
Combinatorial Methods

Combinatorial Tools for Materials Science

Combinatorial methods are increasingly used
by industry for the discovery and optimization
of materials for use in electronic, optical, and
magnetic applications as well as for designing
chemical and biological sensors and for creating
molecular patterns. We have developed tools
for the fabrication of thin film libraries and
characterization of thickness and optical
properties. We introduce combinatorial near
edge x-ray absorption fine structure as a new
tool for the rapid, non-destructive determination
of the chemistry (including bond concentration)
and molecular orientation of chemically
heterogeneous surfaces.
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We have developed combinatorial tools that can be
applied to a broad range of materials:  a pulsed

laser deposition (PLD) system for thin film library
fabrication; a rapid throughput, spatially-resolved
spectroscopic reflectometer for mapping thickness
and refractive index; and a combinatorial near edge
x-ray absorption fine structure (NEXAFS) tool.

PLD is a versatile, rapid method for growing thin
films that has the following advantages:  complex target
compositions are possible; congruent vaporization
leads to stoichiometric material transfer; high energy
process; low substrate temperatures; and high deposition
rates.  Our deposition chamber utilizes a dual-beam,
dual-target configuration designed for the fabrication
of compositionally graded films.  Thickness and optical

Combinatorial NEXAFS is used to simultaneously
determine molecular orientation and bond chemistry
of planar, chemically heterogeneous surfaces.
Information on the chemistry and molecular
organization of chemical groups on surfaces is
needed, for example, to shed light on the behavior of
monomolecular templates and surface modifiers and
to characterize new classes of catalysts.  We illustrate
the power of the combinatorial NEXAFS method by
simultaneously probing the concentration and molecular
orientation of semifluorinated F(CF2)8(CH2)2SiCl3
(F8H2) molecules in self-assembled monolayer (SAM)
gradients on flat silica substrates as shown in Figure 2.
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Figure 1:  Reflectivity (450–500 nm, relative to sapphire) of
Ni-Au interconnects on GaN after heating to 400 oC.

Figure 2:  Fraction of F8H2 in the SAM (fF8H2) (closed circles)
and the molecular orientation (open circles).

property assays are performed on the film libraries using
a semi-automated spectroscopic reflectometry apparatus.

BaTiO3-SrTiO3, Au-Ni, and Au-NiO film libraries have
been deposited and characterized using these tools.  In
addition, combinatorial library films of Ni-Au interconnects
(88 compositions) on GaN have been characterized before
and after annealing (as shown in Figure 1).




