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This invention relates to high frequency translating 
apparatus and has particular reference to a dual output 
ampli?er. ' 

Electron discharge devices of the type having space 
charge control grids, such devices being exempli?ed by 
the familiar triode, are often employed as ampli?ers in 
high frequency ranges with the device electrodes usually 
being arranged in closely spaced parallel planes to mini 
mize transit time effects. While there are particular 
advantages to be gained from the use of space charge 
con '01 devices as compared to velocity modulation de 
vices utilizing transit time effects, such as the relatively 
high perveance whereby high currents can be handled 
for a given signal voltage and the relatively wide bandv 
width, under certainconditions not all of the available 
energy can be extracted from the electron stream of 
the device. This is likely to occur when the input signal 
is very weak and the resulting density modulation of 
the electron stream is incomplete or when the output 
circuit impedance is too low to extract all the available 
energy. 

It is, therefore, an object of our invention to provide 
means for deriving additional output energy from a 
high-frequency space charge control discharge device 
ampli?er. 

It is another object of our invention to provide a 
high frequency ampli?er apparatus having a dual output 
system for greater power output. 

It is a further object of our invention to provide 
means for more fully utilizing the energy of. the space 
charge modulated electron stream of a high frequency 
discharge device ampli?er. 

Brie?y, in accordance with our invention, a space 
charge control device operating in a high frequency 
ampli?er circuit is modi?ed to permit the electron stream 
to pass through the anode and a drift space following 
the anode. When energy is extracted from the electrons 
in the ?rst or grid-anode output gap, the electron stream 
is velocity modulated. Under the conditions previously 
mentioned, namely very low signal input level or an 
output resonator whose resonant impedance is much 
lower than the electron stream impedance, the electron 
stream is thereby usefully velocity modulated. After 
drifting through the drift space, it becomes density 
modulated and available for excitation of a second out 
put resonator. Thus the electron stream, which is ordi 
narily discarded at the anode, yields an additional power 
output without an increase in the direct current or radio 
frequency power input. 
The features of my invention which I believe to be 

novel are set forth with particularly in the appended 
claims. My invention itself, however, both as to its 
organization and method of operation, together with 
further objects and advantages thereof, may best be 
understood by reference to the following description 
taken in connection with the accompanying drawing in 
which the single ?gure is a sectional View of high fre 
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quency amplifying apparatus embodying our invention. 

Referring now to the drawing, a high frequency elec 
tron discharge device 1 is illustrated therein of the type. 
having an electron stream path between an electron 
emitting cathode 2 and a collector electrode 3. Ad 
jacent the cathode is a control grid 4 for controlling‘ the 
density of the electron stream in accordance with an 
input signal applied between the cathode 2 and grid 4. 
Spaced further along the electron path is an electron 
permeable anode 5, which electrode is suitably designed 
as a conventional grid electrode. This permeable anode 
5 also comprises the entrance to a drift space de?ned 
by a hollow cylinder 6 which has at its vexit end an 
other electron permeable grid-like electrode 7. ~T'he' 
various electrodes are preferably disk-shaped with the 
outer portion or periphery thereof serving as a termi 
nal or external electrode contact. The envelope .8 is 
provided by a number of hollow cylindrical insulators 
which serve to space adjacent electrodes. These spacer 
rings are suitably sealed to the electrodes and the com 
pleted assembly is evacuated. ’ 

Discharge device structures generally similar to that 
herein described are disclosed in a copending applica 
tion Serial No. 345,112, ?led March 27, 1953, now 
abandoned, by Theodore G. Mihran and assigned’ to 
the assignee of the present invention. There a com 
bined space charge control and velocity modulation trans 
lating means is broadly claimed and described. The 
present application relates to a particular 
of the foregoing copending application. 
An input circuit 9 is connected between the‘ cathode 

2 and the grid 4 and an output circuit 10 is connected 
between the grid 4 and permeable anode 5 to enable 
the device, so far as these electrodes are concerned, to 
operate as a conventional grounded grid ampli?er in 
which the control grid is common to the input and out 
put circuits. 

Accordingly an input section of a concentric con 
ductor transmission line has its outer conductor 11 cou 
pled at one end to the external periphery of the grid 
electrode 4 and its inner conductor 12 connected at 
the corresponding end to the cylindrical terminal of the 
cathode 2 to provide the input circuit 9. The space 
charge control grid 4 is provided with a negative direct 
current voltage bias with respect to the cathode by 
means of a battery 13 arranged to be effectively con 
nected between the outer and inner conductors 11 and 
12. The cathode is also provided with a relatively large 
negative potential with respect to ground by means of 
a battery 14 having its negative terminal connected to 
the cathode conductor and its positive terminal grounded. 
A particularly convenient means for providing direct 

current connections to the cathode is combined with a 
double stub input tuner comprising two short-circuiting 
tuning stubs 15 and 16, each of which has its outer con 
ductor capacitively coupled to the outer conductor 11 of , 
the input transmission line and its inner conductor ex 
tending through the outer transmission line conductor to 
engage the inner input conductor 12. A thin mica washer . 
between the outer conductor of each tuning stub and the 
outer input circuit conductor serves as a capacitive by 
pass means for the input signal energy while at the same 
time providing direct current insulation for the grid bias. 
The short-circuiting sliding plungers of the tuning stubs 
connect their inner and outer conductors, thus enabling 
direct current cathode connections to be made‘ to the 
outer stub conductors. The plungers are positioned to 
match the impedance of the input signal source with that 
of the discharge device. The stub tuner in itself is 
conventional in design. In addition, the center conductor 
of one of the tuning stubs is preferably made hollow ‘in, 

modi?cation 1 



3 
order that a heater conductor 17 may be bfaiig?f out for 
external heater connections thereto. 
A source of high frequency signals to be ampli?ed is 

accordingly coupled to the input circuit ,9, the concen 
tric line input‘circuit having its'en'd port-ton: I8 opposite 
the discharge device tapered to‘ match size of the 
concentric conductor transmission line from the input 
signal source. Various other known input 'irc-uit snare“ 
tures or resonators may be substituted if desired: , 
The ?rst output resonator 10 comprises a concendie 

conductor line section having the outer conductor 21 of 
the input circuit as its inner conductor and a conductor 
19 coupled at one end to the periphery of the electron 
permeable anode 5 as its outer conductor." This grid 
anode output circuit is terminated by a slidable plunger 
129' whose axial position is adjusted: to tune the resonator 
to the desired frequency. The plunger 20 is of a type 
having a by-pass insulator‘, such as a mica ring‘, between 
the respective sets of contact ?ngerscontactin'g the inner 
and outer resonator conductors in order to maintain 
direct current insulation between the grid and anode. 
An output coupling means 21 for coupling energy from 

the grid-anode resonator to a desired load may suitably 
take the form of a concentric conductor transmission line 
section having its outer conductor connected to the outer 
conductor 19'of the ?rst output resonator and its inner 
conductor extending therethrough and capacitively cou 
pled to the inner or grid conductor 11.‘ ' 

However, as previously mentioned, not all of the avail 
able alternating current energy may be extracted from 
the electron stream as it passes across the interaction gap 
between the gridand anode to excite that resonator. This 
is especially likely to occur when the input signal is so 
weak so as to incompletely modulate the electron beam 
or when the loaded resonator impedance is too low to 
match the effective beam impedance. Under these con 
ditions the electrons of the electron stream do not give‘ 
up all of their available energy to the alternating electric 
?elds set up across the output gapibetw'een the electrodes. 

In the process of transferring energy to the output 
resonator, however, the electron stream is velocity modu 
lated. That is, when an electron of the electron stream 
is faced with a decelerating electric ?eld between the grid 
and anode, it must do work against that ?eld. In doing 
so .part of its kinetic energy is transferred to the electric 
?eld and the. electron itself su'?ers a decreased velocity. 
The opposite occurs with respect to electrons which are 
accelerated by the grid-anode electric ?elds. When the 
electron stream has not been completely density modu 
lated by the space charge control means nor completely 
decelerated in exciting the output circuit, it may still be 
usefully modulated for further translation of the remain 
ing beam energy into alternating currentenergy. 
The electrons passing the anode are velocity modulated, 

and as they pass through the ?eld-free region de?ned by 
the cylinder 6, they are bunched or grouped in accord 
ance with their velocity variations. The slowpel’ectrons' 
corresponding to a particular modulation cycle‘ at' the 
input frequency, fall behind and the' accelerated electrons 
catch up to form a bunch which represents vdensity modu 
lation of the electron stream. Accordingly, upon ‘emerg 
ence of the electrons from the drift tube 6 the‘ stream is 
so bunched that it excites. an output resonator having 
its excitation gap positioned along the electron path. In 
this case, the excitation gap is between thegrid-like elec 
trode 7 at the exit end of the drift tube and'the ‘collector 3. 
The second output resonator 22 preferably takes the 

form of a concentric conductor transmission line section 
having its inner conductor 23 connected at one end to 
the collector electrode 3 and its outer conductor 24 con; 
nected at the same end to the ‘periphery of the grid-like 
electrode The length of the line section and‘ hence its 
resonant frequency is adjusted by the position of a short= 
circuiting sliding plunger 25'. This ‘plunger also, electrii 
cally connects the collectorto the drift inseam to the 
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4 
‘grid-lire electrodes at either end of the drift tube, B'y 
grounding. the outer conductor of the ‘second output. 
resonator, the grid-like electrodes 5 and 7 as well as the 
drift tube 6 and the collector 3 are placed at a positive‘ 
potential with respect to the cathode by the battery 14. 
A second output coupling means 26, suitably corre- _ 

sponding in form to the ?rst output coupling means 21 is 
employed to_ extract energy from the second or catcher 
resonator. In way further energy is extracted from 
the electron stream with the end result that greater gain . 
and e?iciency are obtained. The output energy extracted’ 
from the two output resonators 9 and 22 may be em-‘ 
ployed separately as desired or the output energy may 
be combined for use in a common load. If desired, a 
diplexer or other conventional means for combining the 
outputs without interaction therebet'we'e'n may be em-,, 
ployed. A further increase in power gain may also be 
obtained by feedback coupling from either output. 7 
While the present invention has been described by ref 

erence to a particular embodiment thereof, it will be un 
derstood that numerous modi?cations may be made by 
those skilled in the art without ‘actually departing from 
the‘ invention. I, therefore, aim in the appended claims 
to‘ cover all‘ such equivalent variations as come within 
the true spirit and scope of the foregoing disclosure. 
Whatwe claim as new and desire to secure by Letters 

Patent of the United States is: 
1; A dual output electron discharge device of the 

type employing an accelerated electron stream compris- r 
ing a cathode for ‘generating the ‘electron stream, input 
means coupling‘ a high frequency signal with the stream‘ 
including an‘, apertured space charge control electrode 
immediately adjacent said'catho'de for density modulat-‘ 
ing said stream, a ?rst output means adjacent said input 
nieans including an apertur‘ed'electrode spaced from said‘ 
space charge control electrode and insulated therefrom’ 
with respect to direct current voltages and maintained at 
a positive direct current voltage with respect to said cathf 
ode for accelerating said stream, an output circuit means 
coupled to said ?rst output means for deriving high 
frequency energy from said electron stream in accord: 
ance with the high frequency voltage produced across 
said ?rst output means, said ?rst output means also 
velocity modulating said stream, means providing adrift 
space surrounding said electron stream following said 
?rst output means to promote bunching of said stream; 
an anode spaced from the exit e'n'def said drift space, 
and a second output means coupled-with said electron 
beam including a pair of spaced electrodes positioned 
between said exit end and said anode for deriving elec 
tromagnetic energy from’ said bunched electron stream.‘ 

2. A high frequency ampli?er having an electron emis- , ‘ 
sive cathode and a collector electrode having an electron 
path between them, means for applying a direct current. 
potential to accelerate a stream of electrons between said. 
cathode and collector electrode, input resonator means 
including a control grid positioned near said cathode for 
space charge modulating the electron stream with a high “ 
frequency‘ input signal, a ?rst output resonator for-ex 
tracting energy from the space charge modulated elec 
tron stream and including a gap de?ned by said con‘ 
trol grid and-an apertured accelerating electrode main 
tained at a positive direct current voltage with respect 
to said control grid, means de?ning a drift spacepfol 
lowing said ?rst output resonator to permit bunching 
of electrons of the stream in accordance with the velocity 
modulation imposed by the extraction of energy there-v 
from, a second output resonator ‘following said drift 
space for extracting further energy from the electron 
stream‘in accordance with the velocity modulation there-i 
of produced by the ?rst output means, and output cou‘-. 
pling means coupled- to said ?rst and second output res 
onators. ,_ l 

3. ‘A high frequency ampli?er having a ‘cathode "and; 
a collector electrode ‘having: an electron stream path'i be 
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tween them, means for applying a direct current potential 
for accelerating an electron stream along said path, an 
input resonator having an excitation gap de?ned by said 
cathode and an apertured control electrode spaced along 
said stream from said cathode, means for upplying a 
high frequency input signal to said input resonator to 
density modulate the electron stream by space charge 
control, a ?rst output resonator having an excitation gap 
spaced further along said path for extracting energy 
from said stream in accordance with the density modula 
tion thereof and including an apertured accelerating elec 
trode maintained at a positive direct current voltage with 
respect to said control electrode, means for coupling 
energy from said ?rst output resonator to a ?rst load 
circuit, means de?ning a drift space following said ?rst 
output resonator to permit bunching of the electrons 
therein in accordance with the velocity modulation im 
posed by the extraction of energy, a second output res 
onator having an excitation gap along said path follow 
ing said drift space for extracting further energy there 
from in accordance With the velocity modulation thereof 
produced by the ?rst output means, and means for cou 
pling energy from said second output resonator to a 
second load circuit. 

4. A high frequency ampli?er having a cathode and 
a collector electrode having an electron stream path 
between them, means for applying a direct current po 
tential for accelerating an electron stream along said 
path, an input resonator having an excitation gap said 
cathode and an apertured control electrode spaced along 
said stream from said cathode, means for supplying a 
high frequency input signal to said input resonator to 
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6 
density modulate the electron stream by space charge 
control, a ?rst output resonator having an excitation gap 
spaced further along said path and adjacent to said input 
resonator for extracting energy from said stream in ac 
cordance 'with the density modulation thereof and includ 
ing an apertured accelerating electrode maintained at a 
positive direct current voltage with respect to said con 
trol electrode, means for coupling energy from said 
?rst output resonator to a desired load, means de?ning 
a drift space following said ?rst output resonator to per 
mit bunching of the electrons therein in accordance with 
the velocity modulation imposed by the extraction of 
energy, a second output resonator having an excitation 
gap along said path following said drift space for ex 
tracting further energy therefrom'in accordance with the 
velocity modulation thereof produced by the ?rst output 
means, and means for coupling energy from said second 
output resonator to said load. 
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