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Abstract

Electromagnetic lens design requires determining preferable geometrical shape
of polepiece of the lens and its operating conditions (operating voltage, excitation
value, operating mode, and the required focal properties), in addition to the shape and
proportional volume of the coils. In the experimental aspect, the description of the lens
design as optimal design, should be determined by keeping the optimum value of the
lens properties coincide with the ratio(S/D) of the air gap distance and the bore
diameter in the range of (0.5< S/D <1.5) which be in agreement with the required
mode of operation. Finite element method which is used in designing the lens, regards
as an excellent technique used for designing electromagnetic lens .

In this thesis a condenser-objective lens for TEM is designed and fabricated, to
operate at (V.= 200 kV) and fixed excitation (NI= 10.5 kA-t). By studying its
geometrical shape in several stages to get optimum shape and geometrical dimensions
with favorable value of objective optical properties of all parts of the designed lens,
that accord with theoretical principles for designing condenser-objective lens in the
TEM.

The optimum properties of lens designed gained by profound studies in two main
parts with several stages: The first part deals with designing iron shroud shape for an
asymmetric double polepiece electromagnetic lens, which operates in condenser-
objective mode. The first stage studies the change of the thickness of iron shroud and
the importance effect in the focal properties on the optical performance for suggested
lenses. It is found that a determined thickness has an optimal value that gives optimum
properties of the lens. The second stage, in the several steps, deals with the change in
geometrical shape of iron shroud and its effect on the focal properties and optical
performance of the designed lenses by putting a west point in the middle of the
internal side of the iron shroud, facing the first polepiece of the lens. This suggestion is
regarded as a first treatment in the aspect of electron optics, whereas the study of the
optimum depth of the west point is gained to determine the thickness of both side of
the iron shroud and the proportion position of the west point. which is found that the
optimum value of west point depth, as well as the optimum angle of internal side of
iron shroud which gives optimum focal properties. The third stage of part one deals
with the effect of changing the shape of the second polepiece by changing the angle of
polepiece snout, it found that a best angle of second polepiece snout has a value which
gives optimum focal properties, and its optimum radius, so that the optimum air gap
distance can be determined at affixed radius of the first polepiece. In addition to study
the effect of the focal properties by changing the first polepiece radius with determined
shape of second polepiece, which its optimum value is have optimum focal properties
and agreement with require operating voltage for condenser-objective mode at infinite
magnification condition. then the results are scaled at the selected relativistic voltage

(Vi =200 kV) at the fixed excitation (NI= 10.5 kA-t).

The second main part constructed of two stages, the first one concerned with
studying of the effect of the ratio changing between cross sectional aria of the coils of
the lens, which found that a best ratio, and the effect of the distance separating



between the coils on the focal properties ,which found that an optimum distance. The
second stage treats the operating of the suggested lens at different excitation values to
determine the optimum one, for this mode of operation, and the range of operating
voltages to determine the optimum voltage.

The optimum lens fabricated as well the cooling system of the designed
electromagnetic lens.

The experimental measurements were carried out for calculating magnetic field
value in the designed and fabricated lens and its focal properties, as well as the
calculating of efficiency of the cooling system was achieved.

The theoretical and experimental results were discussed, and compared with the
results of literature, it found that there are some a good accord among them.
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