or the temperature is
changed slightly and is not restored completely upon return to the initial values.
If the time delay r- between the write and store pulses is changed during the buildup
of pulses, a new signal will appear along with the one recorded earlier. Figure 1 illustrates
such a situation: after the third rf pulse we see a sequence of echoes corresponding to
different delay times between the write-store pulses and in this case the two primary rf
pulses act both as the write-store and read pulses.
There is an accumulating effect of an amplitude of the stjmulated.echo, as it is shown
in Fig. 2: if the third delayed pulse is switched on (or off) with the availability of two
write-store rf pulses the stimulated echo signal initially rapidly increases (decreases) and
then it continues slowly to enhance with characteristic time constant of tens of seconds.
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FIG. 1. The oscilloscope trace of a three-pulse echo signal. After every rf pulse the stimulated echo
signal appears. demonstratin,n the memory of the previous write-store pulse-sequence.
FIG. ‘2. Time-dependence of a stimulated echo signal with switching on and of? of two exciting rf
pulses

Tcmpcrature (K)

FIG. 3. Temperature dependence of the amplitude of a two-pulse echo in 24-kOe magnetic field for
I-BCO and BiSCCO powders.

It is inpossible to espand this accumulating curve only in two exponents, that indicates
that probably there is a distribution of time constants characterizing this process. T h i s
feature reflects different values of internal friction and defect of module due to a nonuniform
deformation in different parts of a grain.
Besides the memory effect, there is another remarkable feature of the echo in HTSC
- temperature dependence of the echo intensity, that is’shown in Fig. 3. Two-pulse
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and .stimulated echoes e_xist only in superconducting phase of a<powder, but. they-vanish
well before reaching the critical temperature T, (- 90 K for both materials), and besides, a
significant difference in temperature dependence of the amplitude exists for Y- and Bi-based
_
HTSC.
As it was underlined above, the properties of the echo are determined to’s great extent
by the nonlinear mechanisms of their formation. According to the theoretical approach to
the problem, that has been recently developed by Ya. Asadullin [6], a nonlinearity in PE
occurs due to the frequency and damping dependence of the acoustic particle vibrations.on
the structure of imperfections in the material under investigation.
.4n unusual temperature dependence of the echo-signal can be understood on the basis
of recent studies of vortex d:;namics in HTSC. The key elements determining the nature
and the physical behaviour of the vortex system are the thermal and quantum fluctuations
and the quenched disorder [il. The coupling of the vortices to external currents and fields
allows to exert forces on these interacting elastic strings, opening up the wide field of the
dynamical behaviour of the vortex system.
Novel phenomena of. HTSCs include, in particular, the existence of a distinct irreversibility line far below Hc2 wlhich is often associated with a melting- or glass-transition.
The phase diagram for the artisotropic high-temperature superconductors (YBCO) and for
a strongly layered one (BiSCCO) are essentially different. The irreversibility line Bi,(T)
can be moved to signi5cantly higher fields and temperatures by strong pinning in Y'3CO
svhich is a good three-dimensional material o\‘er a wide temperature and field range.
On the other hand, many experiments which appear to indicate a melting transition,
can be explained conventionally by a r,ather abrupt onset of thermally activated depinning
o IO]. In conventional superconductors this effect is observed
Ashen T or B are increased [5,,:_
only close to the transition temperature r, as flux creep. A novel feature in HTSC is that
this effect may be seen at temperatures that are rather far from T,. It appears that experimentally observed features i-n some physical properties of HTSC (susceptibility, acousric
impedance, frequency and damping anomalies of vibrating reed) do not necessarily mean
that there is a melting transition but only indicate that the displacements of suficientl>
distant flux lines are uncorrelated in the relevant length and time scales. The “m elting
lines2 in the (B: Z-) plane coincide with the “d epinnin,u lines” obtained on the same materials. It is also necessary to underline that analogous data were obtained with measurements
of sound velocity and its damping [II] that is very essential for our consideration.
The simple estimations of the irreversibility line for a particle 100pm in size and for
20 MHz excitation frequency show that its position approximately coincides with the curve
of temperature dependence of echo intensity (Fig. 3), and the difference of YBCO and
BiSCCO behaviour is qualitatively understandable on the basis of given above arguments.
Although nelv experiments as well as theoretical considerations are needed for a full
quantitative explanation, we can definitely say that the echo phenomena in HTSC are
closely connected with vortex dynamics and can serve as an effective tool for its study.
I would like to thank Dr. A. V. Drobinin for help in the PE measurements and fruitful
discussions. This research was supported by INTAS grant of XO. 93-1107.
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