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Co-sputtering of three metallic ¢lements is used to generate com-
position spread thin films. The gradient thickness profile from each

sputtering gun results in continuously changing composition of the

deposited ternary film across the wafer which can be directly map-
ped onto a ternary phase diagram. Various properties are rapidly
mapped across the ternary phase diagram. In their Full Paper on
pages 171-178. Rossana Dell’Anna, Paolo Lazzeri. Roberto Can-
teri, Christian J. Long. Jason Hattrick-Simpers, Ichiro Takeuchi,
and Mariano Anderle used the supervised principal component
technique to investigate the relationship between time of flight
secondary ion mass spectrometry (ToF-SIMS) spectra and the
composition distribution across a Ni-Ti-Cu composition spread.
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Abstract

e apply a semi-supervised technique called Supervised Principal Component (SPC) to
“iplore the relationship between the composition of a thin film combinatorial library and
¢ peaks of Time-Of-Flight Secondary Ion Mass Spectrometry (ToF-SIMS) spectra
wquired from the library. SPC is first used to select a subset of the available multivariate
catures (the peak intensities of the ToF-SIMS spectra) based on their association with

“c outcome variable (the elemental concentration of the thin film samples). Next, using
aly the selected features, SPC creates optimal linear models which map the ToF-SIMS
“u1a onto the composition data. The models for the first two of the considered elemental
~oncentrations use only eight of the 55 available ToF-SIMS peaks, making interpretation
¢ the model much simpler than for a model which uses all 55 available peaks. The
~wreentage of explained variance (R?) in concentration data is in both cases about 0.80.
“hese results are obtained during the model validation phase, performed on test data,
which are exclusively used for this purpose. The model for the third considered element
~d not produce significant results due to the poor variability of the dataset. This work
~ustrates for the first time that using a multivariate analysis technique, one can establish
¢ relationship between ToF-SIMS measurements and stoichiometric data in a combina-
~nal experiment. More generally, the described feature selection approach provides an
~sample of how combinatorial experiments can be useful for accelerating the
woderstanding of the chemical — physical behaviors under investigation.

! Introduction

ombinatorial experiments for the discovery and optimi-
sation of new materials [1] generate data that are usually
wultivariate, as arrays of variables (features) and multiple
wructural and/or functional outputs are typically associat-
. with a library of compounds. A crucial aim of combina-
~nal experiments is to exploit these data for developing
swhable predictive models which are capable of identifying
waterials possessing desirable physical properties. By rec-

Abbreviations: PC, principal component; PCR, principal compo-
went regression; SPC, supervised principal component; ToF-
SIMS, time-of-flight secondary ion mass spectrometry; WDS,
wavelength dispersive spectroscopy
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ognizing new patterns in data, data mining strategies could
provide new hypothesis on composition-structure — proper-
ty relationships to be further validated by new experi-
ments or theoretical explanations.

One area of critical importance in data mining is feature
selection [2]. Feature selection is crucial in data mining be-
cause it helps to filter out both redundant and irrelevant
information from a multivariate dataset. The decrease in
dimensionality of a multivariate dataset obtained by fea-
ture selection not only reduces the computational expense
of the algorithm, but can also reduce the risk of designing
models which are over-fitted to data. By determining rele-
vant modeling variables, a new insight into the mechanism
governing the considered physical behavior is possible. In-
terpretability, scalability, and, possibly the accuracy of the
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