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United States Patent 

3,034,009 
PEN SEAL ACCELERATOR TJBES 

Michael J. Zunick, West Ais, and George R. Mahn, 
Hales Corners, Wis., assignors to General Electric Con 
pany, a corporation of New York 

Fiedi Jan. 18, 1960, Ser. No. 3,195 
12 Claims. (C. 313-85) 

This invention relates to electron tube accelerator col 
umns which are employed to control and to guide an 
electron beam emanating from a cathode and guided to 
a target plate or anode of the tube, and it relates par 
ticularly to novel control electrode assemblies and sup 
ports in such columns, which are generally elongated 
cylinders enclosing the cathode and the anode and the 
control electrodes disposed between them. 
Such a column has general application in electron tubes 

in which the beam is to be controlled and shaped and 
guided along a predetermined path or axis between the 
cathode and the anode or target plate. The invention is 
disclosed and described herein as applied to an X-ray 
tube, but its features are applicable to tubes having elec 
tron permeable windows such as are used for electron 
irradiation and for cathode ray tubes, generally. 

In such an electron tube in which an electron beam is 
generated and then contFolled to engage a remote surface, 
one or more control electrodes are disposed in co-axial 
alignment to serve as an electron lens system that en 
circles a substantial part of the path or region through 
which the electron beam will travel. 

Voltages are applied to the individual control electrodes 
as well as to the cathode and to the anode, in order to 
shape and guide and accelerate the electron stream from 
the cathode to the anode. 

In applications of the present type it is desirable, in 
one form of control, to constrict the stream of electrons 
to a narrow beam in order to establish a high density 
beam at the point of impact on the target plate or anode 
of the tube, here particularly an X-ray tube. 
erally, the electron lens system may be utilized to accel 
erate and focus the beam on a desired area, large or 
smail, at the region of impact. 

In order to establish such concentrating and guiding 
action on the electrons in the stream, the control elec 
trodes are conventionally, but not necessarily, cylindrical 
in form. The several control electrodes are then dis 
posed co-axially along the intended path of the electron 
beam, and are suitably spaced to establish the proper 
electric field for the desired concentrating and guiding 
action on the electron beam. 

In such accelerating columns, as well as in X-ray tubes 
employing such control electrodes, the fundamental prob 
lem is how to dispose and locate the control electrodes to 
properly shape and guide the electron stream, and, as a 
corollary to that problem, how to support those control 
electrodes so they will remain in proper positions against 
the stresses that develop during operation. 

In the conventional accelerating columns, heretofore 
made and employed for this purpose, especially in con 
nection with X-ray tubes, each control electrode has 
embodied an inner cylindrical metallic electrode body 
and an outer concentric metallic cylindrical, or annular 
and cylindrical, support that has been joined with suitable 
supporting glass cylinders to constitute the final control 
column. The outer supporting metallic cylinders of the 
contro electrodes and the separate cylinders of glass 
were essentially of the same diameter. The glass cylin 
ders thus served as insulating spacers and supports for 
the metal electrodes. Spacing of the electrodes, of course, 
establishes the shape of the field alongside the electron 
beam path and thereby establishes and determines the 
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guiding or shaping effect of that field on the stream of 
electrons. . . 

The manufacture of such previous conventional accel 
erator columns involved many difficulties and problems. 
The shape and the disposition of each electrode contrib 
uted to the orientation and shape of the electric field be-, 
tween adjacent electrodes. The shape and disposition 
of the field in turn controlled the path of travel of the 
individual electrons in such manner as to shape the stream 
of electrons in order to form the desired beam. 

In order to control the effect of the electrode fields on 
the stream of electrons for a symmetrical guiding effect, 
it is essential that the controi electrodes are of proper di 
mensions and properly spaced and co-axially disposed. 
Thus, the outside diameter, the inside diameter and the 
radius of curvature of adjacent ends of the electrodes are 
important to establish the shape of the electrostatic field 
that will, in turn, shape the electron beam. 

In such previous conventional accelerator columns the 
several control electrodes were each provided with an 
outer supporting cylinder relatively concentric with the 

Those outer supporting cylinders 
were fused to and secured between the glass cylinders to 
make up the entire control column. The sealing of the 
supporting cylinder for each control electrode to the 
two neighboring glass cylinders required two glass-work 
ing operations of extremely high accuracy at the circle 
of contact between each circular end edge of the metallic 
supporting cylinder and its mating insulating and spacing 
glass cylinders. In Such conventional structure the met 
all supporting cylinder is joined by an internal annular 
flange to its control electrode. - 
The difficulties and the extra efforts involved in manu 

facturing such previous conventional structure arose 
from the fact that two glass sealing operations were re 
quired between the supporting cylinder and the two ad 
jacent glass cylindrical sections. Those sealing opera 
tions had to assure hermetic seals for the proper operation 
of the entire assembly in controlling the electron beam. 
The nature of such sealing operations to form a longer 
structure required that the glass cylinders be closely of 
the same diameters. Moreover, a high degree of skill 
and care were necessary. 
The accelerating columns of that conventional type 

thus embodied many joined sections, with considerable 
metal in the cylindrical Supports between the intermedi 
ate cylindrical glass sections. The high temperatures 
needed for the sealing operations and the extra handling 
of the several sectional components makes it difficult to 
keep those sections completely clean during assembly. 
Moreover, some oxidation of the metal takes place and 
some gases become occluded in the heated metal. The 
final column, after complete assembly, must therefore be 
subjected to a special cleaning operation to eliminate any 
dirt, scale, metallic oxide and loose metal pieces that 
might have been admitted or formed during assembly. 
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For safe operation at the high voltages used in these co 
umns, the surfaces within the columns must be clean 
and free of occluded gases. 

Thus, a particular type of construction may be com 
pletely adequate operatively, as an end result, but never 
theless, involve manufacturing operations that impose 
extra efforts or hazards against proper operative condi 
tions in final assembly. Thus, one of the major cares 
that must be observed in manufacturing control columns 
is that they be clean inside and free of any foreign or 
unwanted materials or particles. -. 
For example, one construction, otherwise operational 

ly suitable, may be undesirable, because. it does not lend 
itself to cleaning that is simple and that will assure clean 
surfaces upon completion of manufacture. Therefore, 
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the construction design may be good or bad according 
to how simple and effective the cleaning operations can 
or need be to assure a clean final construction. 
An important feature of this invention is that the meth 

od of manufacture and assembly makes it easy to avoid 
contamination and makes the column easy to clean. 
An important limitation of the method of forming a 

conventional column by joining alternate metal and glass 
cylinders to insulatingly support the control electrodes, 
is that such method or structure does not lend itself to reducing the length of a column for high voltage opera 
A primary object of this invention is to provide a 

simplified column structure employing a single unitary 
dielectric cylinder, of glass, alumina, ceramic or other 
highly insulating material, as the support for the control 
electrodes of the column. 
Another object of this invention is to provide an ac 

10 

verse to the main axis of the column. The three pin sup 
ports of each set are equi-angularly spaced around the 
periphery of the column in such common plane. Alter 
nate sets of pin supports are rotated 60 with respect to 
adjacent sets. The construction of these supports is such 
as to provide optimum electrical operating conditions and 
mechanical support. 
Three modifications are illustrated herein, - showing 

progressive development from a simple initial form to a 
form in which, both in principle and in practice, physical 
stresses and voltage stress concentration are minimized to 
the greatest extent. - 

In the first and second modifications, individual pins 
of a set are secured to a control electrode and extend 

5 through the wall of the glass column and are fuse an 
chored and sealed in the wall. " ?? "", 

In the third modification, each of the three supports of 
each set embodies a cylindrical Kovar sleeve that extends celerating column and a method of forming the column 

that will result in a column of relatively small size to be 
suitable for operation at high voltage. - 
Many advantages accrue from the unitary column 

structure of this invention. These include the lower cost 
of seal parts and of the glass column, since the conven tional multiple cylinder seals require multiple precision 
molded glass sections, whereas the present invention 
needs only a single length of molded glass tubing. More 
over, the sealing operations of this invention are less 
critical and less costly, and many intermediate operations 
are eliminated when a unitary column is used. The elec 
trode assembling operation is much simpler and easier in 
the present invention. Cleaning operations and inspec 
tions are simpler and less expensive. 

Aparticularly important advantage is the possibility of 
miniaturization leading to small columns for high volt 
tively small dimensions. . v 
ages, and particularly to high-voltage X-ray tubes of rela 
A major problem in such columns and tubes, as will 

be explained below in connection with the description of 
- two early modifications in the development of the inven 

tion, is to prevent corona. Corona can be fatal to such 
high-voltage devices. - .… 
A further object of this invention is 

reduce the tendency for corona to form. 
Because of the high energy levels at which tubes and 

-to provide sup - - - . . . . ?? ?? 

porting structures, for the control electrodes, that will 

20 
radially through, and is anchored and sealed in, the wall 
of the main glass column. A pin is slideable in each 
such sleeve. Each pin is movable within its Kovar sleeve 
to a position co-related to the positions of the other pins 
in the set to assure the proper co-axial disposition and 
centering of the supported control electrode. Once each 
control electrode has been correctly disposed in proper 
co-axial position, the three supporting pins are suitably 
secured to their Kovar, sleeve guides, as by welding, to 
anchor the pin and to hermetically seal the outer end of 
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the Kovar sleeve. 
To locate the Kovar guide sleeves for a set of pins for 

a control electrode, the selected region on the column for 
each such sleeve is heated by a glass worker's torch to 
form a bubble which is then worked to form a hole of 
suitable size to receive the guide sleeve. The sleeves 

- are then fused to the glass wall with a hermetic seal. The 
sleeves of each set are angularly equally spaced around 
the axis of the column. Alternate sets of sleeves are 
angularly shifted 60° or half of the spacing angle to estab 
lish maximum distance between pins of adjacent sets. 
The column with the sealed-in sleeves is then cleaned. 
After such cleaning, the several control electrodes are 
anchored in sequence on the glass column. The com 
plete column assembly is again suitably cleaned and then 

45 

columns operate, enough heat is usually generated to 
heat the metallic elements and causes stresses due to forces tending toward expansion or distortion. Those 
stresses ultimately reach the areas of support and set up 

- reaction forces and stresses. Where a glass column cylinder is used to support the operating elec 
trodes, it becomes especially important that the stresses 
on the glass walls be kept within safe bounds. 
A fürther object of this invention is therefore to pro 

vide 

50 

55 
ide novel supports, for the control electrodes, that will 

have sufficient inherent resiliency to absorb mechanical 

or target plate. 

welded in place between the cathode supporting structure 
and the anode supporting structure, to provide a hermet 
ically sealed chamber between the cathode and the anode 

The control column may then be suitably evacuated by 
a standard procedure. The method of assembling the 
column and its detailed construction may be more fully 
realized upon reference to the accompanying specification 
and drawings in which: . . . 

FIG. 1 is a longitudinal sectional view of a first modi 
fication of an X-ray tube showing the control-column as 
sembly disposed between a supporting plate for the cath 
ode and a supporting flange associated with the target 
plate or anode of the X-ray tube, and indicates conductors stresses during operation, so the reaction forces on the 

glass mn wall will be kept at low levels. 
lention, in its departure from the previous con 

ventional type of construction of the accelerator column, employs a single unitary glass tube as the basic support 
upon which the control electrodes and their feed-in termi 
nals are mechanically supported. As in previous conven 
tional structures, however, the control electrodes are here similarly properly dimensioned and properly co-axially 
dis 
however, the initary glass tube simplifies the operations 
ance of final proper co-axial alignment. 
ture 
in the glass column • 
the wall of the glass cölumn, all în a common plane trans 

of mounting the control electrodes, with greater assur 
. . r xial alignment. to 

In another aspect of this invention, the supporting struc 
for each cylindrical control electrode consists of a 

individual pin supports sealed and anchored 
nd extending radially inward from 
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sed, in spaced axial relationship. In one aspect, 

from the cathode and from the anode to an energizing 
transformer; 

FIG. 1-A is a diagrammatic view of the energizing . 
transformer and the tube or column, showing the tap con 
nections to the control electrodes; - - 
FIG.2 is a perspective view of a control electrode of 

the first modification of the unitary cylinder assembly, 
and shows the supporting pins on resilient-arms. secured. 
to the side wall of the control electrode; 
FIG. 3 is an axial view taken on section line 3-3 

of FIG. 1, and shows how a control electrode of the first 
modification is seated axially onto the outer supporting 
cylinder, by seating the pin ends of the supporting arms 
is pre-formed notches, in an edge of a cylinder section 
that is to be fused to the edge of the next adjoining cylin 
der section in the column; . . - 

FIG. 4 is a plan view of an annular flange to be secured 
to the body óf a control electrode, and to serve as a 
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support for the electrode, and being in turn supported 
by the pins at the ends of resilient arms secured to the 
flange; 

FIG. 5 is a longitudinal sectional view of a second 
modification of a unitary cylinder assembly, in which the 
controi electrodes are supported by separate pins first 
introduced through holes in the cylinder wall and then 
anchored in the cylinder wall with a fusion seal; 

FIG. 6 is an axial view taken on section line 6-6 of 
FIG. 5, and shows how a control electrode is positioned 
in the second modification to receive a set of supporting 
pins through prepared holes in the supporting cylinder, 
after which the pins are fused and sealed in the cylinder 
wall; 

FIG. 7 is an axial view, similar to FIG. 6, taken on 
section line 7-7 of subsequent FIG. 8, and shows how 
a control electrode is supported in the third modification, 
by pins inserted through guide sleeves previously fused 
and sealed in place in the supporting cylinder; 

FIG. 8 is a longitudinal view of a third modification 
of the invention, showing the supports for the electrodes 
and their angularly shifted positions for alternate elec 
trodes; - 

FIG. 9 is a perspective view showing two adjacent 
electrodes of the assembly of FIG. 8, to illustrate further 
how the support pins of alternate electrodes are angularly 
shifted to increase voltage creepage distance between 
the pins of adjacent electrodes; and 

FIG. 10 is an exploded view of one form of control 
electrode and a portion of the outer support cylinder 
where the electrode will be supported. 
As shown in FIG. 1, a first modification of an X-ray 

tube 28, constructed in accordance with the present 
invention, comprises a cathode 2i to generate a stream 
of electrons which are guided and controlled by consecul 
tive contro electrodes 22, individualy identified as 22-a, 
22-b and 22-c, to form a beam, indicated generally by 
the axis line 23, which impinges upon a target plate 24 
supported on the face of an anode 25. 
A suitable source of high voltage, external to the X-ray 

tube 28, and shown here as a transformer 27 whose sec 
ondary 28, is electrically connected between the cathode 
21 and the anode 25 to establish, in the first instance, a 
high voltage field to locate the potential gradient in the 
general direction of the axial path 23 to be taken by the 
high voltage electron beam moving from the cathede 21 
to the target plate 24. 

Intermediate connections from the transformer wind 
ing 28 are made to the control electrodes 22-a, 22-b 
and 22-c, to establish the fields to guide and shape the 
electron beam in its passage between cathode 2 and 
anode plate 24. 
The control electrodes, three of which are shown in 

this example, are disposed co-axially along the axis 23, 
and are spaced from each other, as shown in F.G. 1, for 
insulation and for the purpose of controlling and shaping 
or focusing the electron stream into a bean according 
to principles which are well known. 
To be properly effective, the control electrodes 22 

should be in co-axial alignment with each other and with 
the common axis 23. A three-point support is provided 
for each control electrode 22 to provide a relatively sta 

* ble supporting system to maintain the co-axial disposi 
tion of the electrodes. 
The ultimate support for the control electrodes 22 is 

derived from a unitary di-electric column, as a tube or 
cylinder 35, of glass or ceramic. The cylindrica column 
35 supports the control electrodes 22, and also confines 
and encloses them in an evacuated chamber or region 37 
within the cylinder 35. This chamber 37 is hermetically 
sealed, to maintain either a high vacuum or a predeter 
mined selected pressure for the proper operation of the 
particular tube to which this invention is applied. For 
convenience, the tube 35 is hereinafter designated as 
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6 
glass, it being understood that the tube may be made of 
ceramic or other suitable di-electric material. 
The glass column 35 is supported at its opposite ends 

on the supporting structures associated with the cathode 
21 and with the anode 25, respectively. The connections 
between the column and those supporting structures are 
made as hermetic seals, in order to maintain the desired 
Yacuum or pressure condition within the unitary glass 
column 35. The details of those supporting and sealing 
connections are considered below. 
The construction of the supporting column, and the 

included control electrodes 22 will be described first. 
FIGS. 2 and 3. show a first modification of a control 

electrode 22 having three resilient pin brackets 41 an 
chored on the electrode body 43 at regions equally spaced 
arouad the periphery of the body 43. The brackets 4 
are supported as caintilevers, with the free end of each 
bracket supporting a sealing pin 42 to be sealed in the 
wall of a glass cylinder section 44 of column 35. 

In that first modification, the final column 35 is made 
tip of separate glass cylinder sections fused together. The 
edges of one sectin 44, as shown in F.G. 3, are provided 
with notches or grooves 45 in which the supporting and 
Sealing pins 42 are seated for proper positioning. After 
the electrode body 40 is properly positioned the pins. 42 
are fused and sealed in positica cit the section 44. The 
outer end of each pin 42 is shown provided with a thin 
layer of wetting glass 46 on the pin 42 to provide glass 
filler for the notch 85 in the fusing and sealing operation. 
The pins are used first to position the control electrode 

in proper co-axial position, and then the pins are anchored 
and sealed in position by fusing the wetting glass 46 on 
each pin to the glass column. 

FIG. 4 shows a variation in which an annular support 
ing flange 50 that is to support a control electrode serves 
as an anchoring plate for one end of each of a set of three 
resilient cantilever-mounted pin brackets 51. The outer 
or free ends of brackets 51 serve as anchoring pins 52 
and are provided with a layer 53 of wetting glass for seal 
ing to a glass column, similar to the method shown in 
FIG. 3. Where a ceramic column is used, the wetting 
layer. 53 would be a layer of the same material as the 
ceramic column, bonded to the pin. 

FIGS. 5 and 6 show a second modification embodying 
the broad principles of the present invention. The gen 
eral arrangement of the cathode, anode and control elec 
trodes with the supporting glass column is similar to the 
arrangement in FIG.1. The major problem of supporting 
the individual control electrodes is solved differently. 
As shown in FIG. 5, the cathode 60 is supported on and 

sealed to one end of the glass column 61. The anode 62 
is sealed to the other end of the supporting.column, and 
the control electrodes 63 are supported on the column 61 
at locations between the cathode and the anode. 

In this second modification, FIGS. 5 and 6, each control 
electrode 63 is provided with a set of three pin-receiving 
sleeve brackets 65. These brackets 65 are welded to the 
body of control electrode 63 in co-planar radial positions 
equally spaced around the periphery of the electrode body. 
The glass column 61 is prepared, as shown in FIG. 6, 

by providing a set of three holes 66 to receive the pins 
67-a, 67-band 67-c that are to support and position the 
control electrode 63. As indicated, the holes. 66 are co 
planar and angularly equally spaced and radially formed 
in the wall of the glass column 6. 
The three positions of the three pins 67, shown in FIG. 

6, clockwise from the bottom pin 67-a, illustrate the steps 
in assembly of the pins 67 in the sleeve brackets 65, from 
outside the glass column, while the control electrode. 63 is 
held in position by a suitable supporting tool, such as a 
mandrel (not shown) extending into the glass column. 
The pins are inserted into the holes in the sleeve brackets 
for a tight friction fit. Alternatively, the pins may be 
soldered or welded to the brackets. . In either case, the 
pins are then utilized to position the control electrode 63 



7 
in proper co-axial position, after which the pins are fuse 
sealed in position in the glass column 61, with the glass 
adjacent and fused to the pins shaped to form a concave 
curved junction or fillet 68 to relieve stresses. 

Since such columns, and X-ray tubes utilizing them, are 
intended to operate with electric fields of millions of volts, 
the stresses induced by the electric fields must be con 
sidered. 
The stresses induced by an electric field are of two types. 

First there is a mechanical stress on a metal element which 
serves as a terminal for a voltage or potential point. That 
stress is relatively negligible. Second, and especially im 

10 

portant in this case, however, is the electrical stress that 
is a function of potential gradient. Here, potential gradi 
ent is determined by the field strength and by the sharp 
ness of the surface of the metal element, in this case the 
curvature of the body of the pin sealed in the wall of the 
cylinder. 
As the pin becomes smaller in diameter, the peripheral 

curvature of arc becomes sharper, and the potential gradi 
ent becomes steeper, thereby enabling corona to form 
more easily. Corona in such a tube can quickly lead to 
destruction of the tube. But, if the pin is increased in 
diameter to reduce corona possibilities in an X-ray tube 
with higher voltages, the pin may be too stiff to provide 

- the slight resiliency that may be essential and that is 
desired. 

Thus, the pin type supports in FIGS. 3 and 6, when 
thick enough for necessary strength, could not always be 
relied upon to be sufficiently resilient to take up some of 
the stresses and to isolate them away from the glass 
column. Moreover, the small curvature of the pin in the 
secondi modification is sharp enough to promote corona 
at the higher voltages. - - 

In the third modification of this invention, as shown in 
- FIG. 7, and in the subsequent figures, a different type of 

pin-anchoring support is employed, to provide the neces 
Sary strength to Support the control electrode, and, yet, 
at the same time, to provide a substantial degree of resil 
iency to yield under the forces of the various stresses 
occurring during operation, including mechanical, thermal 
and electric stresses, and still further, at the same time, 
to establish a corona-discouraging surface characteristic 
for higher voltage operation. 

. As shown in FIGS. 7-10 inclusive, each control elec 
trode 70 is provided with a set of three brackets 72, equally 
spaced around the periphery of the control electrode, and 
each bracket is shown having a base secured to the body 
of the control electrode 70. Each bracket 72 has a per 
pendicularug or flange 74 projecting radially outward 
from the base part secured to the electrode 70. The three 
brackets serve to support an annular ring 73 which fits 
over the base portions of the brackets 72 with a loose fit, 
and rests against the perpendicular radial lug flanges 74 
of the brackets. The annular ring 73 is provided with 
three equally spaced holes 76 for alignment with corre 
sponding bolt holes. 77 in the perpendicular fianges of the 
brackets 72. The annular ring 73 may then be tightly 
Secured to the three angle brackets 72 by suitable bolts 
and locking nuts, or by brazing, welding, etc., whereupon 
the annular ring 73 and the three brackets 72 constitute a 

5 

is sharply tapered to a point 82-a. 
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receive each of the Kovar sleeves 38. Each Kovar tube 80 
is then fused to and anchored in the glass column to pro 
vide a hermetic seal. The glass seal is preferably shaped 
to form a fillet 81 to aid in reducing mechanical stresses 
between the glass cylinder and the metal tube. The Kovar 
tubes S9 of each set are thus disposed radially in co-planar 
relation, and are equally spaced around the periphery of 
the glass column 75. - 
A control electrode 70 may now be mechanically cou 

pled to its related supporting set of three Kovar sleeves 
80. As shown in FIGS. 7 and 10, a pin 32 is provided 
to slide-fit into each Kovar sleeve 80, and to slide easily 
through the Kovar sleeve 80 to project into one of three 
spaced holes 83 in the edge of the annular ring 73. Each 
hole 83 is of appropriate dimension and location to re 
ceive the front end of the Kovar pin 82. As shown in 
FIGS. 7 and 10, the front or inner end of each pin 82 

That sharp point 
will enable the pin 82 to easily find its intended hole 
83 in the annular ring 73, but it has a more important 
function in helping to support the associated control elec 
trode, explained further, below. 

After the three pins 82 of a set are inserted into their 
annular ring 73, and suitably adjusted to position their 
associated control electrode co-axially, the outer ends 
of the pins are welded to their Kovar tubes to form 
hermetic seals. 
The pins are also preferably of Kovar to simplify the 

welding of the pin to the sleeve. The pin could, of 
course, be made of stainless steel or other metal which 
could be welded to Kovar. Similarly, in the first and 
second modifications the pins would be of a metal or alloy 
to which glass would readily fuse, and which would other 
wise serve the purposes for which intended. 
The sharply tapered point 82-a-on each pin 82 serves 

another important purpose. It provides a substantially 
true point contact between the Kovar sleeve structure 

45 
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60 

relatively rigid and integral supporting element for the 
cylindrical electrode 70. Alternatively, the annular ring 
73 may be welded directly to the electrode body 70. 
The annular ring 73 now also serves as a rigid connect 

ing element to be mechanically connected to the unitary 
glass column 75. 
To support each annular ring 73 and its control elec 

trode 70 from the glass column 75, a set of three tubes 80 
of Kovar metal are employed. These tubes are of thin 
walls, from 0.005 to 0.015 inch thick. Each sleeve go is 
fuse sealed in the glass column 75. To accomplish that, 
three appropriately located areas of the glass column, 
relatively co-planar in a plane transverse to the axis of 
the column, are heated and softened, and holes formed to 

65 

70 

75 

the pin. 

and the control electrode structure, for the transmission 
of physical stresses, however arising. The stresses may 
be permitted to establish slight adjustments in form of 
the pin about such contact point as a center, without. 
superimposing the full stresses on the glass seal. Thus, 
the point 82-a may flatten and absorb stress to prevent 
damage to the glass-Kovar seal. . 
The stresses thus divide themselves between the ta 

pered point of the pin and the outer end of the pin where 
it is weided to the Kovar sleeve, as well as in the body 
of the pin to the extent of the inherent resiliency of 

The pointed pin and its resilient supporting 
guide sleeve thus serve as a stress absorber and to take 
up any physical stresses which the control electrodes 
would otherwise impose on the glass tube which serves 
as the ultimate support for the electrode. 

In order to provide additional resiliency for absorbing 
physical stress and to prevent the stresses from affecting 
the seal in the glass column, the guide sleeve 80 is chosen 
of appropriate dimension to provide a desired degree of 
resiliency. 
As a further feature, the guide sleeve - 80 is chosen 

of such external diameter as to present an arcuate sur 
face having insufficient sharpness to induce corona at 
the potential gradient established at the sleeve for the 
voltage utilized in the operation of the X-ray tube in this 
CâS82. V- 

Before glass column 75 is fitted with the control elec 
trodes, the two ends of the column are fitted with sep 
arate end rings 85 and 85, also hermetically sealed into 
the end edges of the glass column. These two end rings 
are then fitted and hermetically sealed to their supports, 
respectively associated with the cathode and the anode. 
As shown in FIG. 8, the end ring 85 is provided with 
a flange 85-a which is seated against an annular washer 
88 integrally secured to a supporting plate 90 for the 
cathode structure assembly. The flange 85-a is joined 
to the Washer 88 with a hermetic seal, 





. . 2. A high-voltage tube, as in claim.1, in which the 
supporting means sealed through the wall of the glass 
cylinder comprise several sets of supporting pin struc 
tures for the several cylindrical electrodes, the pin struc 
tures of each set for each electrode extending through 
and being fused and anchored in the wall of the glass 
cylinder in co-planar relation. : - 
3. A high-voltage-tube, as in claim 2, in which each 
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focusing and accelerating electrode is provided with sup 
porting means to which the inner ends of the associated 
supporting pin structures are mechanically coupled to 
provide a stable three-point support for the supporting 
means and the cylindrical electrode. 
4. A beam-type tube comprising: 
(a) a beam-generating cathode; - 
(b) a beam-target anode spaced therefrom; (c) arigid unitary elongated dielectric structure con 

sisting of a single cylinder for supporting and enclos 
i ing the cathode and the anode; and . . . . (d) a beam-controlling assembly includings. 

0. 

15 

20 
(1) a plurality of beam-foctising cylindrical elec 
strodes, and . . . . . ??:? . . . . . . ... : ! ......” 
(2), resilient stress-absorbing supporting elements 

fused and sealed through the wall of the di 
electric cylinder and supporting the beam-focusing 
electrodes in spaced and co-axial alignment be- . 
tween said cathode and said anode. 

5. A high-voltage tube of the electron-beam type, com 
prising: 

(a) a cathode to generate an electron beam; 
(b) a supporting structure for the cathode; 
(c) an anode target to receive said beam; 
(d) a supporting structure for the anode; and - 

25 

30 
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(e) means to control said beam and to guide said beam. 
along a predetermined-axial path between the cathode 
and the anode, said control and guide means com 
prising a plurality of electrically conductive cylin- . . 
drical electrodes; . . (f) a unitary single elongated 
circling said axial path, the cylinder being closed at 
one end by said cathode and its supporting structure, 
and being closed at the opposite end by the anode 
and its supporting structure; and . . . 

(g) resilient means anchored on and supported from 

di-electric cylinder en 

45 

said di-electric cylinder and serving to support, the 
cylindrical electrodes in co-axial alignment along 
said. axis, said resilient means consisting of a tube 50 s 
of thin refractory metal fused in and extending out 
ward of the di-electric cylinder to constitute a canti 
lever with some slight resiliency, and of a rod co 

if said rod were sealed 
* :#2 ?????? : , 

ini said, di-electric cylinder without 
the intermediary of said cantilever tube coaxially disposed 
about said rod. .?? ?? : ?? : : : : : - - 
-7. A high-voltage-beam type tube, comprising: 
(a) a unitary di-electric cylinder; - 
(b) a cathode at one end of the cylinder to generate 
an electron beam to traverse the cylinder, and an 
anode at the other end of the cylinder to receive 

. . . the beam; . . . . . . . . . . . . . 
(c) a plurality of electrically, conductive cylindrical 

' control electrodes in the cylinder to control and guide 
the beam; and * - , „ - ? - - - - 

(d) means supported from the di-electric cylinder for 
Supporting the control electrodes in predetermined 
relative positions co-axially within the cylinder, said 
Supporting means being-characterized by an inherent 
resiliency to enable said means to absorb mechanical 
stresses generated in the control electrodes, by heat 
and electric fields in the tube during operation, and, 
thereby, to prevent such stresses from affecting the 
di-electric cylinder. 

8. A beam-type tube comprising: 
(a) a beam-generating cathode; 
(b) a beam-target anode to receive the beam; 

- (c) means for controlling and guiding the beam in pas 
. . sage between.cathode...and anode; - , 
(d) a rigid, unitray di-electric structure for supporting 

the cathode and the anode in fixed spaced relation; 

esilient tubular sleeve means anchored on the di 
electric structure for supporting the control and guid 

sing means for the beam intermediate the cathode 
and the anode, and said sleeve means serving to 
provide a resilient connection to said control and 
guiding means to prevent transmission of excessive 
mechanical stresses to the di-electric structure from 
the controlling and guiding means as generated in 
said, controlling, means by thermal and electric con 
ditions within the tube during operation. 

9. A beam-type tube comprising: . . . . . . 
(a) a unitary:rigid elongated glass: envelope; 
(b), a beam generating cathode structure supported at 

; one end of said envelope; . . . . . . . . . . . 
(c) a beam-target anodestructure to receive the beam 
and supported at the other-end of said envelope; . . 

(d) beam-control electrodes disposed along the beam 
path axis between cathode and anode; and . . - 

(e) a three-point support assembly anchored on the 
axially disposed in the tube, the outer end of the 
rod being welded to the outer. end of the tube to 
seal that end closed, and the inner, end of the rod 
extending inwardly beyond the inner end of the tube. 
and into the elongated di-electric cylinder to mechani 

55 

cally couple to the associated cylindrical electrode to 
provide a point of support for said electrode. 

6. A high-voltage tube, as in claim 5, in which each. 
rod is hermetically sealed in said cantilever tube, to main 
tain the hermetic seal at that region of the di-electric-cylin 

- - - der, said sealed cantilever tube having an external diameter 
with a curvature to establish an equi-potential contact line 
of sufficient length at the exposed edge of the di-electric 
seal to reduce the maximum electric field intensity. at 
any point on such contact line to a level substantially 
below corona-forming gradient at the pressure condi 
tions within said di-electric cylinder, said rod having an 
external diameter with a curvature to, establish an equi 

65 
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potential contact line that is sufficiently short to result in 
an electric field intensity at some point on such contact . 

at the pressure conditions within said di-electric cylinder 

envelope and connected to support each control, elec 
trode, said assembly including a thin metallic sleeve 
fused and sealed in the wall of the envelope and 
extending outwardly from said wall, and hermetically 
sealed at its outer end, said sleeve having some in-, 
herent limited resiliency-by reason of its thin wall, 
its diameter, and its length and its support.as, a 
cantilever from said envelope; and said assembly 
further including: an elongated rod supported at one 
end from the outer end of the cantilevered sleeve 
and the other end of the rod supporting the control 
electrode. - - - - - -- 

"... 10. A beam-type tube, as in claim 9, in which each 
three-point support assembly comprises three individual. 
sleeve anchor elements sealed into the wall of the glass 
envelope and characterized by a degree of resiliency so. 
mechanical stresses that become established in the associ 
ated control electrode by thermal and electric conditions 
in the tube during operation will be absorbed in stressing 
the anchored sleeve element and not be transmitted to 

line to a level substantially above corona-forming gradient . . . the glass cylinder. . . . . ii. A high voltage beam type tube to be energized   
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from an external source of high voltage, the tube com 
prising: 

(a) a cathode and a support therefor; 
(b) an anode and a support therefor; 
(c) a di-electric cylinder sealed to the two supports 

to define a hermetically sealed elongated chamber 
with the cathode and the anode at opposite ends; 

(d) a plurality of beam shaping and guiding electrodes 
co-axially arranged within the cylinder and between 
the cathode and the anode; and 

(e) means supporting said electrodes from the di-elec 
tric cylinder, said supporting means including ele 
ments hermetically sealed through the wall of the 
cylinder to provide terminals for connection to the 
external energizing source, said elements being 
characterized by external dimensional surface con 
tours that keep the potential gradients below corona 
inducing values, said supporting means also includ 
ing a rod physically coupled to each of said elements 
for connecting each of said elements physically to 
one of said beam shaping and guiding electrodes, 
said rod being characterized by external dimensional 
surface contours that would keep the potential gradi 
ents above corona-inducing values in the absence of 
said elements hermetically sealed through said wall 
of said cylinder. 

12. A high-voltage bean type tube, comprising: 

(a) a unitary di-electric cylinder; 
(b) a cathode at one end of the cylinder to generate an 

electron beam to traverse the cylinder, and an anode 
at the other end of the cylinder to receive the beam; 

(c) a plurality of electrically conductive cylindrical 
control electrodes in the cylinder to control and guide 
the beam; 
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14. 
(d) means supported from the di-electric cylinder for 
supporting the control electrodes in predetermined 
relative positions co-axially within the cylinder, said 
supporting means being characterized by an inherent 
resiliency to enable said means to absorb mechanical 
stresses generated in the control electrodes by heat 
and electric fields in the tube during operation, and, 
thereby, to prevent such stresses from affecting the 
di-electric cylinder; 

(e) an annular flange ring secured to each said cylin 
drical control electrode; and 
) said supporting means for each said control elec 
trode including three tubular sleeves sealed into said 
di-electric cylinder, and in each said sleeve a pin 
being slideable during manufacturing assembly 
through its tubular sleeve into the flange ring on the 
control electrode to aid in locating said electrode and 
to co-operate with the other pins as a set to provide 
a three-point support for said control electrode, each 
pin being then hermetically sealed to its tubular sleeve 
during assembly of the tube. 
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