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My invention relates to positioning means and,
more particularly, to devices for manipulating or
controlling the position of an article.

It is frequently desirable, for example in micros-
copy, to control the position of an article or ele-
ment to be examined. Thus, in electron optical
instruments, for example an electron diffraction
instrument, it is desirable fo control not only
the position of an article or specimen to be ex-
amined, but it is also important that the speci-
men be capable of being moved in various inde-
peéndent directions -to control the point of in-
cidence of an electron beam, as well as the angle
of incidence of that beam on the specimen. It
is, furthermore, important to provide mechanisms
which permit precise and minute adjustment of
the specimen position through three degrees of
translation and two degrees of rotation and which
obtain such manipulation without involving com-
plex mechanisms. Thus, it is desirable not only
to reduce the expense of manufacturing such
mechanisms, but also to maintain the size as small
as possible so that it is not large and cumber-
some in comparison with the specimen {o be ex-
amined, particularly since in such work the ma-
nipulator usually is maintained within an evacu-
ated vessel or-container. It is desirable that the
dimensions be as small as possible to reduce the
time and cost of evacuating the apparatus.

It is an object of my invention to provide a new
and improved positioning device or manipula.-
tor.

It is another obJect of my invention to provide
a new and improved positioning device or ma-
nipulator which is simple in construction and
arrangement and which is capable of precisely
positioning an object to be investigated in three
degrees of translation and two degrees of rota-
tion,

It is-a further object of my invention to pro-
vide a new and improved manipulator compris-
ing two coaxial shaits which are independently
rotatable and the axis of which may be varied
precisely to position a specimen relative to three
degrees of translation and two degrees of rota-
tion.

Briefly stated, in the illustrated embodiment
of my invention, I provide & manipulator or posi-
tioning device for controlling and holding an arti-
cle or object and which is susceptible of produc-
ing rotation about two angularly disposed axes
and the common axis of which is variable in
position so that the position of a supported article
may be controlled precisely through three mutu-
ally - perpendicular- directions of translation as
well as two degrees of rotation. .

For a better understanding of my invention,
reference may be had to the following descrip-
tion taken in connection with the accompanying
drawing and its scope will be pointed out in the
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appended claims. Fig. 1 is a side elevation view
of an electron diffraction instrument suitably
embodying the invention. Figs. 2 and 3 are per-
spective and vertical sectional views, respectively,
of the manipulator employed in the instrument of
Fig. 1.

Referring now to Fig. 1, there is shown a por-
tion of an electron diffraction instrument which
comprises a control panel { behind which is lo-
cated an electron gun, not shown, for projecting
a beam of electrons through an evacuated tube
2. The electron beam is focussed by means of
a focussing yoke 3, which may be of the magnetic
type, to fall upon a specimen to be examined and
supported on a suitable article carrier 4. The
electron beam may either be reflected from the
specimen or may be allowed to pass through the
specimen, if it is a very thin one, to form a diffrac-
tion pattern upon a fluorescent screen 5. Alber-
natively; the pattern may be formed upon a photo-
graphic plate or film located within an evacuated
film holder 6. The specimen holder 4 is arranged

. within a specimen chamber T having a hinged

door or entrance 8. Since, in the study of the
crystalline structure of a specimen being ex- .
amined it is desirable to control the point of
incidence of the electron beam on -the speci-
men, as well as the angle of incidence in the
case of a reflected beam, a manipulator or posi-
tioning means 8 is provided for varying the posi-
tion of the specimen support 4 through two de-
grees of rotation and three degrees of transla-
tion,

Referring now to Figs. 2 and 3 joinfly, the
manipulator 9 is illustrated as comprising a cylin~
drical casing i0 which is adapted to be secured
to the upper surface of the specimen chamber
1 by a plurality of screws {1. The casing {0 is
externally threaded and is surrounded by an
internally threaded cylinder 12, A plate member
13 is supported on the upper surface of the cylin-
der {2 by a ball bearing (4, the race of which
may be formed integrally in the upper surface
of the cylinder 12 and the lower surface of the
plate 13. A retaining ring 15 for the ball bear-

ings 14 is interposed between the adjacent sur-

faces of the members 12, 13. The members (2,
13 may be held in assembled position by an as-
sembly ring I8 which is adapted to be screwed

to the cylinder 12,

The plate 13 and the upper surface of the
specimen chamber 1 are provided respectively
with aligned apertures {7, I8 through which ex-
tend a pair of coaxial shafts (9, 20. The shalt
28 is hollow and its upper end is attached, as by
threads, to an externally accessible shaft 2. The
shaft 21 in turn, is provided with a shoulder 22
which is supported in . a recess in a mounting
plate 23.. A sealing arrangement is provided
around the shoulder 22 and comprises a gasket
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24 formed of a suitable material, such as rubber,
and a retaining ring 25 which is attached to the
mounting plate 28 by & plurahty of screws 26.
The mounting plite 23, in turh i siibported from

the upper surface of plate 13 by three vertical
The manipulatifig

adjusting screws 21, 28, 29.

screws 21—29 at their lower ends are formed -

with ball surfaces 30 which are retained in races
3! attached to the upper surface of plate 13, At

their opposite ends, each of thé Sérews 31--29

engages a nut 32 which is pivotally supported in
the mounting plate 23 by a bin 33..
with a knurled boss 34. Diametrically 6pposite
the screw 28 there is positioned a compressed
spring 35 which i§ dtthched to the plates. 13,.23,
respectively, by attachmeént devides 38, 81: The
shaft {9 is likewise Journalled if the member
21 by a sealed beanng which, icomprlses s shoul-
der 38, a rubber gasket 39, and a Fetdining ring
49. The shaft 19, at its upper end, is provided
with a knob 41 whereby it may beé: rotated inde-
pendently from the shaft 28: Likewise the shaft
29 may be rotated by means of & handle 42 gt-
tachéd to the mémber 21,

There is provided & frame member 43 thh
is attached to thé shaft 20 at its lower end and
adapted to be rotated thereby. ‘The frame inein-
ber 43 is L-shaped and includes-a vertical seétion
which is termlnated ina bearmg 44. Joutrhalled
in the bearing 44 is & shaft 45 which bears; at its
left-hand end, a gear 46, Arranged 1o slide over
the right-hand portion of the shaft &5 i§ a- sleéve
member 41 which, at its outér end, supports the
specimen carrier §. The sleeve member is ad-
justable on the shaft 45 afid miy be clamiped
thereto by means of a clamping ring 43. Sup-
ported on the vertiéal séétion of the L-shaped
frame member 43 is-a-strap memBer 49 which may
be attached to the member 43 By any suitable
arrangement, Such as the Bolt 50, and Which
serves as a support for two idley pulleys 5§ 52.
Means are provided for totating the shaft 45 and
the plate 4 a.nd comprise a dnvmg pulley 53
which is attached to the 10War énc the shaft 19
and which Is prowded with g pl‘
for receiving a ball chain 53, The Pall ehain
54 is arranged to pass over the idler pulleys- ‘BT,
52 and drive the socketed gear 46. Prefera{bly,
the strap 49 is slotted so that it futictions as a
take-up device to adjust tehsion in the ‘drivitg
chain 5%,

As prevxously pomted out, thie ma,mpulatOr ‘thits
far described is particularly ada' ted for tse in
evacuated electronic- optmal ‘equipment and, to
that end, I prowde ‘8, pair of SylpHon bellows 55

5§ sealed, respectively, between thie outer surface
of the specimen ‘chamber :and ‘the Jower surface
of the plate {3 and between the upper surface of
the plate 18 and ‘the ‘mounting plate 23. Thedel-
lows 55, 56 may be sealed at their ’respectxve énds
to vertlcally extendmg ﬂanges provlded on the re-

a solder. kaewise, ih Grder thHat all Easss may
be evacuated from portions of the 'mampuiator
within the evacuated region, the shaft-20 & Bro-
vided with a Iateral'opéning 57.

In tHe operation of the hianipiifater describead
to posmon an article ‘or specithen supﬁorted ‘on
‘the carrier ¥, Yotstion 'of the shafts 20, U by
means of Tever 42 ‘operates to Totate the arrn 43
supporting the ‘carrier ¢ Hbout the a%is of the
shafts 19, 20. Rotation of theshaft 19 by misars
of the externaI}y ‘getessible ‘RHGH 44 opérates to
rotate the'gedr §6'ard the carrier @ abotit the axis

Intermediate
their ends, each of the screws 27—29 is provided.
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of the shaft 45. Asshown, this axis is substantial:
1y at right angles to the common axis of the shafts
19, 20, However, for a pafticulsr design, the axis
of the shaft 45 thay be inclined 4t any desired

. angle with respect to the common axis of the

shafts {9, 20. Means are provided for moving
the frame 43 and the carrier 4 in a direction par-
allel to the axis of the shafts 19, 26 and com-
prise the capshah bars 58 which screw the cylin-
der % o the c¢dding 10, either compressing or
expanding the Sylphon bellows 55, depending
upon the direction in which the cylinder 12 is
rotated. Thus, rotation of the cylinder 12 pro-
ducés translation of the carrier 4 along the axis
of the shafts {9, 20. Translation in any direc-
tion it the longitudinal plaxe, as well as further
trarslation: along the commmoh. axis of the shafts
19, 20, is provided by the screws27—29.. Itisread-
ily- apparént that, by hanipulation of thesestrews,
riot only may the earrier & be nioved along the
axis of the shafts 19; 20, bit also leveling in any
plane péfpendicular to this axis may be obtained.
The sbring 3% resists such motiohs of the assem-
bly by the screws 27=—29; thus providing ® uni-
versal typé of motionw for the mounting plate
23.

The pnncxpal advantage of the posifion de-
vice which: I provide is the faeility with: which
the .angle of incidence: of an electron Keam oén
a; speeiinen’ stpported .on the carrier & fthay be
varied. Thus, By Simply rotating the shaft 20,
the angle'of incidehce may be ¢hanged. Likewise,
By simple rotation of the member 4t, the carrier
& may be rotatéd about the axis of the shaft 45.

Another advaritage of the manipulator is the
ability to decommoddte specimens of ‘different
size. Thus, the sleeve 471 telescopes the shaft
45 s6 that specimens of difféfent size may be sup-
ported ‘on the currier # and arranged so that
the surface thereof lies in the path of the elec-
tron beam, Many mimite changes in erazing
angle or anglée of nciderce likewise are effected
by the level arrafigement provided by the screws
27—29.

My iiproved tybe ‘of positioning mechianism
likewive offers ‘décided advantages in ‘evacuated
systems due to the fact that the total mechanism
isirelatively comipact thereby redueitig. the time
réguired to evacuate the assoclated apparatyus and
the fact that the entire manipulation tdy be
‘ohserved and easily controlled.

White T-have shown ‘and deséribed my inven-
tion a5 applied to a patticultr device, it will be
obvious to those skilled in the art that changes
and modifications iy e inde without departing
i3 e inveRtion. I theréfore gifm in the ap-
Dendea IS to'Cover 2l SHeH ‘shahigesand modi-
Toations db falk Within the true Spirit and sope
of -fy Thyeiition.

What I el 45 hew ang desiie to secute by
Letters Patent of the United States is:

1. In ‘a ‘deviee for ‘controllihg the posmon of
a2 “article, the gottbihation inelidihe a ‘Pair of
coakinl SHafts, mbuns SUpperting S8 shEts, 4
frafe “member Supported by ‘one of said shafis
fé) ‘Totation the by ‘sbout a st axis, article
e nieans yeluding a shaft supported by
Sald ‘ember dRd diranged to be rotated by the
othiet of #4id shafts about -an ‘axis dsrclined at an
‘gngle to gaid first-axis, ‘ard medns for varying the
position of the axis: Of shid - ‘pair‘of shafts relative
to skid -shaft supportihg Threahns.

2. In-a:device Tor controlling the position-of 'an
article, the combination inicluding a pair -6f -co-
axial shaffs; means §iupporting ‘$aid -shafts; 3
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frame member supported by one of sald shafts
for rotation thereby about g first axis, article
supporting means including a shaft supported by
said member and arranged to be rotated by the
other of said shafts about an axis inclined at an
angle to said first axis, means for varying the
position of said frame member along the axis
of said pair of shafts, and means for varying
the position of the axis of said pair of shafts rel-
ative to said shaft supporting means.

3. In a positioning device, the combination
comprising a pair of coaxial shafts, means sup-
porting said shafts, an article supporting mem-
ber supported by one of said shafts and arranged
to be rotated about a first axis thereby, means
including a shaft mechanically connected to the
other of said pair of shafts for rotating said
article supporting member about an axis inclined
at an angle to said first axis, and means for vary-
ing the position of the axis of said pair of shafts
relative to said shaft supporting means.

4. In a positioning device capable of providing
rotating motions along two non-parallel axes, the
combination comprising a pair of coaxial shafts,
means for supporting said shafts, a frame mem-
ber supported by one of said shafts and arranged
to be rotated thereby, an article supporting mem-
ber journalled in said frame member, means me-
chanically linking the other of said shafts and
said article supporting member for rotation about
an axis inclined at an angle with respect to the
common axis of said pair of shafts, and means
for varying the position of the axis of said pair
of shafts with respect to said supporting means
comprising a pair of independently adjustable
members interposed between said supporting
means and said pair of shafts.

5. A positioning device comprising a pair of
coaxial shafts, means for supporting said shafts,
a rod supported at one end of said shafts and in-
clined at an angle to the axis thereof, article sup-
porting means supported on said rod, means for
moving said rod longitudinally of said axis, means
utilizing one of said shafts for rotating said
article supporting means about the axis of said
rod, and means utilizing the other of said shafts
for rotating said article supporting means about
the axis of said shafts.

6. A positioning device comprising a pair of
coaxial shaits, means for supporting saidq shafts,
a rod supported at one end of said shafts and
inclined at an angle to the axis thereof, article
supporting means supported on said rod, means
for moving said rod longitudinally of said axis,
means utilizing one of said shafts for rotating
said article supporting means about the axis of
said rod, means utilizing the other of said shafts
for rotating said article supporting means about
the axis of said shafts, and means for varying the
position of the axis of said pair of shafts relative
to said shaft supporting means.

7. In a device for controlling the position of
an article within an evacuated enclosure, the
combination comprising a pair of coaxial shafts
extending within said enclosure, means includ-
ing & resilient portion for supporting said shafts,
said shafts having respective externally accessible
parts, means for compressing said resilient por-
tion to vary the axial position of said shafts,
means for controlling the angular position of said
shafts relative to their axis, article supporting
means supported by one of said shafts at a point
remote from the externally accessible part there-
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of, means ufilizing the externally accessible part

,of one of said shafts for rotating said article sup-

porting means about the axis of said shafts, and
means utilizing the externally accessible part of
the other of said shafts for rotating said article
supporting means about an axis inclined to the
axis of said shafts.

8. In an electron optical instrument having an
evacuated chamber, a positioning means com-
prising a pair of coaxial shafts extending within
said chamber, said shafts having externally ac-
cessible parts, article supporting means supported
by one of said shafts within said chamber, said
chamber including a movable portion, means for
controlling the position of said movable portion
to translate said shafts along the axis thereof,
means for controlling the angular position of said
shafts relative to said axis, means including one
of said externally accessible parts for rotating
said article supporting means about the axis of
said shafts, and means including the other of
said externally accessible parts for rotating said
article supporting means about an axis inclined
to the axis of said shafts.

9. In an electron optical instrument having an
evacuated chamber, a positioning means compris-
ing a pair of coaxial shafts extending within said
chamber, said shafts having externally accessible
parts, article supporting means supported by one
of said shafts within said chamber, said cham-
ber including a movable portion, means for con-~
trolling the position of said movable portion to
translate said shafts along the axis thereof, means
for controlling the angular position of said shafts
relative to said axis, means including one of
said externally accessible parts for rotating said
article supporting means about the axis of said
shafts, means including the other of said exter-~
nally accessible parts for rotating said article
supporting means about an axis inclined to the
axis of said shafts, and means whereby the posi-
tion of said article supporting means may be
varied along said inclined axis,

10. In a positioning device for an electron
optical instrument of the type having an evacu-
ated chamber, the combination comprising a pair
of coaxial shafts extending into said chamber,
3, bellows surrounding said shafts and sealed
to said chamber, whereby a portion of said shafts
is maintained at the pressure within said cham-
ber, said shafts having externally accessible parts,
article supporting means supported by one of said
shafts within said chamber, means for compress-
ing said bellows to vary the position of sald shafts
along their axis, and means utilizing said ex-
ternally accessible parts for rotating said article
supporting means about the axis of said shaft
and an axis inclined thereto.
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