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1

The invention relates to electron microscopes
and other electronic apparatus in which two or
more electron lenses are arranged on an axis in
axially spaced relationship, and more particularly
to apparatus in which as magnetic electron lenses
there are employed solenoids or iron-shrouded
solenoids provided with pole-piece inserts.

An object of the invention is fo provide a new
and improved principle of construction of elec-
tronic apparatus of the above noted character,
which simplifies the assembly of the various elec-
tron-optical components of magnetic electron
lenses and the assembiy of the lenses with other
parts of the apparatus. Another cbject is to
provide a construction of such electronic appa-
ratus having a magnetic lens structure of the
character indicated associated with a vacuum-
tight envelope which is structurally independent
of the lens structure. A further cobject is to con-

struct an electron lens or lens system as a me- °

chanical unit for ready fitment to and removal
from the associated vacuum-tight envelope.
Other objects are to eliminate adjustable vacuum-
tight connections beftween the electron lens sec-
tions and other sections of such electronic appa-
ratus, hitherto needed for lens adjustment, and
to provide simpler and less costly connections.
PFurther objects are to provide an improved
method and form of assembly which ensures in
a simple and practical fashion the correct setting
and alignment of the various electron-optical
elements in apparatus of the class above indicated,
as well as the maintenance thereof during the
use of the apparatus. Another object is to pro-
vide a construction having the various parts of
an electron-optical system mechanically pre-set
in their designed relative positional relationships,
with provisicn for adjustments to be carried out
electrieally without disturbing the mechanical
pre-settings. Other objects will be apparent as
the disclosure herein proceeds.

The invention accordingly consists in the fea-

ures of construction, combinations of elements,
and relation of parts, all as herein illustratively
described, and the scope of the applications of
which will be indicated in the appended claims.

In the accompanying drawing which illustrates
ocne of various possible embodiments of the in-
vention,

Fig. 1 is a diagrammatic sectional view in
elevation, depicting one form of an electron lens
section according to the invention for an electron
microscope, certain elements which form no part
of the present invention having been omitted, and

Pig. 2 is a diagrammatic plan view of the mag- :
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netic beam-centering device shown in the struc-
ture of Fig. 1, with an end cover disc of the
device removed.

Although for the purpose of more fully explain-
ing the nature of certain features of the inven-
tion, an embodiment of the invention is here
shown and will be described with especial refer-
ence $o eleciron microscopes, the invention is not
limited exclusively to its application to such
instruments, since the principles and features
of the invention are equally applicable to other
electronic apparatus employing magnetic electron
lenses, such as electron diffraction cameras, fine
focus X-ray tubes and certain types of cathode
ray tubes. Accordingly, it is to be understood
that the disclosure herein is both given and in-
tended to be interpreted illustratively and that
other types of electronic apparatus (besides elec-
tron microscopes) of the general nature herein-
above indicated are embraced within the scope
of application of this invention.

Conducive to a clearer understanding of cer-
tain features of this invention, it may be noted
that in an electron microscope, a specimen is
“illurminated” by a stream of electrons originating
at a thermicnic cathode and accelerated by an
accelerating voltage, say of 30 to 60 kv. Com-
monly, the intensity of this electron stream im-
pinging on the specimen is adjusted by means
of a “condenser” electron lens placed between the
thermionic cathode and the specimen. A greatly
enlarged electronic image of the specimen is pro-
jected by an “objective” electron lens, or by an
“objective” lens and one or more ‘“projector”
electron lenses, onto a screen which converts the
electroric image into a light image by means of
a fluorescent screen, or into a photographic image
by means of a photographic plate.

Hitherto, in electron microscopes employing
solenocids as magnetic electron lenses, it has been
customary to enclose the solencid in an iron
shroud having a tubular inner wall which forms
part of the vacuum-tight envelope of the evac-
unated ehamber of the instrument, containing the
electron beam. This inner wall of the shroud is
usually interrupted by an annular gap to form
a gap in the iron circuit, and this gap is mechani-
cally closed in order tc complete the vacuum-
tight envelope by means of a tubular insert made
from a non-magnetic material, e. g., brass, this
gap being bridged magnetically within the evac-
vated chamber by a set of suitably shaped pole-
pieces inserted into the part of the vacuum-tight
envelope formed by the said inner wall of the
iron shroud. With this type of construction, the
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electron lens sections of the evacuated envelope
of the instrument are usually joined to the other
sections of the envelope by means of flexible
metal bellows (known as Sylphon bellows) which
permit the required adjustment of the electron
lenses with respect to each other.

In accordance with the present invention, in
an electron microscope or other electronic ap-
paratus employing magnetic electron lenses, a
different principle of construction is provided, as
will now be explained in fuller detail illustratively
by reference to the embodiment shown in the
drawing.

Referring now to Fig. 1 of the drawing, in an
electronic gpparatus such as an electron micro-
scope employing a magnetic electron lens system,
the lens system is associated with a straight rela-
tively thin-walled vacuum-tight tubular envelope
I of the evacuated chamber containing the elec-

tron beam. The envelope | consists of non-mag-

netic material, e. g. brass, or nickel-copper alloy,
and is utilised for aligning the various com-
ponents of the electron lens system. In the em-
bodiment, the electron lens system shown com-

prises two magnetic lenses denoted generally by :

reference numerals 2 and 3 respectively. The lens
2 comprises an iron-shrouded solenoid 4 embrac-
ing the envelope | so that the inner tubular wall
Ba of its iron shroud 5 forms a siiding fit over the
envelope . This inner wall 5a of the shroud has
an aperture 6§ therein extending around the wall
to form an air gap in the magnetic circuit, which
is bridged within the envelope { by a set of suit-
ably shaped upper and lower iron pole-pieces 7

and 8 inserted into the envelope 1. The magnetic -

flux is transferred from the iron shroud % to the
pole-piece inserts 7 and 8 through the non-mag-
netic wall of the envelope i, the reluctance of this
“air gap” constituted by the intervening non-
magnetic wall being small compared with the re-
luctance of the “air gap” between the pole-piece
inserts T and 8 which constitute the electron lens
proper. As shown, each of the pole-piece ingerts
7 and 8 has the form of a tube or cylinder which is
closed at one end to form the pole-piece face and
is a sliding fit within the tubular envelope . The
lower, closed, end of the uppsr pole-piece 7 has
a cylindrical axial hole 8 therein, and likewise the
upper, closed, end of the lower pole-piece & has
a cylindrical axial hole {8 therein, to allow the
electron beam to pass through. The closed ends
of the pole-pieces may also be provided with
pumping holes (not shown). The correct distancs
between the pole-pieces T and 8, defining the “air

gap” between them, is maintained by a suitable

form of spacer 1t of non-magnetic material, e. g.,
brass, which is located between and with its ends
abutting against the opposed end faces of the
pole-pieces, this spacer being made hollow (e. g.,
tubular) or with an aperture to allow the electron
beam to pass through. In the form shown, the
spacer {1l is a short cylinder or disc which is a
sliding fit within the tubular envelope { and has
its end faces shaped to fit in gbutting relation
against the opposed end faces of the pole-pieces,
the spacer having a cylindrical axial hole 2
therein aligned with the holes 9 and {8 in the
pole~pieces for allowing passage of the electron
beam.

The construction of the other electron lens 8
is analogous to that of the lens 2 and accordingly
need not be described in further detail beyond in~
dicating its corresponding components, viz., scle~
noid 13 and iron shroud (4 having a gap §5 in
its inner wall {&a, a set of pole-piece inserts 16
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and {7 within the envelope { and bridging the
gap {5 in the iron circuit of the shroud {4, the
inserts {8 and {7 having holes {§ and (8 for
passage of the electron beam and being spaced by
a spacer 28 having a hole 21 for the beam.

The correct distance between the sets of pole~
pieces 71, 8§ and {6, #7 belonging to the respective
lenses 2 and 3 is maintained by a spacer 22 of non-
magnetic material, e. g., brass, interposed between
the pole~pieces 8§ and 18. 'The spacer is of suitable
form, e. g., tubular as shown, having a sliding fit
within the tubular envelope { and having a pass-
age for the electron beam. Likewise, additional
spacers such as 28 and 24 may be provided at each
end of the assembled sets of pole-pieces and in-
tervening spacers [ i, 28 and 22, for maintaining
the assembly in the correct axial position in the
envelope f.

If desired, there may also be included in the
assembly of the various pole-piece inssrts and
spacers, varicus other elements (not shown)
forming components of the electron lens system,
such as beam stops or the like for limiting the
angle of the electron beam proceeding through
the lens system so as to reduce spherical
aberrations.

The tubular envelope {, broadly speaking, ful-
fils two functions at the same time; it constitutes
a vacuum-tight envelope and also serves for the
correct axial alignment of the inserted pole-pieces
and spacers. 'The envelope | may consist of a
single tube which performs both these functions,
but in a preferred construction, as shown, the
envelope | comprises two straight relatively thin-
walled tubes {a and 15 of non-magnetic material,
which fit telescopically one within the other, the
outer tube ia¢ constituting the vacuum-tight en-
velope proper, upoh which the iron-shrouded
solenoids 4 and {3 are slidingly fitted, and the
inner tube b receiving the various pole-piece in-
serts and spacers and constituting an alignment
tube for their correct axial alignment. This
double-tube construction of the envelope allows
of the various pole-pieces, spacers and any other
elements which are to be inserted into the en-
velope, being assembled in the alignment tube ib
to form an independent structural unit for inser-
tion into the vacuum-tight envelope tube ia.
This construction permits easy withdrawal of the
alignment tube and unit, e. g. for cleaning or ad-
justing the pole-piece inserts or other elements
(such as beam stops or the like) in the unit, with-
out interfering with the vacuum-tight junctions
of the envelope tube ia. ‘

The alignment tube {b is shown as having an
inwardly directed flange 28 forming a stop at its
lower end, against which the lower end spacer 24
abuts. The various pole-pieces, spacers and any
other desired inserts are assembled in abutting
end to end relation in the tube {b by inserting
them in proper sequence into the upper, open, end
of the tube. A ring 2§ screwed into the threaded
upper end of the tube Ib =0 as to ahut against
the upper end spacer 23 forms a secondary stop
to retain the inserted assembly in correct posi-
tion in the tube. The alignment tube {b support-
ting the various inserts assembled therein is sup-
ported in the envelope tube fa, by the lower end
of the tube b resting upon an inwardly directed
flange 27 at the lower end of the envelope tube.

If the pole-pieces of the lenses are machined
with great accuracy, and the iron used for them
is of good homogeneity, and extraneous disturb-
ing magnetic fields are excluded by suitable mag-~
netic shielding means (not shown), the invention
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permits of assembling the various electron lenses
in correct optical alisnment without any adjust-
able connecting members such as Sylphon beliows
or the like, and permits of maintaining the lenses
in their correct alignment during subsequent on-
eration of the instrument.

The described electron lens section of the in-
strument is vacuum-tightly joined to the other
evacuated sections of the instrument, such as the
cathode space, or spaciraen chamber, or photo-
graphic camera attachment, by means of con-
nectors embodying rubber or rubher-like gasket
seals. In Fig. 1, two such connectors are de-
picted, one at each end of the envelope |. Each
connector comprises a tubular socket body 28
which receives an end of the envelope tube g
and is adapted to be joined to the adjacent sec-
tion of the instrument. An annular rubber or
rubber-like gasket 23 seated in the socket is ar-
ranged between the exierior of the envelope tube
fa and the surrounding wall of the socket, and
a gland ring 30 is screwed into the sockat and
compressas the gasket 28 through an intervening
metal washer 234, so as to makes a vacuum-tight
sealing joint between the envelops tube ig and
the socket 28.

Sometimes it may be necessary or desirable to
provide for a limited amount of external adjust-
ment of the position of the electron beam for
tering purposss and this is effected according to
a feature of the invention, by applying a weak
transverse magnetic field to an approgriate por-
tion of the envelops {. This field inay be pro-
duced by means cof either a permanent magnet or
a D. C. energised coil or coils mounted on the
envelope. By way of example, there is shown in
the drawing one such magnetic centering device
mounted on the envelope for centering the beam
before it passes through the electron lens sys-
tem. The centering device shown comprises a
frame or housing 32 of ancn-magnetic material,
e. g., brass, constituted of a short tube or cylinder
33 with end closure discs 34 each having a central
aperture 35 of diameter to fit the envelope tube
fg. Within the housing 32 is mounted an electro-
magnet structure, seen more clearly in Fig. 2,
which comprises a coil 38 mounted on a core 37
fitted with soft iron pole-pieces 38 which have
their faces shaped to fit closely to and follow the
curvature of the wall of the envelope tube fa. If
desired, soft iron inserts (not shown) may be pro-
vided within the envelope { to concentrate and
parallelize the transverse magnetic field formed
between the pole-pieces 38, by producing a high
ratio of length of strictly homogenecus field to
length of fringing magnetic field, which can be
readily achieved owing to the small cross-seciion
of the electron beam. It will also be appreciated
that, if so desired, a magnetic bheam-centering
device, such as that described, may be provided
hetween the solenoids of successive electron lenses.

I claim:

1.In electronic apparatus of the class de-
scribed, in combination, a vacuum-tight tubular
envelove of non-magnetic material, and a mag-
netic electron lens comprising a solenoid and a
shroud of magnetic material housing said sscie-
noid and mounied coaxiaily on said enveiope,
said shroud including an inner tubular wall
forming a sliding fit on said envelope and hav-
ing an annular aperture in said wall to form an
air gap in the magnetic circuit of said shroud,
an assembly of inserts assembled within said en-
velope in end to end abutting relation axially of
said envelope and including a pair of axially
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6
spaced pole-pieces of magnetic material and
spacing means of non-magnetic material be-
tween and abutiing ggainst said pole-pieces for
maintaining a predetermined axial spacing
rebetween, and means for locating and re-
taining said assembly in a predetermined axial
rosition in said envelope with said pole-pieces op-
posite said aperture to magnetically bridge said
air gap, sald inserts having engagement with
the wall of said envelope so as to be axially
aligned thereby, and said inserts having axially
aligned apertures for passage of an electron beam
through said assembly.

2. The combination defined in claim 1, where~
in said inserts each slidably engage the wall of
zaid envelope.

3. The combination defined in claim 2, where~-
in 3aid inssris are each of cylindrical form hav-
ing a siiding fit in said envelope.

4. The combination defined in claim 1, where-
in said means for locating and retaining said as-
sembly include means on said envelope forming
top at cne end of said assembly and means
ably and adjustably secured to said en-
forming an adjustable and removable stop

for

5. In electronic apparatus of the class de-

scribed, the combination defined in claim 1 and
further comprising a connector having a socket
ially receiving an end of said envelope, a
ng gasket within said socket and surround-
said envelope, and a gland for compressing
said gaskel to form a vacuum-tight seal between
szid envelope and said socket.
§. In electronic apparatus of the class de-
scribed, the combination defined in claim 1 and
further comprising means embracing a portion
of zald envelope for applying a transverse mag-
stic field thereto.

7. In electronic apparatus of the class de-
scribed, in combination, a vacuum-~tight tubular
envelepe of non-magnetic material, and a plu~
rality of magnetic electron lenses disposed in
axially spaced and aligned relation along said
envelope, said lenses comprising a plurality of
solenocids, one for each lens, and a plurality of
chireuds of magnetic material housing said sole-
ncids respectively and mounted coaxially on said
cuvelope, each shroud including an inner tubular
1 forimning a sliding fit on said envelope and
1aVing an annuwlar averture in said wall to form
an air gap in the magnetic circuit of said shroud,
an assembly of inserts assembled within said en-
velope in end to end abutting relation axially of
said envelope and including a plurality of pairs
cf axiaily spaced pole-pieces of magnetic mate-
vial, one pair for each lens, spacing means of
non-magnetic material between and abutting
against the pole-pieces of each pair of pole-pieces
ior maintaining a predetermined axial spacing
between the pole-pieces of each pair, and spac-
ing means vetween successive pairs of pole-pieces
ior maintaining a predetermined axial spacing
batween the successive pairs of pole-pieces and
means for locating and retaining said assembily
in a predetermined axial position in said en-
velope so that said pairs of pole-pieces lie re-
spectively opposite said apertures to magneti-
cally bridge sald air gaps respectively, said in-
serts having engagement with the wall of said
envelope 50 as to be axially aligned thereby, and
said inserts having axially aligned apertures for
passage of an electron beam through said as-
sembly.

8. The combination defined in claim 7, where-
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in said inserts each slidably engage the wall of
said envelope.

9. The combination defined in claim 8, where-
in said inserts are each of cylindrical form hav-
ing a sliding fit in said envelope.

10. The combination defined in claim 7, where-
in said means for locating and retaining said as-
sembly include means on said envelope forming
a stop at one end of said assembly and means
detachably and adjustably secured to said en-
velope forming an adjustable and removable
stop for the other end of said assembly.

11. In electronic apparatus of the class de-
seribed, the combination defined in claim 7 and
further comprising a connector having a socket
coaxially receiving an end of said envelope, a
sealing gasket within said socket and surround-
ing said envelope, and a gland for compressing
said gasket tc form a vacuum-tight seal between
said envelope and said socket.

12. In electric apparatus of the class described,
the combination defined in claim 7 and further
comprising means embracing a portion of said
envelope for applying a transverse magnetic field
thereto.

13. In electronic apparatus of the class de-
seribed, in combination, means including a tube
of non-magnetic material forming a vacuum-
tight envelope of the apparatus, a lens alignment
tube of non-magnetic material telescopically
fitted within said first-mentioned envelope tube
and a magnetic electron lens comprising a sole-
noid and a shroud of magnetic material housing
said solenoid and mounted coaxially on said en-

velope tube, said shroud including an inner .

tubular wall forming a sliding fit on said en-
velope tube and having an annular aperture
in said wall to form an air gap in the magnetic
circuit of said shroud, an assembly of inserts as-
sembled in end to end abutting relation within
and axially of said alignment tube and includ-
ing a pair of axially spaced pole-pieces of mag-
netic material and spacing means of non-mag-
netic material between and abutting against said
pole-pieces for maintaining a predetermined
axial spacing therebetween, means for supporting
said- assembly in a predetermined axial position
in said alignment tube, and means for support-
ing said alignment tube in a predetermined axial
position in said envelope tube, whereby to locate
said pole-pieces opposite said aperture to mag-
netically bridge said air gap, said inserts having
engagement with the wall of said alignment tube
so as to be axially aligned thereby, and said in-
serts having axially aligned apertures for passage
of an electron beam threugh said assembly.

14, In electronic apparatus of the class de-
scribed, the combination claimed in claim 13 and
further comprising a connector having a socket
coaxially receiving an end of said envelope tube,
a sealing gasket within said socket and embracing
said envelope tube, and a gland for compressing
said gasket to form a vacuum-tight seal between
said envelope tube and said socket.

15. In electronic apparatus of the class de-
scribed, the combination defined in claim 13 and
further comprising means embracing a porsion
of said envelope tube for applying a transverse
magnetic field thereto.

16. The combination defined in claim 13, said

inserts each slidingly engaging the wall of said
alighment tube, said envelope tube including
abutment means forming a stop at one end thereof
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for supporting said alignment tube thereon, said
alignment tube including abutment means form-
ing an axial stop at one end of said assembly of
inserts, and means detachably and adjustably
secured to said alignment tube forming an adjust-
able and removable secondary axial stop at the
other end of said assembly.

17. In electronic apparatus of the class de-
scribed, in combination, means including an en-
velope tube of nonmagnetic material forming a
vacuum-tight envelope of said apparatus, a lens
alignment tube of non-magnetic material tele-
scopically fitted within said envelope tube, and a
plurality of magnetic eleciron lenses disposed in
axially spaced and alighed relation along said
tubes, said lenses comprising a plurality of sole-
noids, one for each lens, and a plurality of shrouds
of magnetic material housing said solenoids re-
spectively and mounted coaxially on said envelope
tube, each shroud including an inner tubular wall
forming a sliding fit on said envelope tube and
having an annular aperture in said wall to form
an air gap in the magnetic circuit of said shroud,
an assembly of inserts assembled in end to end
abutting relation within and axially of said align-
ment tube and including a plurality of pairs of
axially spaced pole-pieces of magnetic material,
one pair for each lens, spacing means between
and abutting against the pole-pieces of each pair
of pole-pieces for maintaining a predetermined
axial spacing between the pole-pieces of each
pair, and spacing means between successive pairs
of pole-pieces for maintaining a predetermined
axial spacing between the successive pairs of pole-
rieces, means for supporting said assembly in a
predetermined axial position in said alignment
tube, and means for supporting said alignment
tube in g predetermined axial position in said
envelope tube, whereby to locate said pairs of pole-
pieces respectively opposite said apertures to mag-
netically bridge said air gaps respectively, said
inserts having engagement with the wall of said
alighment tube so as to be axially aligned thereby,
and said inserts having axially aligned apertures
for passage of an electron beam through said
assembly.

18. In electrcnic apparatus of the class de-
scribed, the combination claimed in claim 17 anrl
further comprising a connector having a socket
coaxially receiving an end of said envelope tube,
a sealing gasket within said socket and embrac-
ing said enveiope tube, and a gland for compress-
ing said gasket to form a vacuum-tight seal be-
tween said envelope tube and said socket.

19. In electronic apparatus of the class de-
scribed, the combination defined in claim 17 and
further comprising means embracing a portion
of said envelope tube for applying a transverse
magnetic field thereto.

20. The combination defined in claim 17, said
inserts each slidingly engaging the wall of said
alignment tube, said envelope tube including
abutment means forming a stop at one end there-
of for supporting said alignment tube thereon,
said alignment tube including abutment means
forming an axial stop at one end of said assembly
of inserts, and means detachably and adjustably
secured to said alignment tube forming an ad-
justable and removable secondary axial stop at
the other end of said assembly.

GERHARD LIEBMANN.

No references cited.



