EDS and VP-SEM: Practical considerations and challenges
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The variable pressure scanning electron microscope (VP-SEM) has become an invaluable tool for imaging and analyzing non-conductive and un-coated samples that would otherwise charge under high vacuum conditions in the SEM.
The presence of a gas in the microscope chamber helps to remove charge build-up on the sample surface but also introduces scattering of the electron beam. This scattering can have a significant impact on EDS spectra.

Scattering, electron current and beam spread
The typical column design in a VP microscope incorporates a Pressure Limiting
Aperture (PLA) in the lower part of the column to prevent gas back-streaming into
the column and gun areas. The distance that the electron beam travels through the
gas is generally denoted the Beam Gas Path Length (BGPL) and is illustrated in
Figure 1. Note that the BGPL is generally longer than the working distance (WD) of
the microscope, but it can also be smaller for those designs that incorporate a beam
sleeve or beam extender.
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As the beam travels through the BGPL, the electrons will collide with the gas
molecules resulting in a reduction of the number of electrons that reaches the
sample as well as a broadening of the beam. To measure the current of the unscattered beam, an insulated Faraday cup was constructed following the design
proposed in[1][2] as shown in Figure 2.The beam current at the sample in VP mode
can be described as[1] :
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where !# is the beam current in vacuum, 1 the total scattering cross section of the
gas, 2 the pressure, 3( Boltzmann constant, 4 the temperature, and 5 the average
number of collisions per electron. By measuring the beam current at various
pressures and WD (shown in Figure 3) as well as under high vacuum conditions, the
average number of collisions per electron 5 can be calculated as shown in Figure 4.

To separate the signal from the un-scattered and scattered beam and determine the beam spread, the
Pt line scan was fit with an integral of two Gaussian contributions sharing the same centroid (i.e. the
interface between Al and Pt) but with separate width and amplitude. An example of the fit curve can be
seen in Figure 8 while Figure 9 shows the Full Width at Tenth of Maximum (FWTM) of the beam skirt
radius for 3 different working distances.
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Figure 2: Illustration of
double insulated
Faraday cup to measure
un-scattered beam
current.

Figure 4: 5 as a function of working distance
for a selection of pressures with straight line fit
overlaid.

Figure 3:Central beam current as a function of
pressure for a selection of working distances.

Figure 8: Pt signal with fit overlaid.

Figure 9: Beam skirt FWHM as a
function of pressure for 3 WD values.

EDS spectra and variable pressure
To illustrate the influence of the VP mode on EDS spectra, two pieces of carbon coated SiO2 of different
sizes (shown in Figures 10 and 11) were placed on an Al stub, and spectra were collected at a selection
of pressures with a WD of 10 mm and acceleration voltage of 15 kV. The VP parameters corresponding
to the collection conditions can be seen in Table 1 while the spectra from the two SiO2 pieces are shown
in Figures 12 and 13.

Figure 10: Larger piece of SiO2 , shortest
distance to Al substrate ≈ 140 µm.
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Figure 11: Smaller piece of SiO2 ,
shortest distance to Al substrate ≈ 6 µm.

Table 1: Number of scattering events, un-scattered
beam current, calculated 67 with BGPL of 15.5 mm, and
measured 67 based on line scans.

While the scattering drastically reduces the beam current at higher pressures and longer WD/BGPL, this
only leads to a reduction in the overall X-ray generation. The increased beam diameter due to the
scattering of the incoming electrons is of much larger consequence to EDS analysis in VP mode. To
describe the beam spread, the skirt radius 67 containing 90% of the scattered electrons is often introduced
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Figure 12: Spectra from larger SiO2 sample.

where ; is the gas atomic number, < the beam energy in eV, 2 the pressure, and 4 the temperature. A plot
of the function is seen in Figure 5.
To measure the amount of beam spread under various conditions, a line scan across the interface
between the Al disc and the Pt aperture of the insulated Faraday cup was performed at 15 kV of
acceleration voltage. Figures 6 and 7 show the sample and a selection of line scans respectively.
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Figure 15: O/Si atomic % ratios at different
pressures. The solid line indicates a
stochiometric SiO2.

Conclusion
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Figure 6: Pt aperture inserted in
Al disc used for beam current and
line scan measurements.

Figure 14: Al/Si Net intensity ratios at different
pressures.

Though only roughly 17% of the electrons undergo scattering at 10 Pa and
90% of the scattered electrons are within a radius of 63 µm, a significant Al
peak is seen in the spectra for both samples. For the larger particle, the Al
net counts are roughly 11% of the Si and 30% for the smaller particle. At 40
Pa, the Al signal dominates over the Si for the smaller particle while this
happens at 90 Pa for the larger as illustrated in Figure 14.
Though the quantification results at high vacuum are consistent with a
stochiometric SiO2, significant variations can also be seen as the pressure
changes (shown in Figure 15).

Al

Figure 5: 67 as a function of BPGL
for a selection of pressures.

Figure 13: Spectra from smaller SiO2 sample.

Figure 7: Pt signal when scanning
beam from Al disc to Pt aperture
as shown in Figure 6.

There is no question that variable pressure mode is an extremely useful tool, but great care must be
taken when it comes to EDS analysis in VP mode. The electron scattering leads to an overall signal
reduction which can be easily compensated for when increasing the collection time or beam current.
However, the stray signal from the beam skirt poses a much more difficult challenge. Even for relatively
large particles, a significant amount of the signal can originate outside the intended area resulting in the
danger of misinterpreting the spectra.
Through line scans and beam current measurements, the amount of beam spread and the BGPL for a
given microscope can be extracted, making it possible to predict the VP contributions at different
analytical conditions and thus the impact on the EDS spectra.

