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TRAVELING-WAVE TUBE

Horace R. Jobnsor and Rolf D. Weglein, Los Angeles,
Calif., assignors to Hughes Aircraft Company, Culver
City, Calif., a corporation of Delaware

Filed Apr. 1, 1957, Ser. No. 649,836
2 Claims. (Cl. 315—3.5)

The present invention relates in general to traveling-
wave tubes and more specifically to means for precluding
spurious backward-wave oscillations in a ‘traveling-wave
tube.

Conventional traveling-wave tubes have found wide-
spread use as microwave amplifiers because of their
ability to provide useful gain over a broad bandwidth,
especially when utilized as forward-wave amplifiers.
Traveling-wave tubes generally comprise a slow-wave
structure for propagating electromagnetic signal waves
at a velocity considerably less than the velocity of light.
An electron stream is then projected along the slow-wave
structure in electromagnetic energy exchange relation
with the traveling wave in a manner thus effectively to
“push” or amplify the traveling waves.

When a traveling-wave tube is utilized as a backward
wave amplifier or backward-wave oscillator, the tube is
quite dispersive and is therefore a marrow-band device.
That is, for a given velocity of electrons in the stream
only a very narrow range of frequencies may be ampli-
fied in a backward wave, that is, a wave traveling in the
direction oppagsite to that of the electron stream. In order
that backward-wave -oscillations may occur at a given fre-
quency, a certain minimum starting current at a certain
electron velocity ‘is required.

It may be seen that when a traveling-wave tube is being
utilized as a forward-wave amplifier, with the electrons in
the stream traveling at a certain velocity, backward-wave
oscillations may occur at the frequency determined by
the dispersion characteristic for the tube as a backward-
wave oscillator, provided there is a sufficient current of
electrons at that certain velocity for the start-oscillation
condition. Such backward-wave oscillations would be
undesirable in a forward-wave amplifier.

Formerly, this backward-wave oscillation has been
avoided in forward-wave amplifiers through the use of
smaller helices or other circuits of low backward-wave im-
pedance. Another method is disclosed and claimed in the
copending application by Horace R. Johnson, et al., Serial
No. 401,303, filed December 30, 1953, now Patent No.
2,809,321, dated October 8, 1957, entitled “Traveling-
Wave Tube,” and assigned to the assignee of the present
application, which comprises using appropriate stop-bands
for the purpose of rejecting the spurious backward-wave
oscillations. The first methed, viz., that of using a smaller
helix, is limited to low-power tubes, since a smaller helix
means a smaller inner passage or opening for the stream
and hence limits the amount of total current in the elec-
tron beam. Also, special circuits can often mot be uti-
lized since they are usually quite dispersive and hence
narrow-band devices. Dispersion is therefore also a prob-
lem with the latter method of utilizing stop-band circuits.

It is therefore an object of the present invention to pro-
vide a high-power traveling-wave tube which does not
suffer the disadvtnages of spurious backward-wave oscil-
lations. .

It'is'a further object to provide a backward-wave oscil-
lator in which spurious modes of oscillation are prevented.
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It is another object to provide such a traveling-wave
tube without modifying the cold slow-wave structure, for
example, its dispersion.

Briefly, these and other objects are achieved by provid--
ing a multi-velocity electron stream in a manner such
that either fundamental mode backward-wave oscillation
or highpower amplification may be produced, while at
the same time having not enough stream electrons at a
particular velccity to constitute the starting curent Te-
quired for spurious backward-wave oscillation frequencies.
This velocity spread is produced by providing a steady
electric field transverse to and across the electron beam.
This may be dene, for example, in a conventional helix
type holiow beam traveling-wave tube by supporting a
conducting rod along the axis of the traveling-wave tube
inside of the hollow electron beam. This inner conductor
is then maintained at a direct-current potential which
is different from that of the surrounding helix. Various
other means associated with other types of traveling-wave
tubes for achieving a velocity distribution with such a
transverse field are illustrated, discussed and explained
in the following detailed description and drawings in
which:

Fig. 1 is a sectional view of a traveling-wave tube con-
structed in accordance with the present invention;

Fig. 2 is a graph of the dispersion characteristic. of
the traveling-wave tube plotting velocity of electrons on
the ordinate with microwave frequency on the abscissa;
also shown is the beam current distribution versus velocity;

Fig. 3 is a sectional view of an alternative embodiment
of the present invention; and

Fig. 4 is a plot of starting current on the ordinate versus
velecity spread of the electron siream on the abscissa.

Referring with more particularity to the drawings for
purposes of description of structure and operation of the

- present invention, Fig. 1 illustrates an embodiment in
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which the transverse electric field across the elecfron
stream is achieved in a radially symmetrical configuration.
To this end a dielectric rod 10 with a conductive coating
12 is supported along the axis of a traveling-wave tube 14.
The electrical potential of conductive coating 12 is main-
tained differently from and, in the case of a backward-
wave device, more positive than that of a conductive heli-
cal slow-wave structure 16; in a forward-wave device the

-sense of the transverse field may be reversed. A hollow

cylindrical electron beam produced by electron gun 18 is
caused to pass through the cylindrical annular space
between rod 1 and slow-wave structure 16, across which
is maintained a steady direct-current potential. The elec-
tron stream is collected by a collector electrode 26 which
is appropriately designed to effectively dissipate the kinetic
energy of the stream electrons.

Electron gun 18 comprises an annular emitting cathode
22, a beam-forming electrode 24, a first accelerating elec-
trode 28 and a second accelerating electrode 28. Each of
the electrodes 26 and 28 have an appropriate center por-
tion coplanarly supported with the outer electrode, as by
grid wires or by a common supporting dielectric rod not
shown, as is conventional in the art. Dielectric rod 10
is supported by and between the center portion of ac-
celerating electrode 28 and collector electrode 26. A
coaxial line 3¢ forms an input line if the tube is being
operated as a forward-wave device, or may be used as an
output line if operated as a backward-wave device, and is
connected to the left-hand end of slow-wave structure 16,
as may be coaxial line 32 to the right-hand end of slow-
wave structure 16 which is an output line if the tube is
a.forward-wave device, or.an_input line if a backward-
wave amplifier. .

An axial magnetic field for focusing and constraining
stream electrons is provided by an outer solenoid 34
energized by a battery 35. Appropriate taps on a source
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of potentral 35 are electncally connected to each of the

vatious electrodes to provide operating voltages thereon.
One such tap is labeled -38 and its position determines
the relative pctentral -designated V;, of conductive coat-
ing 12 to which it is connected.  This in. turn determines
the potential ‘gradient bétween the conductive coating and
Vslow-wave structure 16, the potential of which in this ex~
ample is maintained at ground designated as 'V, through
an solatmg resistor 40 The potentlal of collector elec-
trode 20 is maintained somewhat positive with respect to
that of the conductive coatmg 12 or slow-wave structure
16 in order to minimize the deleterious. eﬁects of sec-
ondarlly-emltted electrons therefrom..

“The graph of Fig. 2 is provided for the purpose of de-
picting ‘the dispersive characteristic of backward-wave
oscillations -associated with the traveling-wave tube ‘of
Fig. 1 when being operated as a forward-wave amphﬁer
Such backward-wave oscillations woud be- deemed ‘spuri-
ous and’ undesirable when the tube is utilized as a for-
ward-wave amphﬁer The graph shows curve 43 plot-
1 velocity of stream eleétrons versus the frequency of
backward-wave traveling waves, the amplification of
which” would be effected by the indicated ' velocity of
stream ‘electrons in the forward direction. -

“The shaded area 42, limited by-curve 41, independently
répresents the distribution of beam current electrons ver-

sus velocity which extend throughout the range of Vi to .

Vs, the potentials on conductive coating 12 and slow-
wave ‘structure 15, respectively. The distance on the
distribution’ ‘graph,. indicated by the bracket 44, represents
the starting current for backward-wave osclllatlons to be
supported

“The diagram of Fig. 2 points out that while forward-
wave ‘amplification ‘may be achieved by beam cirrent
electrons whose velocities are within the range from Vi
to Vs, ‘backward-wave oscillation is precluded ‘because

nowhere ‘in this distribution’ are there sufficient -electrons.

to ‘constitute the required starting ‘carrent for. ‘the associ-
Cated frequen"y of “backward-wave ~oscillations. - Thus,
there is ‘provided a means’ for- ‘high-power amphﬁcatron
withott backward-wave
itude of integrated stieam current could be used without

having: sufficient eleétrons to constitute the startmg current .

reguired ‘for hackward wave. oscillations.
Fig. 3 ulus frates an embodiment of the present: inven-

“oscillation because a large mag: -
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It has been found, when a backward-wave oscillator
operating in its fundamental mode as represented by a
position on curve 78 is provided with a transverse, time-
constant or steady electric field across the electron beam,
that the fundamental mode-of oscillation is affected in a
quite different way than -are the higher: order, spurlous
modes, the first and most troublesome of whrch 1s repre-
sented by the curve 80:-

As may be seen from the graph of Fig. 4 which repre-

sents the operation ‘of a Backward-wave oscillator con- -

structed substantially‘i.n accordahce with Fig. 1 where Vy
is the voltage on the inner. conductmg rod and Vj is the
voltage on the heliX, when V; is positive with respect to
V2 such that the tube is operating somewhat to the right

f “0” of the abscissa, for example, near the point “.1,”

the starting current. for the fundamental mode is increased .

zelatively little from its value given by curve 78 at the
point “0” where V, equals V;.  -On the other hand, it may
be seen from curve 80 that the starting current for-the
spurrous ‘mode. appreaches_infinity.

“ Typical empirical data follow below for-a. backward-
wave oscﬂlator constructed in accordance with: Frg 1

Fig. 4 ‘where the mner conductmg rod 1s cons >
of -ceramic coated with silver and s mamtamed ata po-

tential positive with’ Tespect to-the outer conducting helix.

The electric field between the inner rod and ‘the.outer
helix is approxrmately 1000 velts per inch; Vi is.of ‘the
order ‘of 2000 volts posmve with respect to the cathode;
the beam current is in-the range of 10 to 12 milliamperes;

_the frequency of operauon is:in the region of 3400:t0:3500

megacycles the -axial constraining magnetic field is 1000
gauss;-and the startmg current for the spurrous mode 1s
infinity, .

- .The inner, -conductive rod rs readrly placed suﬁlcrently )
radrally distant -from the, helix such as :not-to interfere

with. propagatxon therealong: of microwaves; the fields -of
which.are concentrated radially close 10 the helix. -That
such-a transverse steady field -gives riseto a velocity

spread in” the longitudinally travelrng eléctrons’ may he’

" seen -by .visualizing- the ‘resultant gradrent across. which

45

tion “which ‘may be considered the conjugate ‘of thé -ar-

rangemiéit shown in Fig. 1 in that a slow-wave structure
-16” liés along the axis of a travelmg-wave ‘tibe 147, while
a4 -Cohcentric tiibular conductor 127 lies otitside thereof
with™an “annular cylindsical space in between through
‘which may be projected a hollow beam-of électrons gen-
erated by 'an electron’gun 18". " The outer conductor 12’
may be any nonmagnetic-conductor or coating adaptable
to ‘achieve the- furiction of providing a steady direct-cur-
fent ‘potential aéross ‘the ‘hollow electron ‘beam. “Slow-
wave structure 16’ is of a Charactér ‘well known in the
art and is described -for  example in Patent No. 2,645,737,
entitled- “Travehnc-Wave Tube;” issued to L. M. Field on
July:14, 1953. "Conductive -fins ‘or 'discs 46 are substan-
tiglly: evenly spaced ‘along afi ‘axial certral conduttor ‘48
which is“functionally “an ‘extension 'of the inner conductor
of .coaxial -fesd lines 30" and 32°.
of these-feed lines is similarly extended into traveling:
wave tube 14’ with flaréd 'ends 50 which aid in achieving

¢ & suitable . impedance match ‘between coaxial line andv

slow-wave - structure. Eleetro-magnetrcally ‘transparent
windows® 52 permit the desired pressure differential be-

tween the evacuated interior of traveling-wave: tube - 14"

and “what mroht be for example, ‘atmospheric: pressure
: out31de ‘thereof.

' Referrmg now ‘to the graph of Flg 4 there is shown
a plot of “backward-wave oscillations starting- currént. in
arbitrary units versus velocity spread in the electron beam

ng the: absclssa expressed as-a. tatio whrch is, propor- :

78 :generatmg srgnals in :a predeternuned

the electron. stream is . read. . .Those electrons. “radially
nearer to the more posmve cylmder will: ‘necessarily-have
more .energy- .and hence be traveling - faster than .those:in
the .more negatlve portxons of the gradient. -The-trans-
verse component of velocity_given. to the electrons. by 1his

- field is a. second. order eﬁect -which -actually aids-in.con-
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" The outér conductor

“straining the electrons agamst thelr tendency to defocus

by repulsive space- charge spreading effects.
There have thus . been disclosed -traveling-wave. tubes
which, when operated as:forward-wave -amplifiers or -as

. backward-wave amph‘iers or osoﬂlators, may utilize “a

tron- stream wrthout grvmg rise - to undesrred backward-
wave oscrllahons A valuable - advantage; in such: travel-

mg—wave ‘tubes is- that greater amplification- and - greater
cSutput swnals may: bie achieved without mterference Hfrom
$purigus. backward waves and wrthout the need for spec1al

problems
A further advantage of«-theA present mventron is: that

'the case of~ Fig. .1 the mner conductrve rod .is+in- the

regron such that it »does not. mterfere drrectly wrth waves

stream alo-lg its. length - e
"What is claimed is:
+1.. A backward-wave osexllator travehng-wave tube for

7 fundam ntal
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mode of oscillation comprising: a conductive helix for
the propagation of electromagnetic wave energy at a
velocity substantially less than the velocity of light; an
electron gun for producing a hollow stream of electrons
projected contiguously within and in energy exchange
relationship with said helix; output means coupled to the
electron gun end of said helix; an elongated dielectric rod
coated substantially over its length with a resistive layer
and being disposed within said hollow electron stream
coincident with the axis of said traveling-wave tube
whereby said hollow electron stream flows between said
elongated rod and said helix; means for providing a
magnetic field substantially parallel to said axis for focus-
ing said stream; and means for maintaining the resistive
layer on said dielectric rod at a steady direct current
potential which is positive with respect to said helix
whereby a transverse direct current electric field is main-
tained between said helix and said rod across said hollow
electron stream in a manner such that said hollow elec-
iron stream suffers a velocity spread in a manner to
preclude spurious backward-wave oscillations in said
backward-wave oscillator traveling-wave tube, said trans-
verse direct current electric field being in the range of
magnitude to not appreciably increase the magnitude of
oscillation starting current for said fundamental mode.

2. A backward-wave oscillator traveling-wave tube for
generating signals in a predetermined, fundamental
mode of oscillation comprising: an electron gun; a helix
for propagating high frequency electromagnetic energy at
an axial velocity substantially less than that of light
and having output means at its electron gun end and
being maintained at a direct current potential of Vj;
a coaxial, substantially coextensive dielectric rod having
a resistive, nonpropagating layer on the outer surface
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thereof and disposed within and radially spaced sym:
metrically from said helix and maintained at a direct
current potential of V; where V), is positive with respect
to Vy to provide a radial potential gradient and an elec-
tric field of the order of 1000 volts per inch between said
helix and said rod; means for providing a hollow elec-
tron stream projected coaxially along the length of the
tube, electrons of said beam having a distribution of
radial displacement between said helix and said rod in
the direction of said gradient, those electrons passing
nearer to said rod being in a region of higher potential
and traveling at a higher velocity than those electrons
nearer to said helix thereby providing a velocity spread
in said electron stream in accordance with said voltage
gradient, said velocity spread being of a magnitude to
not appreciably increase the magnitude of required start-
ing current for said fundamental mode but to make pro-
hibitively large the starting current for a spurious mode
of backward-wave oscillation; and means for providing
a strong axial magnetic field for constraining said hol-
low electron stream to a substantially rectilinear flow
along the length of said helix.
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