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SPECIMEN TIL'I‘ING DEVICE FOR AN ELECTRON 
OPTICAL DEVICE 

This invention generally relates to a specimen tilting 
device for electron microscopes or the like. More par 
ticularly, however, it relates to a specimen tilting de 
vice wherein the specimen is placed in the objective 
lens of the microscope in a direction perpendicular to 
the electron optical axis. This particular mode of entry 
is known as “side entry” and such a device is known as 
a “side entry goniometer." An advantage of a side 
entry goniometer is that the maximum degree of tilt 
with respect to the axis coincident with the direction of 
specimeninsertion is large, for example, up to a 60° tilt 
being possible. However, without making the device 
complicated and bulky, the angle of tilt about the axis 
perpendicular to the direction of specimen insertion is 
quite limited, thereby, in effect, limiting the function of 
the side entry goniometer to that of a “single tilt” goni 
ometer. 
'It is a purpose of this invention to provide a specimen 

tilting device capable of overcoming the above 
described limitations. It is a further purpose to provide 
a “double tilt” goniometer. It is yet another purpose of 
this invention to provide a double tilt goniometer which 
is compact, easy and cheap to manufacture and easy to 
operate. It is yet another purpose to provide a goniome 
ter having as a preferred feature a mechanism for mov 
ing the specimen along the optical axis. 
Brie?y, the device according to this invention com 

prises a body rotatably attached. to the column of an 
electron microscope or the like, the longitudinal axis of 
said rotating body generally perpendicularly intersect 
ing the electron optical axis of said microscope or the 
like. A frame is ?xed to the rotating body having 
thereon a specimen holder for holding a specimen. At 
least one wheel is ?xed to the specimen holder. Two 
pivots pivotally mount the specimen holder and wheel 
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or'wheels. The axis between said two pivots is perpen- - 
dicularly disposed with respect to the electron optical 
axis and the longitudinal axis of the rotating body. Rods 
for rotating said wheel or wheels are arranged to be op 
erated externally. - . 

This invention will become apparent by reading the 
following detailed description in conjunction with the 
accompanying drawings in which: 4 
FIG. 1 is a sectional view showing one embodiment 

of this invention; 
FIG. 2 is a sectional view taken along the line A-A 

in FIG. 1; 
FIG. 3 is a sectional view showing a variation on FIG. 

2; 
FIGS. 4 and 5 are diagonal perspective views showing 

other variations on FIG. 2; 
FIG. 6 is a sectional view showing another embodi 

ment of this invention; 
FIG. 7 is a diagonal blown-up perspective view of the 

circled area B shown in FIG. 6; and, 
FIG. 8 is a sectional view taken along the line C-C 

in FIG. 6. ' ‘ 

Referring to FIGS. 1 and 2, 1 represents a section of 
a microscope column, for example, the objective lens 
yoke and 2 represents a rotating body rotatably 
mounted in the column wall by means of a screw mem 
ber 3. The portion of the rotating ‘body 2 orientated in 
side the column 1 intersects the electron optical axis of 
the microscope perpendicularly; that is, the axis de 
noted by X in FIG. 1 intersects the axis denoted by Z 
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2 
in FIG. 2 perpendicularly. A knob 4 attached to the ex» 
ternal end of the rotating body 2 serves to rotate the ro 
tating body 2 about its X-axis. A frame 5 attached to 
the other end of the rotating body 2 is arranged be 
tween pole pieces 6a and 6b forming part of the objec 
tive lens. Grooved wheels 8a and 8b are attached to 
each side of the specimen holder 7. The grooved . 
wheels are mounted on shafts 9a and 9b which rest and 
rotate in V-shaped grooves 10a and 10b cut into the 
upper surface of frame 5. The orientation axis of the 
shafts 9a and 9b, that is to say, the axis denoted by Y 
in the figures, lies at right angles or perpendicular to 
the optical axis Z and the rotating axis X of the rotating 
body 2. 
A specimen 11 is held in the specimen holder 7 by 

means of a securing member 12 so as to lie on a plane 
defined by axis X and axis Y. Rods 13a and 13b are of 
a material having elasticity. One end of the rods are 
fixed to a moving block 15 which is slidably mounted 
in‘ the frame 5, the other end of the rods resting in the 
grooved wheels 8a and 8b. A male screw 16 is fixed to 
rotatable shaft 17 and threaded into the moving block 
15. The external end of the shaft 17 is ?tted with a 
knob 18. 
Thus, by turning the knob 4, the specimen is tilted or 

inclined in a certain direction and at a certain angle 
with respect to the axis X, the amount of tilt being de 
termined by the degree to which the knob 4 is rotated. 
Further, by turning the knob 18, the moving block 15 
is made to slide either backwards and forwards along 
the axis X which in turn causes the rod 13a and 13b to 
turn the grooved wheels 14a and 14b, thereby rotating 
the specimen holder 7, and the specimen contained 
therein, about the axis Y in accordance with the degree 
to which the knob 18 is rotated. , 

In the embodiment shown in FIG. 3, the two grooved 
wheels have been eliminated by using a spherical 
shaped specimen holder mounted on two pivots 20a 
and 20b secured to_ the frame 5. The two rods 13a and 
13b, instead of resting in the grooved wheels, lie ?ushly ‘ 
between the frame 5 and the spherical surface 19, 
thereby rotating the specimenholder about the axis Y 
by turning, the knob 18 in the same way as in the em 
bodiment described in FIGS. 1 and 2. 
.In the embodiment shown in FIG. 4, a pinion 2lro 

tated by a rack 22 is used instead of the grooved wheels 
8a and 8b. A rod 13 is fixed to one end of the rack 22. 
Shaft 9b, in this case, is ?tted with a sphere or ball 23 
which is held in a cone-shaped opening (refer to FIG. 
8) cut into the upper surface of the frame 5. Thus, by 
moving the rod 13 backwards and forwards, the speci 
men holder 7 is tilted about the axis Y, any lateral 
movement of the holder being prevented by the sphere 
or ball 23. ‘ 

In the embodiment shown in FIG. 5, a worm 24 and 
worm wheel 25 replace the rack and pinion described 
in FIG. 4. In this case, the worm 24 is ?xed to the rotat-v 
able shaft 17 (refer to FIG..1). . 
FIGS. 6, 7 and 8 show another embodiment of this 

invention. Referring to the figures, a cylindrical rotat 
ing body or bushing 2 is mounted in the column of the 
electron microscope or the like such that the cylindri 
cal axis passes through the optical axis. A supporting 
member 26 is mounted in the cylindrical rotating body 
2 by a sphere 27 such that the angle between the axis 
of the cylindrical rotating body or bushing 2 and the 
supporting member 26 may be varied. A sliding stage 
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29 joins the bushing 2 and the supporting member 26. 
The supporting member 26 and the sliding stage 29 
each have a curved surface 28 which are arranged to 
slide one over the other. The surface on the supporting 
member is convex and the surface on the sliding stage 
is convex. The center of the curved surface 28 is the 
center of the sphere 27. The supporting member and 
the sliding stage are joined by a key 30 and set in key 
way 31. A thumbscrew 32 makes contact with the slid 
ing stage 29 and is kept in contact with the stage by a 
spring 33. A knob 34 for shifting the supporting mem 
ber 26 also makes contact with sliding stage 29 and is 
threaded to said member. Spring 35 serves to push the 
supporting member 26 in the direction of the optical 
axis. Rotation of the thumbscrew 32 changes the angle 
between the longitudinal axis of the supporting mem 
ber and the axis of the cylindrical body or bushing 2. 
A frame 5 extends from the supporting member 26 

and surrounds the optical axis. A specimen stage 44 is 
pivotally mounted in the frame 5 by two hollow shafts 
9a, and 9b, having an axis perpendicular to the longitu 
dinal axis'of the supporting member 26. The shaft 9a 
is provided with a groove wheel 8 which enables tilting 
of the specimen stage 44 about the axis of the shafts. 
Shaft 9b is provided with a sphere 23 which sits in a 
cone-shaped opening 57 provided therefor in the frame 
to thereby restrict the axial movement of the specimen 
stage 44. 
A shaft 17 complete with knob 18 passes through the 

supporting member parallel to the axis thereof. A right 
hand threaded screw 16 and a left hand threaded screw 
16b are fixed on the shaft 17 and screwed into moving 
blocks 15a and 15b respectively so as to shift the blocks 
in opposite directions vwhen knob 18 is turned. Fixed 
respectively to the moving blocks 15a and 15b are two 
rods 13a and 13b, the free ends of which rest in the 
groove of the groove wheel 18. Therefore, turning 
knob 18 tilts the specimen stage 44 about its axis. 
A specimen holder 7 is mounted on the specimen 

stage 44. The specimen holder is pivotally mounted on 
the specimen stage so that it may pivot on an axis paral 
lel to the axis of the supporting member. It is also ar 
ranged to slide axially along this axis. This may be ac 
complished by a V-shaped groove 51 in the bottom of 
specimen holder 7. A rod 53 secured to the specimen 
stage 44 is positioned so that when the specimen holder 
7 is laid over the specimen stage with the groove 51 
lying over the rod 53, the specimen holder may be 
moved axially and radially with respect to the axis of 
the rod 53. 
A lever or'bell crank 45 is pivotally mounted on spec 

imen stage 44 by pin 47. One arm of lever 45 makes 
contact with the sidewall of the specimen holder 7 via 
a convex portion (not shown). The other arms make 
contact with the opposite wall of the specimen holder 
by way of a plate spring 49 fixed to said arm of said le 
ver. The lever 45 is operated by a rod 42 passing 
through the hollow cylindrical axle or shaft 9a. A longi 
tudinal shaft 36 complete with knob 38 passes through 
the supporting member 26. The shaft terminates in a 
cam 40 which acts upon a transverse rod 42 passing 
through the hollow cylindrical shaft 9a. Thus, by turn 
ing knob 38, the specimen holder 7 is moved along the 
guide rod 53 by means of lever or bell crank 44 which 
is operated by the cam 40 and transverse rod 42. 
A second lever or bell crank 6 is pivotally mounted 

to the stage 44 by means of pin 48. Fixed to the lever 
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4 
46 is an arm 55 which supports a leg 54 which leg is a 
cam follower making contact with the sloping cam face 
52 on the specimen holder. The lever 46 is operated by 
a transverse rod 43 against the suitable bias 56 between 
the stage 44 and the lever providing the necessary re 
turning tension. 
A shaft 37 complete with knob 39 passes through the 

supporting member 36. Shaft 37 terminates in a cam 
41. The cam acts upon a transverse rod 43 passing co 
axially and slideably through shaft 9b. The transverse 
shaft acts upon the bell crank 46. Thus, by turning the 
knob 39, the specimen holder 7 is moved along the op 
tical axis Z by shaft 37, the cam 41, transverse rod 43, 
the lever 46 and and the leg 54. 
By turning knob 34, the supporting member 26, the . 

frame 5 and the specimen holder 7 are moved along the 
X axis so as to make the Y axis intersect the optical axis 
Z. By turning the thumbscrew 32, the supporting mem 
ber 26 is tilted, the tilting axis or center of tilt being the 
axial center of the sphere 27. Accordingly, the speci 
men holder 7 is moved along the Y axis. 
Knobs 4 and 18 enable a holder 7 to be tilted in any 

direction and at any angle in the same way as in the em 
bodiment described in FIG. 1. 

I claim: 
1. A specimen positioning device for an electron mi 

cro-scope or the like comprising a column (10) enclos 
ing the electron optical axis comprising: 
A. bushing means (2) comprising a cylindrical shell 

rotatably secured in the column (1) such that the 
longitudinal axis of said bushing intersects the opti 
cal axis for providing tilting of a specimen about 
said longitudianl axis; 

B. supporting means (26) positioned within said 
bushing means (2) and secured thereto such that 
the longitudinal axis of the supporting means may 
be moved in an angle relative to the longitudinal 
axis of the bushing means for providing lateral 
movement of the specimen on an axis generally 
perpendicular to the optical axis and the longitudi 
nal axis of the bushing means; 

C. a frame (5) extending from said supporting means 
and enclosing the optical axis; 

D. a specimen stage (44) mounted in said frame by 
two cylindrical hollow shafts (9a and 9b,) the axis 
of said shafts being generally perpendicular to said 
optical axis and the longitudinal axis of said bush 
ing means (2); 

E. at least one wheel (8) secured tosaid specimen » 
stage (44) about one of said hollow shafts; 

F. means comprising a rod (17) passing through said 
supporting means (26) for rottating said wheel (8) 
and thereby providing tilting of said specimen 
about the axis of said hollow shafts (9a and 9b); 

G. a specimen holder (7) pivotally and slideably 
mounted on said specimen stage (44) such that the 
holder can slide on an axis parallel to the longitudi 
nal axis of the supporting means (26) and can tilt 
about said axis, said specimen holder having a bev 
eled cam surface (52) facing said specimen stage; 

H. a ?rst bell crank (45) mounted on said specimen 
stage for urging the specimen holder along the slid 
ing axis in cooperation with a suitable bias (50) 
against the action of the first bell crank; 

1. means for activating the ?rstbell crank comprising 
a transverse rod (42) passing through said cylindri‘ 
cal shaft (9a) and abutting said ?rst bell crank (45) 
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and a longitudinal rod (36) passing through said 
supporting means (26) terminating in a cam (40) 
abutting said transverse rod (42) whereby turning 
said longitudinal rod turns said cam moving said 
transverse rod acting upon the first bell crank to 
move the specimen along the longitudinal axis; 

J. a second bell crank (46) mounted on said speci 
men stage for urging a cam follower (54) along a 
beveled cam surface (52) on said specimen holder 
(7); and, 

K. means for activating the second bell crank (46) 
comprising a transverse rod (43) passing through 
said other cylindrical shaft (9b) abutting at one end 
on the second bell crank (46) and a longitudinal 
rod (37) passing through said supporting means 
(26) terminating in a cam (41) abutting said trans 
verse rod whereby turning said longitudinal rod 
turns said cam moving said transverse rod acting on 
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6 
the second bell crank to move the specimen along 
the optical axis. 

2. A specimen positioning device as set forth in claim 
1 in which the means for rotating the wheel comprises 
a rotatable shaft passed through the rotating body, a 
moving block screwed onto said rotatable shaft, and at 
least one rod ?xed to said moving block extending over 
said wheel. 

3. A specimen positioning device as set forth in claim 
2 in which at least one rod is made of a material having 
elasticity, said rod making contact with the wheel. 

4. A specimen tilting device as set forth in claim 1 in 
which one of the two transverse shafts is provided with 
a sphere, said sphere being ?tted into a cone-shaped 
opening cut into the upper surface of the frame to pre 
vent axial movement of said shaft. 

* * a: * * 
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