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Energy-Dispersive X-Ray Spectroscopy (ED-XRS or EDS) is a
powerful and easy-to-use technique for the elemental analysis of a
wide variety of materials. Most commonly, this technique is called X-
Ray Fluorescence (XRF), which classically uses x-ray photon sources
to excite the sample. A Scanning Electron Microscope (SEM), of
course, uses electrons as the excitation source for microbeam x-ray
spectroscopy together with sample imaging using characteristic x-
rays and/or secondary electrons. These two XRS techniques are used
independently, although often the same sample is analysed by both,
to provide complementary information.
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Figure 3, Diagram of small-spot pi x-ray tube attached to SEM, also
showing EDS detector

Figure 1. Small-spot fit x-ray tube attached to SEM

The advantages of both techniques have been reviewed several
times [e.g. 1,2], SEM-EDS being more suited to imaging and micro-
beam quantitative compositional analysis and maps, and XRF more
suited to accurate quantitative analysis, especially for trace elements,
while analyzing a much larger area. One weak area of routine labora-
tory XRF is for low-atomic-number elements, where the excitation
efficiencies for low-energy x-rays are very poor. In these cases, SEM-
EDS analysis can often be better. Conversely, with an x-ray source,

Figure 2. X-Beam x-ray source attached to SEM

Figure 4. , Diagram of X-Beam x-ray source attached to SEM, also
showing EDS detector

there is no need to coat the sample as charging is virtually nonexistent
when using x-ray photon excitation.

One can take advantage of the fact that most SEM-EDS micro-
analysis systems already have a high-quality EDS detector, with an
ultrathin window that allows the analysis of critical light elements.
Therefore, to enable good-quality XRF within an SEM, one only
needs a suitable x-ray source to have both XRF and electron-beam
x-ray spectroscopy within the same chamber, in vacua or in air, as
appropriate for the sample.

Several attempts have been made to add XRF to SEMs, using
the standard EDS detectors already in place [3, 4]. Most of these
used the electron beam to create the fluorescing x-rays with a thin
trans miss ion-target foil placed between the beam and the sample.
The main problem with this approach was the low incident x-ray
flux onto the sample, especially if the analysis area (x-ray beam) is
restricted. The advantages of XRF {e.g., improved sensitivities and
peak-to-background ratios) were then lost because of the low count
rates achieved.

This problem can be solved by attaching a separate x-ray source
onto the SEM, with flux outputs orders of magnitude higher than
those produced by low-current SEM beams in transmission foils. By
restricting the sample analysis area with apertures or active focusing
optics, one can still achieve count rates in these small areas that are
typical of standalone XRF spectrometers, with all the advantages of
the XRF technique [5, 6].

In the first implementation (Figure I), a re-entrant dose-coupled
low-power (3-4W) transmission-target tube (/X) is shown, with an
integrated aperture assembly that collimates the x-ray beam in the
range of 0.5 to 5 mm, depending upon the aperture. This tube can
operate up to 35 kV, and does not require any active cooling.
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Knife-edge scan of Mo Ka x rays directly from the X-Beam
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Figures. Knife-edge.scan ofX-Beam

In a second implementation, an X-Beam assembly is shown
attached to the SEM in Figure 2, The X-Beam is a combination of
medium-power x-ray tube (up to 50W) with an integral poly capillary
that focuses fhex-raybeam down to about 50 microns at the sample.
In addition, this source has an integral shutter so the beam can be
on continuously, even if the SEM chamber is opened. An integral
air-cooling system is available for die highest power operation (50
kV, 1 tnA), or the tube can be operated at a lower power without any
cooling.

The internal cross-sectional drawings for mounting each of
these tubes are shown in Figures 3 and 4. These drawings reflect the
Hitachi 3000 SEM with a horizontal port, with smXY stage that must
be tilted toward the tube. Other SEMs, such as shown in Figures 1

and 2, have usable ports
with the typical 35-de-
gree angle.

Many of the SEM
techniques, such as
sample scanning, can
be readily adapted for
use with the x-ray tube
source, so that chemical

I maps can be constructed
from either beam source.
Most of the software
already exists for the
SEM automation and
EDS analysis, so just
the quantitative XRF
algorithms need to be

integrated. The result is a compact dual-purpose instrument for imag-
ing and quantitative analysis of a variety of sample types. Both of the
x-ray source configurations discussed above have been implemented
without any interference with the normal SEM operation.

A knife-edge scan is shown in Figure 5, demonstrating the spot
size achievable with the X-Beam device.

Apractical example of the X-Beam in the SEM is shown in Figure
6 for an XY stage scan of a Cu grid with a 125-micron pitch and a
12-micron bar thickness [6].

A comparison of spectra from a glass standard is shown in Figure
7. This shows the spectra from the electron beam, the fX tube, and
the X-Beam.

Minimum Detection Limits (MDLs) were calculated from each
of the spectra in Figure 7, for the glass standard, and Table 1 shows
the results.
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Figures. XY scan of Cu grid
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Figure 7. Spectra from e-beam (top), fX (middle) and X-Beam
(bottom)

From this table one can see that for light elements, the e-beam
analysis is comparable or better, whereas for heavier elements
(higher-energy x rays), the x-ray sources give lower detection limits,
demonstrating the advantages of the two techniques.

Finally, the following figures show some examples of x-ray map-
ping, using the SEM XY stage to move the sample, while analysing
using either the x-ray or e-beam source. Figure 8 shows die XY scan
x-ray map taken using the X-Beam source, and the spectra for the
complete maps using the e-beam and the X-Beam. Again the spectra
show qualitatively the difference in die optimum excitation energy
ranges for each technique.

Table 1. Minimum Detection Limits from (a) SEM
e-beam, (b) X-Beam, and (c) Ag-target Of tube.
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6.03

10.06

1.87
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0.42
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0.67

1.67
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0.132
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2.299
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0.032

0.015

0.009

0.009

0.006

0.010
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0.033
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MDL

0.466

0.274

0.188

0.092

0.049

0.040

0.018

0.013

0.015

0.016

0.018

0.019

0.178

0.148
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Figure 8. X-ray map using X-Beam and average spectra from both

e-beam and X-Beam sources
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Figure 9. X-ray map & average spectrum usingX-Beafn

Figure 9 shows a XY stage scan x-ray map for a Tousimis 8207
elemental standard, showing the individual maps for each standard
element. •
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