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ABSTRACT

The neutron inelastic scattering technique has
been used to measure the collective magnetic excitation
spectrum in the ferromagnetic (Tc <v 255 K) metallic
glass (Feo#3Nio.7)o.7S

p0.16Bo.06A10.03- ** this sys-
tem only the iron atoms appear to be magnetic, and the
observation of relatively well-defined spin waves is
striking in comparison with other amorphous systems
where the spin waves rapidly broaden with decreasing
iron concentration. The spin waves obey the convention-
al quadratic dispersion relation E <*DQS with D«35meV-
A2. Contributions from fourth and Higher order terms
in the dispersion relation are not in evidence for wave
vectors in the region investigated (Q % 0.25 A""1).

INTRODUCTION

Metallic glasses form a new class of materials
which have interesting and technologically important
magnetic and metallurgical properties. A variety of
experimental techniques has recently been employed to
investigate the magnetism of these systems, but it has
proven difficult to achieve a consistent picture of
the underlying microscopic icagnetic properties.1 We
have therefore undertaken a systematic investigation
of the amorphous ferromagnetic systems
(Fe-Co-Ni)o,75?o.16^0.06^0.03' Tne structure of these
materials can be'characterized as a dense random pack-
ing of spheres. They also have well-defined ferromag-
netic transition temperatures.2 Moreover, in the glass-
es containing Fe and Ni, the Ni atoms appear not to pos-
sess magnetic moments. Thus the'magnetic properties of
these alloys may be more easily understood since there
is only one magnetic species present. In this note we
wish to report our initial neutron scattering measure-
ments for (Feo.3Nio.7)o.75p0.1sBo.06Alo.03« This re-
latively low magnetic concentration was chosen so that
the ferromagnetic transition would be below room tem-
perature, which offers several advantages. Firstly,
the critical magnetic region is in an experimentally
convenient temperature range which is well below the
temperatures at which repacking and recrystallization
occur. Secondly, the low transition temperature implies
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that the exchange energy is relatively small, so that
the spin-wave energies are in a more accessible energy
range for neutron scattering measurements.

SAMPLES

The samples were made by the centrifugal spinning
technique3 in the form of ribbons 1 mm wide, 0.1 mm
thick and 5 m long. The ribbons were then cut into
strips 2 cm long and stacked together in the shape of a
plate 2 x 2 cm2. The total weight of the sample was
10 gm. A special isotope of boron (**B) was used in the
starting materials to avoid the high absorption cross
section for neutrons of naturally occurring boron.

A diffraction pattern taken on the sample showed a
broad peak in the scattering function S(Q) centered at
3.12 A"1, which corresponds closely to the position ex-
pected on the basis of dense random packing of spheres.
No sharp peaks characteristic of a crystalline phase
were observed, and no preferred directional or structur-
al anisotropies ware detected. To determine the magnet-
ic transition temperature, the intensity of the elastic
scattering was measured at Q * 0.06 A"1 as a function
of temperature. The critical scattering was found to
peak at T * 255 K, which we took to be the nominal
value of the ferromagnetic transition temperature.
This value is in good agreement with the value expected
on the basis of bulk magnetization measurements2 for *
this alloy concentration and is also consistent with
magnetization measurements taken on this sample.

RESULTS AND DISCUSSION

The neutron scattering experiments were performed
on a triple-axis spectrometer at the Brookhaven High
Flux Beam Reactor. Fyrolytic graphite crystals were
used as both monochromator and analyzer. A fixed inci-
dent neutron energy of 14.8omeV was employed for the
measurements with Q £ 0.20 A"1, with horizontal colli-
mation before and after the monochromator and analyzer
respectively of 20 minutes full width at half maximum
(denoted 20'-20t-20l-20') or a combination of 20 and 10
minutes, in this cage 20'-10'-10'-20\ For Q in the
range 0.20 to 0.25 A"1 we used incident neutron ener-
gies of 40.5 meV and 10'-10'-10'-10' collimation. A
pyrolytic graphite filter was placed before the mono-
chromator to suppress higher order wavelengths in the
incident beam.

The measurements of the inelastic scattering spec-
tra were taken by fixing the magnitude of the momentum
transfer Q and varying the energy transfer E. Some
typical measurements are shown in Fig. 1. The peak
centered at zero energy transfer, whose width is instru-
mental in origin, has a magnetic contribution but is



primarily due to scattering fron the cryostat and elas-
tic nuclear scattering from the sanplc. The peaks on
either side are due to the creation (E > 0) and annihi-
lation (E < 0) of collective sagnetlc excitations in the
system. These relatively well-defined spin waves are
striking in comparison with other amorphous systems
studied where the spin waves rapidly broaden with de-
creasing iron concentration** »5 and become overdamped at
magnetic concentrations considerably higher than in the
present system.

With increasing Q the excitations shift to higher
energies and broaden. The observed peak Intensities
of these excitations arc also seen to decrease rapidly
with increasing Q. Firstly, this is due to the de-
crease in the thermal population of the spin-wave states
with increasing energy. In addition, the line widths
are rapidly Increasing, and since for this energy and
temperature range the integrated intensity in a constant
Q scan is

/l(E)dE « T/E (1)

the peak Intensity decreases as the line widths increase.
Thus with increasing Q the sigsal-to-noise ratios be-
come rapidly less favorable.

The spin-wave energies, corrected for instrumental
resolution, arc shown in Fig. 2. Over this vave vector
range the data are seen to obey
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very closely. The slope of ehe line yields a value for
the spin-wave stiffness constant D of (35 ± 3)meV-A2.
The error bars in the figure represent one standard
deviation.

To obtain some information about the line widths
of the spin-wave excitations, we performed least-squares
fits of the inelastic portion of the spectra to a dis-
persion relation of tha fora of Eq.(2), with the spec-
tral weight function6 taken to be of the Lorentzlan
form

F«,E) - i
r<Q)

* I r<Q>2 + (E -
(3)

The solid curves in Figs. 1 and 3 are the results of
these least-squares fits. For the data in Fig. 1 we
obtained values for the list viitha P (KWHM) cf.0.06,
0.23, «nd 0.45 a«V at Q - 0.14, 0.16, and 0.18 A"1

respectively. The ratios of the line widths to the ex-
citation energies for these values of Q are then
r/E • 0.09, 0.26, and 0.40. Thus as Q Increases the



•pin wavaa bacon* rapidly beoadar relative to chair
anarsiaa.

Fig. 3 ahova data at 100 K and 220 X. Thaaa a»as~
uraeanta war« takaa with soeavhan batter resolution than
thoaa in Fig. 1. At eha lova? taaparatura the widtha of
tha apin wava* at Q • 0.12 A"1 ara such sa*ll*r_than tha
inatrumantal raaotutioa, vharaaa for Q • 0.16 A~* wa
find T * 0.23 «aV. At 220 K tha apin wvn hava ob-
viously broadanad and ranorsdizad to lowat anargiaa.
Froaj th« laaat-aquaras fit* wa obtais D • 22 a»V-A*
for tha apin-wava atiffnaas paraaatar, and r « 0.05 a»V
and r » 0.31 a«V fgr tha apin-vava Una widtha(HWHM) at
Q • 0.12 and 0.16 A"*1 raspactivrly, Mota alao that the
aeattaring at E « 0 incraaaaa iu intensity with it*
craaaing temperature, and thia lneraaaa cannot ba <ti~
tributcd aiaply to an overlapping of tha alaatie and
inalaatie contribution* to tha aeattaring. Va would
alao like to point out that thara appaara to ba aona
additional lnalaaclc acattaring at tha highar valuta of
Q in tha ragion batwaan tha apia-wava paak and tha rt-
aolution liaitad £ • 0 paak. Thua tha daaeription of
tha Mgnatic atataa say ba oora coeplicatad than tinply
wall-daflnad apia-wav* atataa vith a quadratic di*par~
aion curva aa gtvan by Eq.(2). This could ba tha
aourc* of eha dlffaraeea fouad in aoaa ayatasa batvaan
tha valua. of tha apin-vava atiffaaaa eonatant a* da~
tarwinad by bulk aagaatizatlon eaasura»#nt« using eon"
vantional apin-wava analysis, and tha valua for 0 a*
rfetaminad by idantifying tha paafc in tha oaucren aeat-
taring croaa aaetion with tha spin-wava anargy.s Claar-
ly, furthar work will ba naadad in ordar to proparly
charactarisa tha natura of thia seattaring* Furthar
•aaauraaanta ara in progrc«a.

Va wiati to eeknovladga stiaulating discussion* with
J. 0. Axa, L. Pavaallt and J. J. Khyna, and would lika
to sl<ank M. Tltmt and C. J. Clink* for providing aona
of tha data analysis programs.
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Fig. 1. Constant-Q scans at several values of Q below
the ferromagnetic transition tecperature. The peak
centered at E • 0, which is liniced in width by the
instrumental resolution, has a cagnetlc contribution
but is primarily due to nuclear elastic scattering and
scattering from the cryostat. The peaks on each side
arc the spin-wave excitations. The solid curves are the
least-squares fits as explained in the text.
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Fig. 2. The spin-wave energy at lew temperatures
plotted against Q2, showing that the spin waves obey a
quadratic dispersion relation over this wave vector
range.
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Fig. 3. gonstant-Q scans at Q - 0.12 A*1 and
Q - 0.16 A"1 at 100 and 220 K. The spin waves have
broadened and renormalized to lover enemies at the
higher temperature. The solid curves are the least-
squares f i t s to the data as explained in the text.

Neg. #5-209-76


