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Charles J. Young, Ardmore, Pa., assignor to Ra-

dio Corporation of America,

Delaware

a corporation of

Application June 30, 1942, Serial No, 449,051

7 Claims.

This invention relates generally to electron
microscopes and particularly to an improved
object chamber for an electron microscope which
includes means for moving accurately a specimen
in the path of the microscope electron beam.

Heretofore, various devices used for varying

the position of a specimen in the object chamber
of an electron microscope have involved expensive
and complicated mechanical construction to avoid
reaction between the various object stage adjust-
ment devices, or have been not entirely satis-
factory because of irregular movement due to
the variable static and running frictions of slid-
ing mechanisms. At magnifications of 10,000
times, for example, slight irregularities in ad-
justment are very disturbing to the operator,
since such irregularities, for example, only .0001
inch provide movement of one inch of the en-
larged image. The instant invention provides a
comparatively simple and inexpensive arrange-
ment for adjusting the object stage, in which
adjustment thereof is provided along two axes
perpendicular to each other and to the electron
beam axis. In addition, provision is made for
Temoving easily the object stage, and for mount-
ing suitably the specimen thereon, without dis-
turbing the positioning devices for the object
stage. The adjustment devices are also adapted
for remote control from a central control posi-
tion on the microscope column,
- The invention has the additional advantage
that movement of the object along the electron
beam axis is substantially brevented, without;
Teducing the fexibility of the system in the
desired adjustment plane normal to the beam
axis. .

Among the objects of the invention are to pro-
vide a new and improved means. for adjusting
the position of the object stage in an electron
microscope. Another object is to provide new
and improved means for adjusting the position
of the object stage in an electron microscope
along two axes, normal to each other and to the
axis of the electron beam. Another object is to
brovide improved means for adjusting the posi-
tion of an object stage within an electron micro-
scope along desired axes, normal to the axis of
the electron beam, while having substantial rigid-
ity in all planes intersecting the plane of adjust-
ment. Still another object is to brovide new and
improved means for controlling remotely the
positioning of an object stage within an electron
microscope. A still further object is to provide
a new and improved meangs for reducing substan-
tially all sliding and static frictions in the ad-
justment of a microscope object stage. Another
object is to provide a new and improved means
for adjusting the position of a specimen in a
microscope’ in which the adjustments are sub-
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stantially independent of small eccentricities in
the control mechanism,

The invention will be described by reference
to the accompanying drawings of which Fig. 1
is an elevational view of a portion of a typical
electron microscope column, including the cbject
chamber; Fig. 2 is a cross sectional view of the
object chamber taken along the lines IT; IT; Fig.
3 is a cross sectional plan view of the object
chamber taken along the lines III, III; Fig. 4 is
a fragmentary cross sectional elevational view
taken along the lines IV,IV; Fig. 5is g perspec-
tive view of the object stage and its associated
adjustment devices, and Fig. 6.is a cross sectional
view of a portion of one of the adjustment devices
taken along the lines VI, VI,

Referring to Fig. 1, the microscope column in-
cludes, from top to bottom: g condenser lens |;
which may be of either the electromagnetic or
electrostatic type: the improved object chamber
2, supporting the condenser lens | and coaxial
therewith; an objective lens 8, a projection lens
4, which may be of the same types as the con-
denser lens I; and g viewing chamber 8, which
contains a suitable fluorescent viewing screemn,
and an electron sensitive photographic surface,
not shown. : .

The object chamber 2 includes a vacuum-tight
door &, having g suitable lock operated by a knob
1. The object chamber 2 is sealed by vacuum-
tight joints to the condenser lens I, above the
chamber, and to the objective lens 8, below the
chamber. One adjustment of the bosition of g
specimen within the object chamber 2 is pro-
vided by means of a first split gear 8, mounted
9, and engaged with a first
worm (0, which is connected to one end of g first
flexible shaft 11§, The remaining end of the
flexible shaft 1§ terminates in g first beveled
gear 12 suitably Supported on an adjustment
panel supported by the microscope column, An
adjustment knob i4 ig connected to a second
beveled gear 5, which is arranged to mesh with
the first beveled gear 12. A similar arrangement
of gears and fexible shafting terminates in a
second control knob, not shown, for g second
adjustment of the object

tation of the first shaft 9. :
Referring to Figs. 2, 3 and 4, rotation. of the
split gear 8 provides rotation of the shaft 9 and
a longitudinal movement of 5 rog {6, which is
threaded to internal threads in a hole in the first
shaft 9. Likewise rotation of the second split
gear 18 brovides- rotation of g third shaft 19 ang
a longitudina]l movement of g second rod 29
which is threaded to the third shart 19, The
object stage includes a- cylindriea} member 2{
having an axial aperture 22 for the microscope
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electron beam. The cylindrical member 21 is
mounted upon a disc shaped first base member
23 ‘which is adapted to fit a suitable aperture
in a second base member 24. The two base mem-
bers should preferably be easily separable, to
provide for removal of the objective lens pole
piece 66 from the microscope, through the aper-
ture in the second base member 24 and for

2,347,348

mounting the specimen in the path of the elec-

tron beam on the lower surface 61 of the cylind-
rical member 21. The second base member 24
includes two perpendicularly disposed stud mem-
bers 25 and 26 having circumferential slots
adapted to receive respectively, two spring mem-
bers 27 and 28, for holding the first base member
23 in position in the aperture of the second base
member 24. The first stud 26 is connected, by
soldering for example, to the center of a
first spring strip 38. The second stud 2§ is con-
nected to the center of a second spring strip 31.
The first and second spring strips 30 and 31 are
supported substantially parallel to each other
by the studs 25 and 26 and are rigidly connected
at their ends to a supportmg ring 32.

Adjacent and between the junctions of the first
and second spring strips 30 and 3{ respectively
and the supporting ring 22, third and fourth
spring strips 83 and 24 are also disposed par-
allel to each other and normal to the first and
second spring strips. The third and fourth strips,
35 and 60 respectlvely, are also rigidly connected
to the supporting ring 32 in quadrature to the
first and second spring strips. The center of
the thlrd sprmg strip 33 is supported by a third
stud 35 which is connected to a sub base ele-
ment 36. A bracket 51, mounted on the sup-
porting ring 32 opposﬂ;e the center of the fourth
spring strip 34 is connected to one end of the
longitudinally adjustable rod 16.

The first stud 26 is flexibly connected by a
spring element 64 to one end of a lever device
31, the fiulcrum of which is flexibly supported
by a fourth stud 38 through a flexible connection
39. The remaining end of the lever 37 is con-
nected to the end of the second adjustable rod
20. It should be understood that the lever mech-
anism may be ehmmated and the shaft 28 con-
nected 51m1}arly to the rod 18 at right angle
thereto.

Rotation of the first split gear 8 will provide
longitudinal adJustment of the rod 1§ which will,
in turn, move the supportmg ring 32, the second
base member 24 and the object stage 21 parallel
to the rod 18. TRotation of the second split gear
18 will provide longitudinal adjustment of the
second rod: 28. Movement of the second rod 20
will provide, through the means of the lever 31,
movement of the second base member 24 and the
object stage 21, in a direction normal to the di-
rection of adJustment provided by the movement
of the first rod 8. Rotation of the split gear
8 will therefore provide adjustment along one
axis for the object stage 21, while rotation of
the second split gear 18 will prov1de adjustment
along a second axis substantially normal to the
first axis. The adjustment along either axis,
however, will be substantially independent of the
adjustment along. the other axis.

Since the gear.ratio between the control kncb
{4 and the shaft 9 may be of any desired value,
extremely fine longitudinal adjustment of the rod
16 may be obtained. In one embodiment of the
1nvent10n, a, complete turn of the adjustment
knob provides a ,001 inch movement of the object

°Lage ObJectlonable back-lash-in the worm gear.
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drive may be substantlally eliminated by means
of the split gears utilized for engagement with
the worms mentioned heretofore.

Any objectionable back-lash of vibration which
may be transmitted through the adjustment sys-
tem described may be considerably reduced by
the addition of a first curved spring 40, disposed
pbetween the stud member 35 and the supporting
ring 32 and a second curved spring 41, disposed
between the stud member 25 and the supportmg
ring 32.

In a preferred arrangement, the spring strips
39, 21, 33 and 34 should be of a corrugated form,
shown in the accompanying drawings, in order
to provide maximum resiliency along the desired
adjustment axis, while providing maximum ri-
gidity in all ott her dnectxono, and at the same
time preventing any tendency to “cil can’” or snap
at certain positions as will occur with a flat
spring.

Fig. 5 is a fragmentary perspective view of the
principal operating components of the object
stage and its resilient supporting members pre-
viously descrlbed and illustrates the axes of ad-
Justment AA and BB.

TFigure 6 is a cross sectional view of a pre-
ferred means for attaching the split gear 8 to
the frame of the object chamber 2. The split
gear & is connected to a shaft 9 which includes
a threaded hole 58 in one end thereof coaxial
with the shaft. The shaft 8 is adapted to rotate
within a bearing 5! ‘sealed by a vacuum-tight
joint in the frame of the object chamber 2. A
longltudlnally movable shaft 52 is connected to
the object chamber frame by means of a bel-
lows 53, and is adapted to move coaxially with
the shaft 8. An elongated threaded portion 54
of the saefu 52 is adapted to engage the threads
in the hole 50 of the rotatable shaft 8. A flex~
ible connection 55 connects the shaft 52 to a
suitably threaded ramrod 46 which is connected
to a bracket 57 supported by the supporting
ring 32. As the split, gear 8 is rotated the
threaded portion 54 of the shaft 52 will pro-
vide longitudinal adjustment of the ramrod I8,
and corresponding movement of the supporting
ring 32. A pin 58 connected to the split gear
% provides a suitable stop for the gear by en-
cagement with a projection E8 on the object
chamber. frame. A locking screw 62 and wash-
er 63 are for setting the split gear and stop
with respect to the projection 59 after prelimi-
nary adjustment.

Thus, the invention described: comprises means
for adjusting the position of an object stage
within the. object chamber of an electron micro-
scope. The object stage is supported by a pair
of flat corrugated parallel spring members at-
tached to a supporting ring, and the. supporting
ring is supported by a second pair of similarly
formed spring members attached.to studs mount-.
ed in a base member The supporting ring and
object stage may be moved along substantially
only .one axis normel to the electron beam axis
by means of a longltudmally adjustable rod cou-

" pled to a gear drive through a vacuum-tight

7%

bellows. The object stage may be similarly moved.
along a second axis, substantially normal to both
of the other axis, by means of a second longi-

~ tudinally adjustable rod, coupled to a second gear

drive through a second vacuum-tight bellows.
I claim as my invention:
1. An object stage for electron image appa-
ratus havmg an electron beam including in com-
bmatxon a frame member, first suspension means,.
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means including said frame for resiliently sup-
porting said first suspension means, first adjust-
ing means for said first suspension means for
providing unidirectional adjustment thereof nor-
ma] to said electron beam, second suspension
means, means including said first suspension
means for resiliently supporting said second sus-
pension means, second adjusting means for said
second suspension means for broviding unidirec-
tional adjustment thereof normal to said elec-
tron beam and normal to the direction of adjust-
ment of said first suspension means, and means
supported by said second suspension means for
supporting said object in the path of said elec-
tron beam.

2. An object stage for electron image appa-
ratus having an electron beam including in com-~
bination a frame member, first suspension means,
means including said frame and at least two sub-
stantially parallel spring members connecting
said frame and said suspension means for resil-
iently supporting said first suspension means,
first adjusting means for said first suspension
means for providing unidirectional adjustment
thereof normal to said electron beam, second
suspension means including said first suspension
means and at least two substantially parallel
spring members connecting said first and said sec-
ond suspension means for resiliently supporting
said second suspension means, second adjusting
means for said second suspension means for pro-
viding unidirectional adjustment thereof normal
to said electron beam and normal to the direction
of adjustment of said first suspension means, and
means supported by said second suspension means
for supporting said object in the path of said elec-
tron beam.

3. An object stage for electron image appa-
ratus having an electron beam including in com-
bination a frame member, 5 first and second bel-
lows mounted in said frame member, first sus-
pension means, means including said frame for
resiliently supporting said first suspension means,
first adjusting means including an externally
geared mechanical drive coupled through said
first bellows to said first suspension means for
providing unidirectional adjustment thereof nor-
mal to said electron beam, second suspension
means, means including said first suspension
means for resiliently supporting said second sus-
Dpension means, second adjusting means including
an externally geared mechanical drive coupled
through said second bellows to said second sus-
bension means for providing unidirectional ad-
Justment thereof normal to said electron beam
and normal to the direction of adjustment of said
first suspension means, and means supported by
said second suspension meang for supporting said
object in the path of said electron beam.

4, An object stage for electron image appa-
ratus having an electron beam including in com-
bination a frame member, a first and second bel-
lows mounted in said frame member, first sus-
pension means, means including said frame and
at least two substantially parallel spring mem-
bers connecting said frame and said suspension
means for resiliently supporting said first sus-
pension means, first adjusting means including
an externally geared mechanical drive coupled
through said first bellows to said first suspension
means for providing unidirectional adjustment
thereof normal to said electron beam, second sus-
pension means including said first suspension
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means and at least two substantially parallel
spring members connecting saig first and said
second suspension means for resiliently support-
ing said second suspension means, second adjust-
ing means including an externally geared me-
chanical drive coupled through said second bel-
lows to said second suspension means for provid-
ing unidirectional adjustment thereof normal to
said eleetron beam and normal to the direction
of adjustment of said first suspension means, and
means supported by said second suspension means
for supporting said object in the path of said
electron beam.

5. An object stage for electron image appa-
ratus having an electron beam including in com-
bination a frame member, first suspension means,
means including said frame for resiliently sup-
porting said first suspension means, first adjust-
ing means for said first suspension means for
providing unidirectional adjustment thereof nor-
mal to said electron beam, second suspension
means, means including said first suspension
means for resiliently supporting said second sus-
pension means, second adjusting means for said
second suspension means for providing unidirec-
tional adjustment thereof normal to said elec-
tron beam and normal to the direction of ad-
justment of said first suspension means, and re-
movable means supported by said second suspen-
sion means for supporting said object in the path
of said electron beam.

6. An object stage for electron image appa-
ratus having an electron beam including in com-
bination a frame member, first and second bel-
lows mounted in said frame member, first sus-
pension means, means including said frame and
at least two substantially parallel spring mem-
bers connecting said frame and said suspension
means for resiliently supporting said first sus-
bension means, first adjusting means including
an externally geared mechanical drive coupled
through said first bellows to said first suspension
means for providing unidirectional adjustment
thereof normal to said electron beam, second sus-
pension means including said first suspension
means and at least two substantially parallel
spring members connecting said first and said
second suspension means for resiliently support-
ing said second suspension means, second ad-
justing means including an externally geared
mechanical drive coupled through said second
bellows to said second suspension means for pro-
viding unidirectional adjustment thereof normal
%o said electron beam and normaj to the direction
of adjustment of said first suspension means, and
removable means supported by said second sus-
pension means for supporting said object in the
path of said electron beam.

7. An object stage for an electron image device
having an electron beam including in combina-
tion a frame member, an object subport, first
means extending through said frame for adjust-
ing unidirectionally and normal to said electron
beam the position of said object support in the
path of said beam, second means extending
through said frame for adjusting the position of
said object support unidirectionally and normal
to both said electron beam and the direction of
adjustment provided by said first means, and re-
silient means for substantially Preventing the
movement of said object support in other direc-
tions.

CHARLES J, YOUNG,




