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The present invention relates in general to 
electronics and has more particular reference to 
Vacuum tubes used in generating X-rays and 
Which are operated at high voltages, namely, 
Voitages in excess of two hundred kilovolts peak. 
Certain features of the invention, however, are of 
Value in connection with tubes operated at volt 
ageS lower than that named, as will be described 
later herein. 

Heretofore, X-ray tubes adapted for satisfac 
tory operation at voltages up to two hundred kil 
ovolt peak, have been available. Operation of 
Such tubes, however, at voltages above two hun 
dred kilovolt peak, seriously curtails their useful 
life. The short life of tubes of the character 
heretofore provided, when run at such higher 
Voltages coupled with the cost of building such 
tubes for high voltage operation, has rendered the 
Operation of Such tubes excessively expensive. 
The Operation of X-ray tubes of the class here 

tofore provided on voltages higher than three 
hundred kilovolt peak has been found to be sub 
stantially impossible since the expense burden is 
prohibitive for conventional medical and com 
mercial use, such as the radiographing of welds in 
heavy Steel vessels, and the like. 
Tubes for operation above three hundred kilo 

volts have been designed to operate only while 
connected to vacuum pumps as shown in Letters 
Patent of the United States, Numbers 1936,424 
and 1,967,689 issued to Coolidge. 
Tubes having a capacity of three hundred kilo 

Volt or more are relatively large structures. The 
Coolidge tubes have an over-all length on the 
Order of fourteen feet. Two, or more, sections, 
comprising Such tubes, are cemented together 
and the whole structure must be carefully aligned 
&nd motu inted riigidly on a base. 
In addition to the construction difficulty just 

enumerated, an exhaust system is, of necessity, 
Connected to the tubulation of the tube. The 
WaCulln plumps, forming a part of the vacuum 
System, must be started about a half hour before 
the tube is placed in operation, and must be oper 
ated continuously while energy is applied to the 
tube. These two factors, a carefully applied base 
and a vacuujin exhaust system, make it necessary 
for Cne of the large tubes of the Coolidge type to 
be mounted in a fixed location. Such tubes...actu 
ally require, for best results, a separate building 
for tha tube and its energizing equipment. 

It is an important object of the present inven 
tiO2n tio provide an X-ray tube especially adapted 
iCT operation at the high voltages mentioned, 
hree hundred kilovolt and above, independently 
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of vacuum pumps, wherein the tube is relatively 
Small permitting it to be housed in the structure 
Which can be handled conveniently for therapeu 
tic or commercial application. 
As can be realized, some of the phenomena 5 

Which have been discovered and the interrelations 
of Such phenomena may be difficult of numerical 
representation. It is felt, however, that the prin 
ciples as outlined in this specification and as 
recited in the appended claims, if properly ap 
plied, Will permit of the design and manufacture 
of a tube by which the objections inherent to 
previously built types of tubes are overcome, and 
Satisfactory and economical operating charac 
teristics assured. 
With full knowledge of the existing art, and 

With the object of discovering the causes of rapid 
failure of tubes When operated at high voltages 
extensive research was undertaken. We found 
that X-ray tubes in operation are susceptible to 
the formation of “brown spot', which, as the 
name implies, is a discoloration of the glass en 
velope. These spots are produced by localized 
electronic or ionic bombardment of the envelope 
and initially cause no trouble. During the op 
erating life of the tube, however, “brown spot' 
produces microscopic channels or canals in the 
envelope, which soon penetrate the entire wall 
thickness and thus destroy the tube. Conse 
quently, we have directed our research to deter 
mine the cause and prevention of "brown spot' 
since no satisfactory solution for the problem has 
heretofore been offered. 
The Successful operation of a tube at high volt 

ages, in accordance with the present invention, 
depends primarily upon an ability to govern the 
behavior of all electrons that are emitted pur 
posely from a tube filament and to eliminate 
emission of electrons from any other source than 
from such filament. In the operation of an 
X-ray tube, electrons impinge the target and are 
reflected to the glass walls of the tube where such 
electrons produce a difference in potential be 
tween the inner and outer surfaces of the glass it 
Self. he dielectric strength of the glass of the 
tube inaust be sufficiently high to withstand rup 
ture under the strain so produced. 

For voltages up to two hundred kilovolt, the 
dielectric strength of the glass wall of a tube can 
be raised sufficiently by increasing the thickness 
of the Wails. The thickness of glass that is made 
necessary for this purpose is within the practic 
able limits of glass work. 
We have discovered that, as Voltages are in 

creased beyond two hundred kilovolts peak to five 
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2 
hundred and one thousand kilovolts peak, in the 
Operation of X-ray tubes, the magnitude of the 
electron charge on the glass envelope becomes so 
great that SOne means for directing these exceSS 
elections away from the glass envelope is impera 
tive if the tube is to be saved from speedy de 
struction as a result of “brown spot'. 
The control of electrons in an X-ray tube Inay 

take place in three different spheres, viz: 
(CI) Proper control of the emission of elec 

trons at the cathode; 
(b) Prevention of electron impingement on the 

envelope of the tube; and 
(c) Prevention of 'cold cathode' emission from 

any Surface Within the tube. 
Failure to recognize each of these factors and 

to supply means for providing the necessary con 
trol thereof may result in the troubles, particu 
larly the production of “brown spot', which pro 
duce tube failure. 

In addition to the above trouble, failure of a 
tube also may occur from a bombardment of the 
Seals in the glass which difficulty we find inay be 
cured by proper shielding methods. 
Our investigation has shown that the elec 

tron discharges, which produce “brown spot' can 
be eliminated by preventing “cold cathode emis 
Sion from the electrodes. The elimination of 
“cold cathode' emission can be realized by in 
Creasing the spacing of the electrodes in a tube, 
by decreasing the field intensity on the electrodes, 
by increasing the radii of curvature of the elec 
trodes, and by improving the cleanliness and 
Smoothness of the surfaces of the electrodes by 
proper processing. 
The dimensions of the glass envelope of a tube 

Which would appear to be important have been 
found to have no bearing whatever on “brown 
Spot' formation, although as a rule the size of 
the glass envelope cannot be reduced below 2. 
certain minimum value because of other factors. 
Regardless of how large an envelope is made, 
“brown Spot' will inevitably make an appearance 
if the electrode design in the tube is not cor 
rect. 

Electrons, and to some extent other atomic and 
Sub-atomic particles, may be emitted under the 
conditions which are named herein from the fol 
lowing sources: 

(d) From the filament of a tube, when the 
latter is heated to a point where emission nor 
mally takes place; 

(b) From any point either on the anode or 
On the cathode having the proper geometrical 
relation with any other point whose potential 
is beyond a certain definite value with respect to 
the Spacing between the electrode and such 
point; and 

(c) Electrons emitted from the target of a 
tube as an incident to the target being bombarded 
by the main electron stream from the cathode. 
A structure which will permit of the operation 

of a tube at the desired high voltage and under 
the conditions which have been laid down as be 
ing best for the user must control all of the 
Sources of electronic or ionic emission. Where 
Such emission cannot be avoided, the structure 
must provide for the absorption of its energy 
Without unduly heating any portion of the tube. 
These results have been accomplished by the 
tube forming the subject matter of this applica 
tion and in the preferred embodiment which will 
be described later. 
Among the numerous objects of the present, 

invention is the provision of a tube of the char 

2,167,275 
acter mentioned and so constructed that electron 
bombardinent of the glass portions of the tube is 
Substantially eliminated; a tube of the character 
mentioned having an anode to cathode Spacement 
and a rounded design for Such anode and cathode 
so that “cold cathode' effects are substantially 
eliminated; a tube of the character mentioned 
having a hooded anode structure to cause absorp 
tion of secondary electronic emission from the 
focal spot of the tuihe without undue heating; a 
tube of the character mentioned having a cathode 
structure formed and arranged to control and 
maintain the emitted electrons in Substantially 
parallel paths; a tube of the character mentioned 
having a Cathode structure permitting the addi 
tion thereto of metering devices and auxiliary 
Woltage sources for the neaSurement of gas pres 
Sures during the exhaust, and the operation of the 
tube; a tube of the character described having a 
Cathode structure so arranged that an auxiliary 
lOW Voltage electron di Scharge may be used for 
the purpose of electrically 'cleaning up’ any 
positive ions that may be liberated in the Opera 
tion of the tube; a tube of the character described 
having means whereby excessive charging of the 
glass Walls of the tube is eliminated So that the 
tube may be operated at higher alternating cur 
rent voltages than a tube of conventional de 
Slgin. 
Among other important objects is to control 

electrostatic conditions within a tube of the chair 
acter mentioned in order to control free posi 
tive ions in the tube during operation of the 
Same; to control electron discharge in the tube 
to prevent bombardment of the glass envelope 
thereof; to prevent undesired “cold cathode' 
effects within the tube; and in general to provide 
a tube of convenient commercial size including 
the methods of operating the same at high volt 
ageS Over a Substantially indefinite Service life. 
While the principles of construction herein 

enumerated may be applied to a great number of 
different structures and to various types of vac 
uum devices, these principles have been Worked 
Out primarily for X-ray tubes and are for that 
rea,Son best illustrated by reference to a tube of 
that Sort, the preferred embodiment of the in 
Vention being shown in the attached single sheet 
of drawing hereby made a part of this applica 
tion. 
In the drawing: 
Figure 1 is a longitudinal elevation of a tube 

embodying the invention, said tube having parts 
ShoWI) in Section and being illustrated With con 
nections to Sources of power, measuring devices, 
and the like, all of which are diagrammatically 
shown; : - 

Figure 2 is an enlarged fragmentary cross-sec 
tion of the central portion of the tube shown in 
Figure 1, the view being at right angles to Fig 
ULIre 1 ; 

Figure 3 is a fragmentary section taken along 
the line 3-3 of Figure 2 looking in direction 
of the arrows; 

Figure 4 is a section taken on the line 3-4 of 
Figure 3 and looking in the direction of the 
arrows: - 

Figure 5 is a section taken along the line 5-5 of 
Figure 3 and looking in the direction of the air 
IOWS. 

Like reference characters are used to designate 
similar parts in the drawing and in the follow 
ing description. 
The tube illustrated in Figure 1 comprises an 

envelope of glass or other suitable insulating 
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of the filament was set approximately .016 inch 
below the focusing edge 34. 

Sri tile anode airin is a reentrant, tube 4. 
Sealed to the arm at 4 to form an anode Sup 
port. A centering ring 42 has attached thereto 
at 33, With silver solder or in any fashion desired, 
a tapered metal sleeve 44 forming the metal side 
Of a glass to metal Seal 45. The centering ring 
42 has within it two apertures 46 through which 
the ends 3 and 49 of a nickel tube which forms 
a part of the CGoing System pass. 
The tube ends are silver Soldered in position 

in the centering ring 42 as shown. The tube 
Whose ends are shown at 8 and 49 is Wound in 
the form of a flat helix, as shown in Figure 5, 
which helix is Soldered to the rear face of the 
nain anode casting, as shown at 5. 
The main anode casting comprises essentially 

a cylinder 52 having an inner transverse wall 53 
near one end. The inner Wall 53 has cast in its 
face a tungsten button 54 Which Serves as a target 
to be bombarded by electrons from the cathode 
for the production of X-rays. That portion of 
the cylinder 52 which is nearest the tungsten 
button 53 has a heavier Wall than the remainder 
of the cylinder. This is due to the fact that it is 
necessary to absorb more secondary electron 
emission from the anode at this point than at 
a point further from the anode, and for that rea 
son, more heat absorption capacity is eSSential. 
In Crder, however, to reduce the absorption of 

primary radiation enitted from the tungsten 
button 54 and passing through the Wall of the 
cylinder 52, a Window of reduced Section is cut 
into the thickened Wall of cylinder 52 as shown 
at E5. In the preferred embodiment of the in 
ventioin the thickness of the Wall of the cylinder 
52 closest to the button 54 is on the Order of is 
inch, while the Window thickness is approxi 
mately .080 inch. There is, of course, some addi 
tional heating of the WindoW due to the Section 
being so thin, but the proximity of the heavier 
walls to the thin section tend to absorb the heat 
from the Window and thus prevent the metal 
comprising the window attaining too great a 
temperature. 

In order to be most efficient from a standpoint 
of stray electron absorption, there must be cer 
tain relations between the Size of the opening of 
the Shielding cylinder and its mean length. It 
has been found, for the best measure of absorp 
tion, that the mean length of the cylinder should 
be at least four times and maybe as long aS ten 
times the diameter of the opening. Such propor 
tions insure that any stray electrons fron the 
anode are prevented from reaching the envelope 
of the tube. 

In practice, the entire anode is cast in a. 
vacuuin from deoXidized copper in a manier Well 
known in the art, after which the tungsten but 
ton St. is cleaned, the casting machined, and the 
Window 55 milled to thickness size. 

After the casting has been machined, the cool 
ing coil previously described is soldered into posi 
tion as shown, and the centering ring A2 at the 
Sa:The time is Soldered to the cooling coil exten 
Sions 8 and S. Glass then is placed on the 
sleeve is to conplete the metal to glass Seal. 5. 
The next step is to Seal the structure just 

described to the glass anode support at a 
point approximately indicated by the numera 
6. Before the latter is fiared as a preliminary 

to making the seal at 4, a guard cylinder 5, is 
positioned by means of the Screws 58 and 59. 
A guard ring 67, designed to present rounded 

2,167,275 
Surfaces to the cathode and to the envelope for 
purposes to be later described, is attached to the 
near end of the cylinder 52 in any desired fash 
ion, as for instance by means of the screws 68. 
The design Of the anode just described has for 

its primary purpose the absorption of any stray 
electrons from the target or from the electron 
Stream. As an incident to such absorption, a 
large amount of heating takes place and, unless 
the anode is designed properly, its temperature 
is increased to such a point that it will cause a 
deposit. Of copper On the bulb or the liberation of 
SUfficient gas from the target body to cause de 
Struction of the tubing. 
These dangers are avoided in the present struc 

ture by a design in which the entire head, to 
gether with a shielding cylinder, is cast in One 
piece of high heat conductivity copper to the one 
end of Which an efficient cooling coil is attached 
by a joint of high heat transferring capacity. In 
this fashion not only is the absorption of the 
electrons had, but also any ill effects resulting 
from undue heating because of this absorption is 
avoided for the entire anode is cast in One piece 
thus avoiding losses in heat conduction from the 
point of absorption to the point of dissipation. 
This construction coupled With the fact that the 
Structure is of very high conductivity deoxidized 
copper makes the anode highly efficient for its 
pUrºpOSe. 
A third Source of electrOn emiSSiOn mot COn 

nected Solely with either the anode or cathode, 
but rather associated with the spacing between 
them, is the so-called “cold cathode' emission. 
It has been found, however, that if the tube is 
to operate satisfactorily, certain minimum dis 
tances, which also depend to Some extent on 
configuration and cleanliness of the electrodes, 
are required for each operating value of voltage. 
In Such tubes as those ShoWn by Coolidge in 

the patents hereinabove referred to and which 
under practical operating conditions are perma 
nently connected to pumping Systems, no at 
tempt is made to obtain cleanliness of Surfaces. 
Very large electrode spacings are required if free 
don from “cold cathode' effect is to be ob 
tained. The dimensions of the Spacings referred 
to are two to three times as great as those which 
are necessary With a tube built in accordance 
With the present invention. 

In the present design, it has been found that 
a minimum of Spacing of three and One-half 
inches is required for Operation at five hundred 
kilovolts peak, while a distance of three inches 
is required for four hundred kilovolts peak. If 
Spacings Saller than these values are used at 
the Voitages Specified, there will be some “cold 
cathode' electron emission, which will directly 
or indirectly produce bombardment of the glass 
envelope. 
The bombardment so procured will inevitably 

result in the appearance of “brown Spot' and 
eventually there will be a rupture of the Walls 
Of the tube and the destruction of its usefulness. 

In order to more clearly define what is herein 
terned minimum Spacings, it is shown what 
Spacings are best for the different values of op 
erating Voltage for a tube built in accordance 
With the present invention: 
Four hundred kilovolts peak--- Three inches 
Five hundred kilovoltSpeak.------ Three and one 

half inches 
Seven hundred kilovolts peak.----Six inches 
One thousand kilovolts peak ---- Ten inche:S 
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material. In the preferred embodiment of the 
invention, this is made with One of the hard or 
boroSilicate glasses, Such as 'Pyrex'. The en 
velope has an anode arm and a cathode arm 

Arms í and 12 are cylindrical in cross 
Section and are each connected to an enlarged 
portion 3 which is also cylindrical in cross 
Section. Attention is called to the fact that the 
location of the enlarged portion 3 is approxi 
mately central with respect to the anode-cathode 
Space and that the point of emisSion of the radi 
ation is located within the anode arm for a pur 
pose to be described later. Arms and 2 are 
in axial alignment one with another and with the 
axis of cylindrical portion 3. The Walls of the 
envelope 0 are relatively thick, being approxi 
mately three-eighths of an inch in thickness for 
the particular tube illustrated which tube is de 
signed to operate at approximately five hundred 
kilovolts peak. 

The Constricted anode and cathode arms lend 
themselves to a closing up of such arm to pre 
Went electrons from getting back into the arms. 
Such constricted anode arm permits the employ 
ment of a core in close proximity to the point of 
emission of the X-rays. 
The cathode arm 2 has sealed within it a re 

entrant cathode support 4, which is made of 
gaSS and is maintained in position at its Outer 
end by means of an end seal 5. The cathode 
Support 4 has a section of reduced diameter in 
dicated at 6 and which is shown in section in 
Figure 2. A three-wire pinch seal T is attached 
to the reduced section 8 in any desired fashion 
aS, for instance, by means of a ring seal 8. 
A Centering cylinder 9 has silver soldered to 

it at one end a tapered nickel steel cone 29 to 
form the metal portion of a glass to metal seal 
shown at 2. The glass portion of this glass to 
metal Seal is attached to the inner end of the 
reduced portion 6 of the cathode support 4 of 
approximately the point 22. 
The cathode proper of the X-ray tube is in 

dicated by the filament 23 which in a five hundred 
kilovoltS peak tube of the present design may 
consist of .0085 inch “undoped' tungsten wire 
Wound in the form of a pyramidal spiral having a 
maximum diameter of .281 inch. The terminals 
of the filament 23 are secured to molybdenum 
filament leads 24 and 25 in any desired fashion 
aS, for instance, by binding them with nickel Wire 
and then arc Welding. 
The filament 23 so mounted is Supported in 

position in cathode cup 26 by means of support 
clamps 2 between opposing faces of which fila 
ment leads are Supported through the medium of 
insulating blocks 28. Connections between the 
filament leads 2i and 25 are made to outside pinch 
seal wires 29 and 3 in any desired fashion as, for 
instance, by Welding. 
A Support sleeve 3 Serves as an electrostatic 

shield to the various joints, and the like, around 
the cathode. Sleeve 3 is secured to the cathode 
cup 26 by means of Screws shown at 32 and to 

, the centering ring 9 by means of Screws at 32d. 
In practice, the filament 23 is first mounted in 

the cathode cup 26 and the cathode Support 
assembled complete with the centering ring 9. 
The Support tube 3 is then slid back on the 
cathode support 4 away from the pinch seal 
as far as it will go. The Welds joining the fila 
ment leads 24 and 25 to the pinch seal leads 29 
and 3 are then made, after which the Support 
sleeve 3 is slipped back into the position in which 
the screws 3.2a may be inserted, after which the 

3 
cathode cup is mounted in place is shown and 
the Screws 32 inserted and Screwed hone. 
Center lead 33 of the pinch seal is connected 

to the metal portions of the cathodestructure, as 
shown in Figure 3, by means of the screw 34. The 
lead 33 is brought out independently of the other 
tWO leadS for a purpose Which Will ater be de 
SCribed. 
AS was stated in One of the objects of the in 

Vention, it is essential that the cathode design 
be Such that the paths of the electrons be sub 
Stantially parallel with one another. This is 
i.eceSSary not only in order to obtain distribution 
of energy on the focal spot of the tube, but also 
to avoid the impingement of the electrons upon 
Other portions of the anode structure or even 
Upon the glass envelope itself to cause undue 
heating and eventually destruction of the tube. 
While it can be said that the general principles 

of focusing Cup design used previously on tubes of 
lower Voltage capacity apply also to the design of 
the Cathode in the present tube, it is also true 
that factors disregarded in the design of such 
tubeS of lower voltage must be borne in mind in 
the design of a tube of the type herein described. 
In the low voltage tubes, unequal distribution of 
energy On the focal spot is essentially a reflection 
of unequal distribution of the electron beam as it 
leaves the environment of the cathode structure. 

in the new high voltage tubes hereira described 
Where relatively large spacing between the anode 
and the Cathode is employed, the other error in 
the distribution of energy on the focal spot is that 
due to failure to keep the paths of the electrons 
parallel one with another after leaving the en 
Vironment of the cathode. In the design of 
Cathodes for use in tubes for operation with rela 
tively low Voltage, this factor may be and is en 
tirely disregarded. The present invention does 
away with the necessity for magnetic focusing 
means Such as are disclosed in Coolidge, supra. 

In Order that control of the paths of the elec 
trons be obtained, it has been found that the 
design of the cathode must conform to the foll 
lowing Specifications: 

(d) The filament diameter should not be fore 
than .00 inch smaller than the size of the 
focusing Opening in the cathode structure. In 
the particular embodiment of the invention de 
Scribed herein, the diameter of the filament has 
been given at .281 inch, while the aperture in the 
Cup is .312 inch, or a difference of approximately 
.030 inch. This difference, it has been found, pro 
Vides adequate control of the electron paths and 
at the same time permits of sufficient clearance 
between the filament and the cup. 
Another point which must be taken into con 

sideration is the depth to which the filament is 
Set Within the cup. It has been found that the 
Cup must be relatively deep, not less than 350 
inch in the present type of tube. 

In the presently described embodiment of the 
invention, a Cup having a focusing opening whose 
depth is 468 inch is used. The relation between 
the filament setting and the focusing opening is 
usually controlled by the position of the filanaest 
With respect to the focusing edge indicated by 
the numeral 34 in the drawing. It has been 
found that for best control the filament position 
shold be such that the distance of itS centra, 
portion above or below a plane passing through 
the bottom of the focusing edge 34 is within 
twenty per cent of the filament coil diameter. In 
the case of the structure herein shown, the top 
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When tubes operate on a pumping System, these 

values are approximately doubled. While the 
minimum values have been set up for two of 
the voltages, it is understood that for Safe Op 
eration values in excess of those given as mini 
mums are preferable. For instance, for a tube 
of the Sort herein described, it has been found 
desirable to use from four to four and One-half 
inches for five hundred kilovolts peak Operation 
and from three and one-half to four inches for 
four hundred kilovolts peak operation. 
AS has been described previously, three leads 

are brought out of the cathode end of the tube. 
Two of these, 29 and 30, are the terminals of 
the filament Wire. The center lead 33 is con 
nected to the cathode structure proper. The 
purpose of bringing these leads out is to use the 
structure just described as a means for meas 
uring gas pressure within a tube, either during 
exhaust, operation or as a means of testing a 
tube previous to shipment. 
As shown in the diagrammatic sketch illus 

trated with this portion of the structure, the 
terminals 23 and 33 are connected to a Source 
of filament current 63 of the proper Voltage. 
Between one of these terminals and the termi 
nal 33 is connected a source of power 60, capable 
of delivering one hundred ten volts direct cur 
rent. This is connected so that the positive pole 
is connected to conductor 33 and the negative 
pole to the filament wire 3. A milliammeter 64 
is interposed in the line 33 for the purpose of 
measuring the current passed from the filament 
to the cathode cup. Attached to the anode is a 
lead 6 which extends to the filament current 
conductor 29 and in which a micro-ammeter 
62 is inserted. The lead 6 is connected to a 
battery 65 or to another source of direct cur 
rent so that the anode is at a negative potential 
of twenty-two VoltS With respect to the filament. 
In a mannel Well known in the art, the cur 

rent Will now paSS from the filament to the 
cathode Cup, causing the milliammeter to de 

By means of a resistance 66, this value 
should be set So that the milliam meter reads 
“10’, under the conditions as they have been 
standardized. In an absolute vacuum, the micro 
ammeter 32 will not register, but if there are 
any gas molecules present, they will be split up 
and the positive ions driven from the filament 
and cathode cup to the anode where they will 
give up their charge, the accumulated values of 
Which Will be registered on the micro-ammeter 
62. 
In the particular configuration shown by this 

tube, it has been found that each micro-ampere 
deflection of the meter 62 represents a gas pres 
Sure Of 02 micron, Willen the gas Within the tube 
is of approximately the same composition as air. 
Where other gases are present, suitable correc 
tions must be made. As can be readily under 
Stood, the Structure now being discussed pro 
VideS a CONVenient aind accura, te method of meas 
uring pressures and is used as a check on the 
condition of a tube after it has been installed. 
Another use can be inade of the System just 

described. Where due to excessive heating or 
for any other reason there has been a libera 
tion of gas within the envelope of a tube, such 
gases can be “cleaned up' by passing low Volt 
age electrons between the filament and the 
cathode structure by the arrangement just de 
Scribed. What occurs during this process is 
probably quite intricate. Theories attempting to 
explain why the desired results are obtainable 

5 
need not be advanced here. It is Sufficient to 
say that the device described is capable of pro 
ducing this "cleaning up' effect and so serves 
as a means of reducing unWelcome gas pressures 
and thus prolongs the life of the tube. 
While all of the processes of the structure have 

been described from the standpoint of rectified 
Voltage Operation, it is apparent to those skilled 
in the art that these same structures will be 
beneficial in case the tube is Operated on unrec 
tified alternating current. 
The present structure permits of the use of 

unrectified alternating current at voltages great 
ly in exceSS of that permissible with the old type 
high Voltage tubes. With the old type tubes 
Operation. On alternating circuits having volt 
ages of approximately one hundred fifty kilo 
VoltS peak was considered the maximum, even 
for a tube capable of operating on a rectified 
Voltage of two hundred kilovolts peak. 
With tubes of the character herein described, 

however, voltages of four hundred kulovolts peak 
are permissible, While tubes capable of Operation 
at higher voltages may be readily built. The rea 
Son for this is the proper control of electron 
emission and bombardment. Thus cold cath 
Ode discharges and building up of charges on the 
glass are Substantially ellmlinated, and with these, 
the main causes for the breakdown of tubes using 
unrectified alternating current has been removed. 
While the most desirable embodiment of the 

present invention is an X-ray tube, it is to be 
understood that Some or all of the structures 
herein described can be easily applied to other 
high voltage vacuum devices, such as cathode 
ray tubes, rectifiers, and the like, with the same 
Satisfactory results that have been obtained in 
X-ray tubes. It is the intention to cover each 
individual structure as well as all operable com 
binations of them as far as the present state of the 
art permits, as it is the belief that the use of the 
invention in Such structures is within the scope of the present invention. 
What is claimed as new and is desired to be 

Secured by Letters Patent of the United States is: 
1. An X-ray tube comprising an envelope, an 

anode having a target, a cathode, and a tubular 
shield Surrounding Said target and extending in 
the direction of Said cathode, said cathode com 
prising a focusing cup having a hemispherical 
depression and a filament disposed centrally in 
Said hemispherical depression, the configuration 
of the filament being such that the wall of the 
hemispherical depression causes the electrons 
emitted from said filament to flow in substantially 
parallel lines for a substantial portion of the 
length of the electron beam and to diverge within 
Said anode Shield to form a larger focal spot upon the target. 

2. An X-ray tube comprising an envelope, an 
anode haVing a target, a cathode, a shield sur 
rounding Said target, said anode and said shield 
being of highly conductive material, the shield 
being cylindrical and of a length at least four 
times its diameter, said cathode having a focusing 
Cup hemispherical in configuration and an open 
ing into the bottom of said cup, and a pyramid 
ally coiled filament in the inner most section of 
Said Cup and having its lower edge in substantial 
alignment with the plane passing through the 
outer edge of the opening therein. 

3. An X-ray tube comprising an enlarged cy 
lindrical midsection, an anode airm, and a cath 
Ode arm, a Cathode comprising a focusing cup, 
the outer periphery of said cup being rounded, 
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6 
said cathode and its focusing cup being Wholly 
within the cylindrical midsection of the tube, an 
anode in said anode arm and comprising a target, 
and a cylindrical shield about said target and 
extending in the direction of Said cathode, Said 
shield terminating in the midsection of said tube, 
and the target being wholly within said anode 
á,????l. 

4. An X-ray tube comprising an envelope hav 
ing an enlarged central Section and two arms, a 
cathode and a focusing cup with a hemispherical 
concavity and having a rounded Outer periphery 
in the central section of said tube and extending 
from One of Said arms, an anode in the other of 
Said arms and comprising a target, and a cy 
lindrical shield projecting from said anode and 
Surrounding said target and extending into the 
Central Section of Said tube. 

5. The X-ray tube described in claim 4, and 
in which the cathode and anode arms have re 
entrant portions of glass and said anode and 
Said Cathode have cylindrical metal shielding 
members Surrounding the re-entrant portions of 
said arms, said cylindrical members extending in 
Substantial parallelism. With the glass walls of said 
anode arm and of said cathode arm, respectively. 

6. An X-ray tube comprising an envelope hav 
ing a central cylindrical section and two cy 
lindrical arms, an anode structure sealed to the 
envelope in One of said arms, said anode structure 
Comprising a target, a shield about said target 
and extending into the central cylindrical sec 
tion of Said envelope, a second cylindrical shield 
extending rearwardly of the target, and a trans 
Verse member in said second cylindrical shield, 
the Second cylindrical shield and the transverse 
member in Said second cylindrical shield prevent 
ing bombardment of the seal between said en 
velope and Said anode structure, a cathode struc 
ture Sealed to said envelope in the other of said 
arms, Said cathode structure comprising a filla 
ment, a focusing Cup, conductors to said filament, 
a cylindrical shield extending from said cup, and 
a transverse member in said cylindrical shield 
Whereby the Seal between said envelope and said 
Cathode structure is protected from electron 
bombardment. 

7. In an X-ray tube, a cathode, an envelope 
having a re-entrant portion, and an anodestruc 
ture comprising a sleeve sealed at one end to said 
re-entrant portion, a cap member engaging the 
other end of Said sleeve, a cylinder having a 
transverse partition therein, an open end of said 
cylinder facing the cathode, a target secured to 
One face of Said partition, a second sleeve se 
cured to Said cap member and said cylinder, said 
Second sleeve extending over the first sleeve and 
Over Said re-entrant portion. - 

8. In an X-ray tube, a cathode, an envelope 
having a re-entrant portion, and an anodestruc 
ture comprising a sleeve sealed at one end to said 
re-entrant portion, a cap member engaging the 
other end of said sleeve, a cylinder having a 
transverse partition therein, an open end of said 
Cylinder facing the cathode, a target secured to 
One face of Said partition, a second sleeve secured 
to Said cap member and said cylinder, said sec 
Ond sleeve extending over the first sleeve and 
Over Said re-entrant portion, a coiled conduit 
Supported by Said cap member and secured to 
Said partition in heat conducting relation thereto, 
and means for circulating a cooling medium 
through said conduit for dissipating the heat 
generated at the target. 

9. In an X-ray tube, an envelope having re 

2,167,275 
duced cylindrical end portions and an enlarged 
center portion, a cathode extending from One 
end portion into said center portion, an anode, 
Said anode comprising a cylinder extending from 
the opposite end portion of the envelope into the 
center portion, said cylinder having a transverse 
partition disposed within said last mentioned 
end portion of the envelope and the open end of 
Said cylinder facing toward said Cathode, a tar 
get Secured to one face of Said partition, means 
for conducting a cooling mediuin acroSS the other 
face of said partition for dissipating the heat 
generated at the target. 

10. In an X-ray tube, an envelope having re 
duced cylindrical end portions and an enlarged 
central portion, a cathode extending from one 
end portion into Said central portion, an anode, 
Said anode comprising a cylinder extending from 
the opposite end portion of the envelope into the 
central portion, said cylinder having a transverse 
partition disposed Within Said last mentioned end 
portion and a thickened Wall portion adjacent 
and forwardly of Said partition, an open end of 
said cylinder facing said cathode, a target Secured 
to one face of Said partition, said thickened por 
tion of the cylinder absorbing a portion of the 
heat generated at the target, and means for con 
ducting a cooling mediuin acroSS the other face 
of Said partition for further dissipating the heat 
generated at the target. 

il. In an X-ray tube, an envelope having an 
enlarged Central Section, armS eXtending oppo 
sitely from Said central Section and re-entrant 
porticins in Said arms, a sleeve Sealed to one of 
said re-entrant portions, a cap member Supported 
by said sleeve, a focusing cup having a hemi 
Spherical coincavity and located Within the central 
Section of the envelope, a filament in Said focus 
ing cup, a second sleeve Supporting Said cup and 
extending Within one of the arms of the en 
velope and over said cap member, Said first sleeve 
and said re-entrant portion, Said Second sleeve 
being supported on said re-entrant portion by 
said cap member and said first Sleeve. 

12. An X-ray tube for Operation at voltages 
of the Order of four hundred kilovolts, compris 
ing a cathode and an anode providing a long 
electron path, Said cathode comprising a focusing 
Cup having a central opening extending axially 
from the bottom of the cup, a coiled filament 
within said cup and extending into said axially 
directed opening, the depth of the cup being not 
less than .350 inch and the radial clearance 
between the filament and the wall of the axially 
directed opening being not more than one-tenth 
of an inch, the distance of the central portion 
of the colled filament abOVe Or below the plane 
passing through the bottom of the cup at the 
edge of Said axially directed opening being not 
greater than Wenty per cent of the diameter of 
the coiled filament, the internai Wall of the cup 
which forms the focusing edge for the filament 
being substantially hemispherical in configura 
tion. 

13. An X-ray tube comprising a glass envelope 
having a central cylindrical Section and two cy 
lindrical arms, an anode Structure Sealed to the 
envelope in one of Said arms, said other arm 
having a re-entrant portion, a cathode structure 
having a glass-to-metal Seal With said re-entrant 
portion and comprising a focusing cup, a fila 
ment in the focusing cup, and a metal sleeve ex 
tending from the focusing cup over the glass-to 
metal Seal and over the re-entrant portion of the 
envelope Well beyond said seal. 
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14. An X-ray tube comprising a glass envelope 

having a re-entrant portion, an anode structure 
having a glass-to-metal Seal With said re-entrant 
portion and comprising a taiget and a metal 
sleeve extending from Said target over said Seal 
and over the re-entrant portion of Said envelope 
well beyond said Seal. 

15. An X-ray tube comprising a glass envelope 
having a re-entrant portion and an anode struc 
ture having a glass-to-metal Seal With said re 
entrant portion and comprising a target, a Shield 
about said target and extending oppositely from 
said re-entrant portion, a second cylindrical 
shield extending from the target over Said Seal 
and over said re-entrant portion well beyond said 

7 
seal, and a transverse member in said second 
shield and cooperating With Said second shield 
to prevent bombardment of the Seal between said 
re-entrant portion and Said anode structure. 

16. An X-ray tube comprising an envelope 
having a re-entrant portion, a cathode structure 
Sealed to Said re-entrant portion and comprising 
a filament and focusing cup, a cylindrical shield 
extending from Said cup over said Seal and Over 
said re-entrant portion Well beyond said seal, and 
a transverse member in Said Shield cooperating 
with said shield to prevent electronic bombard 
ment of Said Seal. 

MALVERN J. GROSS. 
ZED J. ATILEE. 


