


April 6, 1948, D. B. LANGMUIR 2,439,173 

  



Patented Apr. 6, 1948 2,439,173 

UNITED STATES PATENT OFFICE 
2,439,173 

ELECTRON DISCHARGE DEVICE 
David B. Langmuir, Englewood, N.J., assignor to 

Radio Corporation of America, a corporation 
of Delaware 

Application August 12, 1943, Serial No. 498,271 

10 Claims. (Cl. 250-27.5) 

My invention relates to electron discharge de 
vices particularly useful at ultra high frequencies 
and a SSociated circuit elements. 

Broadly, the electrode elements utilized in elec 
tron discharge devices for use at high frequencies 
must be Small and closely spaced to reduce the 
inductance of the electrodes and leads as well as 
the interelectrode capacities so that the device 
may Operate at the high frequencies. On the 
other hand, in order to obtain high power out 
put, electron discharge devices must be able to 
dissipate large amounts of power and heat. In 
devices of this kind, problems involving seals, 
Circuits and assembly of the electrode mounts 
must be Solved with other than conventional 
Structures, 

In more detail the more important features 
of Such electron discharge devices are that the 
Cathode must be capable of producing compara 
tively large emission currents and close spacing 
between electrodes must exist to permit advan 
tageous and efficient use of these emission cur 
rents. The electrode structures must be such 
that there exists a minimum capacitance be 
tween the electrodes and their leads consider 
ing their characteristics. Connections of high 
conductance and low inductance must be pro 
Vided between the electrodes of the device and 
the circuits associated with the device. Inter 
electrode insulating supports must withstand high 
Voltages and have low losses at the high fre 
quencies. Structural designs must be such as to 
permit large power and heat dissipation by ther 
mal conduction and radiation. While compact 
mount assembly is required the design must be 
Such as to facilitate the use of jig assemblies for 
rapid and accurate assembly of the device. It is 
also desirable that such devices may be easily 
disassembled for repairs. 

It is therefore an object of my invention to 
provide an electron discharge device particularly 
useful at ultra high frequencies and capable of 
generating comparatively high power. 
Another object of my invention is to provide 

an electron discharge device in which the cath 
ode is capable of providing comparatively large 
emission Currents. 
A further object of my invention is to provide 

Such a device having close spacings between 
electrodes which will enable advantageous use to 
be made of the emission currents to thereby pro 
Vide higher operating efficiency. 
Another object of my invention is to provide 

an electron discharge device of the type described 
having minimum capacitance between electrodes. 
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A still further object of my invention is to 

provide an electron discharge device in Which 
the connections between the electrodes of the 
electron discharge device and circuits associated 
therewith are of high conductance and low in 
ductance. 
A further object of my invention is to pro 

vide such a device in which insulation loSSes are 
low at high frequencies and in which the struc 
tural design is such as to provide comparatively 
high power heat dissipation by thermal conduc 
tion and radiation. 
A further object of my invention is to provide 

such a device and circuit which is of rea,Son 
able size and economical to Operate. 
A still further object of my invention is 50 

provide a device of the type described in which 
seals between envelope and leads are facilitated 
and accuracy of electrode alignment promoted by 
simple construction permitting the use of accu 
rate jigs for this purpose. 
Another object of my invention is to provide 

such a device in which dismantling of the device 
is facilitated for repair purposes. 
The novel features which I believe to be chair 

acteristic of my invention are Set forth With 
particularity in the appended claims, but the 
invention itself will best be understood by ref 
erence to the following description taken in con 
nection with the accompanying drawing in which 
Fig. 1 is a longitudinal section of an electron dis 
charge device made according to my invention; 
Fig. 2 is a transverse section taken along the 
line 2-2 of Fig. 1; Fig. 3 is a Schematic dia 
gram of an electron discharge device made ac 
cording to my invention and its associated cir 
cuit; Fig. 4 is a longitudinal section of an en 
larged detail of Fig. 1. 
In accordance with my invention I provide an 

electron discharge device with an envelope mostly 
of metal, a portion 0 of which includes the 
transverse anode block O'. This portion may be 
cylindrical and is terminated by means of the 
flanges and 2 which are sealed to end clo 
sure members to be described to provide an evac 
uated envelope. The transverse section 18' has 
extending therethrough chambers or anode cavi 
ties 3 and 4 of cylindrical shape. Positioned 
within these cavities are indirectly heated cath 
odes 5 and 6 provided with heaters and 3 
aS shown in greater detail in Fig. 4. The drum 
shaped cathodes which may be coated on the 
outside with the usual electron emitting coatings 
are Supported by tubular leads 9 and 23 having at 
their upper ends the metallic conducting inserts 
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2 and 22 provided with the supporting and pin 
like leads 23 and 24. One end of the cathode heat 
ers is directly connected to the pins 23 and 25, 
and the other end of the leads extends thru aper 
tures 2” and 22” in the insertS 2 ard 2 and 
are electrically connected to the leads 23 and 24 
coaxial with members 9 and 29, and Sealed at 
their ends to the tubular members 9 and 2 by 
the cup-shaped insulating members 25 and 28. 
These tubular members may form with a shorting 
bar 60 a Lecher wire System connected oetween 
the cathodes. The tubular members 9 and 2 
extend through and are sealed to a cup-shaped 
closure member 27 Supported and sealed to a 
collar-like member 28 brazed or Welded vacuum 
tight to the ring member 29 which cooperates with 
the fange i 2. 
To provide a vacuum tight seal between the 

closure member Supporting the cathode and 
cathode leads and the flange f2., I provide a bead 
Or rib 2 extending around the Surface of the 
flange 2 which is pressed into a metallic gas 
ket 3) preferably of copper so that a diffusion 
Seal results when the bolt members 3 are screwed 
up tight. In order to definitely limit the spac 
ing between the electrode elements I provide a, 
lip 2' extending around the periphery of flange 
2. With this arrangement it is possible with 

jigs to accurately position the cathodes within the 
anode cavities during assembly when the other 
^lor Ure memrber cooperating with the filange i 4 is 
not in position. The Seals for the cathode leads 
can be made and the jigs then Withdrawin. The 
proceSS may be repeated for the grid members 
when the cathode closure and supporting member 
is removed from the end of the anode block cyl 
inder, 
The grids are supported from the opposite end 

of the device by means of a ; second closure mem 
berº cooperating Withºthe flange : ... A cross mem 
ber 49 Supports the studs if and 42. Supported 
from the Studs and secured thereto are a pair of 
-grid members, 35 and 36: one of which is shown in 
greater detail in Fig. 4. As shown each grid com 
prises an inverted cup-shaped member 3 and a 
bottom ring 38 between which extends the grid 
wires 39 the ends of which may be welded to the 
Cup 37 and ring 38. The cup-shaped member 3 
is provided with an aperture through which the 
-Screw 43-extends to secure the grid to the stud A . 
The grids therefore are connected to the ter 
minals of a Liecher wire System comprising cross 
member 4 and studs. , the entire assembly be 
ing Supported and sealed through the closure 
member - by means of the rod A: brazed or 
Welded vacuum tight to the tubular member 5 
Which in turn is sealed vacuum tight to the col 
la,r 45 by means of the domne-sthaped insula,üing 
Sealing element 47. The closure member 48 is 
sealed vacuum tight to the flange i? when the 
metallic gasket 59, preferably of copper, receives 
the rib or bead 49 when bolt members 52 are 
Screwed up tight, the closure member being lim 
ited in longitudinal movement by the lip Si on 
flange . The envelope may be exhausted 
through the tubular exhaust member 53 sealed 
Wa-culum tight by the cup-shaped element 54. 
The circuit arrangement utilized with an elec 

tron discharge device made according to may in 
vention is disclosed in Fig. 3. The grids 35 and 
38 are connected in Lecher wire fashion by means 
of the Supporting and connecting bar A.S. As de 
Scribed, the cathodes 5 and S are likewise con 
nected into a Lecher wire system by means of 
the tubular cathode leads 9, 2 and a slidable 
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4 
shorting bar 6. If desired and if necessary, ra 
dio frequency currents may be eliminated in the 
cathode heater leads by tuning these leads in the 
usual way. The shorting bar 6 may be placed 
across the ends of the members 9 and 2 and 
may be moved longitudinally along these tubular 
nenbei's to tune the circuit. A coupling loop 6 
may be utilized to extract energy from the de 
vice. Cathode heater current may be supplied by 
the transformer 62 and anode voltage by means 
of the voltage Source 3, the anodes and Voltage 
Source being grounded. Bias on the grids 35 and 
38 is provided by means of the bias resistor Gi. 
The device Operates in a push-pull manner. 

Because of the large mass of the anode block, 
heat is quickly conducted from the interior to 
the exterior of the block where it may be removed 
-either by a cooling medium flowing through a 
jacket applied to the block or if desired cooling 
fins and forced air may perform this function. 
The Small electrode structures reduce interellec- . 
trode capacities and inductances and permit op 
eration of the device at Ulta, high frequencies. 
Siimplicity of construction and assembly facilitates 
the use of jigs of comparatively simple design and 
reduces the time required for assembly while at 
the Saline time in Suring accurate interellectrode 
Spacing. A comparatively large cathode surface 
emitting area, with respect to the size of the grid 
and anode give a high current to electrode area, 
ratio. High efficiency is promoted due to the 
close grid cathode spacing permissible by the 
Stiructural design utilized in a device made ac 
cording to my invention. These and the other 
objects noted above in connection with my in 
Vention are promoted by an electron discharge de 
Vice made according to my invention. 
While I have indicated the preferred embodi 

ments of my invention of which I am now aware 
and have also indicated only one specific applica 
tion for which my invention may be employed, it 
Will be apparent that my invention is by no means 
limited to the exact forms illustrated or the use 
indicated, but that many variations may be made 
in the particular structure used and the purpose 
for which it is employed without departing from 
the Scope of my invention as set forth in the ap 
pended claims. 
What claim as new is: 
1. An electron discharge device including a 

Solid anode block having only a single pair of ad 
jacent Separate tubular cavities extending there 
through, a cathode and grid within each of said 
cavities, said grids being electrically connected to 
gether through a common U-shaped conducting 
Support, Opposite legs of which are connected to 
Said grids, parallel lines connected to said cathode 
and Oppositely disposed to the grid support, each 
line being connected to a different cathode, said 
grid Support providing a Lecher wire System, and 
Said parallel lines being adapted to provide an 
Oppositely disposed Liecher wire System, said Cath 
Odes and grids being Supported independently of 
each other. . 

2. An electron discharge device including a 
tubular member containing an anode block hav 
ing a pair of adjacent separate tubular cavities 
extending therethrough, a cathode and grid 
Within each of said cavities, said grids being elec 
trically connected together through a common 
ll-Shaped conducting Support, paralel lines con 
nected to Said cathodes and oppositely disposed 
to the grid Support, said grid support providing 
a Lecher wire System and said parallel lines being 
adapted to provide an oppositely disposed Lecher 
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wire system, a first closure member for One end 
of Said tubular member insulatingly supporting 
Said grid Support, and a Second closure member 
for the other end of said tubular member and in 
sulatingly supporting said cathodes and cathode 
lines. 

3. An electron discharge device having a me 
tallic envelope including an anode block member 
of tubular form having intermediate its ends a 
comparatively thick transverse partition, Said 
partition having a plurality of adjacent separate 
tubular cavities extending through Said parti 
tion and communicating with the Spaces Within 
the tubular member only at their ends, a cathode 
and grid supported within each of said cavities, 
said anode block member having at one end a 
transverse flange, and means closing said end of 
said anode block member including a ring-like 
member registering with said flange and having 
an insulating closure element extending there 
across, said cathodes being provided with parallel 
leads and supports extending through the insu 
lating closure element and Sealed therethrough, 
and means closing the other end of said anode 
block member and supporting said grids, said 
grids and cathodes being supported independently 
of each other. 

4. An electron discharge device having a nine 
tallic envelope including an anode block mem 
ber of tubular form having intermediate its ends 
a comparatively thick transverse partition, Said 
partition having a plurality of adjacent cavities 
extending through said partition, a cathode and 
grid Supported within each of Said cavities, Said 
anode block member having at one end a trans 
verse flange, and a first means closing Said end of 
said anode block member including a ring-like 
member registering With Said flange and having 
an insulating closure element extending there 
acroSS, Said cathodes being proVided With par 
allel leads and supports extending through the 
insulating closure element and sealed there 
through, and a second means closing the other 
end of said anode block member, a grid Sup 
porting structure comprising a conducting elle 
ment extending transversely of the envelope and 
electrically and mechanically connected to said 
grids, the transverse element being provided With 
a longitudinally extending lead and Support 
Sealed through said Second means. 

5. An electron discharge device having a me 
tallic envelope including an anode block member 
of tubular form having intermediate its ends a 
comparatively thick transverse partition, Said 
partition having a plurality of parallel adjacent 
cavities of cylindrical form extending through 
said partition and communicating with the Space 
within the anode block only at the ends of Said 
cavities, a cathode and grid supported within each 
of said cavities, said anode block member being 
provided With a transverse flange at One end and 
means closing said end of Said block member 
including a ring-like member registering With 
said flange and having an insulating closure ele 
ment extending thereaCrOSS, said cathodes being 
provided with parallel leads and supports ex 
tending through the insulating closure element 
and sealed therethrough, a grid supporting struc 
ture comprising a conducting element extending 
transversely of the envelope and electrically and 
mechanically connected to said grids, the trans 
verse element being provided with a longitudi 
nally extending lead and support, and a clo 
sure member for the other end of said anode 
block member and including a plate-like elle 
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6 
ment having a collar-like element extending 
therefrom the grid lead and Support extending 
through and insulatingly sealed to the collar 
like element. 

6. An electron discharge device having an 
anode and a cathode, said cathode including a 
drum-shaped hollow conducting member coated 
on the outside thereof, a pin of conducting ma 
terial extending through and Supporting Said 
hollow conducting member and Supporting a 
heater thereon, One end of Said heater being con 
nected to said pin and a tubular conducting lead 
Supporting said cathode and having an insert of 
conducting material connected to and support 
ing said pin, and a heater lead connected to the 
other end of said heater and extending coaxially 
of and within the tubular conducting lead Sup 
porting said cathode. 

7. An electron discharge device having an 
anode block of cylindrical shape and provided 
with tubular extensions on opposite sides there 
of, said cylindrical portion having a pair of cylin 
drically shaped cavities extending therethrough, 
a hollow cathode positioned within each of said 
cavities and a cup-shaped grid positioned over 
each of the cathodes and between the cathodes 
and the walls of said cylindrically shaped cavities, 
a transverse conducting element positioned adja. 
cent said grids and studs extending from Said 
transverse conducting element and connected to 
and Supporting said grids, said transverse con 
ducting element being provided with a longi 
tudinally extending support and lead, said cath 
odes being provided with parallel leads and Suip 
ports extending in the opposite direction from 
the lead and Support for said grids, closure men 
bers for the ends of said tubular extensions, one 
of Said closure members comprising a plate-like 
element having a collar-like member extending 
therefrom, the grid lead and support extending 
through said collar-like element and insulatingly 
Sealed thereto, and another closure member com 
prising a ring member supporting a cup-shaped 
transverse element of insulating material, the 
cathode leads and supports extending through 
and sealed to Said cup-shaped element. 

8. An electron discharge device having an 
anode block of cylindrical shape and provided 
with tubular extensions on opposite sides thereof, 
said anode block having a pair of cylindrically 
shaped cavities extending therethrough, a cath 
ode positioned within each of said cavities and 
a cup-shaped grid positioned over each of Said 
cathodes and between said cathodes and the walls 
of said cylindrically shaped cavities, a transverse 
conducting element positioned adjacent said 
grids and studs extending from said transverse 
conducting element and connected to and Sup 
porting Said grids, Said transverse conducting elle 
ment being provided with a longitudinally ex 
tending support and lead, said cathodes being 
provided with parallel leads and supports ex 
tending in the opposite direction from the lead 
and support for said grids, closure members for 
the ends of said tubular extensions, one of said 
closure members comprising a plate-like element 
having a collar-like member extending there 
from, the grid lead and support extending through 
said collar-like element and insulatingly sealed 
thereto, and another closure member comprising 
a ring member supporting a cup-shaped trans 
verse element of insulating material, the cathode 
leads and supports extending through and sealed 
to said cup-shaped element, said tubular exten 
sions being provided with transverse flanges, said 
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flanges having a bead extending around the Sur 
face thereof, and metallic gasketS positioned be 
tween said bead and said closure members, and 
means forcing said closure members against said 
gaskets providing a vacuum tight...diffusion seal. 

9. An electron discharge device having an 
anode block of cylindrical shape and provided 
with tubular extensions on opposite sides thereof, 
said anode block being provided with a pair of 
cylindrically shaped cavities extending there 
through, a drum-shaped cathode positioned with 
in each of said cavities, a heater Within each of 
said cathodes and a cup-shaped grid positioned 
Over each of Said cathodes and betWeen Said 
cathodes and the walls of said cylindrically shaped 
caVities, a transverse conducting element posi 
tioned adjacent said grids and studs, extending 
from Said transverse conducting element and con 
nected to and Supporting Said grids, Said trans 
verse conducting element being provided With a 
longitudinally extending Support and lead, Said 
cathodes being provided with parallel leads and 
Supports extending in the opposite direction from 
the lead for said grids, the cathode leads com 
prising tubular members, closure members for 
the ends of said tubular extensions, one of said 
closure members comprising a plate-like element 
having a collar-like member extending therefrom, 
the grid lead and Support extending through said 
collar-like element and insulatingly sealed there 
to and the other of said closure members com 
prising a ring member Supporting a cup-shaped 
transverse element of insulating material, the 
cathode leads and Supports extending through and 
Sealed to Said cup-shaped element, each of said 
cathode heaters having a lead extending through 
the tubular cathode lead supporting its cathode. 

10. An electron discharge device including a 
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Solid anode block having gly a pair of adjacent 
Seperate tubular cavities extending therethrough, 
a cathode and grid within each of said cavities, 
said grids being electrically connected together 
through a common. U-shaped conducting support, 
opposite legs of which are connected to said grids, 
straight parallel lines connected to said cath 
Odes, one line being connected to each cathode, 
and Oppositely disposed to the grid support, and a 
conducting member extending between said par 
allel lines, said grid support and said parallel 
lines and conducting member providing oppo 
Sitely disposed Liecher wire Systems, said cathodes 
and grids being supported independently of each 
Other. 

DAVID B, LANGEMUIR. 
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