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This invention relates to X-ray tubes and in particular
to X-ray tubes producing a fine focal spot suitable for
use in X-ray shadow microscopy. - The fine focal spot
may approximate to a point source of X-rays or it may
constitute a line source of minute width and controlled
length.

Hitherto X-ray sources of the order of 40 microns in
diameter have been achieved, but the invention has for
its object to enable much smaller sources of the order of
1 micron or less to be obtained: The lengthy investiga-
tions which have resulted in the present invention have
established that special adjustability of the means for
focussing the electron ‘beam on the target and a special
larget construction are essential to enmable the desired
result to.be produced. : o

According to the invention the target surface which
constitutes part of the wall of the evacuated envelope of
the tube and also serves as a window for the passage
of the X-rays generated by the electron beam incident
on the target, is carried by a tubular neck ‘which passes
through the field space of a magnetic electron lens which
is external to the evacuated envelope, and provision is
made for relative adjustment between X-ray. tube and
electron lens in such.manner that the magnetic axis is
parallel with the axis of the electron beam within the
tubular neck, is coincident therewith at the target surface,
and-the target surface coincides with the area of least
cross-section produced in the electron beam by the mag-
netic lens.

Reference will now be had to the accompanying draw-
ings in which: )

Figure 1 is a diagrammatic representation of an X-ray
tube according to the invention.

Figure 2 is a diagram of an alternative. detail.

Figure 3 is an enlarged view of the target end of the
X-ray tube of Figure 1, showing also the association of
the tube with auxiliary' equipment for use in X-ray
shadow microscopy. : ‘

Referring first to Figure 1, the electron gun is a triode
structure consisting of a filament. 1, a shield .2 and an
anode 3. For convenience in handling the tube, the
anode 3 and the body of the apparatus are at earth po-
tential, the accelerating voltage is ‘obtained by applying
a negative voltage to the filament 1, and the shield 2 is
further biassed mnegatively with respect, to filament 1.
The electron gun structure is connected to the remainder
of the X-ray tube by means of a bellows 4 to facilitate
the alignment of the electron beam. ' . '

In the construction shown the electron beam passes
through a first electron lens 5 constituting a condenser
lens. This is a magnetic lens without pole pieces. Its
presence is necessary if a particularly stall focal spot is
required at the target surface, although for some pur-
poses it can be dispensed with. Beyond the electron lens
5 the tube body 6 is provided with a connection 7 to
the pumps for evacuating the tube. The -construction
shown is of a demountable character “which introduces
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_the necessity for pumping. The invention can however

equally be applied to a permanently sealed-off tube.

At the end of the tube remote from the electron gun
is a platform 8 which supports the X-ray target and also
the magnetic electron lens for concentrating or focussing
the electron beam. on the target. Standing on the plat-
form 8 externally of the tube is a tripod support 9 to
which is affixed a table 1¢ on which the objective lens
11 is adjustable. In the drawing the adjustment from
left to right is effected by means of screws 12 associated

" with the table 10. Adjustment in the plane of the table
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10 at right angles to the direction of the screws i2 is

. effected by a similar set of adjusting screws (not shown).

By means of the tripod with its adjustable legs, the table
1@ can be tilted in relation to the axis of the -electron
beam from the electron gun and.if desired the axial
distance from the gun can also be adjusted.  The axial
alignment of the magnetic axis of the lens 11 with the axis
of the electron beam is performed by means of the ad-
justing screws 12 associated with the table 10. .

The actual target of the X-ray tube is constituted by a
lamina 17 which also forms the window by means of
which the X-ray beam emerges from the tube, which s
known as a transmission target. This window 17 is
carried at the end of a vacuum liner 15 which is attached
to the tube body & by means of a bellows 13. The base
34 of the liner 15 extends laterally beyond.: the bellows
13 and is threaded for engagement with an adjusting
ring 18 which enables the axial position of- the liner
in relation to the magnetic lens 11 to be adjusted. - The
body of the liner 15 terminates in a neck 16 which passes
between the pole pieces 19 of the lens 11 and carries
the window 17 at its end. :

When the necessary axial alignment of the magretic lens
11 with the electron beam has been effected by means
of the adjustment of the tripod 9 and the adjusting screws
12, the point of minimum cross section of the electron
beam resulting from the effect of of the lens 11 can
be brought into coincidence with the window 17 by
means of the adjusting ring 18. Alternatively instead of

. adjusting the position of the window 17 in relation to the
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lens 11 the lens 11 could be movable in the axial direc-
tion for this purpose or alternatively the ‘pole pieces 19
could be adjustable axially in relation to the lens 1i.
When employing both a condenser lens 5 and an ob-
jective lens 11 as shown in Figure 1 it is ‘necessary to
have the complete freedom of adjustment of the lens 1%
SO as to obtain as small a source of X-rays as possible.
If however the lens 5 is dispensed with, a simpler adjust-
ment is possible by substituting for the independent ad-
justment by tripod and by centering screws 12, an arrange-
ment as shown in Figure 2 in which the lens 11 is sup-
ported on a fixed spherical surface' 20 which is concen-
tric with the filament 1. Interposed between the lens 11
and the table 20 is a mount 21 which is secured to the
lens 11 and has a curvature complementary to the
spherical table 20. By means of two sets of adjusting
screws 12’ (only one set being shown) the lens 11 is ad-
justed in position on the table 20, the lateral displace-
ment being associated with a corresponding tilting move-
ment due to the spherical curvature, with the result that
the radial relationship between the axis of the lens 1%
and the filament 1 is maintained. )
Further details of the comstruction of the target end of
the X-ray tube of Figure 1 are shown in Figure 3. This
construction is particularly applicable to demountable
tubes. The metal foil 17 constituting the window of the
tube is clamped in position against the end face of the
neck 16 by means of a clamping ring 23 but with the
interposition of an apertured soft metal washer 22 which
not only serves to form a vacuum seal but also ensures
good metallic contact. Indium or lead is suitable for the
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washer 22. ‘The clamping ring 23 is urged ‘dgainst the
soft metal washer 22 by means of a thrust sleeve 24 which
is inserted within the neck 16 and is urged into position by

means of ‘a sétew-ring 25 -in “engagement with "a’screw -

thread ‘at ‘the lower eiid of the neck 16. Owing to the
small dimeénsions of the apparafus, the overall diatheter
of the sleéve 16 being 6 mm, ‘and’ the opening in the end
face~of the neck ‘and in the washer 23 being 14 mm. in
‘an actual fube “constructed in accordance with Figures
1 and 3, it is necessary to provide means remote from the
end of the'neck 16 for clamping the window 17.

“The window ‘17 is_a metal foil consisting of the metal
‘which is ‘appropriate for' the X-rays it is desired to gen-
‘erate. “From 'practical considerations foils of tungsten,
'gold, copper, silver, molybdenumy are suitable. = The thick-
ness of the foil should be of the same order of magnitude
‘as the size of X-ray spot to be formed, i. ¢. approximate-
1y ‘1 micron for shadow-microscopy purposes. The size
‘of the central aperture’in the clamping ring 23 is deter-
mined by the need to provide a’stop to limit the soherical
‘aberration of the lens. The ovpening in the end surface of
the ‘neck 16°dgainst ‘Wwhich ‘the ‘window 17 is clamped
should be as small as possible in order to minimize the
Joad on the foil due to the pressure difference on the two
sides. * In practice it is convenient to have this aperture
the same size as that in the clamping ring 23. )

In the interests of clarity the clamping ring 23, the
soft metal washer 22, the window 17 and the end of the
neck ‘16 have been shown in spaced relationshin in Fig-
ure 3. In practice they are of coutse clamped tightly to-
gether to form a very comvact and solid end giving good
mechanical strength ‘and heat transfer properties.

Figure 3 also shows the association of an X-ray tube
accordine to the invention with auxiliary equirment for
use in Xiray shadow microscopy. The X-ray tube is
capable of giving an intense and exceedingly small focal
spot of the order of 1 micron or less in diameter, and thus
provides what can be regarded as a point source of X-
rays. Thespecimen to be examined is mounted on a sup-
port 26 outside the tube but in the proximity of the target-
window 17. “The specimen support 26 is carried by a tube
27 which is adjustable on a ring 28 so that the distance
from window to specimen can be adjusted.. Centering
screws 29 (only ohe pair being shown) enable the ring
28 to bé moved in a vlane parallel to the window 17 for
the purnose of centering the specimen with resvect to the
X-rav beam. . The X-ray shadoweraph’ is recorded on 2
photosraphic plate 3¢. "The magnification of the shadow-
graph is determined by the geometry of the system and
no limitations are imposed bv the grain of the photo-
graphic plate. The construction of the tube permits the
specimen to be brought. very close to the tarpet-window,
thus giving high geometrical magnification. Sterogravhy
can be carried out very simply in this apparatus. All the
specimen is in focus at once with the same resolution,
as given by the snot size, although different planes are
magnified by different amounts. Three-dimensional
imaging can thus be obtained by taking two photogravhs
from slightly different viewooints; as divergent illumina-
tion is emploved, the specimen may either be tilted or
translated between exposures. The resulting stereo-
granhic pairs mav be mounted to show directly the spatial
configuration of the specimen in a way which is not pos-
sible in ovtical microscopy, owing to the limited depth
of focus at high resolution. '

1 claim: L

1. An X-ray tube comvrising an elongated, evacuated
envelope, means for producing an electron beam-along
a given axis disposed at one end of said envelope, a mag?
netic condenser lens surrounding the axis of the beam
and disposed adjacent "said beam producing means, a
metal foil serving as a transmission target disposed at the
other end of the envelope and positioned’ to intercept the
beam, said foil constituting 2 portion of the wall of said
envelope, a metal tubular neck portion also forming a
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-portion -of the wall-of said envelope-and supporting-said

metal foil in position, a magnetic objective electron lens
external to said envelope and surrounding said tubular

-neck portion in the immediate vicinity of said target,

said objective lens being secured to said neck portion,
means for adjusting said objective lens and neck portion
relative to the remzainder of said envelope to parallel the
magnetic axis of the lens and said given axis of the
beam within the neck portion and to align said axes at
the target surface, and means to adjust the target in an
axial direction relative to the objective lens such that the
target surface coincides with the area of least cross-section
of the electron beam produced by the lens, whereby an
X-ray source of the order of one micron or less may be
obtained.

2. An X-ray tube as set forth in claim 1 wherein the
Jast-named means comprises means for axially displacing
the -neck portion relative to the“gbiective 'lens. )

3.  An X-ray tube as set forth in claim 1 wherein a pair
of metallic: members are provided at the end of the neck
portion and “secured “thereto, “the target metal foil is
clamped between said metallic members in good heat
transfer relationship therewith, and one of said metallic
members has a central aperture limiting the aberration
of the objective lens.

4. An X-ray shadow microscope comprising an X-ray
tube as claimed in claim' 1 in-combination with means for
mounting a specimen external to said tube but in the
vicinity of said target, and means for recording the X-ray
shadowgraph of the specimen. :

5. The method of producing an X-ray source of the
order of one micron or less in an X-ray tube having a
tubular neck portion supporting a target foil and sur-
rounded by & magnetic lens, which comprises the steps of
producing and projecting an- electron beam through the
neck portion at the target, adjusting the magnetic -lens
and target relative to the electron beam to parallel the
magnetic axis of the lens and the axis of the beam within
the neck portion and to align said axes ‘at the surface of
the target, and acjusting the magnetic lens and target rela-
tive to one.another until the target surface coincides with
the area of least cross-section of the electron beam.

6. The method of producing an X-ray source of the
order of one micron or léss in an X-ray tube having a
tubular neck portion supporting a target foil and sur-
rounded by a magnetic lens, which comprises the steps of
producing and projecting: an electron beam through the
neck portion at the target, displacing and pivoting the
magnetic lens and target relative to the electron beam to
parallel the magnetic axis of the lens and the axis of the
beam within the neck portion'and to align said axes at the
surface of the target, and axially displacing the magnetic
lens and target relative to one another until the target
surface coincides with the area of least cross-section of
the electron beam.

7. An X-ray tube comprising an envelope, means for
producing and projecting an electron beam along a given
axis in said envelope, a target member mounted in a posi-
tion to be impacted by said electron beam, electron lens
means in-the vicinity of said target for focusing said
beam thereon, and means for adjusting the relative posi-
tions of the electron lens and target and target and beam-
producing means in a plurality of directions so that the
lens magnetic axis coincides with the beam axis both in
the envelope and at the surface of the target, and the
target surface is located 5ubs_tantially at the focus of the
beam, thereby to produce at said target an X-ray source
of the order of one micron or less in diameter.

8. An X-ray tube comprising an envelope including a
tubular neck portion, means for producing and projecting
an electron beam along a given axis in said envelope, 2
transmission target member mounted on said neck por-
tion and in a position to be impacted by said electron
beam, electron lens means surrounding said neck por-
tion in the vicinity of said target for focusing said beam
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thereon, and means for adjusting the lens and target rela-
tive to each other and to the beam-producing means in
sufficient directions at which the lens magnetic axis co-
incides with the beam axis both in the envelope and at
the surface of the target, and the target surface is located
substantially at the focus of the beam, thereby to produce
at said target an X-ray source of the order of one micron
or less in diameter.

9. An X-ray tube comprising an evacuated envelope
including a tubular neck portion, means for producing
and projecting an electron beam along a given axis in
said envelope, a transmission target member mounted at
an end of said neck portion and in a position to be im-
pacted by said electron beam and constituting part of the
envelope, electron lens means external to the envelope
and surrounding the neck portion in the immediate vicin-

ity of said target for focusing said beam thereon, means’

for adjusting the relative positions of the electron lens
and target and relative to the beam-producing means in
at least three right-angle directions at which the lens
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magnetic axis coincides with the beam axis both in the
envelope and at the surface of the target, and the target
surface is located substantially at the focus of the beam,
thereby to produce at said target an X-ray source of the
order of one micron or less in diameter, and means for
supporting a specimen in close proximity to said target
but outside the envelope for irradiation by X-rays from
said source.
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