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ABSTRACT
Filter lenses with unconventionally shaped electrodes and with large image angles were recently designed in our lab

oratory. The ray trajectories of one of these lenses are computed as solutions of the general ray equation. The chromatic
aberrations are determined, as well as the usable image angle. Other properties of the lens are briefly discussed.

1. Introduction

Boersch (1947) has pointed out that the contrastof electron-optical images can be improved by
filtering the inelastically scattered electrons out of
the beam. Electrostatic lenses in which the minimum
of the axial potential is of the order of 10 V above
the cathode potential have the desired filtering prop
erties. It has been shown (Boersch, 1949, 1953;
Beaufils, 1959; Catalina, 1959; Mollenstedt and
Rang, 1951; Schiekel, 1952; Lippert, 1955; Hahn,
1959) that the aberrations of such filter lenses can
be made small if certain precautions are taken. The
image angles of the best of these lenses appear to
be too small, however, to be useful for what we think
is the best application of a filter lens, i.e., as a pro
jector in an electron microscope.

In the preceding paper (Wilska and den Boer,
1964), designs for a number of filter lenses giving
image angles of more than 30° were presented. In
the present paper, the performance of one of these
lenses is studied more extensively: the trajectories of
the electrons are computed, and optical properties
are derived from these computations.

2. Calculation Techniques
As the electrons in the filter lens are expected to

make large angles with the axis, the trajectories can
not be found with the paraxial ray equation, but
should be solutions of the general ray equation.
Thus, the potential in the filter lens must be calcu

lated for a sufficient number of representative points
on an axial cross-section through the lens. The po
tentials at the lattice points of a square lattice
imagined to be in this cross-section are obtained by
relaxation. In this relaxation lattice, the electrodes
are represented by rows of lattice points kept at the
electrode potential. The potential at each lattice
point is calculated from the potentials at four neigh
boring lattice points. The relaxation is carried out
in four stages. In the first stage, the lattice is ex
tended in the radial direction. In each following
stage, the fineness of the lattice is increased and its
radial extension reduced by a factor of two. The
final potentials obtained in each stage are used as the
initial potentials of the next stage.

The general ray equation is (Zworykin, et al,
1954, page 401):

(i + r«)rav _ av~ 2 W \ _ d r d z . (1)

The integration of this equation is carried out step
by step with a fifth order predictor-corrector method,
analogous to similar methods described by Ham-
mingh (1962) for first-order differential equations.
In practice, the method is satisfactory as to stability.
In the general ray equation, the terms V, dV/dr, and
dV/dz are replaced by fourth-order and third-order
expressions in the potentials at the surrounding lat
tice points. The step length of the predictor-correc
tor method is chosen by the computer in such a way
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