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ABSTRACT OF THE DISCLOSURE 

Means are provided by which coolant is passed through 
the oil-seal ?ange at one side of the insulating oil chamber 
and directed through ?exible, high strength dielectric tub 
ing to the region of the cathode emitter. After ?owing 
through a passage adjacent the region to be cooled, coolant 
is returned to a heat exchanger or supply source through 
another tube of similar material at a remote part of the 
oil-seal ?ange. The coolant is grounded by a positive 
electrical ground connected at any desired point on the 
oil-seal ?ange. 
m 

This invention relates to electron discharge devices and, 
more particularly, to high power output devices in which 
cooling is required to permit increased high average power 
operation. 
As high power levels are reached in the operation of 

ampli?er tubes such as the microwave cross?eld ampli?er 
tube, the tube’s cathode absorbs energy from electrons 
which are returned by the interaction process. This back 
bombardment by electrons is relatively unimportant in 
low power devices but becomes exceedingly important in 
higher power devices because the back-bombardment 
energy adds to the heating of the cathode as the operating 
power level is increased. Eventually the cathode is raised 
to such high temperatures that radiation cooling is in 
effective, resulting in melted or vaporized materials therein. 

In the ?eld, the melting and vaporization of cathode 
materials has de?ned an upper limit to the operating 
average power levels attainable by devices incorporating 
these tubes. In the laboratory, this power limitation has 
been avoided by causing liquid coolant to ?ow from open 
receptacles through the cathode structure to remove heat 
in the same or similar manner as liquid coolants are used 
in many heated devices. 

Several disadvantages are inherent in prior cathode cool 
ing devices of the type mentioned, perhaps the most seri 
ous being the exposure of personnel to a coolant which 
is at the same high voltage as the cathode. Although 
insulation may be provided along the coolant path be 
tween the cathode and the coolant source, there is no 
known device or method for making the coolant lines 
and connections compatible with conventional tube sys 
tems. In particular, where high voltage bushings are im 
mersed in insulating oil there is no known device or 
method for introducing coolant ?uid into the cathode 
structure through an oil chamber without effecting major 
alterations to the structure and chamber. The microwave 
cross?eld ampli?er tube is an example of an important 
microwave component which is increasing in use and re 
quires cathode cooling means not available at the present 
state of the art. 
One embodiment of the present invention solves the 

problem of mounting higher powered microwave cross 
?eld ampli?er tubes and coolant lines therefor in con 
ventionally oil-insulated systems by providing for safe 
and practical entrance and egress of the cathode coolant 
without signi?cantly affecting normal high power output 
tube mounting arrangements. 

Accordingly, it is an object of the present invention to 
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provide a novel method of and means for applying coolant 
to the cathodes of high power output devices. 

Another object of the present invention is to provide 
means for cooling the cathode structure of tubes operat 
ing at high average power such as microwave cross?eld 
ampli?er tubes without exposing personnel to lethal high 
voltages. 
A further object of this invention is to provide a novel 

means of and method for entrance and egress of cathode 
coolant in high power output devices without signi?cant 
change in conventional tube mounting structure. 

Other objects, advantages and novel features of the 
invention will become apparent from the following de 
tailed description of the invention when considered in 
conjunction with the accompanying drawings wherein: 

FIG. 1 is an elevation view, partly cut away, of a power 
tube embodying the present invention; and 
FIG. 2 is an enlarged view, in section, of the novel 

features of the invention in relation to the structure of a 
conventional power tube. 

Referring now to the drawings wherein like reference 
numerals designate identical or corresponding parts 
throughout the views, and more particularly to FIG. 1, 
a high power output tube such as Amplitron tube 11 is 
shown supported on a chamber 12 which contains a pulse 
transformer 13 and is filled with insulating oil as indicated 
at 14. Tube 11 is a microwave cross?eld ampli?er tube 
having a cathode 15 located along an axis 16 which is 
concentric with the tube anode 17. Anode cooling is not 
a part of this application but is effected through an inlet 
18, tubes 19 and an outlet 20, all of which are outside of 
chamber 12 and, therefore, present no problem such as 
that posed in providing cathode cooling. 

Excessive cathode heating is controlled by removing 
the excess heat from the cathode via a liquid coolant which 
is forced to ?ow from a coolant source, not shown, through 
conduit means which include an inlet tube 23 and an 
outlet tube 24, both of which are disposed entirely Within 
chamber 12 and its sealing ?ange 25. Since, in the em 
bodiment illustrated, chamber 12 is hermetically sealed at 
?ange 25, a pair of coolant lines 27 and 28 are connected 
to passages through the oil-seal ?ange 25 in ?ttings 29 
and 30, respectively, so as to maintain the integrity of the 
hermetically sealed chamber. In oil-?lled chamber 12, high 
voltage exists at 32 and ground potential at 33, these 
being separated by an insulator 34. Inlet and outlet tubes 
23 and 24, respectively, are nonconducting and ?exible 
and preferably are made of high dielectric strength tub 
ing. Conventional sealing components, such as externally 
threaded connections 36, nuts 37 and adapters 38, are 
used at the ends of tubes 23 and 24. 

FIG. 2 shows the cathode structure in enlarged cross 
section as comprising an outer conductive sleeve 40 to 
which a cathode emitter 41 is attached and a centrally 
disposed inner sleeve 42 which provides an inlet passage 
44 for coolant ?uid. An outlet passage 45 is formed be 
tween outer conductive tube 40 and inner sleeve 42. High 
voltage applied at the lower end of the structure to a con 
nector 48 is conducted through inlet cap 49, lower plate 
50, collar 51 and upper plate 52 to the lower end 55 of 
insulator 32. Sleeve 42 and cap 49 are attached to lower 
plate 50 in sealing engagement therewith, plate 50 also 
receiving in sealing engagement an outlet cap 56. Cap 49 
provides a plenum for intake coolant while collar 51 and 
cap 56 form a plenum 57 for discharge coolant. Plate 50 
supports and centers inlet sleeve 42 in the device although 
additional centering means, not shown, may be included 
adjacent the end of the tube remote from plate 50 to in 
sure that sleeve 42 remains in the desired position. Outer 
sleeve 40 receives support and ‘centering from an insert 
58 in upper plate 52. A central support member such as 
pole piece 59 is provided which is maintained at ground 
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potential and spaced an appropriate distance from the 
high voltage of cathode support sleeve 40. A pair of end 
hats 60 and 61 are positioned on and supported by the 
cathode for the purpose of shaping electrical ?elds in the 
device. , 

On the exposed side 65 of sealing ?ange 25, ?ttings 30 
are secured in sealing engagement on a pair of externally 
threaded tube stubs 66 and 67, respectively. A venting 
chamber 70 is formed by a ?anged plate 72 and ?ange 25. 
Tube stubs 66 and 67 pass through venting chamber 70 
to preserve the integrity of the cooling system. The stubs 
66 and 67 connect ?ttings 29 and 3G to tubes 23 and 24, 
respectively. Flange 72 is perforated as shownat 73 to 
provide communication between housing 12 and chamber 
70. Flange 25 has a hole, not shown, in its exposed side 
65 to receive a vent ?tting, not shown, permitting air 
trapped in housing 12 to be vented therefrom after the 
housing has been scaled. 
A source of coolant, not shown, and pumping means, 

not shown, complete the cooling system. Since the entire 
cooling system is electrically grounded at ?ange 25, there 
is no danger of exposing personnel to lethal voltages. 
Coolant enters through line 27, ?tting 29, stub 66 and 
inlet tube 23, thence is directed into inlet cap 49 and 
through passage 44 in inner sleeve 42 to the region of 
cathode emitter 41. The return ?ow is directed downward 
past the cathode emitter region and through passage 45 
to plenum 57 between plates 50 and 52, thence through 
cap 56, outlet tube 24, stub 67, ?tting 30 and line 28, to 
a heat exchanger, not shown, or directly to the coolant 
source. 

Coolant lines 27 and 28 and tubes 23 and 24 prefer 
ably are made of ?exible high strength dielectric material 
to provide for differential expansion and resistance to im 
pact damage. Negligible leakage current losses occur in 
such lines, and their composition is selected for chemical 
inertness to the oils and coolant ?uids encountered. The 
material of the lines further has the property of being 
capable of forming a seal with the metal ?ttings and 
terminal connections of the device. 
By having the coolant path traverse oil-seal ?ange 25, 

the conventional high voltage bushing oil seal may be 
made in the usual manner thereby avoiding a necessity 
for installing separate oil seals in additional openings in 
chamber 12. A positive electrical ground of the coolant 
is provided by a ground connection 74 at the oil-seal 
?ange. 

There is thus provided a safe, simple method of and 
means for removing excess heat from a cathode structure 
during high voltage operation. The invention is readily . 
adaptable for use in other tube types as well as in fore 
seeable future high power tube devices and should make 
possible increased average power ratings therein. 

Obviously many modi?cations and variations of the 
present invention are possible in the light of the above 
teachings. It is therefore to be understood that within the 
scope of the appended claims the invention may be prac 
ticed otherwise than as speci?cally described. 
What is claimed is: 
1. In a microwave cross?eld ampli?er device having 

an isolated high voltage connection, the combination 
therewith of: 
means for cooling at least a non-isolated portion of 

said device; 
said cooling means including a coolant source disposed 

externally of the isolated portion of said device; 
said cooling means further including a coolant ?uid 

and conduit means for conducting said ?uid through 
said device; and 

said conduit means having inlet and outlet connections 
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to said non-isolated portion of the device disposed 
in the isolated portion thereof. 

2. The device of claim 1 wherein said high voltage 
connection is disposed in a chamber; 

said chamber being ?lled with insulating oil and sealed; 
and 

said non-isolated portion of the device includes the 
cathode thereof whereby coolant ?uid is introduced 
into the device and exited therefrom through conduit 
means which are disposed at least partly within the 
insulating oil in said chamber. 

3. The device of claim 1 wherein said chamber is 
sealed by a sealing ?ange; and 

said conduit means are admitted into the chamber 
through said sealing ?ange. 

4. The device of claim 3 wherein said conduit means 
includes 

an inlet section and an outlet section disposed within 
said chamber; 

said inlet and outlet sections composed of ?exible non 
conducting material. 

5. The device of claim 4 wherein said conduit means 
further includes 

a centrally disposed inlet passage extending through 
said ?ange to a point beyond said cathode; and 

an outer return passage concentrically disposed about 
the inlet passage and terminating Within said cham 
ber. 

6. The device of claim 5 wherein said cross?eld micro 
wave ampli?er includes 

a non-conducting central support member attached to 
said ?ange; 

said support member disposed externally of said cham 
ber; 

a high voltage connector disposed within said chamber 
remote from said central support member for con 
ducting high voltage thereinto; 

passage forming means connecting said high voltage 
connector and said cathode; and 

insulating means disposed in said chamber concentri 
cally spaced about at least a portion of said passage 
forming means. 

7. The device of claim 6 and further including 
a centrally disposed inner elongated sleeve extending 
from a position adjacent said high voltage connector 
to a point beyond said cathode; 

an outer sleeve concentrically disposed about and 
spaced from said inner sleeve; 

said passage forming means forming a plenum at the 
end of said outer sleeve; 

said plenum communicating with said outlet section; 
said outer sleeve extending beyond said inner sleeve in 

the vicinity of said cathode to permit intercommuni 
cation of said inlet and said outer passages so that 
coolant ?uid entering through said inlet section will 
traverse said inner sleeve and thence said outer pass 
age past said cathode to said plenum and out through 
said outlet section. 
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