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ABSTRACT OF THE DISCLOSURE

A rotating anode X-ray tube provided with a cylindri-
cal metal center section and a window assembly depend-
ing from the center section, such window assembly includ-
ing an X-ray diaphragm disposed in close proximity to
the rotating anode. The center section is electrically
grounded while the tube’s anode and cathode may be at
high positive and negative voltages with respect to ground.
The center section is welded to metal sleeves which are in
tu;n sealed to glass envelope portions at either end of the
tube.

BACKGROUND OF THE INVENTION

In order to overcome heating problems associated with
high voltage X-rays, certain X-ray tubes employ rotating
anodes whereby the surface of the anode subjected to
electron bombardment continually changes. While use of
rotating anodes has aided in solving the problem of over-
heating, attempts to improve picture definition have been
hindered. In the operation of a high voltage X-ray tube,
some electrons are diverted from their desired path and
strike the anode at locations outside the desired focal area
of the electron beam. As a result, undesirably large quan-
tities of spurious X-rays are generally produced from a
relatively large area of the anode. These spurious X-rays
cause a general loss-of detail on the radiographic image
produced by the tube. This loss of detail may be material-
ly reduced by utilization of an apertured diaphragm in
close proximity to the X-ray source, that is, adjacent the
rotating anode. Heretofore, diaphragms have been mount-
ed relatively close to the anode by mounting the diaphragm
on the anode structure itself. A disadvantage of this solu-
tion is the excessive heating encountered in the diaphragm
structure, and the position of the diaphragm at an inacces-
sibly fixed location inside the tube envelope. In other in-
stances diaphragms have been mounted on the X-ray tube’s
glass envelope. In the latter case, a problem arises in pro-
tecting the glass-to-metal seal from punctures due to charge
buildup on the relatively close adjacent glass. Moreover,
metal from the rotating anode tends to deposit on the
nearby glass surfaces, deleteriously affecting the tube’s
characteristics. It therefore has frequently been necessary
to place the diaphragm farther away from the rotating
anode than would be desired.

Greater control over the X-ray beam could also be at-
tained with a variable or movable diaphragm placed close-
ly adjacent the source of X-rays. However, construction
heretofore employed has required the placement of such
controllable or movable diaphragm relatively far from
the X-ray source.

SUMMARY OF THE INVENTION

According to the present invention, a high voltage X-ray
tube includes a glass envelope having a grounded cylindri-
cal metal center section substantially surrounding a ro-
tating anode and adjacent cathode.

‘A grounded window assembly located in the sidewall
of the cylindrical metal center section includes an aper-
tured diaphragm at the inward end thereof which is close-
ly positioned relative to the rotating anode. The center
section, being metal, is not subject to puncture, nor is it
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subject to charge buildup since it is grounded. Also be-
cause the cylindrical metal center section and window
assembly are grounded, only one-half the total voltage
need be withstood between the window assembly and the
X-ray tube electrodes, whereby close spacing of the dia-
phragm and anode is further facilitated.

Moreover, the metal center section provides overall
electrical stability for the tube, and this stability does not
deteriorate with time inasmuch as metal evaporated onto
the metal center section has no effect upon the electrical
field configuration within the tube as would be the case
in the instance of the usual glass tube. The metal center
section is joined to the glass envelope by means of sleeves
welded to the center section and sealed to the glass enve-
lope. Shields supported from between the cylindrical metal
center section and such sleeves extend toward the oppo-
site ends of the tube acting to shield glass-to-metal seals
from the anode-cathode area of the tube. The construc-
tion provides ease of manufacture of the glass and metal
construction of the X-ray tube.

Accordingly, an object of the present invention is to
provide an improved X-ray tube for providing a source of
X-rays of effectively small area by diaphragming such
source close to a rotating anode.

It is another object of the present invention to provide
an improved X-ray tube producing a controlled X-ray
beam wherein such tube is rugged in construction and
stable in operation. v
" It is another object of the present invention to provide
an improved X-ray tube for producing a controlled X-ray
beam wherein such tube is easy to assemble.

DRAWINGS

FIG. 1 is a cross section of an X-ray tube embodying
the present invention;
FIG. 2 is an enlarged cross-sectional view of a window
assembly included in X-ray tube of FIG. 1; and
FIG. 3 is an end view of the window assembly of
FIG. 2.
DETAILED DESCRIPTION

Referring to the drawings the X-ray tube illustrated.
therein comprises an envelope including end portions
10 and 12 formed of glass or similar insulating material
having a cathode 14 mounted at one end and an anode
16 mounted at the other. The anode 16 is of the rotary
type and comprises a rotor body 18 suitably supported
by bearing structure (not shown) upon a stem or spindle
20 which is supported from the envelope by an end plate
21 connected to the envelope by a conventional glass-to-
metal seal 22. Extending from the rotor body 18 toward
the cathode 14 is a shaft 24 which supports a target mem-
ber or disk 26 secured to the shaft by a cap nut 28. The
target disk 26 is preferably formed of tungsten or another
metal of high atomic number, and the nut 28 and shaft
24 are preferably of molybdenum or another suitable
metal having high strength at high temperatures. As will
be noted, the target disk 26 is formed with a peripheral
bevel or frutoconical surface portion 30, and a flat center
portion 32 which extends at right angles to shaft 24. The
anode is suitably connected to a high positive potential.
The anode is suitably maintained at a voltage of approx-
imately 170 kvp. with respect to the cathode.

The cathode 14 is provided with a head portion 34
having a focusing cup recess 36 provided therein and in
which is mounted a filament 38 adapted to be energized
via leads 40 from a source of filament power. One of
these leads is also suitably connected to a high negative
potential. The filament 38 and cup 36 are designed to
generate and focus a beam of electrons indicated at 42
upon the target surface portion 30 of the rotating anode.
The beam 42 is preferably of approximately rectangular



3

srosssection with its longer axis extending radially of the
ube. The beam 42 is focused to impinge on the target
sortion 30 of target disk 26 over a predetermined focal
irea. Preferably the -angle of inclination of the target
sortion 30 is such that as viewed at right angles to the
seam 42, such focal area is substantially square. In ad-
lition to the electrons striking the desired focal area, pri-
nary and secondary electrons strike portions of the anode
wmrface other than the desired focal area. Therefore,
ipurious X-rays may be generated. However, use is made
>f a diaphragm 44 capable of screening spurious X-rays.
Chis diaphragm suitably comprises a sheet of molyb-
lenum which is substantially opaque to X-rays. The dia-
>hragm is provided with a central aperture 46 of a size
uch as to provide a sight of substantially only the de-
ired focal area of the target from a point within a pre-
letermined useful field of the X-rays generated at the
‘ocal area. This useful field may be defined by an imagi-
1ary cone of X-rays indicated at 48, diverging from the
arget. The X-rays then pass through a window 50 formed
»f a material of low atomic number, e.g., beryllium or
itanium, each of which is substantially transparent to
K-rays. The diaphragm 44 and window 50 are supported
n a window assembly 52 including a window support
54, a window support flange 56, and a window flange 58.
Chese window assembly elements are suitably formed of
Vionel metal and are poined as illustrated to provide a
-acuum-tight structure.

In accordance with an important feature of the pres-
:nt invention, window assembly 52 extends through and
s supported by a cylindrical metal center section 60 of
he tube. The cylindrical metal center section 66 com-
wrises a central cylinder 62 which may be formed of
Kovar and which is provided with an outwardly turned
1xial flange 64 at either end thereof. Window flange 58
>f assembly 52 is brazed into a matching aperture located
n cylinder 62 opposite the beveled portion of target disk
16 to form a vacuum tight seal with the cylinder 62.
Sleeve means join the metal center section to the glass
:nvelope, such means comprising an annular disk sleeve
support 66 joined to each flange 64, and a curved sleeve
68 joined as by brazing to each support 66. Both sleeve
support 66 and sleeve 68 are suitably Kovar. Sleeves 68
wre joined to glass end portions 10 and 12 in the usual
nanner to provide a glass-to-metal seal therebetween.

Metal shields 70, which may be formed of Monel metal
or titanium, are supported between sleeve supports 66
ind flanges 64 and extend radially inwardly past sleeves
38 and then curve longitudinally of the tube toward the
-espective end portions thereof. The shields 70 are po-
sitioned between the electrode portion of the tube and the
7lass-to-metal seals joining sleeve 68 and end portions
10 and 12, to protect these seals and end portions from
sossible radiation and puncture during high voltage tube
speration. Titanium is desirably used for the shields 70
since at moderate temperatures which such shields attain
‘rom heat radiating from the anode and electron bom-
>ardment, the titanium acts as a getter to help maintain
1 high vacuum within the envelope.

The structure of the present tube makes possible simpli-
jed construction and assembly thereof. No glasswork
ieed be performed on large brazed assemblies, nor is
razing required after glasswork. The glass-to-metal seal
>etween end portions 10 and 12 and the respective sleeves
58 may be entirely formed with the sleeve means substan-
jally detached from the remainder of the assembly. This
sreatly simplifies the cleaning of the structure subsequent
0 glasswork. The sleeve supports 66 are welded, e.g.,
:mploying heliarc welding, to flanges 64 around the pe-
-iphery thereof, with the shields 7@ positioned in place.
{t is noted the shields 70 are received within an annular
ecess 72 in sleeve support 66 where the latter joins
o flange 64. The shields can be polished, cleaned and
ired independently with respect to the glass and metal
seals and also independently of the metal center section.
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The foregoing construction also imparts improved me-
chanical properties and ruggedness as well as improved
thermal radiation properties to the high voltage rotating
anode tube. The tube is evacuated, sealed, and gettered
in the usual manmner. .

Metal center section 69 positions' the window assem-
bly 52 and particularly diaphragm 44 thereof in. close
proximity to the electron bombarded area or focal area
of the target from which the X-rays originate,.the win-
dow assembly 52 providing a re-entrant structure for the
diaphragm with respect to the metal center. section. The
spacing between the diaphragm 44 and target disk 26
in a typical construction may be on the order of half an
inch, while the cylindrical metal center section itself is
suitably positioned on the order of about five-eighths of
an inch from the peripheral edge of target 26 providing
a compact structure. Placement of the diaphragm close
to the target provides enhanced radiation collimation of
an X-ray beam and results in improved quality radio-
graphs. This close spacing is made possible because the
metal center section is not subject to charge buildup as
would be the case if the center section were glass. More-
over, although metal tends to become deposited upon the
inner side of metal center section 60 because of tungsten
evaporation from the filament and focal area, this deposi-
tion does not affect the tube’s electrical characteristics.
Since the metal center section comprises a conducting
surface, the deposit of metal thereon has no effect on the
electric field configuration surrounding the tube’s elec-
trodes.

The metal center section is suitably grounded elec-
trically as indicated, while the cathode and anode, dur-
ing operation of the tube, are preferably maintained at
substantially equal but opposite high voltages on either
side of ground. Since the tube center section, including
window structure, is electrically grounded, only approxi-
mately half the total operating voltage of the tube need
be withstood, and therefore the window structure, and
particularly diaphragm 44, can be spaced close to the
anode without encountering the danger of electrical
breakdown.

As an additional advantage of the construction accord-
ing to the present invention, close placement of diaphragm
44 with respect to the anode makes possible the close
spacing of additional external diaphragm means relative
thereto. The window structure of the tube according to
the present invention is re-entrant providing an apertured
well 80 accessible from outside the X-ray tube for re-
ceiving variable diaphragm means or the like, such vari-
able diaphragm means forming no part of the present
invention. The forward or small end of the variable
diaphragm means may then be conveniently insertable
within well 80 so as to locate such variable diaphragm-
ing means as close as possible to the source of X-rays,
thereby enabling enbanced control thereover.

While we have shown and described a preferred em-
bodiment of our invention, it will be apparent to those
skilled in the art that many changes and modifications
may be made without departing from our invention in
its broader aspects. We therefore intend the appended
claims to cover all such changes and modifications as.
fall within the true spirit and scope of our invention.

We claim:

1. An X-ray tube comprising:

an envelope comprising opposite end sections of glass

and a facing rotary anode and cathode in said enve-
lope said cathode being mounted in one of said sec-
tions and said anode mounted in the other of said
sections,

a cylindrical metal center section Jomed to said glass

envelope sections and surrounding the facing ends
of said anode and cathode in overlapping relation to
each,

means for electrically grounding said metal section,

said metal section having an outwardly turned flange
on each of its opposite ends,
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a pair of metal sleeve means joined at one end thereof
one to each of said glass envelope sections by a
glass-to-metal seal, said sleeve means being flared
outwardly from the said one end thereof and the
opposite end of each having a flange thereon mating
with and joined to said flanges of said metal section
in vacuum tight relation,

a pair of annular steel shields within said envelope,
said shields having outwardly extending flanges sup-
ported immediately between the flanges of said metal
center section and the flanges of said metal sleeve
means, said shields each curving inwardly and to-
ward the corresponding adjacent end of the envelope
and over the adjacent glass-to-metal seal thereby to
protect said glass-to-metal seals from bombardment
from electrons emanating from said anode and
cathode,

a metal window assembly supported by and extending
through the outer wall of said cylindrical metal cen-
ter section adjacent said rotary anode, said window
assembly being provided with a diaphragm compris-
ing a body of materjal substantially opaque to X-
rays, said diaphragm having an aperture therein for
the passage of X-rays, said window assembly posi-
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tioning said apertured diaphragm inwardly from the
inner wall of said metal center section toward said
rotary anode,

and a window of material relatively transparent to
X-rays sealed across said window assembly spaced
outwardly from said diaphragm on the side of said
diaphragm remote from said rotary anode.
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