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ABSTRACT
More than 900 combinations of electrodes of various shapes were built and evaluated for their efficiency as projector filter

lenses in a low-voltage electron microscope. Some of them are presented in detail. Filter lenses having either 2 or 3 crossovers
and possessing a wide image angle and low distortion can be built.

I. Introduction

As is well known, a considerable proportion of thel electrons passing through a specimen examined
in an electron microscope are scattered inelastically.
Since the mean scattering angle is small, a large
number of these electrons pass through the objective
aperture. Inelastic scattering effects are deleterious
to the image quality because the reduction in energy
of the scattered electrons produces focusing proper
ties different from those of the unscattered and of
the elastically scattered components of the beam.
An improvement in image quality can be expected
if the inelastically scattered electrons are prevented
from reaching the image. This removal can be ac
complished by an electron energy filter, as first pro
posed by Boersch (1947).

Previous workers have investigated several types
of energy filters. Boersch (1953, 1959), Beaufils
(1959) and Catalina (1959) formed an intermedi
ate image on a grid electrode, which had a potential
low enough to reflect the inelastically scattered
electrons. Mollenstedt and Rang (1951), Boersch
(1953), Schiekel (1952), Lippert (1955), Hahn
(1959, 1961), Bykhofskaya and Der-Shvarts (1959),
and Der-Shvarts and Belen'kiy (1962) also worked

on filter lenses. These lenses have been unipotential
with a central electrode at a sufficiently low potential
to trap all, or almost all, inelastically scattered, and
therefore slower, electrons. Mollenstedt (1947),
Castaing and Henry (1962), as well as Watanabe
and Uyeda (1962), have used spectrometers oper
ated in such a way that only electrons with the desired
energy can pass through the exit of the spectrometer
and form an image.

Due to its simplicity, the filter lens has received
more attention than other types of electron filters.
The main disadvantage of the filter lens has been
the smallness of the image angle. One of the objects
of the present study was to find a filter lens possess
ing an angular field wide enough for the lens to be
used as a projector. As will be seen, such lenses
differ considerably from the conventional unipo
tential lenses. The components, although sometimes
strangely shaped, are always axially symmetric.

2. Experimental Procedures
A low-voltage microscope column, details of

which have been published previously (Wilska,
1964), was modified for the experiments, most of
which were carried out at a beam potential of 6.5
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