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ABSTRACT

We present the results of magnetization and trans-
port measurements on amorphous GdSOA Uy

Gd68N132 and Gd67Co33 alloys over a temperature

range of 1.8-300°K in fields up to 75 kOe, These
ferromagnetic alloys obtained by splat-cooling have
Curie temperatures T of 150, 125 and 175°K, respec-
tively. The saturation moment per Gd atom extra-
polated to 0°K is estimated to be 7 + 0. lpg- The

exchange integrals for Gd-Au and Gd-Ni are deter-
mined from the value of Tc and from the temperature

dependence of the saturation magnetization. The
zero-field resistivity for Gd-Ni and Gd-Co exhibits
maxima around Tc' We present some preliminary
results of magnetoresistivity measurements with
applied field parallel and perpendicular to the foil
plane. The anisotropy is in-plane for Gd-Co. For
the Gd-Au and Gd-Ni alloys, there is no well-defined
easy axis.

INTRODUCTION

1-4
or

Amorphous al%ogs of gadolinium with noble
transition metals”’ "~ have been the subject of con-~
siderable interest in recent years. In particular,
magnetic and galvanometric properties of sputtered
or coevaporated Gd-Co and Gd-Fe alloys with high
transition-metal content have been studied rather
extensively. Since it has been shown that the tech-
nigues used for sample preparation have some7'uéﬂu-
ence on magnetic properties (e.g. anisotropy)'’®, a
comparison with splat-cooled amorphous alloys seems
to be highly desirable. Very few results are available
so far on rare-earth noble-(transition) (gnetal amor-
phous alloys obtained by splat-cooling, © These rare-
earth rich alloys can be quenched into the amorphous
state over a rather narrow concentration range, typ-
ically over a few atomic per cent around the eutectic
composition. We report on magnetic and transport
properties measurements performed on amorphous
altoys of nominal composition Gd80Au20g Gd68Ni32

and Gd67C033. (From now on, they will be referred
to as Gd4Au, GdZNi and GdZCo). The interest of these

alloys is twofold, First, they provide some informa-
tion about amorphous alloys on the high Gd side, which
has received little attention so far. Second, they allow
a comparison with results on amorphous Gd alloys
obtained by other preparation techniques. A prelimi-
nary report on Gd4Au alloys was presented elsewherell

EXPERIMENTAL PROCEDURES

The samples were quenched from the melt by the
piston and anvil technique. Samples were in the
form of foils with thickness of about 40 ym. The struc-
ture of each foil was checked by X-ray scanning with
a Norelco diffractometer. Spontaneous crystallization
is observed at temperatures of about 200 to 250°C.

Magnetization measurements were carried E)ut by
the Faraday method using a superconducting c01l'
(maximum field 75 kOe) over temperatures ranging
from 1.8 to 300°K. The Curie temperatures Tc were
observed using an ac inductance bridge technique.

T was defined as the inflexion pojnt of the Curie

transition (transition width of about 5°K), For the

Gd4Au sample, this determination was found to be in
good agreement with that obtained from detail maé—
netization measurements over the critical region
using the thermodynamical parameters method.
Resistivity at zero field and magnetoresistivity (in
fields up to 75 kQOe) measurements were performed
by a standard four-probe technique between 1,8 and
300°K. We measured the transverse and longitudinal
magnetoresistivities with applied field parallel to the
foil plane, and the transverse magnetoresistivity with
applied field perpendicular to the plane,

RESULTS AND DISCUSSION

1. Magnetic properiies.

Curie temperatures. The three amorphous alloys
we studied were found to be good ferromagnets. The
effect of amorphousness cannot be evaluated in a
direct way, for the crystalline counterparts do not
exist, In the Gd-Au system, (T _ = 149.50°K) the
closest compound is GdAu {antiferromagnetic,

T = 37°K). 13 In the concentration range we are

N
interested in, amorphous GdZNi(TC = 125°K) can be
compared with crystalline Gd3Ni (antiferromagnetic,

T = 100°K) % and GdNi (ferromagnetic; T, = 71°K) 13,

N
and amorphous Gd,Co(T = 175°K) lies between the16
127°K)

compounds Gd3Co%antiferromagnetic; T .=
and Gd,Co, (ferromagnetic; T _ = 230°K). 17 This
rough comparison suggests that the amorphous struc-

ture favors in fome way the ferromagnetic order as
noticed before” for amorphous Gd56Ag44. The

relatively high value of Tc for amorphous GdZCo as

compared with that of amorphous GdZNi may be
explained by the strong Co-Co interactions. A
molecular field analysis®’ of Co rich amorphous
R.E., -Co alloys provided the following order of mag-
nitude for the exchange constants: JCoCo:“ 200;

. -6
T - . -
Yoocd T 20; JGde 2 {in 10 “ergs). Thus, the
influence of the strong Ce-Co . interactions seems to
persist in the Gd dominated amorphous GdZCo. The

values of Tc for amorphous Gd4Au and Gd_ Ni may be

2
correlated to the exchange interaction (assuming that

Au and Ni play only as diluents)., First, a value of the
mean exchange constant mag be determined from the
Rushbrooke-Wood formulal?:

kBTC/J =(5/96) (z - Y[ 115(S + 1}-1] (1)
where z is the number of nearest neighbors. For
Gd Au, we determined T = 2.28%K taking z = 8,20
Similar value is obtained for GdZNi taking z >~ 7 and
Tc = 125°K. The value of S is taken to be 7/2 in

both cases., Using de Genn3521 approach, the exchange
constant J_, of the indirect RKKY interaction in rare-
earths can be evaluated:

kgT, = (37rn2/4EF)SZf(g - UZS(S +1) B F(ZkFRij) (@)

B
j#i
where the notation follows that in reference 21, In
Gd4Au, Iﬁf was determined to be 0.19 eV, Assuming

similar values for the electronic parameters n, E
and S for GdZNi, we also obtain J _= 0,19 eV by

including a reduction factor of 0, Ef in the summation
ZF. The latter comes from a reduction in the Gd-Gd



coordination number.
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Fig, 1, M(»,T) versus T3/2 for amorphous GdZNi
and Gd4Au alloys. Arrows indicate departures from

3/2

the T Bloch law.

Saturation magnetization. From the saturation mag-
netization extrapolated at 0°K, it is not possible to
determine a reliable value for the small moment
carried by the Ni or Co atoms., The moment per Gd
atom can be estimated to be 7 + 0. lupg- The tem-
perature dependence of the saturation magnetization
for Gd ,Au and Gd_,Ni is shown on figure 1. The
exchange constant JG _Gq ¢an then be evaluated from

the spin-wave theory“4 using the relation

M(=, T) = M(=,0) (1 - bT3/3
with
, k.Y 3/2
0.0587 [ B
beTns {E‘J‘s’} (2)

where Q depends on the Gd-Gd coordination number.
We determined J = 1.8%K for Gd, Au by taking Q = 2.

In GdzNi, Q is reduced to about 1.84 by considering

the coordination number mentioned beforehand, and J
is estimated to be ~ 2.18°K. By comparing the
JGd-Gd values determined by the two methods above,
one sees an appreciable discrepancy between the two
J values in Gd4Au. In crystalline Gd, this was

accounted for by Goodings23 in terms of RKKY cou-
pling beyond the Gd nearest neighbors. Apparently,
this type of coupling is less significant in amorphous
GdZNi as compared with amorphous Gd4Au.

In conclusion, the long-range structural disorder
results in a lowering of the magnetic moment per Gd
atom. However, by considering the value of J ¢
obtained in dilute La-Gd-Au alloy321, it is seen that
the reduction in the RKKY interaction is surprisingly
small as compared with what one could expect from
the very short electronic mean free path in these
amorphous alloys.

2. Transport properties.

'+ Zero-field resistivity. The temperature depen-
dence of the zero-field resistivity for the three
samples is shown in figure 2. Resistivity minima
occur at 15, 2 and 8%k, for amorphous Gd Au,

Gd,Ni and GdZCo, respectively. These minima are
presumably magnetic in origin.~ Detail magneto-
resistivity studies at temperatures below the minima
are in progress. Above the minimum, the resistivity
for amorphous Gd4Au increases monotonically with
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Fig. 2. Zero field resistivity versus temperature

for amorphbus Gd4Au,‘ GdZCo and GdZNi alloys.
Arrows indicate the Curie temperatures.

temperature without exhibiting any noticeable singu-
larity at Tc (except possibly a gradual change in

dp/dT around T ). In contrast, the GdZNi and GdZC,o
samples exhibit a broad maximum at temperatures
close to their respective Curie temperature. This
behavior is not clearly understood yet.
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F;ig. 3. Differential transverse magnetoresistivity

(H/ plane) versus applied field for amorphous GdZCo
alloy at temperatures below and above the Curie
temperature (175°K).

Magnetoresistivity, Field parallel to the sample
plane, Figure 3 shows the transverse magneto-

resistivity for an amorphous Gd,Co sample. The mag-
netoresistivity isotherms strongly resemble the mag-
netization isotherms at corresponding temperatures
below and above T.. In the ferromagnetic region,

the spontaneous magnetoresistivity (defined by extra-
polating Ap at B = H + 41'rMs + HD = 0) decreases as

a function of temperature much faster than the spon-
taneous magnetization for 4 < T £ 100 K. Over the
temperature range 100-170°K, the magnetoresistivity
at high field is weakly temperature dependent. Above
Tc’ the magnetoresistivity gradient obeys roughly a

Curie-Weiss law., The magnetoresistivity isotherms
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for amorphous Gd4Au are very similar to those

obtained for GdZCo, except the fact that the saturation
at low temperature is harder than for the GdZCo

sample (figure 4). In both cases, the negative satu-
rated magnetoresistivity“> has the same order of
magnitude at 4. 2°K. On the other hand, comparing
the longitudinal and transverse magnetoresistivity as
measured with applied field parallel to sample plane
the anisotropy at 4.2°K, if any, is extremely weak.
This temperature dependence of the gradient dip/dH
in the saturated field region resemblisi that observed
for amorphous ferromagnetic Ni-Au. Preliminary
measurements on the GdZNi sample did not exhibit

any trend of saturation at 1. 89K and 75 kOe, as
shown in figure 4.
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Fig. 4.

(ﬁ// plane) at 2°K for amorphous Gd
GdzNi alloys.

Differential longitudinal magnetoresistivity

4Au, GdZCo and

Field perpendicular to the sample plane. We have
measured the magnetoresistivity with applied field
perpendicular to the foil plane. The splat-cooled

amorphous GdZCo was found to have a magnetically

hard axis perpendicular to the sample plane, as
reported® for thermally evaporated Gd-Co films when
Co concentration is less than 91 at.%. The anisotropy
is believed to be in-plane also for GdZNi and Gd4Au,

although the easy axis is poorly defined in these latter
alloys., The magnetoresistivity for GdZNi exhibits

some particular features., The magnetoresistivity
reaches a plateau (15 < H < 25 kOe and 35 < H < 45 kQOe
for the in-plane and off-plane magnetoresistivity,
respectively). Then, for higher fields, the mag-
netoresistivity does not saturate. In addition, irre-
spectively of the field direction, the magnetoresistivity
for GdZNi seems to exhibit an oscillatory behavior.

A more detailed study of the galvanometric properties
of Gd 2N'1 is being planned.

In"conclusion, the effects due to the Au, Co, Ni
contents, respectively, seem to be very important for
the temperature and field dependence of the galvano-
metric properties of amorphous Gd-based alloys.
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