Dec. 12, 1950 P. GRIVET 2,533,790
HIGH-TENSION ELECTROSTATIC ELECTRON LENS

Filed Cct. 25, 1947

I
= =N
A== B2 ;
G e e = 1T
Z’::E "57
i
¢ ¢
ﬁéé & ¢ B
1 M 2 | M
A 4 1 i & 3)’/ 2
x:é . /// / ,.:,é
3 Y
N _
A >>
. m7 :

INVENTOR ¢

9.3 PIERRE SRIVET

4 Sl




Patented Dec. 12, 1950

2,533,790

UNITED STATES PATENT OFFICE
HIGH-TENSION EL;JZngI:ZOSTATIC ELECTRON

Pierre Grivet, Paris, France, -assignor to Com-
pagnie Generale de Telegraphie sans Fil, a cor-

poration of France

Application October 25, 1947, Serlal No. 782,183
In France Ociober 18,1946

Section'l, Public Law 690, August 8, 1946
Patent expires October 18, 1966

7 Ciaims.
|

It is well known that the electrostatic electron
lenses, such as utilized, for instance, in the elec-
tronic microscopes, are normally composed of cir-
cular metal diaphragms having 2 central hole
and disposed along a common axis. - These dia-
phragms are raised to suitable potentials, and so
placed as to obtain, in the neighborhood of the
common. axis, a distribution of electric fields
ro*ationally symmetrical (1. e. symmetrical abhout
the common axis of the diaphragms) angd exercis-
ing on the electron flow the same action as would
an optical lens on a light beam. ,

If it is desired to operate with high speed elec=
trons and to obtain a marked convergence, it is
necessaty to create very strong electric fields in
very limited spaces; it is-thus indispensable to
apnly very high tensions across the ‘diaphragms
of the lenses. Therefrom result sericus dangers
of breakdown as a consequence of vacuum dis-
charges (flashing) ‘eventnally occurring between
the electrodes, so that they run the risk to he
damaged, and the supply sources also may simul-
taneously be injured.

My invention has for its object to eliminate
those difficulties. The device herein proposed
permits to obtain high electric fields in the useful
places by means of insulating electrodes offering
a high dielectric constant, the shapes of which
are similar to the ones which are usually given

to the ferromagnetic metal pole pieces commonly *

used for the distribution of the magnetic fields.
Thus is readily secured the same concentration
ag 'is derived from the etonventicnal disposition,
but with the additional advantage that the tend-

ency to flashing between the insulating  pole 5

pieces is extremely low, much lower in fact than
it is between metallic pieces separated by the
same distance. The danger of such discharges
is, indeed, related to the dielectric strength of the
insulating material for which the disruptive volt-
ages are much higher than they are for the
metals.

For a better understanding of my invention,
reference will be made to the following descrip-
tion, together with the appended drawings, which
give non-limitative instances of realization of the
invention; the characteristic features of which,
such as they appear from fthe description and
from the figures, belong of course to the matter
of the invention; and in which drawings:

Pigure 1 shows an arrangement of electron
lenses, embodying my invention;

Fig. 2 shows a modified form of an electronic
lens system embodying my invention; and

Fig. 3 shows a further modified form of elec-
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tronic Tens system constructed in accordance with
my invention. )

Figure 1 shows & lens intended for replaging
the classical three-diaphragm lenses. "The three
circular electirodes A, B and C are sesn in a sec-
tional view, made by a plane containing the axis
of revolution zy on which take piace the respec-
tive centers of the said electrodes.

It can be se¢en that A, B and € are not homo-
geneous, A and B respectively comprise conduct-
ing parts ¢ and b, and insulating parts ¢’ and b”,
those latter being sepatats parts mounted on
the former. In the same way the electrede C
comprises a central component piece ¢, which is
conducting, and two insulating side pieces ¢*
and ¢'’. The components ¢ and b-are intended,
for instance, for being carried to the pmentlal 19
of the cathode, while ¢ will be given & potential
Ui, intermediate between the ancde voltage and
the cathode poténtial.

It can also be seéen that the insulating compo-
nents a’, b’, ¢’ and ¢’ have a section shaped as
spreading polar ex’*ensions (or pole-zhoes), in
order to favor such a distribution of the electrical
field as to avoid the dangers of starting a dis-
charge across the electrodes; they exercice the
same action as would do concantratlng or focus~
ing electrodes.

Fig. 2 shows another embodiment of the inven-
tion, in ‘which the constriiction is of a mixed
character. The three eléctrodes A, B and C are
still shaped ‘as volumes of revolution around the
axis zy passing through their eentral perfora-
tions; A and B are single non-composite elec~
trodes and entirely conducting; on the contrary
C comprises a conducting piece ¢ and two insu-
lating parts ¢’ and ¢’’, the section of which is
shaped as spreading pole pieces. Such a con-
struction is to be recommended in the case that
certain electrodes only, such as electrode C in the
present instance, would be liable to get coated
with negative charges in the course of operation.

Fig. 3 shows the disposition of two lenses made
according to the invention. They can be called
to assume the functions of the objective and of
the projecting lens of an electronic microscope at
the same time. Between the lenses A and B takes
place a conducting sleeve ¢ connected, for in-
stance, with the negative pole of the high ten-
sion supply; the said sleeve carries at ifs extrem-
ities two insulating expanded terminals ¢’ and
a’’. It could be of advantage, for certain appli-
cations, to similarly fix up insulating pieces on
the electrodes A and B.

For composing the various above-described in-
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sulating pieces, a choice may be made between .

all materials possessing a high dielectric strength

together with a high dielectric constant. For in- -

stance particularly  good results have been se~-
cured with ceramic compositions ~containing

rutile or derived therefrom as a base (the dielec-

trie constant of which can reach a value of 100),
or with ceramic compositions containing some

titanates, for which the dielectric constant ex- -

“ceeds 1000, while the dielectric strength possessed
by the same materials is entirely satisfactory.

The electrodes as well as the insulating parts’

: forming the dielecttic poles are fastened in a
eylindrical mounting I of insulating material, as

.. shown in Figs. 1 and 2. The latter may be re-

placed by a metal mounting, as shown in Fig. 3,
on condition that the central electrode is insu-
lated. In Fig. 3, the attachment of the central
electrode @ is achieved by means of the insulat-
ing partition M disposed between the electrically

conducting cylinder I’ and the central electrode.

It must be understood, however, that the in-
stance given for the composition and the con-
structive features of the above described devices
are to be taken as non-limitative. Detailed mod-
ifications could be effected in the said devices
without in any way deviating from the scope of
the invention. In what particularly regards the
number and the shape of the above-described
insulating components, they could readily be
varied according to the desired results and the
electric field distribution to be aimed at. It
could even be proceeded to the production of the
said pieces by means of other materials than the

ones which have been mentioned in connection:

with the above given 1nsta,nces of ap’ohcatlon of
the invention.

What I claim is:

1. In an electrostatic -aperture lens, such as
used in. the electronic microscope, at least two
electrodes of a good conducting materia]l main-
tained at a high potential difference and spaced

apart in the line of the lens axis and a piece of

an insulating substance of a relatively high di-
electric constant introduced between these elec-
trodes, one of the faces of this piece being in 3
tight contact with the surface of one of the said
electrodes, and its other opposite face being
located at a substantial distance from the face
of the other electrode, a hollow channel being
provided in all these elements in the line of the
lens axis for the passage of an electronic ray.

2. In an electrostatic lens of the aperture type,

10

15

4 .
such as used in the electronic microscope, at
least two metallic electrodes with flat surfaces
transverse to the lens axis maintained. at a high
potential - difference and spaced apart face to
face in the line of the lens axis, and a piece of
an insulating substance of a high dielectric con-

‘stant offering two opposite flat surfaces trans-

verse to the lens axis, introduced between these
electrodes, one of its flat faces being in a tight
contact with the surface of one of the said elec-
trodes, and its other face being at a substantial
distance from the face of the other electrode,
this distance being substantially less than the
insulator thickneéss in the line of the axis, and
an aperture in all these parts for the passage
of an electronic ray.

3. An electrostatic lens of the aperture type as
set forth in claim 2 in which the piece of insu-

. lating substance has a conotruncate form fas-
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tened with its large base on one of the electrodes
and having its small -base facing the gap adJa-
cent the other electrode.

-4. An electrostatic lens of the aperture type as
set forth in claim 2 in which the piece of insu-
lating substance is of circular formation about
the axis of the lens.

5. An electrostatic lens of the aperture type as
set forth in claim 2 in which the apertures in
all of said electrodes and in said piece of insu-
lating substance have substantially  the same
section.

6. An electrostatic lens of the aperture type as -

set forth in claim 2 in which the apertures in all
of said electrodes and in said piece of insulating
substance are of circular form of substantlally
the same internal diameter.

7. In an-electrostatic aperture lens for use in
an electronic microscope, three electrodes in the
form of flat plates including a central electrode
and a pair of transverse opposite -electrodes,
conotruncate pieces of cireular section fastened
with their large bases on the central electrode
and with their smaller bases directed toward said
extreme opposite electrodes. .
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