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This invention relates to stream-type tubes for amplify 
ing microwave signals and more particularly, to an ap 
paratus for modulating or demodulating an electron 
stream with a microwave signal at millimeter wave 
lengths. ‘ ‘ ‘ . i 

It is well known that one of the principal problems in 
the construction of a stream-type device for amplifying 
millimeter wavelength‘signals lies in coupling to and 
from the electron‘ stream.“ ‘One of the more satisfactory 
circuits presently in use capable of effecting the excita 
tion of an‘ electron. stream from amicrowave signal is 
the helix. Helices, however, become very small when 
adapted to operate at millimeter wavelengths, thus making 
their construction very di?icult. ' 

In accordance with the present invention, an apparatus 
‘ for modulating an ‘electron stream with millimeter wave 
length ‘signals is provided which comprises a rectangular 
waveguide partially ?lled with dielectric material to re 
duce the phase velocity‘of the wave in the guide to sub 
stantially the same velocity as that of an electron stream 
directed longitudinally through the guide. The transverse 
electric ?elds of ‘the signal wave within the guide excite 
transverse vibrations in the motion of the electrons of 
the stream‘. A steady magnetic‘ ?eld is produced that 
is normal to the direction of electron flow which serves 
to convert the transverse vibrations of the electrons into 
a‘motion having both longitudinal and transverse com 
ponents. It is also to be noted, however, that a magnetic 
?eld thus produced will cause the electrons to How along 
a curved path. “ Therefore, if it is desired that the elec-‘ 
trons continue to ?ow along a rectilinear path, it is . 
necessary to_produce a transverse electric ?eld across 

' the ~?ow of electrons of such‘ magnitude as to produce a 
transverse force' on the electrons that counterbalances 
the average transverse forces produced by the magnetic 

> After being modulated in the aforementioned wave 
guide, the electron stream is directed between two resis 
tive sheets to effect ampli?cation of the longitudinal and 
thus the transverse oscillations of the electrons. Ampli 
?cation of the modulations of an electron stream in this 
manner, called Resistive Wall Ampli?cation, is disclosed 
in Patent No. 2,740,917 entitled, “Electron Stream Am 
pli?er Tube” issued to Andrew V. Hae? on April 3, 
1956_ and assigned to the assignee of the present applica 
tion. After ampli?cation, an output signal may be 
derived from‘the modulations of the stream in a manner 
similar to that in which they were excited. 

It is therefore an object of the present invention to 
provide a stream-type device capable of amplifying micro 
wave signals, 
,Another object of the invention is to provide an ap 

paratus capable of modulating and demodulating an 
electron stream with millimeter Wavelength signals. 

, ,Still another object of the invention is to‘provide ap 
paratus that is comparatively simple to construct for 
coupling millimeter wavelength signals to and from an 
electron stream. , 

15 

20 

25 

30 

35 

40 

50 

55 

60 

65 

‘of which is connected to 

2,869,023 ce 

. 2 , 

The novel features which are believed to be characteris 
tic of the invention, both as to its organization and 
method of operation, together with further objects and 
advantages thereof, will be better understood from the 
following description considered in connection with the 
accompanying drawings in which an embodiment of the 
invention is illustrated by way of example. It is to be‘ 
expressly understood, however, that the drawings are 
for the purpose of illustration and description only, and 
are not intended as a de?nition of the limits of the 
invention. 

Fig. 1 is a cross-sectional view of an embodiment of 
the invention together with associated circuitry} 

Fig. 2 is a schematic representation of the device ‘of 
Fig. 1 shown in perspective; and ‘ Q ‘ 

Figs. 3 and 4 are illustrative views of the path‘ of a 
modulated ‘and undemodulated electron in the device of 
Fig. 1. ‘ ‘ 

Referring now to the drawings, Fig. 1 showsa vertical 
cross‘ section taken along the longitudinal ‘axis of the 
device ‘of the present invention, together with associated 
circuitry. The device comprises an elongated evacuated‘ 
envelope 10 having a ferromagnetic housing 12 disposed 
at its left extremity, as viewed in the drawing, to enclose 
an electron gun 14 capable of producing an electron 
sheet beam. This electron sheet beam is directed along 
a predetermined path through the envelope 10 to the 
extremity thereof farthest from the gun 14 where it is 
intercepted and collected by a collector electrode‘ 16. A 
waveguideinput section 18, an ampli?cation section 20 
and a waveguide output section 22 are disposed in the1 
order named intermediate the housing 12 and the col 
lectorelectrode 16 along the path of ‘the electron sheet 
beam in the direction of electron flow. A solenoid 24 is 
disposed lengthwise about the evacuated envelope 10 ‘and 
the housing‘ 12 in a manner to produce a magnetic ?eld 
along the predetermined path,rcommencing from the 
housing 12, that is transverse to the path and parallel to‘ 
the plane of the electron ‘sheet beam. Fig. 2 shows the 
arrangement of the principal elements of the device 
of the present invention in perspective; 
More particularly, the envelope 10 is sealed to the’ 

housing 12 which‘ is composed of a metal having ferri 
magnetic properties such as, for example, “Kovar.” The 

. housing 12 completely encloses the electron gun 14 ex~ 
' cept for an aperture of su?icient size to permit the elec 
tron beam to pass. Thus, the housing 12 shields the 
electron gun 14 from the transverse magnetic ?eld pro 
duced by the solenoid 24. 
The electron gun, for producing the electron sheet 

beam, comprises a rectilinear cathode 26, focusing elec 
trodes 27 and 23, and an accelerating electrode 30. The 
focusing electrodes 27, 28 are plane electrodes which 
may be disposed at an angle of the order of 67.5 degrees 
with respect to the direction of electron ?ow, as shown 
in the drawing. The electrodes 27, 28 together with the 
cathode 26 are maintained at a common adjustable poten~ 
tial of the order of 1000 volts negative with respect to 
ground. This is accomplished by means of connections 
therefrom to a common tap 32 of a potentiometer 34 
which is in turn connected across‘the terminals of a 
battery 36, the positive terminal of which is referenced 
to ground. The accelerating electrode 30 has an oblong 
aperture of suitable dimensions to permit passage of the 
electron beam and is maintained at a potential of the 
order of 200 volts positive with respect to ground. This 
is effected by means of a connection therefrom to the 
positive terminal of a battery 38, the‘negaliive terminal 

ground. ‘ . 

Disposed at the extremity of the predetermined path 
farthest from the housing 12 is the collector electrode 16. 
The electrode 16 is maintained at ground potential by 
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means of an appropriate connection thereto. Intermedi 
ate the electron gun 14 and the collector electrode 16, the 
mput». waveguide. section, 18, the ampli?cation section 20, 
and.the~outp.ut waveguide sectiong22> are disposed in the» 
manner- shownparticularly intFig. 2. The input wave 
guidesectionls vapproachesthe pathof: the electron sheet 
beam atnormalincidence and'in the plane of the beam; 
Attencrossingthewidth of. the beam, the section 18 extends, 
along: thepath, thereof in. the direction-of its ?ow for‘ 
several guide wavelengths. at the operating frequency. 
The‘ section 18 is, then turned at right angles away from 
the path of the electron-beam; and terminated in its. char 
acteristic impedance, Z0. The waveguide may be ter 
minated, for example, by; disposing, a conductive sheet 
across the extremity thereof and. a triangular resistive 
vane,_4ll- along its center portionparallel to the electric 
?eld of its dominant mode. of{ propagation. Further, the 
waveguide section 1\8-_is_.loade_d¢with a. dielectricrnaterial 
42, to decrease the phase velocity of a propagated wave, 
to the extent that it is substantially equal to the velocity 
of the electronbeam. A. suitable aperture 44 is provided 
to. accommodate the.v electron stream. In addition, re-. 
sistive layers 45, 46 (Fig. 1,) are disposed above and, 
below the electron beam within the aperture 44. Layers 
45, 46 have a resistance of the order of from 100,000 to 
200,000 ohmsper square so as to permit coupling of an 
electromagnetic wave. propagated by the section 18 with 
the electron beam and yet maintain. the. entire upper and. 
lower. surfaces of the aperture 44- at substantially uniform. 
predetermined potentials‘. ' 

' The output .waveguide section 22 is similar to the section 
18» being loaded, with the dielectric material 42 and hav 
ing'. an aperture 48 to accommodate the electron beam 
with resistive layers149, 50v onthe surfaces above and 
below the beam. The extremity of section 22 nearestthe 
electron gun 14 is terminated with the characteristic irn-, 
pedance, Z0, of the waveguide. 

Intermediate the input and‘ output waveguide sections 
18,221 along thepath of‘theel’ectron beam is the ampli? 
cation section 20. In 'orderto amplify millimeter wave 
length signals, section 20 is preferably of the resistive-wall 
type disclosed in the aforementioned Haeff application. 
Accordingly, ampli?cation section 20 comprises two sheets 
52-, 54 of dielectric material such as, for example, glass 
disposed contiguously along the upper and lower portions 
of the electron sheetbearn. Resistive layers 56, 5$of the 
order of from 500 to 5000 ohms per square are disposed 
on the sheets 52, 54,lrespectively, on the sides thereof 
immediately adjacent ‘the electron beam. The resistive 
layers 56, 58 may,.for example,,constitute a ?lm of stan 
nous oxide on glass sheets. ' - 
The solenoid 24, which is disposed lengthwise about the 

they length of.v the; tube, is energized by appropriate con 
nectionsto a battery 60 to produce a magnetic ?eld of 
E0 webers per squarerneter parallel to the plane of the 
electron sheet beam and transverse to the path along 
which .it flows; The?ferro-rnaguetic housing 12 shields 
the electron gun 14 from magnetic ?eld thus produced by 
solenoid 24. As is well known, however, the magnetic 
?eld 1-30 will exertv a force, on theIbeam electrons that is 
normal’ to the direction, of ?ow. This force may be 
represented asfollows: 

wherein 

is a vector representative of the magnitude and di 
rectionv of the forceon an electron due to the magnetic 
?eld; 

Bois- a_-,ve_ctor,v representative of; the direction and the flux 
density of the magnetic ?eld ‘produced by the sole-' 
noid 24; 

iiu-is- the" magnitude andv direction. of the velocity, of the 
. beam electrons: in‘; meter-super. second; and 

e is the charge of an electron in coulombs. 
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In order to have the electron beam ?ow along the pre 

determined path, it is necessary to counteract the force 
l'l‘m with an equal and opposite force. This equal and 
opposite force may be produced electrostatically by im 
pressing suitable voltages across the resistive layers 45, 46; 
49, 50; and 56, 58. This-may-be‘aecomplished by inter 
connecting thewlayersv45;_‘49=and '56 andthelayers 46, 50 
and 58. The resistive layers 49, 50 are then connected to 
the positive and‘ negative terminals,‘ respectively,_of Fabat-I 
tery 62, an intermediate terminalof whichfis referencedl‘to 
ground. The mean potential predominating along the path‘ 
of the electron.beamrelativeto thepotential of the cathode 
26 determines the average velocity of the electrons there 
along. The electrostaticv ‘force exertedion each electron, 
on the other hand, is determined by the magnitude of the 
electric ?eld produced across the path. This force may be 
representedas: . ‘ 

EeF-TEe: I m» 

wherein . 

PE is the force exerted on an electron of the beam duetm 
theelectrostatic?eld ands, ' 

E, is the magnitude of the electrostatic ?eld‘ produced,r 
across the path in voltsper meter. 
In operation, PE, is made equal and. oppositev to Fm. 

by either adjustingthe current ?ow'through solenoid? 24: 
or by varying the magnitude of the’ electrostaic,?eld,;Ei. 
The average electron velocity-is then ' ' 

Bu 
Referring to Figs, -3-and,4,-,there isgillustrated theman-v 

ner in which the-device-of the presenpinventionmodulates; 
the electron :beam;. These ?gures .show; anenlarged». pore 
tion of the aperture. 4.4’. through. the inputwaveguide 
section 18. A magnetic ?eld fin-exists nonnalto tl'replaneI 
of the-drawings and'the electrostatic'?eld'E exists between= 
the resistive layers 45, 46; When no signal is- being, 
propagated by the waveguide» section 18, an electron of; > 
the beam will proceed'along a straight-path therethrougb; 
as indicated by-ttheydashedline 64ofEig; 3. , 1 " 
When the waveguide‘ section 18 is energized with a; 

signal wave, however, a transverseelectric ?eld,»_E,. repr, 
resentative~ of the- signal‘ wave is-propagated along the 
waveguide at a velocity substantially equal‘tothat-of'the; 
electron stream. Hence, anlelectric vector of the electric, 
?eld,‘ ES, acts_ upon; only one group of- electrons within‘ 
the electron beam. The-e?ect: of the electricl?eld/E,,_.>is 
to unbalance the forces onethe; electrons and‘ to, accelerate 
them transversely either towards the resistive layer.»45 
or the resistive layer as, depending on the instantaneous 
polarity of E5. During the portion of the cycle offthe‘; 
signal wave where- the magnetic force on the electrons 
dominates the,electrostaticforces, the, electrons wi_ll_com~, 
mence, rotating and, proceed along-a path such as; indi; 
cated by the dashed line 6610f; Fig. 4. Thus“ as the 
transverse components of velocity are continually con 
verted into ‘longitudinal components, it isevident that the 
transverse electricv ?eld, K3,,v of the signal waveirnparts 
both, transverse and longitudinal components of‘velocity 
to the electrons of the sheet beam. 

In proceeding through the ampli?cation section 20, the 
transverse modulations of the beam are not coupledto 
the resistive layers 56, 58. The longitudinal modulations 
of the beam, however, induce currents in the resistive 
layers 56,58 which in turn generate electric ?elds which 
interact with the electrons of the beam in a. manner. to 
increase the amplitude of these modulations. A more 
detailed description of the amplification of the longitu 
dinal velocity components of the electrons‘ of astreanrby 
means of a resistive wall is presented in the aforementioned 
Haefi application. After ampli?cation, the signal energy. 
is extracted from the, electron beam by the; output wave+ 
guide section 22 in a manner similar to theoperatio'n of 
the input waveguide section 18. ' 
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What is claimed is: 
1. In a microwave ampli?er having means for produc» 

ing an electron beam, and means for directing said elec 
tron beam along a predetermined path, apparatus for 
modulating said electron beam with an electromagnetic 
signal wave, said apparatus comprising: means for pro 
ducing a magnetic ?eld through said electron beam trans 
verse to said predetermined path, and means including 
a rectangular waveguide partially ?lled with dielectric 
material for propagating said signal wave transversely 
across a portion of said path at a velocity substantially 
equal to the velocity of the electrons of said beam, the 
electric ?eld vector of said wave being normal to said 
predetermined path and said magnetic ?eld whereby both 
transverse and longitudinal velocity components repre 
sentative of said signal wave are imparted to the electrons 
of said beam. 

2. The microwave ampli?er as de?ned in claim 1 which 
includes additional means for increasing said longitudi~ 
nal velocity components of the electrons of said beam 
representative of said signal wave, whereby said trans 
verse velocity components are also increased, and means 
for deriving an output signal from said transverse velocity 
components of the electrons of said beam. 

3. In a microwave ampli?er having means for produc 
ing and launching an electron beam along a rectilinear 
path, apparatus for modulating said electron beam with 
an electromagnetic signal wave, said apparatus compris 
ing: means for producing a magnetic ?eld transverse to 
said path whereby a ?rst force having a direction trans 
verse to said magnetic ?eld and said path is exerted on 
the electrons of said beam, means for maintaining an 
electric ?eld across said electron beam to produce a sec 
ond force equal and opposite to said ?rst force on the 
electrons of said beam, whereby said electron beam pro 
ceeds along said rectilinear path, and means including 
a rectangular waveguide partially ?lled with dielectric ma 
terial for propagating the signal wave transversely across 
a portion of said path at a velocity substantially equal to 
the velocity of said electron beam, the electric vector of 
said wave being parallel to said electric ?eld, whereby 
said electron beam is modulated with transverse and lon 
gitudinal velocity components representative of said 
signal wave. 

4. A device for amplifying millimeter wave signals, 
said device comprising means for producing and launch 
ing an electron beam along a rectilinear path, means 
for producing a magnetic ?eld transverse to said path 
whereby a ?rst force having a direction transverse to 
said magnetic ?eld and said path is exerted on the elec~ 
trons of said beam, means for maintaining an electric 
?eld across said electron beam to produce a second force 
equal and opposite to said ?rst force on the electrons 

_ of said beam, whereby said electron beam proceeds along 
said rectilinear path, means including a waveguide at 

-least partially ?lled with dielectric material for propa 
gating a signal ‘wave transversely across a ?rst portion of 
said path at a velocity substantially equal to the velocity 
of said electron beam, the electric vector of said wave 
being parallel to said electric ?eld thereby to modulate 
said electron beam with transverse and longitudinal ve 
locity components representative of said signal wave, 
a member having a resistive surface disposed contiguously 
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6 
along a second portion of said path for increasing the 
magnitude of said longitudinal velocity components 
whereby the magnitude of mid transverse velocity com 
ponents is also increased, and means disposed along a 
third portion of said path for deriving an output signal 
from said increased transverse velocity components of 
said electron beam representative of said signal wave. 

5. In a microwave ampli?er having means for produc 
ing an electron beam, and means for directing said elec 
tron beam along a predetermined path, apparatus for 
modulating said electron beam with an electromagnetic 
signal wave, said apparatus comprising: means for prop 
agating said signal wave transversely across a portion 
of said path at a velocity substantially equal to the ve 
locity of the electrons of said beam, said means for 
propagating including a section of rectangular waveguide 
adapted to propagate said signal ‘wave in the fundamental 
transverse electric mode, said section of waveguide being 
disposed transversely across said path with the broad 
sicles thereof being parallel thereto, said section of rec 
tangular waveguide having apertures in the narrow sides 
thereof adapted to allow for passage therethrough of 
said electron beam, and said section of rectangular Wave 
guide additionally being partially ?lled with dielectric 
material to retard the velocity of propagation of said 
signal 'wave transversely across said path substantially to 
that of the electrons of said beam; and means for prop 
agating said signal wave transversely across a portion of 
said path at a velocity substantially equal to the velocity 
of the electrons of said beam, the electric ?eld vector 
of said Wave being normal to said predetermined path 
and said magnetic ?eld whereby both transverse and 
longitudinal velocity components representative of said 
signal wave are imparted to the electrons of said beam. 

6. A microwave ampli?er for the millimeter ‘wave 
region comprising: modulating means including a rec 
tangular “waveguide partially ?lled with dielectric ma 
terial and disposed to propagate microwave energy along 
the path of an electron stream to decrease the velocity 
of said energy to substantially the velocity of said stream, 
said dielectric material being apertured to permit passage 
of said stream and the aperture being lined with a re 
sistive material; a dielectric member having a resistive 
wall positioned adjacent said modulating means 'along 
the path of the beam to be ampli?ed; and output means 
including a second rectangular vwaveguide also ?lled 
with dielectric material adjacent said dielectric member 
having a resistive wall ampli?er and positioned further 
along the path of the stream and being also apertured 
to permit passage of said stream, the aperture being lined 
with a resistive material. 
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