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3,283,203 
X-RAY TUBE TEMPERATURE ENHANCED 

FIELD EMlSSlON CATHODE 
Walter P. Dyke and Frank J. Grundhauser, MeMinnville, 

Greg, assignors to Field Emission Corporation, 
McMinnville, Greg, a corporation of Oregon 

Filed Dec. 19, 1961, Ser. No. 160,534 
16 Claims. (Cl. 313-56) 

This invention relates to a temperature enhanced ?eld 
emission X-ray tube and more particularly to an X-ray 
tube having a conical anode and employing both thermal 
emission and ?eld emission of electrons from a cathode 
structure. 
Tubes in accordance with the present invention are 

of the general type disclosed and claimed in applicants’ 
copending application Serial No. 2,033, ?led January 12, 
1960 now Patent No. 3,179,832 granted Apr. 20‘, 1965. 
In common \with such previously disclosed tube, electrons 
are emitted from cathode ?lament wires by a combination 
of thermal and ?eld emission and strike an anode at high 
velocity. The emission current may, for example, be 
the order of 2,000 to 4,000 amperes per square centi 
meter of emitting surf ce. Sufficient emitting surface may 
be provided in the tubes of the present invention so that 
emission currents of the order of 1,000 to 2,000 amperes 
or greater may be obtained. Such currents are produced 
for very short times, for example, times of the order of .l 
to .2 microsecond and the spacing of the lanodes and 
cathodes is such that the voltage applied between an anode 
and cathode may be of the order of 300 to 600 kva. or 
greater and such that the tubes have impedances of the 
order of 300 ohms. The power applied to the tubes may 
be of the order of 300 to 1200 million watts or ‘greater. 
Electrons traveling at extremely high velocities strike 
the conical surface of the anode so that an intense source 
of X-rays is provided for a very short period of time. 

The anodes of the tubes of the present invention are 
elongated conical elements with their smaller ends di 
rected toward a wall of the tube in which they are em 
ployed. Electron emission is from a plurality of cathode 
elements arranged in cage-like structure surrounding the 
anode and concentric with its axis. The cathode elements 
are in the form of ?lament wires and such wires are 
spaced from each other either circumferentilally of the 
anode or axially of such anode. The cathode wires are 
heated to a thermal electron emission temperature ‘by a 
cathode heating current and upon supplying a high volt 
age, high current pulse of electric energy to the anode and 
cathode, electrons are emitted from the cathode elements 
and travel at high velocity in converging paths toward 
the anode. Such electrons repel each other circum 
ferentially of the anode during their travel and the result 
is a diffused cloud of rapidly traveling electrons which 
strike the conical surface of the anode with substantially 
uniform distribution over such surface. The major 
portion of the conical surface of the anode is thus sub 
stantially uniformly bombarded by the electrons so that 
“hot” spots and uneven displacements of metal from the 
surface of the anode are avoided. X-rays are emitted 
substantially uniformly from the conical su'r?ace of the 
anode and since such anode can be of small diameter, a 
very intense source of X-rays of very small area as viewed 
from the smaller end of the conical sur?ace of the anode is 
produced. 
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The cathode structure also includes cathode connectors, 

one of which connects one end of each of the ?lament 
wires together and another of which connects the other 
end of each of the ?lament wires together. Such con 
nectors preferably also form the supports for the ?lament 
wires. The surfaces of such connectors which are in 
the vicinity of the anode and which are directed toward 
such anode ‘are carefully smoothed to avoid points or 
edges of small radius of curvature to thus avoid undesired 
electron emission from such connectors. Consistent re 
peated operation of such tubes requires that such surfaces 
remain in a smooth condition even though metal particles 
may be removed from the surface of the anode during 
operation of the tubes and deposited upon such con 
nectors. The tubes of the present invention are there 
fore constructed so that such connectors for the cathode 
elements are self~cleaning and self-smoothing. Thus, the 
connectors forming the supports for the ?lament wires are 
so proportioned in cross section relative to the ?lament 
wires that a cathode heating current ?owing through both 
such connectors and the ?lament wires. and of a value 
which will raise the temperature of the ?lament Wires to 
a thermal electron emission will also raise the tempera 
ture of such connectors to a self-cleaning and smoothing 
temperature. The increase in temperature of the con 
nectors is partly by conduction of heat from the ?lament 
wires and partly by resistance heating due to the current 
flow in the connectors themselves. Such self-cleaning 
temperatures are of the order of 1900 to 2000° K. and 
are below temperatures ‘at which substantial thermal emis 
sion of electrons occurs. 
4 The cathode structure of the present invention lends it 
self to providing electron emitting areas which are substan 
tially greater in total area than the tube of the copend 
ing application referred to above. This means that for 
a given total quantity of electron emission from the 
cathode elements, the emission per unit area may be re 
duced, for example, by lowering the temperature to which 
the cathode elements are heated. Thus with the tubes 
of the present invention electron thermal emission temper 
atures of the order of 2700° K. for tungsten ?lament wires 
are entirely possible instead of the 2900‘ to 3000° K. con 
templated in the copending application referred to above. 
This results in less deterioration of the cathode structure 
and longer tube life. 
Also in the construction of the tubes of the present 

invention, the connectors or supports for the cathode ?la 
ment wires may be kept well away from ‘the anodes or 
connections to the anodes such that the likelihood of 
unwanted electron emission from points or projections 
which may occur on such connectors is reduced. The 
pulses of electric energy applied to the anode and the 
cathode are also preferably su?iciently short that the 
high voltage of such pulses is removed before ions from 
the anode have reached the cathode wires or cathode 
connectors. The result is that very little material is car 
ried from the anode to the cathode structure and, if the 
surfaces of the connectors or supports for the cathode 
?lament wires are initially made very smooth, the heating 
action referred to retains such smoothness. 
The cathode structure described above is preferably 

surrounded by a shield and focusing element of metal 
which is ordinarily maintained at substantially the same 
potential as the cathode ?lament wires but which may be 
maintained at a negative potential relative to the ?la 
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ment wires. Such element is preferably in the form of 
a continuous metallic cylinder concentric with the axis 
of the anode and concentric with the cage formed by the 
cathode ?lament wires. By maintaining such shield at 
substantially the same voltage as the cathode during 
operation of the tube or at a potential somewhat nega 
tive with respect to the cathode, the shield acts to focus 
the electrons emitted from the cathode elements upon 
the surface of the anodes by driving such electrons to 
ward the ‘surface of the anode. Such shield also pre 
vents electron bombardment of any glass portion of the 
envelope of the tube by electrons from the cathode as 
well as preventing any positive ion bombardment due to 
ions which might escape from the anodes and pass be 
tween the cathode ?lament wires. 
The conical anode and the cathode structure just de 

scribed enables the smaller end of the anode to be posi 
tioned very close to a wall of the envelope of the tube 
so that high intensity X-rays can be projected from such 
tube. That is to say, the X-rays have their highest in 
tensity immediately adjacent the surface of the anode 
which is being struck by the rapidly traveling electrons 
and for purposes requiring extremely high intensity 
X-rays, the material being subjected to X-ray radiation 
may ‘be placed immediately adjacent the wall of the tube 
opposite the small end of the anode. It is even possible 
to make the shield of the cathode structure a part of 
the wall of the envelope of the tube to provide such 
shield with an end closure so that the resulting shield 
structure projects from the remainder of the tube. The 
anode and cathode structure may then be placed within 
such shield structure so that the X-ray emitting portion 
of the tube may be inserted into an aperture in a body 
to be X-rayed, or treated with X-ray radiation. 

It is therefore an object of the present invention to 
provide an X-ray tube in which electrons emitted both 
by thermal emission and field emission are caused to strike 
the conical surface of a conical anode. 
Another object of the invention is to provide an X-ray 

tube in which a cathode structure made up of a plu 
rality of spaced ?lament wires surrounds the conical sur 
face of a conical anode in order to produce a diffused 
cloud of rapidly traveling electrons striking such surface 
when a high voltage, high current pulse of electric energy 
is supplied to such cathode and anode. 

Another object of the invention is to provide an X-ray 
tube in which a cathode structure made up of a cage 
of heated ?lament wires is employed to emit electrons 
both by thermal emission and ?eld emission and in which 
a shield and focusing structure causes such electrons to 
strike the conical surface of an anode positioned within 
such cage in a manner in which the electrons striking the 
anode are substantially uniformly distributed over the 
surface of such anode. 
A further object of the invention is to provide an 

X-ray tube capable of producing intense pulses of X-ray 
radiation ‘in which the anode surface from which such 
radiation emanates is positioned closely adjacent the wall 
of such tube so that intense radiation is present immedi 
ately externally of such wall. 
A still further object of the invention is to provide an 

X-ray tube capable of producing intense pulses of X-rays 
and in which such X»rays may be produced in a small 
portion of the envelope projecting from the main portion 
envelope of such tube. 
A still further object of the invention is to provide 

an X-ray tube in which a cage-like cathode structure made 
up of ?lament wires extending between connectors form 
ing supports for such wires surrounds the conical surface 
of a conical anode and in which heating the connectors 
of such cage structure to a surface cleaning and smooth 
ing temperature occurs whenever the ?lament wires are 
heated to a suitable thermal electron emission temperature. 

Other objects and advantages of the invention will 
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4 
appear in the following description of preferred embodi 
ments shown in the attached drawing of which: 
FIG. 1 is a view of an X-ray tube in accordance with 

the present invention partly in side elevation and partly 
in axial section; 
FIG. 2 is a partial axial sectional view of one end of 

the tube of FIG. 1 on an enlarged scale and taken on the 
line 2--2 of FIG. 1; 

FIG. 3 is a transverse vertical section of the tube of 
FIGS. 1 and 2, taken on the line 3-—3 of FIG. 2; 

FIG. 4 is an end elevation on the same scale as FIGS. 
2 and 3 of the tube of FIGS. 1 to 3, looking to the right 
in‘ FIG. 1; 

FIG. 5 is a view similar to FIG. 2 of a modi?ed tube 
structure; 

FIG. 6 is a side elevation of a modi?ed X-ray tube in 
accordance with the present invention with parts broken 
away to show internal structure; 
FIG. 7 is an end elevation of the tube of FIG. 6 look 

ing to the right in such ?gure with parts broken away 
to show internal structure; 

FIG. 8 is a side elevation of a modi?ed cathode struc 
ture, usable in any of the tubes of the present invention; 
FIG. 9 is a transverse vertical section through the cath 

ode structure of FIG. 8, taken on the line 9--9 of 
FIG. 8; 

FIG. 10 is a view similar to FIG. 8, showing a further 
modi?ed cathode structure and also a conical anode in 
position in such structure; and 

FIG. 11 is a transverse section of the cathode struc 
ture of FIG. 10, as taken on line 11-11 of FIG. 10. 
The X-ray tube shown in FIGS. 1 to 4 of the drawing 

includes an elongated cylyindrical envelope 20 having a 
reentrant portion 22 at one end thereof. Such reentrant 
portion terminates at its inner end in a cap 24 of suita 
ble metal having a thermal coc?icient of expansion simi 
lar to that of glass of the reentrant portion 22. An anode 
support member 26 in the form of an elongated rod ex 
tends through the cap 24 in sealing relation therewith 
and terminates at its end within the reentrant portion 22 
in a socket member 28 for the reception of a conductor 
such as the inner conductor of a coaxial cable. As shown 
in FIG. 2, the other end of the anode support member 
26 terminates in a conical anode element 30 having its 
axis extending substantially concentric with the axis of 
the envelope 20. 
The anode element 30 is surrounded by a cathode 

structure 32 including a pair of axially spaced cathode 
connectors 34 and 36, each formed of a relatively heavy 
wire bent into an annular portion. Lead portions 38 
projector radially from the annular portion of the connect 
or 34. Such lead portions extend parallel to each other 
and, as shown most clearly in FIG. 1 and FIG. 2, are se 
cured at their ends to a cathode connector pin 42 extend 
ing to the exterior of the tube and mounted in and in 
sulated from a metal cap 44 forming an end closure for 
the envelope 20 at the end opposite the reentrant portion 
22. Similar lead portions 40 project radially from the 
annular portion of the connector 36 and extend parallel 
to each other. The lead portions 40 are secured to a 
connector pin 46 mounted in and also insulated from 
the cap 44 so as to extend axially of the tube to the ex 
terior thereof. The lead portions 38 and 40 thus form 
supports as well as electrical connections for the cath 
ode structure 32. 
A plurality of ?lament wires 48 are welded to the 

annular portions of the connectors 34 and 36 and extend 
in a direction axially of the anode 30 between such por 
trons. Each of the ?lament wires 48 thus has one end 
connected to a connector 34 and its other end to a con 
nector 36. Such wires are uniformly spaced circumfer 
entially around the anode 30 and form a cathode cage 
surrounding and concentric with the axis of the anode 
element 30. The ?lament wires will ordinarily each be 
of the order of 5 to 20 mils in diameter, while the wires 
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of the annular portions of the connectors will, in gen 
eral, be of a diameter providing a cross-sectional area 
somewhat larger than the total of cross-sectional area of 
the ?lament wires. It will be apparent from the draw 
ing that the ?lament wires 48 are straight wires extend 
ing between the connectors 34 and 36, i.e., they are un 
coiled ?lament wires. 
A hollow cylindrical shield and focusing member 50 

surrounds the cage formed by the ?lament wires 48 of 
the cathode structure 32. Such cylindrical shield 50 may 
be supported by a plurality of support rods 52 secured 
to the end cap 44 of the tube at one of their ends and to 
the shield 50 at the other of their ends, for example, by 
spot welding. 
A getter element 54 is also shown in FIG. 2 as being 

positioned within a shielding member 56 and as having 
one end connected to the connector pin 58 extending 
through and insulated from the cap 44. It will be un 
derstood that the other end of the getter element 54 will 
be connected to one of the ?lament leads, such as vthe 
lead 38, so that such getter may be heated during evacu 
ation of the tube. - 
The cap 44 has an aperture 60 therein which is aligned 

with the end of the anode element 30. A thin element 
62 of a suitable metal is secured to the cap 44 so as to 
cover such aperture and form a substantially transparent 
window for X-rays generated on the conical surface of 
the anode element 30. 

In operation of the tube of FIGS. 1 to 4, a suitable 
source of ?lament current is connected between the con 
nector pins 42 and 46 so as to supply heating current to 
the cathode structure 32. With tungsten ?lament wires, 
the heating current is suf?cient to raise the temperature 
of the ?lament wires 48 of the cathode structure 32 to a 
temperature of approximately 2700° K. and is applied 
to the cathode structure a short time before a high volt 
age, high current pulse of electric energy is applied to 
the anode and cathode of the tube. The connectors 34 
and 36 are so proportioned in size with respect to the 
?lament wires that for tungsten connectors, the tempera 
ture thereof is raised to approximately 1900-2000° K. 
during heating of the cathode. ‘The cap 44 of the tube 
is either connected to one of the cathode connector pins 
42 or 46, or is connected to a voltage somewhat nega 
tive to that of either of pins 42 or 46. A high voltage, 
high current pulse of electric energy is then impressed 
between the anode 30 and the cathode structure 32 by 
suitable connections to the socket 28 of the anode sup 
port 26 and to one side of the ?lament heater circuit 
through one of the connector pins 42 and 46. Such pulse 
may be from a pulser of the type disclosed in the co 
pending application of Dyke, Grundhauser and Stunkard, 
Serial No. 103,796, ?led April 18, 1961, and may be the 
order of 300 to 600 kv. or greater with the current of 
10004000 amperes or greater and for a time ranging 
from .1 to .2 microsecond. 

Electrons are emitted from the ?lament wires by both 
?eld emission and thermal emission and such electrons 
travel at extremely high velocity toward the anode and 
strike the conical surface of the anode. Such electrons 
form a diffused cloud of electrons traveling at high ve 
locity so that substantially all portions of the conical 
surface of the anode are struck by such electrons. A high 
intensity pulse of X-rays is produced and viewing the 
anode from its smaller end, such electrons are produced 
from a very small projected area. This provides high 
resolution of X-ray photographs. 
The extremely short pulses of electrical energy at high 

voltage, which are employed to energize the tube of the 
present invention, cause electrons to travel at speed ap 
proaching the speed of light toward the anode and such 
electrons strike the anode before such pulse ceases. How 
ever, there is not su?icien-t time for any positive ions 
which may ‘be produced at the anode to ‘reach the cathode 
before the pulse ceases. Thus very little material re 
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moved from the surface of the anode by electron bom 
bardment travels as far as the cathode structure and most 
of any of such material passes between the cathode ?la 
ment wires and is stopped by the shield 50. Such shield 
therefor not only has a focusing effect causing the elec 
trons to be directed toward the anode but also protects 
the envelope of the tube against ions or any other particles 
traveling radially outward from the anode. The heating 
of the connectors 34 and 36 to a heating and smoothing 
temperature substantially eliminates any deposition of 
such particles upon the surfaces of the connectors and 
substantially eliminates unwanted electron emission from 
such surfaces to thus eliminate the production of X-rays 
from other than the conical surface of the anode. The 
heating current is preferably discontinued immediately 
after a pulse of X-ray radiation has thus been produced 
and is again supplied just prior to the production of an~ 
other pulse of such radiation. 
The tube of FIG. 5 is similar to the tube of FIGS. 1 to 

4 but has a modi?ed cathode structure 63 and end cap 64. 
Such cap has an axially projecting portion 68 in which the 
cathode structure 63 is positioned and which forms a 
shield for the cathode structure. Such projecting shield 
68 has a cathode connector .76 in the form of an annular 
ring of wire positioned within its end which is remote 
from the remainder of the cap 64. Such ring is supported 
'in spaced relation to the shield 68 by spaced support por 
tions 72. A similar connector 74 is positioned Within the 
shield 63 at its end adjacent the remainder of the cap 64 
and is similar in form to the connectors 34 and 36 of 
the tube of FIGS. 1 to 4. Such connector 74 has lead 
and support portions 76 secured to a cathode connector 
pin 78 extending to the exterior of the tube and supported 
in and insulated from the cap 64. 
The two connectors 76 and 74 have axially spaced an 

nular portions concentric with the shield 68 and with the 
anode element 30. A plurality of ?lament wires 86 are 
secured at their ends to such annular portions and extend 
axially of the tube to form a cathode cage around the 
conical anode element 30. Such anode element may be 
of the same construction as the anode element 30 of the 
tube of FIGS. 1 to‘ 4. The cap 64 may have another 
‘cathode connector pin 82 secured to and connected to 
such cap so .that heating current can flow from such pin 
through the cap 64 and then through the support portions 
72, connector 76, ?lament wires 80, and connector 74 in 
cluding support portions ‘76 to the pin 78. A metallic 
window 62 is secured to and closes an aperture in the 
projecting end of the shield 68. 
The operation of the tube of FIG. 5 may be entirely 

similar to that described ‘with respect to the tube of FIGS. 
1 to 4. The major dilierence in tube construction is that 
the anode 30 is positioned closer to the end wall of the 
tube having ‘the metallic window 62 substantially trans 
parent to X~rays so that the high intensity of X-rays im 
mediately adjacent the anode can be brought nearer to 
the object or material being X-rayed or being subjected 
to X-ray radiation. It will be apparent that the cap 64 
may be at ground potential and that the projecting por 
tions 63 of the cap 64 may be inserted into an aperture 
in an article being X-rayed. 
The tube of FIGS. 6 and 7 is similar to the tubes of 

FIGS. 1 to 5, but the anode 3t)‘ and a modi?ed cathode 
structure 82 are shown as being positioned in a glass en 
velope having a right angle bend therein so that the con 
nector pins 84 and S6 for the cathode heater circuit can 
be mounted in a metal cap 88 which is out of the path of 
the usable X-rays produced ‘by the tube. The cathode 
structure 32 of the tube of FIGS. 6 and 7 may 1be very 
similar to‘ the cathode structure 32 of the tube of FIGS. 1 
to 4 and may be supported by connectors 91} and 92 se 
cured to and connected to the connector pins 84 and 86, 
respectively. The shield 94 may ‘be similar to the shield 
5d of FIGS. 1 to 4 and may surround the cathode struc 
ture ‘82 and be supported upon support elements 96 se 
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cured to and extending from the cap 88. A getter ele 
ment 100 may have one terminal connected to a connec 
tor pin 98 and its other end connected to one of the con 
nector pins 84 or 86. 

In the tube of FIGS. 6 and 7, the usable X-rays are 
projected through the left end of the tube as viewed in 
FIG. 6 and the anode can be positioned quite close to the 
wall of the envelope of the tube. The operation of the 
tube of FIGS. 6 and 7 may be entirely similar to that de 
scribed with respect to the tubes of FIGS. 1 to 4 and the 
tube of FIG. 5. 
A modi?ed cathode structure 102 of a type usable with 

any of the tubes described above instead of the cathode 
structures 32, 63 or 82, is shown in FIGS. 8 and 9. Such 
cathode structure 102 includes a cylindrical grid struc 
ture made up of a plurality of conducting portions 104 
extending axially of the cylindrical structure and joined 
together by a plurality of oircumferentially extending con 
ductor portions 106 which form intermediate supports 
for the conducting portions 104. The ends of the grid 
structure thus formed are secured to axially spaced con— 
nectors 1G8 and 110 which may be similar in form to 
the connectors 34 and 36 of the tube of FIGS. 1 to 4. Such 
connectors may have support portions 112 and 114 pro 
jecting radially therefrom so that the cathode structure 
102 may be suitably supported in a tube, for example, in 
the same manner as the cathode structures 32 of FIGS. 1 
to 4. It will be apparent that the conductor portions 104 
are, in fact, ?lament wires extending between the connec 
tors 110 and 112 and that the operation of tubes contain 
ing the cathode structures of FIGS. 8 and 9 is substan 
tially similar to that of the other tubes described above. 
The cathode structure of FIGS. 10 and 11 is similar to 

that of FIGS. 8 and 9, except that the conductor portions 
124 which form the ?lament wires extend circumferen 
tially of the cathode structure instead of axially thereof. 
Such conductor portions have their ends connected to con 
nectors 126 and 128 extending longitudinally of the cath~ 
ode structure. The various conductor portions 124 may 
have intermediate portions connected together by connect 
or portions 128 so that the cathode structure is in the 
form of a hollow cylindrical grid surrounding the anode 
30. The connectors 125 and 123 may have lead and 
support portions 131) and 132 for supporting the cathode 
structure in a tube and for forming heating current con 
nections for the cathode structure. It will be understood 
that a shield similar to the shield 50 of the tube of FIGS. 
1 to 4 will be positioned around the cathode structures 
of FIGS. 8 to 11 and that with slight modi?cation, such 
cathode structures may be employed in tubes of the type 
shown in FIG. 5 or in FIGS. 6 and 7. The cathode struc 
tures of FIGS. 8 and 9 may be made, for example, by 
photoetching apertures in a tubular metal member having 
thin walls or in the case of FIGS. 10 and 11, by etching 
apertures in a thin sheet of metal which is later formed 
into a slotted tubular member. 
The anode elements and also the ?lament wires and 

cathode connectors and supports of the various cathode 
structures described above are preferably made of tung 
sten although other refractory metals may be employed. 
The other elements such as the support elements for the 
anode and cathode structures are also preferably made 
of tungsten but may be made of various other metals. 
The caps 24, 44, 64 and 88, which are sealed directly to 
portions of the glass envelopes of the tubes may be of 
any suitable alloy having a thermal temperature coe?i 
cient of expansion similar to that of the glass employed, 
and a number of combinations of glass and such alloys 
are available commercially. The conical anode can be 
quite small in diameter at its large end, for example, of 
the order of 50 to 100 mils, and have a small angle be 
tween the elements of its conical surface and its axis, for 
example, of the order of 7°. 
While I have disclosed the preferred embodiments of 

my invention, it is apparent that the invention is not to 
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be limited to details thereof but that the scope of the 
invention is to be determined by the following claims. 
We claim: 
1. An X-ray tube comprising: 
an evacuated envelope, 
an elongated conical anode supported in said envelope, 
anode connector means extending to the exterior of 

said envelope, 
‘a combined ?eld emission and thermal emission cathode 

structure supported in said envelope and surrounding 
said anode, 

said cathode structure including a plurality of uncoiled 
?lament wires positioned around said anode and 
spaced from each other and substantially parallel to 
each other and radially spaced from said anode, 

and cathode connector means including electrical con 
nections extending from the opposite ends of said 
?lament wires to the exterior of said envelope to 
provide for heating said ?lament wires and causing 
the emission of electrons from said ?lament wires by 
combined ?eld emission and thermal emission. 

2. An X-ray tube comprising: 
an evacuated envelope, 
an elongated conical anode positioned in said envelope, 
anode connector and support means providing an elec 

trical connection extending to the exterior of said 
envelope, 

a hollow cylindrical combined ?eld emission and ther 
mal emission cathode structure in said envelope and 
concentrically surrounding said anode, 

said cathode structure including a plurality of uncoiled 
?lament wires positioned around said anode and 
spaced from each other and substantially parallel to 
each other and radially spaced from said anode, 

cathode connector and support means including elec 
trical connections extending from the opposite ends 
of said ?lament wires for connecting said wires in 
parallel and extending to the exterior of said envelope 
to provide for heating said ?lament wires and caus 
ing the emission of electrons from said ?lament wires 
by combined ?eld emission and thermal emission, 

and an elongated hollow cylindrical shield concentrical 
1y surrounding and radially spaced from said cathode 
structure. 

3. An X-ray tube comprising: 
an evacuated envelope, 
an elongated conical anode positioned in said envelope, 
anode connector and support means providing an elec 

trical connection extending to the exterior of said 
envelope, 

a combined ?eld emission and thermal emission cathode 
structure including an elongated circular cage of 
uncoiled ?lament wires supported in said envelope 
and concentrically surrounding said anode, 

said ?lament wires being spaced from each other and 
substantially parallel to each other and being radially 
spaced from said anode, 

cathode connector means making electrical contact with 
the opposite ends of said wires for connecting said 
wires in parallel and extending to the exterior of 
said envelope to provide for heating said ?lament 
wires and causing the emission of electrons from 
said ?lament wires by combined ?eld emission and 
thermal emission, 

an elongated hollow circular shield of electrical con 
ducting material concentrically surrounding and 
radially spaced from said cage, 

and means for supporting said shield in said envelope 
and providing an electrical connection thereto to 
the exterior of said envelope. 

4. An X-ray tube comprising: 
an evacuated envelope, 
an elongated conical anode supported in said envelope, 
anode connector means providing an electrical connec 

tion extending to the exterior of said envelope, 
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said anode and substantially parallel to each other 
and spaced from said anode and from each other axi~ 
ally of said anode, 

a cathode connector means connecting one end of each 
of said wires together, 

a similar cathode connector means connecting the other 
end of each of said Wires together, 

said cathode connectors including electrical connections 
extending to the exterior of said envelope to provide 
for heating said ?lament wires and causing the emis 
sion of electrons from said ?lament wires by com 
bined ?eld emission and thermal emission, 

an elongated hollow circular shield of conducting ma 
terial concentrically surrounding and radially spaced 
from said cathode structure, 

and means for supporting said shield in said envelope 
and providing an electrical connection to said shield 
from the exterior of said envelope. 

11. An X-ray tube comprising: 
an evacuated envelope, 
an elongated conical anode supported in said envelope, 
anode connector means providing an electrical connec 

tion extending to the exterior of said envelope, 
a cathode structure supported in said envelope and sur 

rounding said anode, 
said cathode structure including a plurality of ?lament 

Wires spaced from each other and substantially paral~ 
lel to each other and radially spaced from said anode, 

a cathode connector means connecting one end of each 
of said wires together, a similar cathode connector 
means connecting the other end of each of said wires 
together, 

said cathode connectors providing cathode electrical 
connections extending from said connectors to the 
exterior of said envelope, and having portions adja 
cent said anode which are greater in cross-sectional 
area than the combined cross-sectional areas of said 
?lament wires and proportioned with respect to said 
?lament Wires to provide for heating said portions 
to a surface cleaning and smoothing temperature be 
low a thermal electron emission temperature when a 
?lament heating current is passed in series through 
said cathode connector means and said wires in an 
amount heating said wires to a thermal electron 
emission temperature. 

12. An X-ray tube comprising: 
an evacuated envelope7 
an elongated conical anode supported in said envelope, 
anode connector means providing an electrical connec 

tion extending to the exterior of said envelope, 
an elongated circular cage of ?lament wires supported 

in said envelope and concentrically surrounding said 
anode, 

said ?lament wires being spaced from each other and 
substantially parallel to each other and being radially 
spaced from said anode, 

cathode connector means making electrical contact with 
the opposite ends of said wires and providing electri 
cal connections connecting said wires in parallel 
and extending to the exterior of said envelope, 

and an elongated circular shield concentrically sur 
rounding and radially spaced from said cage, 

said cathode connector means having their portions 
adjacent said anode greater in cross-sectional area 
than the combined cross-sectional areas of said ?la 
ment wires and proportioned with respect to said 
?lament wires to provide for heating said portions 
to a surface cleaning and smoothing temperature be— 
low a thermal electron emission temperature when 
a ?lament heating current is passed in series through 
said cathode connector means and said wires in an 
amount heating said wires to a thermal electron 
emission temperature. 

13. An X-ray tube comprising: 
an evacuated envelope, 
an elongated conical anode supported in said envelope, 
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anode connector means providing an electrical con 
nection extending to the exterior of said envelope, 

a combined ?eld emission and thermal emission cath 
ode structure supported in said envelope and sur 
rounding said anode, 

said cathode structure including a plurality of uncoiled 
?lament wires positioned around said anode and 
spaced from each other and substantially parallel to 
each other and radially spaced from said anode, 

cathode connectors including electrical connections ex 
tending from the opposite ends of said ?lament wires 
to the exterior of said envelope to provide for heat 
ing said ?lament wires and causing the emission of 
electrons from said ?lament wires by combined ?eld 
emission and thermal emission, 

said anode having its smaller end adjacent and directed 
toward a wall of said envelope. 

14». An X-ray tube comprising: 
an evacuated envelope, 
an elongated conical anode supported in said envelope, 
anode connector means providing an electrical connec— 

tion extending to the exterior of said envelope, 
an elongated circular cage of uncoiled ?lament wires 

supported in said envelope and concentrically sur 
rounding said anode, 

said ?lament wires being spaced from each other and 
substantially parallel to each other and being radially 
spaced from said anode, 

cathode connector means making electrical contact with 
the opposite ends of said wires and including cath 
ode electrical connections extending to the exterior 
of said envelope to provide for heating said ?lament 
wires and causing the emission of electrons from 
said ?lament wires by combined ?eld emission and 
thermal emission, 

and an elongated hollow circular shield concentrically 
surrounding and radially spaced from said cage, 

said anode having its smaller end adjacent and directed 
toward a wall of said envelope. 

15. An X-ray tube comprising: 
an evacuated envelope, 
a conical anode supported in said envelope, 
anode connector means providing an electrical connec 

tion extending to the exterior of said envelope, 
an elongated circular cage of ?lament wires supported 

in said envelope and concentrically surrounding said 
anode, 

said ?lament wires being spaced from each other and 
substantially parallel to each other and being radially 
spaced from said anode. 

cathode connector means making electrical contact with 
the opposite ends of said wires and providing cathode 
electrical connections extending to the exterior of 
said envelope, 

and an elongated hollow circular shield concentrically 
surrounding and radially spaced from said cage, 

said shield having an end wall and being a part of 
said envelope and projecting in a direction axially of 
said shield from the remainder of said envelope, 

said anode having its smaller end adjacent and directed 
toward said end wall. 

16. An X-ray tube comprising: 
an evacuated envelope, 
a conical anode supported in said envelope, 
anode connector means providing an electrical con 

nection extending to the exterior of said envelope, 
an elongated circular cage of ?lament wires supported 

in said envelope and concentrically surrounding said 
anode, 

said ?lament wires being spaced from each other and 
substantially parallel to each other and being radially 
spaced from said anode, 

cathode connector means making electrical contact with 
the opposite ends of said wires and providing cathode 
electrical connections extending to the exterior of 
said envelope, 
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a combined ?eld emission and thermal emission cathode 
structure supported in said envelope and surround 
ing said anode, 

said cathode structure including a plurality of similar 
uncoiled ?lament wires positioned around said anode 
and spaced from each other and substantially parallel 
to each other and radially spaced from said anode, 

a cathode means connecting one end of each of said 
wires together, and a similar cathode connector means 
connecting the other end of each of said wires to 
gether, 

said cathode connector means including cathode elec 
trical connections extendiing to the exterior of said 
envelope to provide for heating said ?lament wires 
and causing the emission of electrons from said ?la 
ment wires by combined ?eld emission and thermal 
emission. 

5. An X-ray tube comprising: 
an evacuated envelope, 
an elongated conical anode supported in said envelope, 
anode connector means providing an electrical con 

nection extending to the exterior of said envelope, 
a combined ?eld emission and thermal emission cathode 

structure supported in said envelope and surround 
ing said anode, 

said cathode structure including a plurality of similar 
?lament wires extending axially of said anode and 
substantially parallel to each other and radially spaced 
from said anode and spaced from each other cir 
cumferentially around said anode, 

a cathode connector means connecting one end of each 
of said wires together, 

and a similar cathode connector means connecting the 
other end of each of said wires together, 

said cathode connector means including cathode elec 
trical connections extending to the exterior of said 
envelope to provide for heating said ?lament wires 
and causing the emission of electrons from said ?la 
ment wires by combined ?eld emission and thermal 
emission. 

6. An X-ray tube comprising: 
an evacuated envelope, 
an elongated conical anode supported in said envelope, 
anode connector means providing an electrical con 

nection extending to the exterior of said envelope, 
a combined ?eld emission and thermal emission cathode 

structure supported in said envelope and surround 
ing said anode, 

said cathode structure including a plurality of similar 
uncoiled ?lament Wires extending axially of said 
anode and substantially parallel to each other and 
radially spaced from said anode and spaced from 
each other circumferentially around said anode, 

reinforcing elements extending circumferentially of said 
cathode structure and connecting said ?lament wires 
together at intermediate points along their lengths, 

a cathode connector means connecting one end of 
each of said wires together, 

and a similar cathode connector means connecting the 
other end of each of said wires together, 

said cathode connector means including electrical con 
nections extending to the exterior of said envelope 
to provide for heating said ?lament wires and causing 
the emission of electrons from said ?lament wires 
by combined ?eld emission and thermal emission. 

7. An X-ray tube comprising: 
an evacuated envelope, 
an elongated conical anode supported in said envelope, 
anode connector means providing an electrical con 

nection extending to the exterior of said envelope, 
a combined ?eld emission and thermal emission cathode 

structure supported in said envelope and surround 
ing said anode, 

said cathode structure including a plurality of similar 
uncoiled ?lament wires extending axially of said 
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16 
anode and substantially parallel to each other and 
radially spaced from said anode and spaced from 
each other circumferentially around said anode, 

a cathode connector means connecting one end of each 
of said wires together, 

a similar cathode connector means connecting the other 
end of each of said wires together, 

said cathode connector means including electrical con 
nections extending to the exterior of said envelope 
to provide for heating said ?lament wires and causing 
the emission of electrons from said ?lament wires 
by combined ?eld emission and thermal emission, 

an elongated hollow circular shield of conducting ma 
terial concentrically surrounding and radially spaced 
from said cathode structure, 

and means for supporting said shield in said envelope 
and providing an electrical connection to said shield 
from the exterior of said envelope. 

8. An X-ray tube comprising: 
an evacuated envelope, 
an elongated conical anode supported in said envelope, 
anode connector means providing an electrical con 

nection extending to the exterior of said envelope, 
a combined ?eld emission and thermal emission cathode 

structure supported in said envelope and surrounding 
said anode, 

said cathode structure including a plurality of similar 
uncoiled ?lament wires extending circumferentially 
around said anode and substantially parallel to each 
other and spaced from said anode and from each 
other axially of said anode, 

a cathode connector means connecting one end of 
each of said wires together, 

and a similar cathode connector means connecting the 
other end of each of said wires together, 

said cathode connector means including electrical con 
nections extending to the exterior of said envelope 
to provide for heating said ?lament wires and caus 
ing the emission of electrons from said ?lament wires 
by combined ?eld emission and thermal emission. 

9. An X-ray tube comprising: 
an evacuated envelope, 
an elongated conical anode supported in said envelope, 
anode connector means providing an electrical con 

nection extending to the exterior of said envelope, 
a combined ?eld emission and thermal emission cathode 

structure supported in said envelope and surrounding 
said anode, 

said cathode structure including a plurality of similar 
uncoiled ?lament wires extending circumferentially 
around said anode and substantially parallel to each 
other and spaced from said anode and from each 
other axially of said anode, 

reinforcing elements extending axially of said cathode 
structure and connecting said ?lament wires together 
at intermediate points along their lengths, 

a cathode connector means connecting one end of 
each of said wires together, 

and a similar cathode connector means connecting the 
other end of each of said wires together, 

said cathode connector means including electrical con 
nections extending to the exterior of said envelope 
to provide for heating said ?lament wires and caus 
ing the emission of electrons from said ?lament wires 
by combined ?eld emission and thermal emission. 

10. An X-ray tube comprising: 
an evacuated envelope, 
an elongated conical anode supported in said envelope, 
anode connector means providing an electrical con 

nection extending to the exterior of said envelope, 
a combined ?eld emission and thermal emission cath 

ode structure supported in said envelope and sur 
rounding said anode, 

said cathode structure including a plurality of uncoiled 
?lament wires extending circumferentially around 
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and an elongated hollow circular shield means concen- References Cited by the Examiner 
iraigzlly surrounding and radially spaced from said UNITED STATES PATENTS 

said shield means having an end wall and being a part 2,097,002 10/1937 Thauer ------------ -- 313-56 

of said envelope and projecting in a direction axially 5 21132320 9/1938 MCEU‘?‘ ---------- -- 3135*” 
of said shield from the remainder of said envelope, 33333142‘; gapaglsawal' ‘‘‘‘ “3 3'4??? 

said shield means forming a part of said cathode con- ’ ’ ulpers at a ' “"‘ _ 

nector means and providing part of the electrical con- HERMAN KARL SAALBACH Primary Examiner‘ 
nection to one end of said Wires, ’ 

said anode having its smaller end adjacent and directed 10 GEORGE WESTBY: Examine" 
toward said end Wall. S. CHATMON, 111., Assistant Examiner. 
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