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PERSPECTIVES IN THE MAGNETISM
OF SOLIDS!

S. KRUPICKA*, Prague

Based on recent discussions on trends and future Prospects in magnetism an outline is
given concerning topics where the most important progress may be expected in
experimental technique, physical insight and technical applications,

NEPCIIEKTHBBI PA3IBATHA MATHETHU3MA -TBEPABIX TEJ]

Ha ocnose RHCKyCCHIt  nocrennero BPEMEHH, NOCBAmMeEHHpIX HanpasneHusm
¥ NEpCneKTHBaM pa3euTus MarteTusma, 8 pabore TipuBOmMTC 0630p passuTHg Tex
obnacrei MarHeTHiMa, rpe p GynyweM oxugaercs Hanbonb it aporpecc ¢ Toyku
3PCHAS  3KCNEpUMEHTANBHOM TEUXHHKH, buzmyeckoro TMOHUMAHHA M TexHMYECKUxX
MpUMEHeHHi,

L INTRODUCTION

There is probably no doubt about the importance of the contribution of
Mmagnetism to the modern solid state physics and, also, to technical progress in
many branches: the 100 years’history of both electric steels, particularly sheets,
and permanent magnets is a good example ; the invention of ferrites and their wide

physics and elsewhere arose in connection with studies of magnetism and the
Mmagnetic properties of solids — the many-body approach (introduced in connec-
tion with spin waves), spin correlations, phase transitions, magnetic Symmetries and
the necessity to combine them with the usual crystal symmetry operations to obtain
the full insight into the Symmetry of magnetic crystals, etc, Moreover, many
basically magnetic experimental techniques, including classical magnetic suscepti-
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bility measurements, resonance methods (EPR, NMR, Maossbauer) and possibly
others are being widely used in various fields of science, research and technical
praxis. More detailed discussions about the historic role of magnetism may be
found, e.g., in retrospective reviews [1—4].

All this has established magnetism as an attractive and fairly extended field of
contemporary solid state physics with a rather large counterpart in applied science

to determine whether this field will remain important also in the future and which
parts of magnetism may become particularly attractive during the next years. There
have been severa] high level discussions about this problem just recently [S—7] and
have been widely employed here.

II. NEW MAGNETICS AND NEW TECHNOLOGIES

Much of the recent work in magnetism has been connected with discoveries and
preparation of new magnetic substances and devoted to the study of their magnetic
properties. In fact, the observation of many new magnetic phenomena was only
enabled by preparing new materials. Although the number of ways in which it is
possible to combine the elements possessing a partly filled 4 or f atomic shell with
other elements of the periodic system would seem inexhaustible, systematic work
during the past few years has limited the real new possibilities as regards the
crystalline form and traditional ways of preparation. There are, of course still some
promising areas ; Compounds and alloys containing 4f and 5f metals, hydrogenized
magnetic metals. More often though, to get new substances we have to proceed to
more-component systems -— solid solutions or alloys — and the probability of
discovering something anmﬁmmom_q new is becoming small. On the other hand
many new possibilities are still being offered by amorphous magnetics. The
relevant technologies — rapid quenching of the melt, evaporation, sputtering or
electrolytic deposition of thin layers on a cool substrate, chemical transport
deposition — are still in progress and their future development will enable to
prepare new kinds of amorphous magnetics. Let us emphasize that not only does
the amorphous state represent a novelty even with a known substance, there also
exists the possibility to prepare materials not existing in the crystalline form. The
liquid phase epitaxy, getting important particularly in connection with bubble
technology, has brought a new quality into the magnetic studies that have not been
fully exploited yet. But perhaps the (epitaxial) deposition by molecular beams
seems to be the most promissing. It will represent a further step towards submicron
and atomic-scale technology ; the production of new, synthetic structures prepared
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by a controlled atomic layer deposition (modulated structures, composite films,
sandwiches, etc.) should then be accessible.

II. EXPERIMENTAL METHODS

It is not possible to expect any important progress in physics without developing
new experimental techniques and methods or improving them at least.

The magnetic field is beyond dispute the basic tool for research in magnetism and
the tendency to using higher and higher fields has accompanied it during the whole
course of its development. The present status and prospective values are as follows
(8]

Stationary superconductingl5 T — 20T - 50T
hybrid : 30T ->45T > 60T - 75T
quasistatic (pulse ~ 100 ms)40T — 50 (75) T — (10017
pulse fields (~ 1 ms, nondestructive)75 T (50 us) — 100 T (0.2 ms) —
— 250 T (? ns)
short pulse (destructive) 120 <300 T — 2500 T (~ 100 ms).

The construction of superconducting magnets for fields above 20 T needs new
superconductors with correspondingly high critical fields. As the cost increases very
rapidly with every additional Tesla, the hybrid magnets seem to be a more practical
solution for fields above 30 T. The measurements in pulse fields are now frequently

detection and measurements are required, particularly in connection with biologi-

magnetic shielding.

Another fundamental technique which will be improved in the future is neutron
scattering, both elastic and inelastic. New sources of neutrons with higher (epither-
mal) and low (cool, ultracool) energies are being developed to yield the possibility
either to study higher excitation (e.g Stoner excitations in itinerant ferromagnets)
or, on the other hand, to use neutrons for surface investigation. Moreover, new
techniques and methods, €.2., spin echo, promissing an increase in sensitivity are
being developed or proposed.

55




(PLEED) [ 12] have to be mentioned.
. Last but not least optical methods, Brillouin and Raman scattering, magnetoop-
tic spectroscopy, etc., have played an indreasing role during the last years in

studying electronic levels and excitations in magnetic systems and this trend will
probably continue.

type of materials, €.8., mixed valency compounds, are likely to profit from this
development. It turned out that the present theory yields very good results for the
ground state but the problem of excited states seems to be still open because there
are still severe discrepancies between theory and experiment [6] stimulating new
progress in the theory. From the experimental techniques which contribute to our
w:os_oamm in the field of electronic structure let us mention electron photoemis-
sion, ﬁ.%:o& and X-ray Spectroscopy, and inelastic neutron scattering. Note that
a detailed understanding of the relations between structure — both crystallographic
m_.:a.&nanEn ~— and magnetic properties will be of great importance and help in
finding and designing new magnetic materials and in optimizing their properties.

. ,;o. field which awaits further studies are excitations of magnetic systems
Eo_.caEm their interactions with other excitations in solids (phonons, polarons,

examined presently, particularly in two cases : domain walls dynamics [13] and high
temperature non-linear excitations in quasi one-dimensignal ferromagnets [14].
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The solution of the latter problem for 2 and 3 dimensional systems is, however,
fully a matter of the future. This problem of nonlinear excitations is also closely
related to critical fluctuations and phase transitions. On the other hand, we have
not sufficient knowledge of the microscopic mechanisms of magnetooptic
phenomena and the nonlinear optical and magnetooptical properties in various
parts of the spectrum are a practically untouched field, too.

Quite new possibilities arise in the study of magnetic effects on surfaces and
interfaces. Two kinds of problems are involved (1) the specific manifestation of the
surface magnetism (magnetic arrangement, surface modes and their excitement,
etc.) and (2) the influence of the surface and its state upon the bulk properties
(sheets and layers, effect on the domain structure). In connection with what has
been said above about new methods of preparing synthetic composite layered
Structures and new possibilities of calculating electronic structure quite a revolutio-
nary progress may be expected.

Finally a lot of unsolved physical problems may be found in disordered magnetic
systems — disordered alloys, spin glasses and amourphous magnetics. In all these
cases, e.g., the theory is not yet adequate ; the character of the transition to the
spin-glass state is not clear, very little is known about the time dependence of spin
correlations in the spin-glass systems. The structural relaxation in amorphous
materials and its relation to magnetic properties is quite a problem and only
recently some attempts have been made [15] at passing beyond the mere radial
distribution function when characterizing the amorphous state. The progress along
this line could help to overcome the fundamental difficulty in calculating the
electronic structure of amorphous magnetics. Let us add that from the experimen-
talist’s point of view besides classical magnetic studies also neutron diffraction,
Mossbauer effect and resonance experiments seem to be promissing in connection
with disordered magnetic systems.

V. APLICATIONS

The classical field of applications are the soft and hard magnetic materials. The
spectrum of materials used is very broad in order to meet the demand for a big
variety of technical requirements. In the course of time these materials undergo
a continuous process of improvements and innovations. The progress achieved is
big and important. As an example let us mention the permanent magnet materials :
their quality as expressed by the energy product (BH) e has been growing
exponentially with time for about 100 years, being doubled within a period of 12
years and reaching =~ 24Q kJ/m® at present. By extrapolating this trend the
theoretical limit will have been reached in about 15 to 25 years [3]! But not only
this trend presently represented by R—Co based intermetallics will be determining
in future. The worldover shortcomings in cobalt make a demand on researchers to
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materials used: the Mn—Al based al
: s 0oys and
possible solutions to meet these aoSm:aM. = o e wloys are
anMW:M%oNW_\omMmE in M:M field of soft magnetic materials may be in the near futyre
uenced by the discovery and rapid devel
ferromagnetic alloys (metallj i advantages o n lowas o
¢ glasses). Their advantages are ag follows :
. . : . zero
HM%MMMOM%MMM:E@ anisotropy, ?mron electical resistivity, easy production of thin
: to 0.005 cm thick) and, hence, considerable reduction of losses

and i

e waw_o::nw Mom.Eﬁo:m_m (A4, =0) for special applications. In particular, the

pezat :w of the first EEQ.; would be €conomically very important, taking into

aeco n : e a:o::o_.a quantity of transformer-stee] produced nowadays : the tota]

o Hmov“o meronmomro SmS_WQ transformers and machines is estimated [3] to be

year so that the expected 50 % reduction of the | i

materials even ip partial applicati i derable ¢ omme tion o

encrgy et pplication would bring a considerable contribution to the
The application of magnetism and magnetic materials, whose Importance is

.BEQG Increasing, is the magnetic separation. The progress has been enabled by

- .
; M_%MMM MMMMMMQ& co%o.wow to be of primary importance, For physicists there are
Ms — both theoretical and experimenta) i
- . - o= ,
the optimalization of separators. o s regards

submicron overlayer technology. A further perspective may be seen in empolying
the whole close packed bubble lattice and to replace the shift registers by wall-state
or other local coding. It may be expected that the present production of bubble
memories means only the beginning of a new era in employing domains and
micromagnetic effects.

A further step towards submicron technology in magnetic devices will be the
future exploitation of magnetic surface phenomena including the synthetic layer
structures (see above). Even though the perspectives are rather long terms ones,
many people are already engaged in studying the possible applications: new
ultrafast circuits and memories, spin junctions, sandwiches combining ferromagne-
tic and superconducting layers, etc. Also production and employment of regularly
dispersed small magnetic particles and contribution to a better understanding and
applications of catalysis should be mentioned here. Besides, there are some further
reserves for future applications: magnetic semiconductors, magnetics that at the
same time exhibit ferroelectric behaviour, magnetooptic devices which could
become relevant in connection with a further development of optoelectronics, etc.
Also the applications of magnetism in biology and medicine seem to be

a prospective field.
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