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Sputter depasition has been used for many yeas
to prepare novel multi-component structures. As an
example, artificial metalli c superlattices containing many
layers of two metals deposited sequentialy have been
extensively studied. The diffusion rates of the freshly
depaosited spedes perpendicular to the layers governs the
interface sharpness, while rapid dffusion of one or both
spedes aong the surface can creae mixtures of
nanometer or micrometer-sized grains of different phases
and completely disturb the superlattice structure. By
caeful seledion of the pair of elements, the layer
thickness depasited during each pass under the sputter
targets, substrate temperature, etc., it is posshle to
prepare a wide variety of film structures ranging from
amorphous mixtures to well ordered superlattices. For
this reason, we seleded sequential sputter depasition in
our attempts to prepare nanocompasites for lithium-ion
battery eledrode gplications.

Metals that alloy with lithium have been studied
as anodes for Li batteries for many yeas. However,
although elements like tin have large cgadty for lithium,
particles of the dloys cradk and fragment during the
repeaed aloying and de-alloying which occurs as cdls
are dharged and discharged (1). The reseach groups of
Huggins (2) and Besenhard (3) have propaosed that alloy
fragmentation can be reduced if grain of the adive
alloying spedes are embedded in a “matrix” which holds
them together. We recently improved on their ideas by
preparing ranocompaosites of particles consisting of
nanoscopic grains of adive SnyFe (alloys with lithium)
and inadive SnFe;C (does not aloy with lithium) phases
(4). Medanicd aloying was used to prepare the
Sn,Fe/SnFe;C adive/inadive nanocompasites. Provided
that the size of the adive grains is only a few nm, the
discreda Li-Sn phases in the bulk Li-Sn phase diagram
apparently do not form and homogeneous expansion of
the adive grains occurs as Li aloys with the material.
Cracking and fragmentation is prevented and good
performanceis observed.

It was our opinion that sequential sputter
depasition of tin and a second element would give better
control over the types of nanostructures that could be
prepared. As afirst trial, we picked molybdenum as the
second element. Tin has alow melting pdnt (232°C) and
Mo has a very high one (2617 °C). Hence one expeds
the diffusion rate of the tin atoms immediately after
depasition on a room temperature substrate to be much
larger than that of the Mo atoms. The fad that Mo-Sn
intermetallic compounds exist, suggests that in
equili brium Sn should diffuse into the Mo layers to make
homogeneous phases. However, if the diffusion rate of
tin paral el to the substrate is larger than the diffusion rate
perpendicular (into the Mo) to the substrate, and if
relatively thick layers of Sn and Mo are deposited,
nanoscopic dusters of tin could form as the tin diffuses
parale to the substrate dter ead rotation urder the tin

target. The tin clusters would be “buried” under
subsequent Mo layers. We felt that this could crede a
very desirable nanostructure for Li battery appli cations.

Here, we describe the preparation and
charaderization of sequentially sputtered Mo-Sn films.
The major goal of this work is to understand how the
nanostructure of the films depends on the deposition
conditions. Figure 1 shows a schematic diagram of the
nanostructure of such afilm.

Another talk presented at this conference will
describe the dedrochemical properties of the films
described here. A further talk will describe the safety and
performance of 18650 size Li-ion cdls using Mo-Sn
negatives.
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Figure 1. Schematic structure of a Mo-Sn co-sputtered
film. The cmposition is about 50% atomic tin. Layers
of 15A Snand 9A Mo were deposited sequentially.
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