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7 Claims,

This invention relates to- electron lens systems
and particularly to improvements in magnetic
lenses for use in electron microscopes and anal-
ogous instruments.

In bacteriological and other: research work in-
volving microscopy it is frequently desirable to
compare an electron micrograph of a specimen
with a photomicrograph of the same or another
specimen. -For best results the comparison-should
be made between micrographs of the same magni-
fication. While the magnification of present day
magnetically focused electron microscopes can
be altered, over a limited range, simply by vary-
ing the current applied to the focusing ceils, the
changes in magnification thus produced are not
sufficient to provide a series of images within the
order of magnification -of -a -conventional light
microscope. -Nor is-it-always practical to achieve
a desired range of magnification by altering the
object-to-lens spacing, since such an adjustment,
if carried to the extreme, changes the angle of
iilumination of the specimen and results in a dis-
torted image.

Accordingly, the principal object of the pres-
ent invention is to provide a magnetically focused
electron microscope capable of an extremely wide
range of magnification (such, by way of exam-
ple, as from 100 or less to 20,000 or more di-
ameters), and this too without excessive dis-
tortion or aberration effects.

Another and related object of the invention is
to provide an electron microscope -having nu-
merous discrete yet overlapping ranges of magni-
fication, and one wherein the said-discrete ranges
of magnification.can be -accurately-achieved in-a
facile manner,

Another important object of the present inven-
tion is to provide an electron microscope having
the high resolving power common to such instru-
ments and one which shall nevertheless Possess
the large field of view and the various powers of
magnification of a conventional light microscope.

The present inverition is predicated upon-an ap-
preciation of the fact (heretofore unrecognized
or, if recognized, not utilized) that the magnify-
Ing power of a magnetic Iens, of the type incor-
porating a-gap-in the path of the magnetic flux,
is'a function of the length (as distinguished from
the diameter) of said gap. Accordingly, the pres-
ent invention contemplates an improved mag-
netic lens or lens system of the general character
described and wherein means are provided for
changing the effective length of the ‘magnetic gap
or gaps therein.

“The variables heretofore utilized in- ‘achieving
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variable magnification in an electron microscope
of the magnetic-lens type are: (@) object-to-
lens spacing, (b) the energizing current ap-
plied to the magnet coils, and (¢) the diameter
of the lens aperture.. The present invention
teaches that if these variables be fixed, then the
longer-the gap in the magnetic lens, the lower
its magnifying power. The utilization of 'this
“fourth variable” in-an electron-optical system
incorporating two or more -magnetic lenses.en-
sures an extremely wide range of magnification;
so wide in fact, that for most practical appli-
cations, it is seldom -necessary to resort to a
change in the length of the gap in more than
one lens. However, it is to be understood that
wherever necessary or desirable, more than one
lens in a given instrument may be varied in ac-
cordance with the principle-of the invention,.

Certain preferred details of construction to-
gether with other objects and advantages will be
apparent and the invention itself will be best
understood by reference to the ‘accompanying
drawings wherein:

Figure 1 is a partly diagrammatic ‘jongitudinal
section of a magnetically focused electron micro-
scope-which ‘will be referred to in explaining the
principle -of the invention,

Figure-2 is an enlarged longitudinal section of
8 magnetic lens incorporating g single ‘part of
a-multi-part pole-piece assembly within the in-
vention,

Figure 3 is a similar view of ‘the same lens
including a complete assembly of pole-pieces,

Figures 4 and 5 are enlarged fragmentary sec-

= tional views of the pole-piece ‘assembly of Fig. 3

but including:spacing elements of different sizes,

Figure6is a graph illustrative of the magnify-
ing-power-of a single lens having spacers of dif-
ferent sizes between its -pole pieces, and )

- Pigure 7 comprises a series of ‘curves indi-
cative of the discrete yet overlapping ranges of
magnification of a magnetic lens. system within
the invention.

In Fig. 1 of the drawings there is shown:an elec-
tron microscope, indicated -generally at |, com-
prising an evacuable chamber 3 containing ‘a
thermionic.cathode 5, an anode 1, a condenser
coil 8, a specimen support {1, an objective lens
13, an intermediate apertured. member {9, a
projection lens 71, a pivoted fluorescent screen
f9 and a photographic plate holder 2i, all ar-
ranged 1h spaced relation in the order -named,
along the central axis of the chamber 3. In this
more ‘or Iess standard imicroscope-assembly, the
electrons from the cathode 5 emerge.from. the
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apertured anode 7 in the form of a beam and are
directed upon and through the specimen (which
may be assumed to be transparent) by the con-~
denser coil 8. The electron image of the speci-
men is then magnified by the lines of force with-
In the conduit of the objective coil 13 and pro-
jected onto the intermediate apertured member
5. (As in standard practice, and as shown in
Fig. 3, this intermediate part 15 may include an
inclined fluorescent surface- 15¢ for translating
the intermediate electron image into an optical
image which may be observed through a glass lens
L, previded for the purpose, in the wall of the
chamber 3.) The central portion of the electron
beam or image passes through the aperture in the
intermediate metal piece 15 and is in turn magni-
fied by the magnetic field of the projection lens
{? and this magnified image is projected either
upon the fluorescent screen 19 or, if the said
screen is raised, upon the photographic plate 21.

Referrine now to both Figs. 1 and 2, it is stand-
ard practice to enclosz the coil M of a magnetic
lens in a casing comprising a hollow brass core
or conduit 25 through which the electrons pass,
and a circular soft iron shell made up of annu-
lar “top” and “bottom” plates 21, 29, respec-
tively, and an outer wall 31. Since brass is a
non-magnetic material, the hollow conduit 25
comprises a “gap” in the magnetic path 21, 29,
31 about the coil M. It is well known that the
diameter of this gap is one of the factors which
determines the magnifying power of the lens and
it is standard practice to make the effective di-
ameter of the gap as small as possible to ensure
meximum magnification. This is usually done
(referring now to Fig, 1) by providing the in-
terior of the brass conduit 25 with a pair of
spaced apart apertured pole pieces 33 and 35
which are maintained in rigid permanent align-
ment as by means of a brass or other non-mag-
netic insert 37 or collar 33. (Such a rigid pole
‘piece assembly is shown in U, S. P, 2,292,877 to
Jamess Hiitler.)

The present invention is not especially con-
cerned with the diameter of the conduit or con-
duits through which the electrons pass in their
Journey from the cathode to the fluorescent
screen or olher target but, as previcusly indi-
cated, contemplates a pole piece assembly which
operates to alter the effective axial length of the
“gap” (“g,” Fig. 3) in the magnetic circuit about
each lens coil. This is achieved in accordance
with the invention by the provision of a pole
biece assembly made up of a number of separa~
ble parts including “top” and “bottom” magnaetic
pole pieces 43 and 45 (see Fig. 3) and a number
of 'interchangeable non-magnetic collars 47, 47a,
47b, etc. of different length dimensions (cf, Figs.
4 and 5) for setting the spacing or “gap’” between
the said pole pieces.

While it is entirely practical to achieve any
desired degree of magnification simply by select-
ing a spacer of the proper size for the pole pieces,
it is not always nhecessary to use all of the ele-
ments of the pole piece assembly. That is to
say, referring now to Fig. 2, the effective length
of the gap g, and hence the magnification of the
lens, may be set simply by using a single pole
piece in the lens assembly. In this case, since
the pole plece 43 is constituted of a magnetically
permeable material (e. g. soft iron) and is in
contact with the top plate 27, it extends the con-
ductive path for the magnetic flux toward, but
not to, the bottom plate 29 and, as indicated at

4

9’, reduces the effective length of the gap be-
tween the said plates 29 and 3.

In some cases (as when an extremely low mag-
nifying power is required) both pole pieces may

5 be omitted from either or both the objective or
projection lenses. In such a case, if the current
applied to the coil M is of a fixed value, the mag-
nification of that particular lens is determined
by the diameter and length of the brass conduit

10 25, or gap g. It is usually preferable, however,
to employ at least one pole piece, say the “top”
piece, in each lens and to make the centra] aper-
ture in all of the pole pieces of both lenses of
the smallest possible diameter, whereby when g

15 spacer of minimum length is provided between
the pole pieces of a given lens the said lens will
exhibit its highest possible degree of magnifi-
cation (at any given magnetizing current).

Since, as previously set forth, the magnifica-

20 tion of a magnetic lens can be altered over a
limited range by varying the current applied to
its magnet coil, it is seldom necessary to pro-
vide more than two or three different-sized pole
biece spacels to achieve a very wide range of

25 magnification, This is especially true when the
lens system comprises two or more magnetic
lenses in series, since, in this event, the over-
all magnification of the system is the product
of the magnification of the several lenses.

30 Figure 6 shows the magnification of a single
lens with but two different-sized sracers. In
this case, one spacer was designed to establish
a gap of 3/64’* between the pole pieces and the
other a gap of 19/es’". The performance of these

35 two differently spaced pole piece assemblies is
indiczted by the curves X and Y respectively,
which show that the range of magnification of
the assembly incorporating the shorter of the
two spacers exhibit a range of from 100 to 150

40 diameters when the current applied to the mag-
net coil was varied over 3 certain range, whereas
the same assembly employing the longer of the
Pole piece spacers exhibited g range of from ap-
proximately 50 to 100 diameters.

45 Figure 7 shows a family of curves indicative

of the performance of the lens system of an elec-

tron microscope wherein the spacing ketwen the

Pole pieces of the objective lens (13, Fig. 1) was

fixed and the two spacers referred to in connec-

tion with Fig. 4 were employed for altering the
gap between the pole pieces of the projection lens

(7 only.

Curve A shows the overall magnification of
both lenses when both pole pieces (and the spac-
55 €r) of the projection lens were removed from

the brass conduit 25 in which they are normally

seated. In this case the magnification was of
the order of from about 75X to 806X, as deter-
mined by the energizing current applied to pro-

60 Jection coil M (the current applied to the con-
denser and objective coils being fixed). With
the “top” pole piece 43 in DPosition within the
lens conduit 25 (as shown in Fig. 2), the mag-
nification of the instrument was increased over

65 the range of 800X to about 1400, as shown by
curve B. Curve C shows that the use of the
complete pole piece assembly, including the large
(. e. 10/6s"" gap) spacer extended the range still
further, i, e. from about 1400% to about 12,000,

70 While curve D shows that the substitution of tho
smaller (i. e. 3/e+’* gap) for the larger spacer in
the pole piece assembly increased the range of
the microscope to about 22,000 diameters.

It will now be apparent that the present in-

75 vention provides an improved electron lens sys-
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tem for electron microscopes and one having nu-
merous discrete, yet overlapping ranges of mag-
nification and one wherein the said discrete
ranges of magnification can be accurately
achieved in a facile manner,

What is claimed is:

1. Method of changing the range of magnifica-
tion of an electron lens of the type including a
magnet and a gap in the path of the fiux of said
magnet through which electrons travel in their
journey from a source to a target, said method
comprising altering the physical length of said
gap.

2. Method of changing the range of magnifica-
tion of an electron lens of the type including a
pair of spaced apart pole pieces and a magnet
for energizing said pole pieces, said method com-
prising changing the spacing between said pole
pieces.

3. Method of changing the range of magnifi-
cation of an electron microscope of the type com-~
prising an evacuable chamber containing a plu-
rality of magnetic lenses arranged in series, and
each including a pair of spaced apart pole pieces
between which said electrons pass, said method
comprising altering the spacing between the pole
pieces of at least one of said magnetic lenses.

4. An electron lens comprising means defining
g conduit through which electrons are adapted
to pass, a magnet about said conduit for influenc-
ing the trajectories of said electrons, said conduit
being constituted of a non-magnetic material and
comprising a gap in the magnetic path between
the poles of said magnet, and means for altering
the effective length of said gap, whereby to alter
the path of said flux, the trajectories of said
electrons, and hence the magnification of said
lens.

5. An electron microscope comprising an
evacuable chamber containing a conduit through
which electrons pass from a source to specimen
and thence to a target, a magnet disposed about
said conduit intermediate said specimen and said
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6
target, a portion of the wall of said conduit ad-
jacent to said magnet being constituted of non-
magnetic material and comprising a gap traversed
by the flux of said magnet, and means for alter-
ing the effective length of said gap and hence the
magnification of said electron microscope.

6. An electron lens comprising means defining
a conduit through which electrons are adapted
to pass, a magnet about said conduit for infiuenc-
ing the trajectories of said electrons, said con-
duit being constituted of a non-magnetic ma-
terial and comprising a gap in the magnetic path
between tpe poles of said magnet, and means
comprising a single pole piece adapted to be re-~
ceived within said conduit for extending one
terminal of said gap in the direction of the other
terminal of said gap.

7. A pole piece assembly for a magnetic lens
comprising, an upper magnetic-metal pole piece
and a lower magnetic-metal pole piece, and plu-
rality of discrete interchangeable non-magnetic
metal members of different length dimensions
each adapted to engage and to support said pole
pieces in a differently spaced relation determined
by said different length dimensions.

PERRY C. SMITH.
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