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My invention relates to electron discharge de 
vices, more particularly to such devices utilizing 
electron beam deflection and useful at ultra high 
frequencies. 
In conventional tubes utilizing beam deflec 

tion, a beam of electrons is directed from the 
cathode between a pair of deflecting electrodes 
toward an apertured electrode behind which is 
placed an electron collector. Alternating radio 
frequency: voltages are applied to the defecting 
electrodes to cause the electron beam to be de 
flected'across the apertured electrode, thusto con 
trol the amount of current to the collector, which 
may be used as an output: electrode. In Such 
types of tubes the deflection'sensitivity drops off 
as the frequency at which the tube is operated is 
increased, that is the transconductance of the 
tube decreases. Tubes of this kind are also Sub 
ject to the limitation of the usual conventional 
tubes in that when operated at ultra high fre 
quencies the presence of considerable loading in 
the input circuit results in an excessive amount 
of power being required to drive the tube. This 
decreases: the effective power gain of the tub 
when operated as an amplifier. 

Fundamental" causes of high input loading are, 
among other: things, ohmic and radiation losses 
due to high circulating currents in electrodes and 
leads. Electron loading also results from the ins 
teraction of the electron stream and the circuits 
connected to tube electrodes, and may, include de 
generative or regenerative effects caused by.com 
mon lead impedances, 

It is an object of my invention to provide an 
eleetron discharge device of the beam-deflection 
type which is particularly suitable for use at high 
frequencies and which has a comparatively high 
transconductance. 

It is another object of my invention to provide 
such a device utilizing an input circuit in which 
input loading is minimized, thus making more 
effective Se of the driving pOWer. 
A still further object of my invention is to 

provide an electron discharge device of the beam 
deflection type useful at ultra high frequencies 
and which employs low loss input and output elec 
trode Systems and circuits. 
A further object of my invention is to provide 

such a device in which undesired coupling, due 
to common leads and ineffective shielding, is re 
duced to a minimum. 
Another object of my invention is to provide 

an electron discharge device of the beam deflec 
tion type useful at ultra high frequencies as an 
amplifier, oscillator or a mixer, 
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The novel features which I believe to be chair 

acteristic of my invention : are Set forth With par 
ticularity in the appended claims, but the inven 
tion itself will best be understood by reference to 
the following description taken in connection with 
the accompanying drawing in which Figure 1 is 
a schematic longitudinal section of an electron 
discharge device made according to my invention 
and its associated circuit, Figure 2 is a perspec 
tive, partly in section, of the electrode system 
utilized in the device shown in Figure 1, Figure 3 
is aº schematicº longitudinalº section of a modifi 
cation of an electron discharge device made ac 
cording: to my invention and its associated cir 
cuit; Figure 4 is a perspective, partly in section, 
of the output tank circuit: utilized in the electron 
discharge device shown in Figure 3, Figures 5, 
6 and 7 are schematic longitudinal sections of 
other modifications of my invention. - 
As shown in Figure: 1, an electron discharge 

device made according to my invention comprises 
an "envelope 0 having at one end, a cathodell, 
which may be indirectly heated, and a pair of ac 
celerating and focusing electrodes 2-3, and at 
the other end a collector: 4 for receiving elec 
trons. In accordance with my invention, I posi 
tion between the focusing electrode and the col 
lector a resonant cavity tank circuit or resonator 
f5 having a pair of oppositely disposed deflecting 
elements 6-ft positioned adjacent to and elec 
trically connected to and supported by opposite 
walls of the cavity adjacent the apertures 26 and, 
27. Positioned between the resonant cavity. and 
the collector is the conducting plate-like member 
8 having an elongated aperture 9 and central 

ly positioned a conducting rod 20 for thus pro 
viding a double aperture. Preferably the length 
of the overlapping portions of the deflecting ele 
ments f6 and it is equal to the distance travelled: 
by an electron during: a half period of the ap 
plied controlling voltage while the tube is in oper 
ation. It has been found that this provides maxi 
mum deflection sensitivity. ? 
Abiasing voltage divider arrangement for the 

deflecting electrodes is shown at 2 and the out 
put is taken between collector f4 and apertured 
conducting member 18 by means of the output 
transformer 24. Woltage sources for the various 
electrodes are shown at 25. The input coupling 
loop-22 within the resonator 15 is connected to a 
coaxial transmission line 23. 
In operation the biasing or polarizing voltages 

are applied to electrodes 2-3 to focus and 
properly direct electrons through the elongated 
aperture of the resonant cavity tank circuit 5. 
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In passing through the resonant cavity the beam 
is subjected to a transverse alternating field be 
tween the elements 6 and 7 and deflected across 
apertured element f8, the electrons being col 
lected at 4, the double aperture in element f8 
giving a desired control voltage-anode Current 
characteristic. 
The resonator is maintained energized by means 

of the input line 23 and coupling loop 22. In 
one mode of excitation an electromagnetic field 
is set up within the cavity such that the magnetic 
lines of force are approximately concentric With 
and coaxial with the cavity. The radio frequency 
currents circulate alternately from one side of 
the inner surface of the cavity to the other be 
tween the apertures, causing each of the deflect 
ing elements 6 and 7 to receive a voltage there 
on approximately equal to the voltage appearing 
at the aperture adjacent which the element is 
connected, so that the electron stream is Sub 
jected to a deflecting electric field. 

In the modification shown in Figure 3 Which 
utilizes a push-pull output resonator, the input 
circuit is substantially the same as that shown 
in Figure 1. Mounted at one end of the envelope 
of which the resonators form part is an elongated 
cup-shaped insulation member 29 enclosing cath 
ode 30, accelerating or modulating grid 3i, and 
focusing and accelerating electrodes 32 and 33, 
the cup-shaped member being fused to the collar 
A? of the resonant cavity tank circuit 38. The 
resonant cavity tank circuit is energized by means 
of coupling loop 42 so that a deflecting Voltage 
appears across electrodes 39 and 40 as explained 
above. Following this resonant cavity 38 is a 
beam-directing and separating electrode System 
housed within the insulating collar portion 44 
fused to the collar 43 of resonator 38 and collar 
57 of resonator 48. Electrode 47 maintained at 
a lower potential than the accelerating and di 
recting electrodes 45 and 6 insures that the 
beam is directed into one or the other of the tWO 
passageways provided in the resonant cavity 48. 
The resonant cavity 48 is provided with reen 
trant tubular extensions 49 and 50 separated by 
gap 5, and 52 and 53 separated by gap 54, the 
output being taken by means of coupling loopS 
55 and 56. A collar 58 supports a collector System 
comprising cup-shaped members 34-35 having 
mounted therein secondary electron SuppreSSOrs 
36 and 37, the envelope being Sealed by means of 
the plate 59, supporting members 34 and 35. 
The modulating circuit 7 may be utilized to 

modulate the stream before entrance of the beam 
into the deflecting resonator or it may be utilized 
simply as an accelerator. The biasing Voltage 
and divider source is shown at 60 for biasing and 
focusing electrode elements 32 and 33. As in the 
first case the beam of electrons is deflected in 
paSSing between electrodes 39 and 40 So as to paSS 
between electrodes 4 and 46, or 45 and 47, and 
in passing across either of the gaps 5 or 54 ex 
cites the resonant cavity 48. In the mode of os 
cillation utilized, each half of the resonator oscil 
lates at a phase differential of 180° With respect 
to the other half so that the beam will always be 
decelerated in passing over gap 5 or gap 54 to 
maintain the resonator energized. This results 
in a push-pull output Which can be extracted by 
means of the coupling loops 55 and 56. The man 
ner in Which the resonator 48 is caused to be en 
ergized by inductive action is now well under 
Stood and is described in my earlier Patent 
2,237,878, issued April 8, 1941. 

In the modification shown in Figure 5 I utilize 
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4. 
a double cavity for successively extracting energy 
from the beam passing through this cavity. The 
insulating cup-shaped member 80 contains cath 
ode 8 and grid 82, as well as the focusing and 
accelerating electrodes 83 and 84. The electron 
beam again paSSes through the deflecting reso 
nant cavity tank circuit 85 driven by coupling 
loop 88 and having deflecting electrodes 86 and 
87 through Which the beam is directed and by 
Which the beam is deflected. The beam is di 
rected either between electrodes 90 and 92 or 9. 
and 92 positioned within the collar member 89. 
Electrodes 9 and 9 act With the electrode 92, 
which is the separating electrode held at a po 
tential lower than electrodes 90 and 9, to direct 
the beam through one or the other of the tWO 
paths through the output resonant cavity tank 
System 93. This System comprises a pair of cav 
ities 94 and 95 having reentrant portions 96, 9, 
f04 and 05 and having a separating chamber 
formed by partitions f OO, 0 having passageways 
0' and f' extending therethrough. The res 

onant cavities are energized. When the beam 
passes gaps 98 and 02 and 99 and 03. Energy 
is extracted from the resonant cavity tank cir 
cuits 94 and 95 by means of coupling loops 0. 
and 38 and the electrons collected by means of 
tie cup-shaped member 06. The modulating 
circuit is shown at 97 for the grid, and the volt 
age divider and voltage Source 08 is provided for 
accelerating electrodes 83 and 84. A voltage 
Source it provides the necessary Voltages for 
other electrodes and the voltage divider system 

3 permits adjustment of the Voltage on the 
bean directing electrodes 90, 9 to properly in 
sure that the beam Will travel through the proper 
passageway. Cavities 94-95 are separate and 
distinct and Separated by the apertured parti 
tions (0 and 10, the transit time of the elec 
trons being matched to the output System such 
that the electrons are subjected to a decelerating 
field at gaps 98 and 82, and 99 and 103 in pass 
ing through the output System. This requires 
that the transit time of the electrons through ele 
ments () and 0 be equal to approximately 
one-half period, aSSunning that resonant cavity 
tank circuits 94 and 95 are operating 180° out 
of phase. Of course this arrangement need not 
be used and the electron transit time through 
300 and 8 can be made more or less if a differ 
ent phase relationship is desired between the 
voltages induced in cavities 94 and 95. The mode 
of Oscillation for each of the cavities 94 and 95 
is the same as for cavity 48 in Figure 3. 
In the modification shown in Figure 6 I employ 

a push-pull System in the output utilizing a Lech 
er Wire arrangement and a double anode or col 
lector system. In this arrangement envelope í í í 
has at One end cathode ff2, accelerating grid 

3 and accelerating and focusing electrodes f 4 
and d’, the resonant cavity f f 5 being driven 
by coupling loop 8, which is provided with de 
flecting electrodes i 6 and ? 7. Electrons are di 
rected into the Shielded output System compris 
ing anode electrodes 2 and 2 connected to 
gether by Lecher wire system 9, the separating 
electrode 24 being maintained at a lower poten 
tial than electrodes 20 and 2 and Lecher Wire 
System 9. This whole arrangement is shielded 
by means of shielding compartment 22 and en 
ergy inductively extracted by means of coupling 
loop 25. The voltage sources for properly bias 
ing or polarizing are shown at 26, 27 and 28. 
Since electrodes 20 and 2 operate 180° out of 
phase, the deflection of the electron beam from 
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one to the other of these two electrodes can be 
properly phased to drive the output System. 

In Figure 7 I Show a Still further modification 
of my invention utilizing a doubly decelerating 
output circuit mounted within a cavity. Here 
envelope 3) has mounted at one end cathode 
3, accelerating electrode 32 and accelerat 

ing and focusing electrodes 33 and 34. The 
resonant cavity 35 driven by coupling loop 38 
is provided with deflecting electrodes 36 and 37 
for bringing about a deflection of the beam gener 
ated by the cathode electrode system. 
The output System comprises the enclosed con 

ducting structure 39 provided with reentrant 
portions 42, 4, 63 and f {3, which with the 
tubular electrodes 40 and 4 provide a double 
set of gaps 45 and 66, and 43 and 50, the 
separating electrode 63 extending through the 
bottom of the envelope and being maintained at 
a lower potential than the conducting enclosure 
and the elements within the enclosure. The beam 
in passing, for example, through the tubular 
member 4 to the collector 6 is Subjected to a 
double deceleration, giving up energy at gaps 
45 and 36 in a manner now well known and in 
accordance with the principles set forth in my 
patent above referred to. Since the tubular ele 
ments 40 and f4 extract energy from the stream 
180° out of phase with each other, they may be 
properly coupled by means of loop 64, which in 
turn is coupled to output loop 65 extending 
through envelope 30 and within enclosed i con 
ducting member 39. Thus this latter arrange 
ment proVides a push-pull double decelerating 
device in combination with a resonant cavity 
circuit system for deflecting the electron beam. 

In all arrangements above described the input 
circuit which comprises the resonant cavity tank 
circuit or resonator is a circuit of low loss both 
from the standpoint of resistance and radiation 
losses. LOSs of deflection sensitivity due to de 
sign of the deflecting electrodes is at a minimum 
and the output and input circuits because of the 
enclosed fields are completely shielded from each 
other and because of the absence of common leads 
there is Substantially no reaction or interaction 
between the input and output systems. If desired 
the forms shown in the figures could be utilized 
as well for mixers by applying a local oscillator 
voltage, for example, either to the grid electrodes 
3 and 8, as shown in Figures 3 and 5, or both 
local oscillator and signal voltage could be ap 
plied to coupling loops 42 and 88, for example. 
In either case both voltages could be utilized for 
bringing about intermediate frequency voltages in 
the Output System. 
While I have indicated the preferred embodi 

ments of inny invention of Which I am now aware 
and have also indicated only one specific appli 
cation 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 depart 
ing from the scope of my invention as set forth 
in the appended claims. 
What I claim as new is: 
1. An electron discharge device having cathode 

means for supplying a bean of electrons, a Cavity 
resonator positioned adjacent said cathode means 
and having oppositely disposed apertures in oppo 
site walls thereof through which the beam path 
lies and deflecting electrode elements within said 
cavity resonator and Separate from but elec 
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6 
trically connected to opposite walls of the cavity 
resonator and adjacent each of said apertures 
and having portions oppositely disposed between 
which said beam path lies, and an output cavity 
resonator in the path of said electrons and having 
a pair of apertures in one Wall thereof for direct 
ing the beam of electrons alternately through said 
apertures during operation of said electron dis 
Charge device. 

2. An electron discharge device having cathode 
means for supplying a beam of electrons, and a 
cavity resonator positioned adjacent said cathode 
means and having oppositely disposed apertures 
in opposite Walls thereof through which the beam 
path lies, and deflecting electrode elements sepa 
rate from but electrically connected to opposite 
Walls of the cavity resonator and adjacent each 
of said apertures and having portions oppositely 
disposed between which said beam path lies, and 
an output cavity resonator in the path of Said 
electrons and having a pair of apertures in One 
wall thereof for directing the beam of electrons 
alternately through said apertures during opera 
tion of Said electron discharge device, and means 
positioned between said cavity resonators includ 
ing a beam directing electrode system for assist 
ing and directing the beam of electrons into One 
or the other of the apertures of the output Cavity 
resonatOr. 

3. An electron discharge device having cathode 
Emeans for supplying a beam of electrons, and a 
cavity resonator positioned adjacent said cathode 
means and having oppositely disposed apertures 
in opposite walls thereof through which the beam 
path lies, and deflecting electrode elements sepa 
rate from but electrically connected to opposite 
inner Walls of the cavity resonator and adjacent 
each of Said apertures and having portions oppo 
sitely disposed between which said beam path 
lies, and an output cavity resonator having a pair 
of apertures in one wall thereof, the beam of elec 
trons being directed alternately through said 
apertures during Operation of said electron dis 
charge device, and an electrode System positioned 
between said cavity resonators comprising a pair 
of accelerating and directing electrodes oppositely 
disposed, and another electrode between said op 
positely disposed electrodes for separating the 
electron beam during operation of the electron 
discharge device. 

4. An electron discharge device having cathode 
means for supplying a beam of electrons, a cav 
ity resonator positioned adjacent said cathode 
means and having oppositely disposed apertures 
in opposite walls thereof through which the beam 
path lies, and deflecting elements separate and 
distinct from but electrically connected to oppo 
site walls of the cavity resonator and adjacent 
each of said apertures and having portions oppo 
sitely disposed between which said beam path lies, 
and an output cavity resonator having a pair of 
apertures in one wall thereof for receiving the 
beam of electrons alternately through said aper 
tures during operation of said electron discharge 
device, said output cavity resonator having re 
entrant portions extending toward each other 
but separated by a gap across which the electron 
bean is to be directed. 

5. An electron discharge device having cathode 
means for supplying a beam of electrons, 
and a collector means forming an electron path 
therebetween, and a cavity resonator positioned 
between said cathode means and said collector 
means and having oppositely disposed apertures 
in opposite walls thereof through which the beam 
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path lies, and deflecting electrode elements elec 
trically connected to opposite walls of the cavity 
resonator and adjacent each of said apertures and 
having portions oppositely disposed between 
which said beam path lies, and an output cavity 
resonator having a plurality of pairs of oppositely 
disposed apertures in opposite Walls thereof for 
directing the beam of electrons alternately 
through different pairs of said apertures during 
operation of said electron discharge device, said 
collector means including a cup-shaped member, 
and means positioned within said cup-shaped 
member for Suppressing secondary electrons. 

6. An electron discharge device including a 
cathode means for providing a beam of electrons, 
and collector electrode means forming an electron 
path therebetWeen, a cavity resonator positioned 
adjacent said cathode means and having a pair 
of oppositely disposed apertures in opposite walls 
through which the beam path lies, a pair of de 
flecting electrodes within the cavity resonator 
positioned adjacent said apertures and between 
which said beam path lies, collars on opposite 
outside walls of said cavity resonator Surrounding 
Said apertures, and a cup-shaped member enclos 
ing said cathode means sealed to one of said col 
lars, a second cavity resonator provided with a 
Collar, and an insulating tubular member sealed 
between said last collar and the other collar 
On Said first cavity resonator, and a beam direct 
ing and separating System within said tubular 
member, Said second cavity resonator being pro 
vided With two pairs of oppositely disposed aper 
tures through which the electron beam is to be 
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alternately directed, and means sealing said col 
lector electrode means to said second cavity reso 
nator providing an evacuated chamber for said 
cathode means and collector electrode means. 

7. An electron discharge device having cathode 
means for supplying a beam of electrons, a cavity 
resonator positioned adjacent said cathode means 
and having oppositely disposed apertures in op 
posite walls thereof through which the path of 
said beam of electrons is directed, and a pair of 
deflecting elements within the cavity resonator 
positioned adjacent said apertures and connected 
to the inner Walls thereof and between which the 
path of said beam of electrons is directed, and an 
output cavity resonator System having a pair of 
apertures in One Wall thereof, the beam of elec 
trons being directed alternately through said 
apertures during operation of said electron dis 
charge device. 

ANDREW V. HAEFF. 
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