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The invention described herein may be manufactured 
and used by or for the Government of the United States 
of America for governmental purposes without the pay 
ment of any royalties thereon or therefor. 

rï'he present invention relates to X-ray tubes useful 
as a source of soft X-rays and more particularly to a 
means for protecting the window of an X-ray tube usable 
in a high vacuum system. 

Heretofore most usage of X-rays has been in the hard 
X-ray range below l0 angstroms which penetrate the sub 
j_ect being examined. More and more emphasis is being 
placed on research or studies which make use of the 
soft X-ray region between 10 and 100 angstroms, in 
which the X-rays have a low penetrating power. The 
hardness of X-rays produced by an X-ray tube depends 
on the impressed voltage, and the amount of useful X 
rays emanating from the tube depends on the exit win 
dow. Thick windows absorb most soft X-rays produced, 
therefore soft X-ray production requires very thin win 
dows. Also, an extremely high vacuum is required in 
an X-ray tube to provide a clean anode and therefore 
a uniform and constant X-ray spectral distribution. Pres 
sure dilîerentials between the X-ray tube and the sur 
rounding medium require suñîciently thick windows to 
prevent breakage thereof. Therefore, the production of 
soft X-rays depends strongly on the window which can 
be used in the X-ray tube, and the type of material and 
thickness of the tube window, as well as the X-ray tube, 
depends on their ability to withstand the high tempera 
tures and vacuum pressure experienced in degasifying the 
metal parts within the tube and subsequent operation 
of the tube for continuous operation. 

Heretofore, X-ray tubes have been used for spectro 
graphic or crystalline analysis in which the X-ray tube 
and the vacuum chamber, in which the X-rays are used, 
are made into one integral system. In such a system, 
the X-ray tube and vacuum chamber are operated at 
the same vacuum pressure. This has the disadvantage 
that the X-ray anode cannot be kept clear and the spectral 
distribution is generally not uniform or constant. 
The X-ray tube of the present invention makes use 

of a gate valve in combination with an X-ray tube 
which has a very thin tube window. The combination 
can be used to produce soft X-rays and to protect the 
window against damage if the tube is removed from the 
vacuum system within which the tube is normally used. 
The combination also permits evacuation of an X-ray tube 
to an ultra-high vacuum pressure of about l0“9 mm. 
Hg and baking of the combination at very high tempera 
tures during degassing of the tube. Further, the combi 
nation permits operation of the X-ray tube at a pres 
sure different from that of the vacuum system or cham 
ber within which the X-ray tube is used. 

It is therefore an object of the present invention to 
provide a soft X-ray tube with a means for protecting the 
window of the X-ray tube. 
Another object is to provide a means by which an X 

ray tube having a very thin window can be evacuated 
to an extremely high vacuum in atmospheric pressure. 

Still another object is to provide an X-ray tube which 
will withstand high temperature during degassing or use 
without deleterious effects on the tube window. 

Yet another object is to provide an X-ray tube with 
a protected window. 
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While still another object is to provide an X-ray tube 
operable in a vacuum system in which the pressure in 
the tube is much lower than that of the vacuum system 
within which the X-ray tube is operated. 
The nature of this invention as well as other objects 

and advantages thereof will be readily apparent from 
consideration of the following speciiication relating to 
the annexed drawings, in which: 
FIG. l is an exploded view shown in perspective which 

illustrates the relative parts of the invention; 
FIG. 2 is a side View partly cut away to better illus 

trate the parts; and 
PEG. 3 is an end view of the gate valve assembly. 
Now, referring to the drawings, there is shown by 

illustration an X-ray tube l@ provided with a metal en 
velope ll, or any other suitable material, comprising a 
cathode unit l2 and an anode unit 13 positioned rela 
tive to each other and adjacent to an X-ray exit window 
14. rihe anode comprises a suitable target such as tan 
talum molybdenum or tungsten to provide an X-ray 
source which is directed through a very thin foil window 
i4 of A1203 or other low X-ray absorbing material. The 
window is sealed in a special opening in one end of the 
tube which is formed with a sharp, shaped, right angu 
lar corner l5. The X-ray tube is provided with an elec 
trical source of less than 10,000 volts, not shown, for 
simplification of the drawings, suitable for producing soft 
X-rays having wavelengths between two and one hundred 
angstrom units. The tube is also provided with suitable 
means for securing the cathode and anode in place and 
is provided with a tubular passage i6 to the anode 
through which water is forced to cool the anode during 
use. The base 17 of the X-ray tube is larger in diameter 
than the envelope and is provided with right-hand threads 
18 of about thirty-two threads to the inch on the outer 
edge to which one end of a coupling 19 is secured by 
screw threads. The coupling 19 is provided with holes 
20 therein within which a Spanner wrench fits to rotate 
the coupling. One end of a stainless steel bellows 21 is 
secured to the base between the envelope and the coupling 
and extends therebetween along the envelope. 
A gate valve assembly 22 is secured within a housing 

having a cylindrical portion including a threaded end 23 
which is provided with twenty-four threads to the inch 
and an outwardly extending rirn 24 with the cylindrical 
portion extending to an integral front Wall 25 which is 
a continuation of the ridge and which is provided with a 
central aperture 26. The gate valve assembly 22 is se 
cured in the housing by suitable bolts 29 and includes a 
cylindrical structure Si) with a somewhat semicircular 
opening in the upper portion and solid portion at the 
bottom. The opening in the top portion is sufficiently 
large to receive therein a gate valve 27 of semicircular 
shape which has a radial upward movement sufficient to 
clear the central aperture 26 in the front wall of the hous 
ing and the X-ray exit window of the tube and a sulfi 
cient downward movement to entirely cover the aper 
ture 26 and the X-ray exit window. The gate valve 27 
can be made of copper or any other suitable material and 
is provided with parallel passages therein through which 
guide rods 28 are passed to secure the gate valve for radial 
movement within the gate valve assembly. The guide 
rods 2% are passed through the upper wall of the assembly 
and extended vdownwardly into the solid bottom por 
tion of the circular structure Sil and secured therein by 
screw threads or any other suitable manner. The gate 
valve is moved relative to the guide rods by a draw rod 
3l which passes through an aperture in the circular struc 
ture 30 and then through the ridge of the housing. The 
gate valve is moved parallel to the front wall of the hous 
ing and can be moved to a position above the X-ray tube 
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window and the aperture in the housing and when low 
ered, the gate valve will rest on the solid bottom portion 
of the gate assembly and lie across the aperture and win 
dow. The gate is of such a size thatit is larger than the 
window opening in the X-ray tube but small enough in 
radius that it can be raised out of the path of X-rays 
emanating from the target on the anode of the X-ray tube. 
The stainless steel bellows is soldered or welded to the 

face of the threaded cylindrical end 23 and the threaded 
end 23 is then secured to the coupling 19 by the threads 
thereon. When the gate assembly is secured to the cou 
pling, the aperture 26 of the gate assembly is in axial 
alignment with the window 14 and the gate valve 27' is 
adapted to be moved across the window proximate there 
to or stored in a position out of the path of any X-rays 
emanating from the X-ray tube. 
The top portion 32 of the gate assembly housing through 

which the draw rod 31 passes is milled ñat and has a 
shallow hole`33 of larger diameter than the hole through 
which the draw rod passes. Any suitable gasket 34 is 
placed in theV shallow hole 33 to Yprovide a vacuum tight 
seal about the draw'rod. The vacuum seal gasket is 
held in place-by a plate 35 and screws 36 which screw 
into appropriately threaded holes 37 in the top ñat sur 
face of the gate valve assembly. The draw rod can be 
moved by any desired method; however, it is shown as 
having a threaded end which passes through a knurled nut 
38 which is held in place withinv a slot 4l of a slotted 
element 42 which is secured to the plate 35 that holds the 
vacuum seal in place. As the knurled nut is rotated the 
draw rod will be fed through the nut Ato either lower or 
raise the gate and the nut will be restrained by the slotted 
element. ~ 

For thepurpose of securing the X-ray tube-gate valve 
assembly to a vacuum system, the outer face of the solid 
end of the gate valve assem ly has a circular groove 43 
therein for receiving'a gasket, not shown, and holes 44 
in the outer portion through which bolts pass to secure 
the gate va1ve-X~ray`tube assembly to a matching sur 
face in the vacuum system. ~ 

In assembling the X-ray tube-gate assembly into oneV 
unit, the X-ray tube is assembled by the usual process of 
securing the cathode, anode, window, etc., to make up 
the tube. The gate assembly can be assembled by many 

The gate 
valve is heldin place within the cylindrical structure, then 
the guide rods are passed through the holes therein and 
the cylindrical structure is secured in the housing by ap 
propriate bolts. The draw rodY 3l is then passed through 
the hole in the rim and screwed into the threaded hole 
in the gate valve. The vacuum seal is positioned in place 
and then the vacuum seal plate is placed down over the 
draw rod and secured to the milled ñat portion of the rim. 
The knurled nut is held in position within the slot of the 
slotted element and screwed onto the draw rod until the 
slotted element reaches the vacuum seal hold down plate, 
then the slotted element is secured to the vacuum seal 
hold down plate. The gate valve assembly housing and 
X-ray tube are now separately assembled. The stain 
less steel bellows is secured to the X-ray tube base at one  
end and the coupling is slid over the bellows and screwed 
onto the threaded end of the X-ray tube’. The other end 
of the bellows is then secured to the face of the gate valve 
assembly housing and the coupling is screwed onto the' 
threaded cylindrical portion of the gate valve assembly 
housing. The X-ray tube-gate valve assembly is now 
ready for use. 

In operation and evacuation of the X-‘ray tube in a 
vacuum system, the gate valve is lifted to its open posi 
tion and the X-ray tube-gate valve assembly'housing is 
secured to a vacuum system, not shown for simplification, 
by the use of the holes in the wall of the gate valve as 
sembly housing. The X-ray tube and vacuum system 
are evacuated simultaneously by separate lines so that 
the thin X-ray tube window will have the same pressure 
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on each side thereof until a pressure of approximately 
l0-5 mm. Hg is reached. The gate valve is then moved 
across'the window. The coupling is then rotated to force 
the sharp end about the X-ray tube window into a vacu 
um tight lit against the gate valve. The gate valve will 
be held in place against the guide bars by the force ap- I 
plied by the end of the X-ray tube on the gate valve. 
Once the gate valve is secured in place in a vacuum 

tight seal by the sharp end of the X-ray tube about the 
thin window, the vacuum pressure within the area con 
fined by the base of the X-ray tube, the gate valve and 
the stainless steel bellows will be about 10-5' mm. Hg. 
Also, the area conñned by the sharp end of the X-ray tube 
between the gate valve and the Vthin window will have a 
vacuum pressure of l0d5 mm. Hg. This vacuum pressure 
will be maintained until the end of the X-ray tube is 
moved away from the gate valve. The knurled nut and 
slotted element, the vacuum seal hold downV plate, and the 
vacuum seal are removedfrom the gate valve assembly, 
then the X-ray tube-gate valve assembly is disconnected 
from the vacuum system. The X-ray tube will now have 
the same vacuum pressure on each side of the window due 
to the gate valve being in a vacuum tight seal with the end 
of the X-ray tube. The evacuation of the X-ray tube is 
continued and the tube is baked at a high temperature of 
about 250° C. to about 450° C., and pumped simultane 
ously until an ultra-high vacuum of about 10-g mm. Hg . 
is achieved. The gas flow into the X-ray tube through the 
thin window when the external pressure on the outside of 
the window is of the order of 10-5 mm. Hg is negligible, 
thus an X-ray tube can be maintained at an ultra-high vac 
uum without harming the thin window by outside pres 
sure. The force applied on the window by a difference in 
vacuum pressure between 10-5 mm. Hg and 10‘9 mm. 
Hg is not sutiîcient to harm the window. Once the X-ray 
tube has been evacuated to the ultra-high vacuum andre 
moved from the baking oven, the vacuum seal and knurled . 
nut, etc., is assembled back onto the gate valve assembly 
housing. The X-ray tube-gate valve assembly can now be 
secured to a vacuum system for operation wherein the 
vacuum system is pumped to l0-5 mm. Hg with the X-ray 
tube-gate assembly in place. Once 10-5 mm. Hg has been 

. reached in the vacuum system, the gate valve can Vbe 
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opened by turning the cylindrical nut in a reverse direc 
tionto move the X-ray tube away from the gate valve and 
then rotating the knurled nut to raise the gate valve out 
of the X-ray beam path. The system is now operative 
with an X-ray tube that has an ultra-high vacuum pres 

' sure of about 10-9 mm. Hg within the tube envelope and 
a vacuum system which is operable at 10-5 mm. Hg. 
Thus, there will be no harmful eñfects on the thin windowk 
during bakeout or operation and the X-ray tube can be 
removed from the vacuum system without any harmful 
effects on the thin window by properly securing the' gate 
valve relative to the X-ray tube window. 
Such an operational system is beneficial wherein one 

may wish to use an X-ray tube that can be disassembled 
for some reason. In disassembling the X-ray tube, at 
mospheric pressure must be admitted into‘the tubeY and 
vacuum system simultaneously at the same rate topre 
vent breakage of the thin window. Y 

Thus, thedevice of this invention permits one vto use 
` very, very thin windows which are useful in soft X-ray re 
search and also provides a simple, convenient manner'forV . 
making X-ray tubes with an ultra-high vacuum of about 

' l0-9 mm. Hg. Thin windows referred to are of about 
100 to 100() angstroms, or l0“6 cm. to 10-5 cm. thickness. 
4 A1203 Windows as referredtto herein are well known in 
the art and are made by hot pressing aluminum onto a 
steel ring of a diameter just larger than the desired window 
opening in the X-ray tube envelope. The aluminum is 
oxidized to the desired thickness and then the aluminum is 
etched away by any well known process, leaving the oX 
idized aluminum for the window. ‘ The steel ring affords 
a good material for securing the window to a metal en 
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velope and the oxidized aluminum ar’lords a very, very 
thin window, as noted above. 

Heretoiore, there was mentioned that the screw threads 
on the base of the X-ray tube are thirty-two threads to the 
inch and that the screw threads on the gate valve assembly 
housing are twenty-four threads per inch, each of which 
are right hand threads. The purpose for this arrangement 
is to advance the X-ray tube toward the gate valve at a 
very slow rate. As the coupling nut screws onto the 
cylindrical threaded portion drawing the gate valve toward 
the X-ray tube at a rate of twenty-four threads per inch, 
the coupling is simultaneously moving the X-ray tube 
away from the gate valve at a rate of thirty-two threads 
per inch. Thus, the advance of the X-ray tube toward 
the gate valve is very slow, approximately 0.01042 inch 
per revolution. rEhe slow advance of the gate valve to 
ward the X-ray tube insures a good seat which is irn 
portant in making a good vacuum seal between the end of 
the X-ray tube and the gate valve. The gate valve is as 
sembled proximate the sharp surface of the X-ray tube and 
therefore requires only a very short linear movement be 
tween the two surfaces to make a vacuum tight seal or to 
separate the end of the X-ray tube from the gate valve 
for operation of the tube J¿or X-ray production. 
As noted above, the gate valve housing and gate valve 

assembly are made separately. This provides for better 
engineering and since the gate valve moves along guide 
rods, these guide rod openings are on the inside of the 
housing and do not need any vacuum seals. t these guide 
rods extended through the housing, seals would be re» 
quired. Since the only element that passes from the out 
side of the housing to the inside is the gate valve draw 
bar, there is a requirement for only one outside vacuum 
seal. lt is also noted that the vacuum seal can be re 
moved without breaking the vacuum of the X-ray tube, 
during balteout or during the time the X~ray tube is not 
assembled into a vacuum system by use of the gate valve. 

Obviously many modìñcations and variations of the 
present invention are possible in the light of the above 
teachings. it is therefore to be understood that within 
the scope of the appended claims the invention may be 
practiced otherwise than as speciñcally described. 
What is claimed is: 
1. In combination an X-ray tube envelope including a 

window and a gate valve movable relative to said window, 
said gate valve being secured proximate said window 
perpendicular to an axis through said envelope and said 
window, means for moving said gate valve relative to 
said Window into separate positions across said window 
and out of line with said window, and means associated 
with said envelope and gate valve to move said envelope 
and gate valve linearly along the axis relative to each 
other such that the window end of said X-ray tube en 
velope is in a vacuum tight seal with said gate valve 
when moved to malte physical contact with each other 
and to linearly separate said X-ray tube envelope from 
said gate valve. 
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2. A gate valve for protecting the window of a highly 
evacuated X-ray tube when in a surrounding of atrnos 
pheric pressure which comprises a gate valve housing 
adapted to be positioned adjacent to said X-ray tube 
window to be protected and in axial alignment there 
with, a gate valve in said housing adapted to be guided 
from a position above said X-ray tube across said window 
perpendicular to the aY‘s and parallel with said window 
1n proximity thereto, and a drive means for forcing said 
X-ray tube and said gate valve housing axially toward 
each other such that the window end of said X-ray tube 
may contact said gate valve to provide a vacuum seal 
therebetween and to move said X-ray tube and said gate 
valve housing away from each other such that said gate 
valve may be moved from a position across said X-ray 
tube window. 

3. ln combination, an X-ray tube and a gate valve 
housing and gate valve assembly positioned relative to 
each other with axial movement relative to each other, 
said X-ray tube including a base, an envelope secured 
to said base, a thin window is axial alignrnent in said 
envelope with an envelope extension about said window 
and a cathode and anode positioned relative to each other 
within said envelope adjacent to said window, said gate 
valve housing and gate valve assembly including a cy 
lindrical housing, a front wall, an axial aperture in said 
front Wall, said gate valve assembly being secured in 
said gate valve housing, said gate valve assembly in 
cluding a gate valve movable within said housing paralle 
with said front wall and said window in said X-ray tube 
perpendicular to the axis of said tube and said housing, 
said gate valve being positioned proximate said window 
and adapted to be held in a position out of aiignrnent with 
said window and said aperture and also to be positioned 
across said Window, means for moving said X-ray tube 
and said gate valve housing in directions toward each 
other and in directions away from each, said X-ray 
envelope extension about said window adapted to engage 
said gate valve when in a position across said window to 
prevent pressures outside of said X-ray tube from aîect 
ing said window, and a bellows surrounding said X-ray 
tube envelope and connected to said X-ray tube base and 
to said gate valve housing. 
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