A NEW HIGH RESOLUTION FIELD EMISSION SEM WITH VARIABLE
PRESSURE CAPABILITIES

Peter Gnauck
LEO Elektronenmikroskopie GmbH, D-73446 Oberkochen, Germany

To examine non conductive samples in their natural state (i.e. without significant sample
preparation) at high resolution in the SEM the technique of low voltage field emission
scanning electron microscopy (LVFESEM) is used. Due to the limitation in accelerating
voltage (U<1kV) this technique is limited in respect of chemical analysis. Furthermore it is
not possible to examine humid and outgassing samples in high vacuum. In recent years the
application of variable pressure scanning electron microscopes (VPSEM) became an
important technique in materials science as well as in life science. Due to the capability of
maintaining a high chamber pressure humid, outgassing and non-conductive samples, can be
examined in their natural state without significant sample modification or preparation.
Especially compound materials with different electron yields can be imaged without any
charging effects (Fig. 1), [2].

Figurel : Tungsten Particles on a quartz surface. Low voltage imaging at high vacuum
conditions left and VP imaging right.

The high pressure capabilities of the instrument are realized by eliminating the high vacuum
requirements of SEM in the microscope chamber. This is done by separating the vacuum
environment in the chamber from the ultra high vacuum environment in the gun area. Four
pressure limiting apertures separate the high pressure specimen chamber from the FEG area
[1]. The four pressure regions created by these apertures are separately pumped. Two ion-
getter-pumps (IGP) are used for the gun vacuum and the upper part of the electron optical
column. A turbomolecular pump is used to pump the lower parts of the column. The specimen
chamber itself is pumped by a dry rotary pump in VP-mode and by the turbomolecular pump
in high vacuum mode (fig.2). This achieves a vacuum gradient in the instrument from p = 1
mbar in the specimen chamber down to p = 10" mbar in the FEG area.

The fully automated vacuum system is controlled via a 32bit Windows™ graphical user
interface. The variable pressure (VP) mode and the conventional high vacuum mode can be
selected from the graphical user interface. In the VP-mode the actual pressure in the specimen
chamber can be precisely adjusted via software in steps of 0.01 mbar. The pressure can be
displayed in units of mbar, torr or pascal.
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Figure 2: Vacuum System of the 1500 VP FESEM in VP-Mode: The four pressure regions
(1)-(4) are separated by three pressure limiting apertures. The vacuum in the FEG area and the
upper part of the column is maintained by two ion-getter-pumps, the lower part of the column
is pumped by a turbomolecular pump (TMP). The specimen chamber is separated from the
TMP-vacuum by a turbo-isolation-valve (TIV). The pressure in the specimen chamber is
adjusted by using a dry rotary pump in combination with a needle valve.

To achieve an optimized signal detection in all operating modes of the microscope, several
detection systems are available.

At high vacuum mode we use an annular inlens SE detector as well as a lateral SE-detector of
the Everhard-Thornley type. While the internal SE-detector provides the best high resolution
data, the lateral detector is used to provide optimum topographical information. Signals from
both detectors may be mixed electronically in any ratio to optimize image quality.

In VP-mode a standard annular backscatter detector can be used for the detection of reflected
electrons as well as the patented LEO VPSE-detector [3]. While the backscattered electrons
(BSE) provide analytical information about the elemental distribution in the sample (both in
VP-mode and in high-vacuum-mode), the VPSE-detector is used to provide maximum
topographical information in VP-mode by secondary electron (SE) detection (fig.4). The SE
detection in VP-mode is a three step process (fig.3): In the first step SEs are generated by the
primary beam on the sample surface. In the second the SEs collide with the gas molecules in
the chamber and create further electrons which are accelerated in an electrical field towards
the VPSE detector. This acceleration of charged particles generates a cascade or avalanche
which provides an amplification of the primary signal. Each collision in the cascade generates
photons that are detected by the VPSE detector.
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Figure 4: Variable Pressure imaging of an uncoated Viton O-Ring, Chamber Pressure 34 Pa
BSE-Image (left) and SE-Image (right)
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