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Abstract: We have found that sputtered amorphous films of Gd-Co and Gd-Fe have perpendicular magnetic anisotropy. The demagne-
tized domain configuration consists of stripe domains, and bubble domains were nucleated in an applied field. By controlling the sput-
tering conditions, films with a wide variety of magnetic properties were obtained.

Introduction

Materials which are atomically disordered but magneti-
cally ordered have been known for a number of years.
Materials in this class include evaporated thin films [1-
3], splat cooled alloys [4], and electrochemically depos-
ited films [5]. We have prepared magnetically ordered
amorphous films of Gd-Co and Gd-Fe alloys by sputter-
ing. Recently, amorphous films of TbFe, have also been
prepared by sputtering and have been shown by neutron
diffraction [6] to be magnetically ordered.

We have studied the domain structure of our amor-
phous sputtered films of Gd-Co and Gd-Fe by means of
Lorentz microscopy, Bitter patterns, and Kerr contrast
and find that under certain conditions of fabrication the
demagnetized domain configuration consists of stripe
domains. It has also been found that bubble domains can
be nucleated in an appropriate applied field. Both states
are shown in Fig. 1. These results have led us to exam-
ine the potential utility of amorphous materials for bub-
ble domain device application. Indeed we have built and
operated shift registers on these materials. The material
used in the shift registers had a bubble diameter of 2 um.
Bubble generation, propagation, cornering and annihila-
tion were achieved.

In this note we summarize some of our results on the
method of fabrication of these films, their structure and
composition, and such magnetic properties as saturation
magnetization, coercivity, and anisotropy.

Experimental Results

The Gd-Co and Gd-Fe films were prepared by sputter-
ing. Both rf and dc sputtering were used. The targets
were fabricated by arc melting mixtures of the elements.
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Upon applying a negative bias voltage to the substrates
during sputtering, the composition of the film was varied
by as much as 10 atomic percent over the nominal com-
position expected from a given target. Films with a wide
range of compositions were prepared and their proper-
ties investigated. The deposition was carried out on a
variety of substrates, which included amorphous materi-
als such as glass and fused quartz, polycrystalline ma-
terials such as copper and tungsten, and single crystal
substrates such as NaCl, Al,O,, Si, and mica. In addi-
tion, flexible substrates such as heat stable polymers
were also used. In order to provide good heat transfer
the substrates were gallium backed and mounted on a
water cooled molybdenum block. The temperature of
the substrates at the start of deposition was near room
temperature. Most of the results reported here were ob-
tained on glass substrates. However, the properties of
these films were found to be essentially independent of
the nature of the substrate.

The structure of the as-deposited films was investigat-
ed by transmission electron microscopy and by reflec-
tion electron diffraction. The films were found to be
amorphous and the diffraction patterns showed charac-
teristic broad halos. High resolution dark field electron
microscopy showed the films to have coherently scatter-
ing regions less than 25 A in diameter.

The average compositions of the films were deter-
mined by x-ray fluorescence analysis. Composition (and
impurity content) fluctuations in the thin films as a func-
tion of film thickness were determined by a-backscat-
tering. Similar investigations of fluctuations parallel to
the plane of the film were carried out with a microprobe.
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