Svnchrotron X-ray Measurement
Method Development

Our goal is to develop state-of-the-art synchrotron X-ray measurement
technology, including instrumentation, methods, and analytical tools, to
enable measurements of structure not attainable by other methods, and
to facilitate their adoption at other synchrotron facilities. As a result,
critical information about advanced materials will be generated, thereby
accelerating the implementation of new materials into devices and

systems with advanced functionality for a broad spectrum of industries.

Impact and Customers

* Globally, more than 50,000 scientists each year employ synchrotron X-ray
measurements to characterize materials and devices for a broad spectrum of
applications. The continuous development of X-ray measurement technology
with increased spatial and energy resolution will have a broad impact on many

technology sectors.

A 3-D chemical imaging detector with nanoscale resolution that will be broadly
applicable to the semiconductor industry is being developed in collaboration with
R. Browning Associates through a NIST Small Business Innovative Research (SBIR)

grant.

NIST has enabled advances in X-ray detector technology by designing detectors - -

with greater sensitivity and selectivity than those commercially available and
working with detector manufacturers through SBIR grants to produce such

detectors. Synchrotron facilities worldwide have adopted these detectors.

Approach

We currently operate three beamlines at the National Synchrotron Light Source (NSLS) at
Brookhaven National Laboratory that have the following measurement capabilities: (1) near-
edge X-ray absorption fine structure (NEXAFS) spectroscopy; (2) extended X-ray absorption
fine structure (EXAFS) spectroscopy; (3) variable kinetic energy X-ray photoelectron
spectroscopy (VKE-XPS); and (4) imaging XPS (under development). The spatial and energy

resolution of these methods are continually improved, primarily

through the development and implementation of novel detectors.

Other thrusts of our effort are to: (1) design and implement
novel sample manipulation hardware and environment control,
including combinatorial methods; (2) develop analytical tools (methods and software) for data
interpretation; and (3) work with NSLS staff to design and develop a beamline that meets the

requirements for operation at NSLS-II, a next-generation synchrotron facility.
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Accomplishments

Over the past fifteen years, we have
designing X-ray detectors with
selectivity than
those commercially available, working
with detector manufacturers to produce
such detectors, and demonstrating their
capabilities on the endstations of our three
beamlines.

been
greater sensitivity and

We have developed software for X-ray
absorption spectroscopy, and areimproving
this software to allow automated collection
and analysis of data. The Athena program
processes data, while Artemis performs
quantitative analysis and Hephaestus
provides a periodic table customized for X-
ray absorption spectroscopy. Our software
effort reaches a world-wide audience:
The mailing list devoted to technical and
scientific support of the software has over
500 subscribers from 32 countries.

e G Geap e P b Du A Aeem
[ [re——————
Cut g i
Yo _Sld 15 1 S St g b gz
By e ] e

s 1

Athena EXAFS analysis sofware

NIST has signed a memorandum of
understanding  with  Sandia  National
Laboratory to develop and utilize a
world-class endstation for variable kinetic
energy X-ray photoelectron spectroscopy
at NIST beamline X24A at the NSLS. This
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endstation will soon be equipped with an
advanced high energy analyzer to provide
the enhanced resolution and throughput
required for these measurements. We
have constructed a new ftriple axis
feedback system (theta, chi, and second
mirror tilt angle) at X24A to maintain both
the vertical and horizontal X-ray beam
location over the full 12 hour duration of
an X-ray fill. This feedback system makes it
possible for beamline users to collect data
over this time period without re-tuning of
the beamline due to the varying heat load
on the first crystal.

Triple axis feedback system

On NIST beamline U7A, we have combined
a new parallel process imaging electron
yield detector and a full field incident soft
X-ray beam to produce near-edge X-ray
absorption fine structure maps (18 mm
x 13 mm) of chemically heterogeneous
surfaces. The new magnetic field imaging
detector was developed under a Phase |l
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NEXAFS imaging detector

SBIR grant (E. Principe Ltd.) and produces
a series of two-dimensional NEXAFS spatial
images as the incident soft X-ray energy is
scanned above the K or L absorption edge.

The resulting image stack reveals
information about the chemistry (including
bond concentration) and orientation
of surface-bound molecules with 50-
micron planar spatial resolution and
sub-monolayer  molecular  sensitivity.
Applications include the concentration
and molecular orientation of single-strand
DNA micro-array sensors, semifluorinated
molecular gradients, organic electronic
combinatorial device arrays, and graded

polymer films.
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Large area NEXAFS chemical imaging

IFEFFIT package of XAS data analysis software can be obtained from:

http://cars9.uchicago.edu/iffwiki/Ifeffit
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