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Last month | addressed the phenomena of beam scatter in the environ-
mental and low vacuum SEM. In that article | covered how beam scatter is
affected by chamber pressure, working distance, and accelerating voltage.
To briefly summarize, beam scatter becomes worse at higher chamber pres-
sure, longer working distance, and lower accelerating voltages. As the beam
scatters, electrons strike the sample some distance away from the primary
beam and as a result, generate X-rays from unwanted areas of the sample. It
is advantageous for the analyst to keep beam scatter to a minimum to re-
duce the generation of these X-ray signals. Under conditions of high cham-
ber pressure, long working distance, and low accelerating voltage, it is possi-
ble for electrans from the beam to strike the sample on the order of a millime-
ter or more from the primary beam. This results in an "electron skirt" sur-
rounding the primary beam. For this discussion we can loosely define high
chamber pressure o be above about 1 Torr, long working distance to be
more than 10 mm, and low accelerating voltage to be below 10 kV. It is im-
portant to keep in mind that it is the combination of these variables that leads
to beam scatter and that a large reduction or increase in beam scatter is
possible, depending on the values selected. | used the term "working dis-
tance" as a kind of shorthand to describe the distance the beam travels in
the gaseous atmosphere. Once the beam leaves the final aperture until it
strikes the sample, it is no longer at high vacuum and is subject to scattering
by the gas molecules in the chamber. This distance can be several millime-
ters more than the working distance, defined as the distance from the pole
piece to the sample. A more accurate term for the distance the beam travels
in the gaseous atmosphere is "beam gas path length".

There is a fourth variable that affects beam scatter that we have not
discussed yet, the gas type. In a typical SEM the working distance (or beam
gas path length) for performing X-ray analysis is a fixed value determined by
the manufacturer. Accelerating voltage is typically chosen to excite specific
X-ray lines and may not be easily changed. Chamber pressure is typically
the most easily varied parameter, but for certain samples the chamber pres-
sure must be kept at a minimum value to reduce charging effects or to keep
a sample in its natural state. The last variable that the user can adjust fo
affect the beam scatter is the choice of what gas to introduce into the cham-
ber. Most low vacuum SEMs use air as the operating gas. In the true envi-
ronmental SEM, air can be used but water vapor is commonly used to look at
samples in their hydrated state. For the purposes of this discussion we will
discuss gasses used fo view non-hydrated samples.

Figure 1 shows a graph of beam scatter vs. chamber pressure for six
commeon gasses. The gasses, listed in increasing order of scatter are helium,
water vapor, air, nitrogen, argon, and carbon dioxide. The graph data are
from models generated by the software program "Electron Flight Simulator’,
version E. The graph shows chamber pressures between vacuum and 1
Torr, since this is the typical working range of a variable pressure SEM. The
graph shows the percent of the primary beam that is unscattered on the y-
axis and chamber pressure on the x-axis. Ideally a gas would cause no scat-
ter at any chamber pressure, and produce a horizontal line at the top of the
graph. The amount of scatter is proportional to the atomic number of the gas.
Helium exhibits the least amount of scatter so the diameter of the "electron
skirt" will be the smallest. Carbon dioxide exhibits the most scatter. Nitrogen
exhibits essentially the same amount of beam scatter as air, so for the pur-
poses of discussing beam scatter they can be considered the same.
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It is clear from the graph that helium is the gas of choice to reduce scatter,
as it exhibits essentially no beam scatter up to 1 Torr chamber pressure. But
there are other effects to be considered. A main reason for introducing gas into
the SEM chamber is to eliminate the effects of surface charging. The primary
mechanism of surface charge neutralization arises when gas molecules in the
chamber are ionized by the beam and then combine with the static charge on the
sample. Backscattered and accelerated secondary electrons also contribute to
this gas ionization process. To eliminate sample charging at the lowest possible
chamber pressure, it is desirable to use a gas that ionizes readily. The energy
required to ionize helium is approximately double that for nitrogen, implying that
the chamber pressure for helium needs to be higher than for nitrogen to get the
same charge neutralization effect. This leads to the question of whether the re-
duction in beam scatter produced by helium is negated by having to use a higher
chamber pressure.

Stowe and Robinson addressed the question of using helium by conducting
experimental measurements of beam scatter in air and helium. They measured
the generation of X-rays from a sample located a precise distance away from the
primary beam. The X-ray intensity away from the primary beam was measured
under a wide range of pressures for air and helium chamber environments. Air
was shown to scatter the beam significantly for all pressures and accelerating
voltages tested, while helium showed almost no beam scatter under most condi-
tions. They also performed a test where the pressure of each gas was set to just
eliminate surface charging effects. Measurements of beam scatter under these
conditions showed that air exhibited more than twice the beam scatter of helium
at a distance of 100 microns from the primary beam. The conclusion reached
was that even though helium is more difficult to ionize than air, and therefore
requires a higher chamber pressure to eliminate surface charging, at the higher
pressure it still reduced beam scatter a significant amount vs. air. As far as X-ray
analysis is concerned, the reduction in ionization efficiency of helium is more
than made up for by the large reduction in scattering of the primary beam.

The choice of gas also has an effect on image quality. Image resolution is
less sensitive to the electron skirt than x-ray resolution. Image resolution can
remain high even with a large electron skirt, because most of the usable image
signal comes from the primary beam and not the skirt. Of course the image qual-
ity will still depend to some degree on what gas is used and what type of detector
collects the image signal. The relationship between gas and detector type is
beyond the scope of this discussion, but needs to be considered when selecting
agas to use in a particular instrument.

At this point you might be considering using Hydrogen as the chamber gas.
Hydrogen is lower in atomic number and would be expected to scatter the beam
somewhat less than helium. However, due to the obvious safety considerations,
hydrogen is not recommended. Most of the literature on low vacuum SEMs in-
volves work performed with helium, air, nitrogen, or water vapor as the chamber
gas. Other gasses and gas mixtures can be used to provide specific environ-
ments for different samples.

Conclusion

Practically any gas can be used in the environmental or low vacuum SEM.
The main considerations for choosing a gas are reducing the surface charge on
the sample, providing a specific environment for studying the sample, and mini-
mizing scatter of the primary beam. Helium produces the least amount of beam
scatter of all gasses tested.

Beam scatter results will affect image quality and X-ray spatial resolution,
but not equally. Under most conditions, the image quality is not affected by the
electron skirt produced when the beam is scattered by the chamber gas. How-
ever, the electron skirt can generate X-rays from regions well beyond the area of
interest. Use of a low atomic number gas is one variable the analyst can use to
minimize the size of the electron skirt and theraby improve the spatial resolution
of X-ray analysis. Gas type should also be selected with respect to the other
variables that contribute to beam scatter: chamber pressure, working distance,
and accelerating voltage. [ :
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FIGURE 1. Beam Scatter vs. Chamber Pressure for 6 Different Gasses.
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