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The stimulated domain-acoustic echo having a long-time memory and the magnetoa-
coustic responses formed under excitation of magnetostrictive (ferrite, europium garnet,
iron borate) and ferrite-piezoelectric layered composite samples by three radiofrequency
(RF) pulses and by a train of single ones have been comparatively studied. These magne-
toacoustic responses were inductively generated by placing a magnetostrictive sample into
the RF coil of a pulse NMR spectrometer.

ITpoBemennl cpaBHUTENbHBIE MCCJIEL0OBAHNS CBOMCTB 00JIaJA0IEro JOJIrOBPEMEeHHOM ImaMs-
TBI0 CTUMYJIHPOBAHHOIO JOMEH-aKYCTUUYECKOr'0 9Xa M MATCHHTOAKYCTUYECKUX OTKJIMNKOB, (hop-
MUPYEMBIX [IPU BO30Y:KAEHNM MArHUTOCTPUKIIMOHHBIX ((peppur, eBpomnuesslii rpaHar, Gopar
JKesesa) o0pasioB U (PePPUT-IIHE30IEKTPUUECKOr0 CIOMHOr0O KOMIIOSHUTA TPEMS HJU IIOCJe-
IOBATEJIbHOCTHIO eAUHUYHBIX PansmodacToTHbX (PY) MMIynbCcoB. OTH MArHUTOAKYCTHUYECKHE
CUT'HAJIBI MHIYKTHBHO BO30OYXKJAJNCHh IIyTeM IIOMEIeHHS MarHUTOCTPUKIIMOHBIX O0pasIoB B
pesomancuyo PY karymry umiryabcHoro SIMP cmexrpomerpa.

1. Introduction

Different type of magnetoacoustic re-
sponses were observed in [1, 2] after the
excitation of a magnetostrictive sample
mounted in RF coil of a conventional pulse
NMR spectrometer by RF pulses. In [1], a
slab shaped ferrite sample was excited by a
train of RF pulses of 0.5 microseconds du-
ration and 10 ms repetition time at 5 MHz
frequency; a response signal was observed
after each RF pulse. The Fourier transfor-
mation of that signal shows a series of
equally spaced peaks with spaces depending
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on the sample geometry. Using these data
for the slab shaped sample, one could find
the acoustic wave speed in this material and
compare with similar data obtained by other
methods [3]. In [2], the domain-acoustic
echo (DAE) signals were inductively gener-
ated using NMR spectrometer after applica-
tion of three RF pulses in
C0g 01Mng 05CUg 1gNig :MJg 72F €0 604 ferrite,
europium garnet and iron borate samples at
20 MHz frequency. The acoustic signal
propagating in a ferrite sample after the
application of the first RF pulse is recorded
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applying the second RF pulse of the same
frequency. As a result of the simultaneous
action of acoustic signal and the second RF
pulse, a stationary space-periodic magnetic
structure is formed in the sample with the
period equal to the acoustic wave length.
This structure is a magnetic image of the
acoustic signal [4, 5].

The formation of this structure could be
explained by the irreversible processes of
magnetization change. The information
storage duration is practically unlimited.
The information is read by the third RF or
the acoustic pulse as a DAE signal. In case
of DAE, the irreversible change in magneti-
zation could be caused by the displacement
of domain walls in ferrite grains. In
nanosized grains, this change in magnetiza-
tion is due to magnetostriction [6]. The
DAE phenomenon can be used to develop
the DAE processors performing integral
transformations of RF signals, memory de-
vices, and delay lines [7].

The main properties of DAE were quali-
tatively well accounted for by a simple phe-
nomenological model [6]. Unfortunately this
model cannot be used in the direct quantita-
tive comparison with the experimental re-
sults because of its simplicity. So far, poly-
crystalline ferrites with garnet or spinel
structures have generally been used in DAE
investigations of [8]. The main materials
were iron-yttrium garnet Y;FegO(, and nickel
ferrite NiFe,O4. Various kinds of these fer-
rites  (Y3Feq 15Alg 85012, Nig 9gC0g goF €204,
N|097C0003Fe and N|097CU003F6204) were
used in DAE experiments. It is seen that in
spinels, Fe2* ions partially substituted by
Co?* and Cu?* ones and in garnet, Fe3* ions
are partially substituted by APR* ones. The
Co?* and Cu?* ions in, Ni-Co (Ni,_,Co,Fe,0,)
and Ni-Cu (Ni,_,Cu,Fe;O,) ferrites, respec-
tively, increase magnetoelastic interactions
in these materials. Small admixtures of
other ions could also change other physical
properties of ferrites towards optimization
of their use in the DAE processors. As an
example, small aluminum admixtures in
nickel ferrites change their saturation mag-
netization and a manganese admixture in-
creases their electrical conductivity, while
copper one could improve their mechanical
properties, ete. As a result, the optimal fer-
rite composition could become rather com-
plicated.

Additional experimental investigations
are necessary to clear out the DAE forma-
tion mechanism in magnetostrictive materi-
als with intense magnetoacoustic responses.
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With this purpose, we present here new re-
sults on DAE study in iron borate and fer-
rite-piezoelectric (FP) layered composite ob-
tained using a conventional NMR spectrome-
ter [9]. In a FP layered composite, the DAE
and magnetoacoustic response signals were
inductively excited and electrically detected.
Besides, the comparative study of DAE prop-
erties and magnetoacoustic responses to ac-
tion of a train of single RF pulses in slab
shaped  Cog 91Mng 05CUo 1gNig 2MGg 72F €0 604
ferrite, europium garnet, iron borate, and
FP layered composite was carried out in
this work using the same method [2]. DAE
and magnetoacoustic response signals were
for the first time inductively excited and
electrically detected in FP layered compos-
ite samples, thus confirming their magne-
toacoustic nature.

2. Experimental and results

The experimental setup used in this work
to observe and investigate the DAE and
magnetoacoustic signals comprised a stand-
ard Bruker Minispec p20 NMR spectrometer
for studying the proton relaxation in lig-
uids provided with a Kawasaki Electronica
digital signal averager [2]. It was capable to
produce 20 MHz RF pulses with durations
and powers up to, correspondingly, 10 pus
and 100 W. The DAE and magnetoacoustic
response signals were observed and studied
at room temperature in the rectangular
sample (6x6x6.3 mm3) of polycrystalline
ferrite Cog g1Mng g5CUg 1gNig 2M3g 72F€0 604,
europium garnet EusFegO4, and iron borate
FeBO5; samples consisting of small disor-
dered single crystals with the mean diame-
ter about 1 mm placed in the cylindrical
capsule of about 1 em?3 volume. These sig-
nals were observed also under inductive ex-
citation of FP layered composite samples
consisting of five slab-shape (10x6x1 mm3)
layers of commercially available ferrite (F)
material used as a ferrite core of television
inductive coils and piezoelectric cerium tita-
nium lead ceramics (P), forming PFPFP
structure, and electrically detected by
transferring electric signals from silver
contacts connected to the two outer piezo-
layers to the receiver.

The NMR receiver was locked during ac-
tion of RF pulse and strong transient re-
sponse signal of RF coil (the receiver recov-
ery time is denoted as 1 in Fig. 1 for DAE
signal oscillograms). Any signal following
this time moment was absent for the empty
coil and for the coil with test manganese
and lithium ferrite samples. The signals
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Fig. 1. Oscillograms of DAE signals in iron
borate (a) and ferrite-piezoelectric layered
composite (b). The time interval between the
first two RF pulses 1,5 = 20 us; the RF pulse
duration 1 =5 us. The oscillograms were
taken at room temperature and at external
magnetic fields H = 0 (a, b). Total oscilloscope
sweep duration is 100 ps. I, the third RF
"read-out” pulse position; 2, the DAE signal.

from samples under study were sufficiently
intense providing their direct observation
on oscilloscope without averaging. In addi-
tion, intense electric signals from piezoelec-
tric layers were observed what clearly shows
the magnetoacoustic nature of the observed
signals.

The FP sample layers were cut using a
diamond saw and stacked by epoxy.

In Fig. 1, the oscillograms of DAE sig-
nals in iron borate (@) and FP layered com-
posite (b) samples are presented. The oscillo-
grams were taken without detection. It was
used the preamplifier of NMR spectrometer
and a high-frequency oscilloscope with the
frequency band 250 MHz. The DAE signals
are similar to those in Nig o;Cug 3Fe,05 fer-
rite [4]. In Fig. 2, the dependences of DAE
amplitude on RF pulse power P are pre-
sented for the iron borate (a) and FP lay-
ered composite (b). The RF power was
changed in the range from 3 to 50 W with
the attenuator matched to 50 Q. The RF
power measurements were made directly by
recording the RF pulse power on the excita-
tion coil connected to the oscilloscope via
the 50 Q resistance.

As it is seen from the data obtained and
results from [2], the power thresholds are
observed within the range from ~2 W for
europium garnet and up to ~15 W for iron
borate. The dependences of DAE for ferrite
and europium garnet on the external mag-
netic field created by a Helmholtz coil sys-
tem were investigated in [2] and the corre-
sponding result for the electrically detected
DAE of the FP layered composite are pre-
sented in Fig. 3. The magnetic field was ap-
plied in parallel to the sample surfaces.
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Fig. 2. The dependences of DAE amplitude on
the RF pulse power in iron borate (a) and
ferrite-piezoelectric layered composite (b).
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Fig. 3. The dependences of DAE amplitude on
the external magnetic field strength for fer-
rite-piezoelectric layered composite.

The DAE are apparently observed only in
the multidomain state in the external field
up to ~200 Oe.

A low oscillating magnetic field at
100 Hz frequency and 100 Oe amplitude
causes the suppression of DAE signals. This
also points to the domain wall origin of the
observed signals. As in [4], the DAE signals
are characterized by anomalously large re-
laxation times.

The DAE signal amplitude recorded after
the third “read-out™ pulse decreases with
the increase of the time interval between
the first and the second "read-in" pulses.
As an example, in the case of ferrite, this
dependence shows an oscillating character
(with a period ~4 us) and full decay time

~22 us.
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a) b) c) d)

Fig. 4. Oscillograms of magnetoacoustic responses in Co, y4Mn; ,5Cug 1gNig sMg, 75F € 5O, ferrite (a),
europium garnet (b), iron borate (¢) and ferrite-piezoelectric layered composite (d) under excitation
by a train of RF pulses at the repetition rate 3103 Hz and RF pulse duration 8 ps. Total
oscilloscope sweep duration is 100 us. Oscillograms were taken at zero external magnetic field and
room temperature.

a) b) - c) d)

Fig. 5. Oscillograms of magnetoacoustic responses in Cog 44Mnj 15CUg 4gNig ,Mgg 7oF€ O, ferrite under
excitation by a train of RF pulses at the repetition rate 3-10% Hz and RF pulse duration 2 ps (a),
3 us (b), 6 us (¢) and 15 pus (d). Total oscilloscope sweep duration 100 us. Oscillograms were taken

at zero external magnetic field and room temperature.

The structurization in the DAE signal
was also observed at increasing the time
interval between the second and the third
RF pulses. The DAE amplitude decreased at
low temperatures and almost disappeared in
a sample immersed in liquid nitrogen.

The DAE signal in iron borate had a
more complex structure at higher magnetic
fields. The main qualitative information is
that its threshold RF power is ~15 W (Fig.
2a), its intensity increases significantly (by
several tens of times) with the external
magnetic field, reaching maximum at
~35 Oe, and it is suppressed by the external
magnetic field around 140 Oe.

We present further the study results of
magnetoacoustic responses generated by a
train of single RF pulses taking as exam-
ples the measurements carried out on
C0g 01Mng 05CUg 1gNig 2MJg 72F €0 6O4 ferrite,
europium garnet, iron borate, and FP lay-
ered composite at the repetition rate
3-10% Hz and RF pulse duration 8 us in the
above described experimental conditions
(Fig. 4). In Fig. 5, presented are response
magnetoacoustic signals generated by a train
of single RF pulses at the repetition rate
3-10% Hz and varying durations from 2 us to
15 us in CoggqMng g5CUg 1gNig 2MJg 72F€0 604
ferrite. At short durations, these signals
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are similar to those observed in [1]. It has
been established also that the optimal RF
pulse powers and magnetic fields for obser-
vation of these magnetoacoustic responses
coincide with those for DAE signals.

3. Conclusion

The basic DAE and magnetoacoustic re-
sponse signal properties in the studied ma-
terials mainly coincide with those observed
in polycrystalline Nigg;Cuq g3Fe,05 ferrite
[5] and in [1], respectively. The peculiari-
ties could be apparently understood taking
into account differences in shapes and
physical parameters of samples, such as the
coercitivity and mobility of domain walls.
Further study in this direction is under
way. Europium garnet is characterized by
the most intense DAE signals at the lowest
values of DAE RF excitation power thresh-
old and external suppressing magnetic field.
The DAE signal in iron borate has a much
more complex structure in stronger external
magnetic fields. Strong DAE signals were
inductively excited and electrically detected
in a ferrite-piezoelectric layered composite
sample, showing clearly their magnetoa-
coustic nature.

The magnetoacoustic responses were ob-
served in ferrite, europium garnet, iron bo-
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rate, and ferrite-piezoelectric layered com-
posite samples. Those have magnetostrictive
nature common with DAE signals appar-
ently related with domain wall displace-
ments under the action of RF pulses in
magnetostrictive materials.
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IngyKTHBHE JETEKTYBAHHSA MATHITOAKYCTMYHHX BIATYKiB
Ta JOMEH-aKyCTHMYHOI JIYHH Y MATHITOCTPMKI[IHHUX
marepianax imMmnyascHuM AMP metomom

I'.I.Mamniaweini, H.I'.Illapimanos, T.0.I'ezeuxopi,
A.M.Axanrayi, A.M.Ilozopinui, O.M.Ky3vmax

BukonaHo HOpPiBHAJbHE MOCHIIMKEHHS CTHUMYJIbOBAHOI JTOMEH-aKYCTUYHOI JYHU 3 OBIO-
YACHOI0 IaM’ fATTIO Ta MAarHiTOAKYCTHYHUX BiATYKiB, II0 BUHUKAIOTL OpU 30yAKeHHI MarHi-
TOCTPUKIIIHUX 3pas3KiB ((epuT, eBpomieBumii rpaHar, 6opaT saiisa) Ta mrapysartoro (epur-
I’€30€JIEKTPUYHOrO KOMIIOBUTY TphoMa pajxiouacrorHuMu (PY) immynbcamMu Ta mocsaimoBHi-
cTI0O TmooauHOKUX immynabeiB. Ili marmHiToakycTwuni BiATYKM IiHIYKTUBHO 30yI:KyBauca
NIJIAXOM BMiIleHHS MarHiTOCTPUKIINHUX 3paskiB y pesoHaHcHy PY KoTymiky iMImysiabcHOTO

SAMP cnexkTpometpa.
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