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SEM-XRF

microXRF for SEM

Microfocus X-ray sources for electron microscopy
Energy dispersive X-ray fluorescence spectrometry
for elemental analysis / hyperspectral XRF imaging
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SEM-XRF: advanced hyperspectral imaging of heavy elements

Technological progress in the fields of small-spot low-power
X-ray tubes and efficient polycapillary X-ray optics has enabled
IXRF Systems to develop a line of compact X-ray sources that
can be attached to scanning electron microscopes with energy
dispersive X-ray spectrometer (SEM/EDS) systems. This
innovation allows traditional X-ray fluorescence (microEDXRF)
spectrometry to be performed within the SEM, where X-ray
excitation allows efficient excitation and quantification of a far
larger range of elements than are possible with e-beam
excitation. The analytical power of SEM/EDS is significantly
enhanced with addition of an X-ray exciation source.

Generally, SEM/EDS analysis takes place at an excitation
energy of 20 keV. This method can detect, but not necessarily
resolve, elements present in amounts above 0.1wt%. In terms
of detectability, e-beam excitation is best suited for light
elements with peaks below 2 keV, while SEM-XRF can detect
heavier elements at lower concentrations than can be seen
with SEM/EDS. Above ~2 keV, SEM-XRF can detect elements to
ppm* levels. Additionally, peaks of heavier elements - at higher
energies — can be fully resolved. An X-ray source is able to
excite Mo K-lines at ~17.44 keV, whereas SEM/EDS is only able
to excite the M-lines of molybdenum at 2.29 keV, which almost
completely overlaps the K lines of sulfur and M-lines of lead.

*parts-per-million

EDS w/ e-beam <20 ppm

<500 ppm <10 ppm

<200 ppm <5ppm

<50 ppm Not measurable

Periodic table of the elements for XRF illustrating
approximate lower limits of detection (LLD). Note that these
values vary widely by matrix and acquisition conditions.



How does X-ray fluorescence work ?

In X-ray fluorescence (XRF), an electron can be ejected from its atomic orbital by the
absorption of an electron or light wave (photon) of sufficient energy (see image at
right). The energy of the exciting electron or photon (hv) must be greater than the
energy with which the inner shell electron is bound to the nucleus of the atom. When
an inner orbital electron is ejected from an atom (middle image), an electron from a
higher energy level orbital will be transferred to the lower energy level orbital. During
this transition a photon may be emitted from the atom (bottom image). This
fluorescent light is called the characteristic X-ray of an element. The energy of the
emitted photon will be equal to the difference in energies between the two orbitals
occupied by the electron making the transition. Because the energy difference
between two specific orbital shells, for a given element, is always the same, the
photon emitted will always have the same energy.

For a particular energy (wavelength) of fluorescent light emitted by an element, the
number of photons per unit time (generally referred to as peak intensity or count rate)
is related to the amount of that element in the sample. The counting rates for all
detectable elements within a sample are usually calculated by counting, for a set
amount of time, the number of photons that are detected for the various elements’
characteristic X-ray energy lines. Therefore, by determining the energy of the X-ray
peaks in a sample’'s spectrum, and by calculating the count rate of the various
elemental peaks, it is possible to qualitatively establish the elemental composition of
the samples and to quantitatively measure the concentration of these elements.

XRF Theory

What is SEM microXRF ?

Micro X-ray fluorescence (microXRF) spectroscopic
analysis is a complementary, non-destructive analytical
technique to traditional energy dispersive spectroscopic
(EDS) analysis using a scanning electron microscope
(SEM). Such analyses are important for the character-
ization of elemental composition within unknown samples
ranging from millimeter sized inhomogeneous specimens
(inclusions) down to small micron level particles. In
addition, fitting an SEM with a high speed piezo XY stage
allows hyperspectral XRF mapping of samples, providing
images similar to SEM/EDS elemental maps.

MicroXRF with micron sized focal spots function as a type
of XRF hyperspectral imaging microscope, where each pixel
(in @ map or image) contains information from 0.1-35 keV
in the electromagnetic spectrum, affording greatly
enhanced analytical capabilities.

X-ray excitation yields much higher sensitivities for trace
element detection (down to as low as 5 ppm for some
elements), an extended X-ray spectral range up to 35 keV,
as well as information from greater depths within a sample.
Interior of SEM showing (from left to right) the EDS detector nose, Deeper "depth of interaction volume" allow characterization
the SEM pole piece and IXRF's fX SEM small spot X-ray source. of multilayer thin-film (stack) systems, from 1 nm up to 40
pm thick, which is not possible with electron excitation.















