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This invention relates generally to traveling-wave tubes
and more particularly to an improved dispersive or back-
ward-wave amplifier having a broad-band frequency re-
sporise.

In a traveling-wave tube a slow-wave structure such as
2 helix is capable of propagating electromagnetic travel-
ing waves in several different modes, One of these modes
represents the fundamental wave which has a phase and
group velocity in the forward direction. In a traveling-
wave tube adapted to amplify this forward wave an elec-
tron stream is directed along the slow-wave structure at a
velocity slightly greater than the phase velocity of the
traveling wave to effect an interchange of energy from
the electron stream to the wave to cause. amplification
of the wave. The frequency response of such an ampli-
fier is quite broad. However, when it is desired to amplify
a backward wave, that is, a wave representing a mode of
propagation whose phase velocity is in a direction oppo-
site to that of the fundamental mode, and the same as
that of the electron stream, the frequency response is
very narrow. ' This is due to the fact that for a given
voltage or velocity of the electron stream there is only
a very narrow band of frequencies in the wave traveling
in the direction of the electron stream which the electron
Stream can electromagnetically “push,” that is, which it
can amplify or deliver energy to.

Heretofore broadening the frequency band of a back-
ward wave amplifier was accomplished by providing two
or more helices having different direct-current (D.C.)
voltages which results in a stagger-tuned effect. Con-
sequently, although the frequency response is indeced
broadened, the gain-bandwidth product is not increased
by an appreciable amount.

It is therefore an object of the present invention to
provide a dispersive broad-band traveling-wave amplifier
which does not suffer the disadvantages of stagger-tuned
systems.

It is another object to provide, in a broad-band back-
ward wave amplifier, a multi-velocity electron beam.

It is a further object to provide such a multi-velocity
electron stream by means of a number of discrete cath-
odes, each being supplied with separate D.C. voltages.

In a conventional backward-wave amplifier the beam
has the shape of a hollow cylinder projected along the
interior of a slow-wave structure such as a helix. In
accordance with one embodiment of this invention the
cathode of the amplifier is ring shaped, the ring being
severed into two or more discrete segments, each seg-
ment being electrically insulated from the others. A
potential difference is applied between adjacent segments
so that the electrons emitted from the various segments
traverse the helix with different velocities dependent upon
the potential difference between a particular segment of
the cathode structure and the accelerating anode.

Another embodiment of the present invention includes
a sheet beam forming cathode as used in traveling-wave
tube amplifiers of the type called traveling-wave magne-
trons. The sheet beam of electrons of rectangular cross-
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section is projected between a conductive plate and a
slow-wave structure. The overall cathode shape in such
a traveling-wave tube is an elongated rectangle disposed
with its rectangular emissive surface perpendicular to
the desired beam path. In accordance with the present
invention the emissive strip is divided into two or more
segments electrically insulated from each other and hav-
ing a potential difference applied across the gap.

The novel features which are believed to be character-
istic 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 connecticn with the
accompanying drawings in which several embodiments
of the invention are 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 definition of the limits of the
invention.

In the drawings:

Fig. 1 is a schematic view, partly in section, of a single
helix backward-wave amplifier tube utilizing ‘a cathode
structure in accordance with this invention.

Fig. 2 is an enlarged perspective view of the cathode
structure of the tube of Fig. 1.

Fig. 34 is a schematic diagram of a circuit which is
analogous to a prior art single-helix tube,

Fig. 35 is a schematic diagram of a circuit which is
analogous to a prior art double-helix tube.

Fig. 3c is a schematic diagram of a circuit which is
analogous to the tube of Fig. 1.

Fig. 3d is a schematic diagram of a circuit which is
analogous to a double-helix traveling-wave tube utilizing
a cathode structure in accordance with the present inven-
tion.

Fig. 4a is a graph showing the dispersive characteristic
of a cénventional single-helix backward-wave amplifier
tube.

Fig. 45 is a graph of the band-pass characteristic of a
conventional double-helix backward-wave amplifier tube.

Fig. 4c is a graph illustrating the dispersive character-
istics of the tube of Fig. 1.

Fig. 4d is a graph of the bandwidth associated with the
tube of Fig. 1.

Figs. 5 and 6 illustrate additional embodiments of the
cathode structure suitable for use in the tube of this
invention. )

Fig. 7a is a graph of the dispersion characteristic of
backward-wave amplifiers utilizing the cathode structures
of Figs. 5 or 6.

Fig. 7b is a graph of the bandwidth characteristic
associated with a tube embodying a cathode of Figs. 5 or 6.

Fig. 8 is a schematic view of a double-helix backward-
wave amplifier utilizing the cathode structure of Fig. 2.

Referring now to the drawings and particularly to Fig.
1, there is shown a backward-wave amplifier traveling-
wave tube 10 having an evacuated envelope 12, which
may be of glass, enclosing and supporting a slow-wave
structure or helix 14, an electron gun 16, and a collector
electrode 18. 'The collector 18 is disposed at the end of
the glass envelope 12 opposite electron gun 16 and
adapted to coilect the electrom beam and dissipate its
kinetic energy. An input transmission line 20 is coupled
in a conventional manner to the coliector end of slow-
wave structure 14, and an output line 22 is coupled to
the emitter end of helix 14. A solenoid 24 surrounds
the traveling wave tube and is adapted to constrain, con-
fine and focus the electron beam along and within the
conductive helix 14.

Electron gun 16 in accordance with the invention, com-
prises an annular, segmented cathode structure 26, cor-
responding segmented focusing electrode 28, accelerating
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‘anode 30 and a filament heater 32. Respective segments
of cathode structure 26 are electrically connected to seg-
ments of focusing electrode 28. A potential source 34 1is
connected between the two segments of cathode structure
26. Other suitable voltage sources are shown schemati-
cally in Fig. 1. - RN .

Fig. 2 illustrates in more detail the structure of cathode
26.. Two- segments 60 and 62 are separated and elec-
trically insulated from each other, and voltage source 34
s cpnnected between the two segments. The gap between
-segments 60 and 62 may also be filled with any suitable
dielectric such as quartz. - Cathode structure 26 is utilized
-to provide an electron beam having electrons of two dis-
“cretely separate velocities, the electrons traversing the
length of the helix of the traveling-wave tube. ' The dif-
ference in the two velocities is directly related to the
magnitude of voltage source 34. . - o

The single-tuned  type of circuit of Fig. 3a is electri-
cally analogous to a prior art single-helix, single-cathode
backward-,wave'ampliﬁer; There is as shown one tuning
“parameter and hence only a simple, single peak band-
pass characteristic.

Fig. 3b illustrates, also by analogy, a prior art double-
helix single-cathode backward-wave amplifier. Here there
are two tuning. parameters which may be set at slightly
“different frequencies to provide a stagger-tuned type of
band-pass characteristic having two adjacent peaks.

Curve 48 of Fig. 4a where accelerating voltage or elec-
tron velocity is plotted on the ordinate and frequency of
‘the traveling wave on the abscissa, demonstrates the dis-
persive characteristic of a single-helix, or non-stagger-
tuned double-helix backward-wave amplifier of the prior
art.

The graph of Fig. 4b plots tube gain on the ordinate
and frequency on the abscissa. This graph demonstrates
the decreasing gain when it is attempted to increase the
‘bandwidth of a cascaded or double-helix backward-wave
amiplifier of the prior art, as analogized by the circuit of
Fig. 3b, by stagger-tuning.

Curve 51 of Fig. 4b is the gain-frequency Tesponse

‘without double tuning. Curves 52 and 53 demonstrate
the effect of increased stagger tuning. Their effects are
well known in the art. -
" The graph of Fig. 4c which plots electron velocity on
the ordinate and frequency on the abscissa shows the dis-
persive curve of a single-helix backward-wave amplifier
as illustrated in Fig. 1 which utilizes the cathode struc-
ture of the present invention. Curves 55 and 56 are
separated vertically by a distance represented as Vi,
equivalent to the magnitude of voltage source 34 sche-
“matically indicated in Fig. 1. - The voltage on the ordinate
represented by Vy is the potential on helix 14 of Fig. 1
with respect to a reference print and corresponds to- fre-
quencies f; and f, as derived from the points of curves
55 and 56 representing the voltage V.

Fig. 4d shows a graph which plots the gain versus fre-
quency or band-pass characteristic of the tube of Fig. 1.
Fig.' 7a demonstrates the broadening of the pass band
which is achieved by superposition of the effects of the
_two dispersive curves of the graph of Fig. 4c. It may be
seen that the magnitude of the gain remains substantially
constant between f; and f, thus increasing substantially
the -gain-bandwidth product. ‘

Fig. 5 illustrates a different embodiment of the cathode
structure.suitable for use in a backward-wave tube in ac-
cordance with this invention. A segmented, annular

“cathode structure 64 may be used in the traveling-wave

tube of Fig. 1. Annular structure 64 may be divided into
four substantially equal segments 66, 68, 70 and 72.
Again each segment is electrically insulated  from the
others, and a potential is applied between each pair of
_segments. For that purpose a voltage source 74 is con-
‘nected between segments 66, 68, a voltage source 76 is
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~ cofinected between segments 68, 78, and a voltage source

70 is connected between segments 70, 72.
A sheet beam forming cathode is illustrated in Fig. 6.

. A rectangular cathode 82 may be utilized for forming a
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-sheet beam of electrons for

use in a traveling-wave mag-
netron tube. Rectangular cathode 82 may be divided
along its length into four segments 84, 86, 88, and 990.
Voltage source 74 is here connected between segments 84,
86, voltage source 76 is connected between segments 86,
88, and voltage source 78 is connected between segments
88, 90. A focusing electrode shown schematically in
dotted lines at 92, is provided for forming the emitted
electrons into a sheet beam. Focusing electrode 92 is
segmented to correspond with the segmentation of cath-
ode 82 and respective segments of electrode 92 are elec-
trically connected to segments of cathode 82. An ac-
celerating anode 94, also shown in dotted lines, is pro-
vided for accelerating the electron sheet beam toward a
magnetron slow-wave structure indicated schematically
by dotted lines at 96. SRS ety

The graphs of Figs. 7a and 7b-illustrate, respectively,
‘the- dispersive characteristics and the band-pass charac-
teristic obtained when cathode structures according to
Figs. 5 or 6 are utilized in a backward-wave tube. The
graph of Fig. 7a, which plots electron velocity or ac-
celerating voltage along the ordinate and microwave fre-
quency along the abscissa, illustrates the dispersion char-
acteristics for such a backward-wave traveling-wave tube.
In Fig. 7a, four curves 55, 56, 57, and 59 are respectively
separated vertically by voltages V; equivalent to the
‘magnitude of voltage source 74, V which is equivalent
to the ‘magnitude of voltage source 76, and Vg which is
equivalent to the magnitude of voltage source 78. The
point on the ordinate indicated at Vy represents the D.C.
voltage on a single-helix, for example helix 14 of Fig. 1.
A horizontal line corresponding to this voltage, Vg, inter-
sects four points on the curves 55, 56, 57, 59 thus deter-
mining four respective frequencies fi, fs f3» fo of micro-
wave energy which may be amplified by backward-wave
amplification. : :

The graph of Fig. 7b which is associated with graph
of Fig. 7a and which has the same abscissa while plotting
gain on its ordinate illustrates the resultant very broad
band-pass characteristic of the backward-wave amplifier
utilizing cathode structure 64 of Fig. 5 or cathode struc-
ture 82 -of Fig. 6. :

The present invention provides a method of increasing
bandwidth of all types of backward-wave or other dis-
persive amplifiers without appreciable sacrifice in gain;
that is, the gain-bandwidth product of these amplifiers
may be considerably increased according to the invention.

There are at present.two classes of backward-wave am-~
plifiers, the simple single-helix amplifier represented by
the circuit of Fig. 3¢ and the cascaded, two-helix back-
ward-wave amplifier demonstrated by analogy by the cir-
cuit of Fig. 3b. The bandwidth of a prior art single-helix
amplifier is determined by the electromagnetic coupling
between the helix and the electron beam and by the length
of the helix in electronic wavelengths. - Therefore once
a design is fixed, the bandwidth at a given gain is also
essentially fixed, and this bandwidth is too small for many
desirable applications. It is extremely desirable there-
fore to increase the gain-bandwidth product of the single-
helix ‘backward-wave amplifier beyond' the maximum
value obtainable with prior art devices.

The gain-bandwidth product of a conventional cascaded
backward-wave amplifier- is somewhat greater than that
of a conventional single-helix backward wave amplifier
and may further be slightly increased ‘by stagger-tuning
the input- helix and output helix. This may be done
either by applying a D.C. potential difference between
the cascaded helices, or by using helices having the same
dispersion curve in fre€ space, or alternatively by loading
them differently with dielectric, or by designing each helix
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to have a slightly different dispersion curve, The cas-
caded backward-wave amplifier may be compared to the
series double-tuned circuit shown in Fig. 3. When a
single cathode is used and the helices are stagger-tuned,
the gain bandwidth product can be increased slightly at
first but after this initial small increase the overall gain
drops very rapidly as the circuits are de-tuned, that is,
the primary effect as shown by the graph of Fig. 4b is
to increase bandwidth but at the expense of gain.

In accordance with the present invention two or more
electron beams having slightly different velocities are
employed ‘in the. same backward-wave amplifier tube.
This is feasible and practical because the operation of
backward-wave amplifiers is not primarily limited by
current, that is, they are essentially low-current devices.
It is therefore possible to design such a tube so that
the design gain is obtained with a4 beam of one-haif or
one-fourth of the cross-sectional area available for the
total beam within the helix. The remainder of the avail-
able cross-sectional area may then be used in accordance
with this invention to provide another beam of elec-
trons having a different velocity by utilizing two cathodes
having applied thereto slightly different potentials.

As an example of the operation of such a backward-
wave tube in accordance with the Present invention con-
sider the graphs of Figs. 4c, Ad, which will be used in
describing the operation of a backward wave amplifier as
shown in Fig. 1. The single helix 14 of backward wave
amplifier 1¢ is supplied with a D.C. voltage of V,
with respect to a reference voltage. Separate segments
of the cathode, two in this example, are supplied with
a potential difference represented by Vi, the vertical
distance between dispersion curves 55 and 56. The elec-
trons passing through helix. 14 then have two velocities
corresponding to two bands of frequencies of microwave
energy respectively centered about f;, and fo which may
be amplified as backward waves. Then as shown on the
graph of Fig. 4b the pass band is essentially at the maxi-
mum gain value shown at Gy on the ordinate across
the entire band between frequencies f; and f,.

The same multi-velocity electron beam producing
cathode structures may be used with a cascaded two-helix
backward-wave amplifier. Such an embodiment of the
invention is illustrated in Fig. 8. In this example the
advantages are even greater, because the input and output
helices may be stagger-tuned in addition to the use of
two or more beams at different velocities thus making
it possible to increase. bandwidth even further. Refer-
ring to schematic Fig. 8 cathode structure 26 is shown
in a tube utiilizing two helices 36 and 48 disposed in cas-
cade along the multi-velocity electron strean. Accelerat-
ing anode 30 is again shown. The input helix 36 con-
tiguously surrounds the first portion of the electron
stream and is terminated in a conventional manner by
resistance 38 which may be a dissipative load of the type
in which a lossy material is sprayed onto-the end of the
helix. The output helix 4@ is disposed in axial align-
ment with helix 36 adjacent the collector end of the
traveling-wave tube and is likewise terminated in a con-
ventional manner by a resistive load 42. A drift tube
44 separates and isolates helix 36 from helix 49. A
voltage source 46 is connected through appropriate isolat-
ing resistors 41 and 43 between the two helices to provide
a D.C. potential difference for stagger-tuning them in
a manner so that electrons which traverse helix 36 with
a given velocity will be accelerated to a different velocity
when they traverse helix 4. Potential source 24 again
is shown applied across the gap between the two seg-
ments of cathode structure 26. Collector 18 and other
sources of potentials shown schematically complete the
schematic presentation of the cascaded backward-wave
amplifier. The schematic circuit shown in Fig. 3d is
electrically analogous to the traveling-wave tube illus-
trated in Fig. 8. The circuit consists of two serially dis-
posed pair of tuned circuits arranged in parallel thus
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providing four tuning parameters. The fact that four
tuning parameters are provided does not, however, com-
plicate tuning, because there is no reciprocity or inter-
dependence between parameters.

There has thus been disclosed an improved backward-
wave amplifier with a greatly increased gain-bandwidth
product. Several embodiments of the invention have
been set forth by way of example.

What is' claimed is:

1. A broadband dispersive traveling-wave amplifier
tube adapted for propagating electromagnetic waves
therethrough along a slow-wave structure and for effect-
ing an interchange of energy between beams of electrons
and the electromagnetic waves, said tube comprising: an
electron emitter adapted to emit separate electron beams
such that each beam.contains substantially equal num-
bers of electrons, the électrons of each beam having a
discretely different velocity within a predetermined ve-
locity range, with a magnitude of current at each veloci-
ty which is less than sufficient to cause undesired oscil-
Iations, whereby due to the dispersive characteristic of
the tube the bandwidth of the tube is determined by said
predetermined electron velocity range without causing
instability in the operation of said tube as an amplifier;
an electron collector; means for projecting the electrons
of each of said beams along a path between said emitter
and collector; and a slow-wave structure disposed along
and enclosing a portion of said path in energy exchange
relation with said electron beams said slow-wave struc-
ture comprising a plurality of cascaded helices each
maintained at a different direct current potential with
respect to said emitter, the combination of said separate
electron beams and said plurality of helices providing at
least four substantially independent tuning parameters
whereby the gain bandwidth product of said amplifier
tube has a relatively large magnitude.

2.In a broadband dispersive traveling-wave tube
having a cascaded helices type of dispersive slow-wave
structure the separate helices of which being maintained
at different direct-current potentials with respect to a
predetermined reference potential, an electron gun for
emitting a multivelocity stream of electrons, said electron
gun comprising: an emissive conductive surface and a
voltage source, said conductive surface being divided into
at least two mutually insulated segments, one of said
segments being maintained at said reference potential,
portions of said voltage source being connected between
pairs of said segments, whereby electrons are emitted at
discretely different velocities in accordance with the
difference in potential between said segments of said emis-
sive surface with a magnitude cf current at each velocity
which is less than the start oscillation current for un-
desired oscillations so that the gain bandwidth product
of said dispersive traveling-wave_amplifier tube may be
increased without causing instability in the operation of
said tube as an amplifier.

3. A ‘broadband dispersive traveling-wave tube com-
prising: a slow-wave structure comprising a plurality of
cascaded helices, individual ones of which being main-
tained at different direct-current potentials with respect
to the others; a collector electrode; an electron gun of
the character adapted to emit a multivelocity stream of
electrons toward said slow-wave structure, said electron
gun comprising: electron accelerating means adapted to
be maintained at a predetermined accelerating potential,
electron focusing means, a voltage source, a segmented
cathode, individual segments of said cathode ' being
coupled to said voltage source so that different segments
are at discretely different potentials with respect to said
accelerating potential, whereby " electrons in the multi-
velocity stream have different velocities determined by
said voltage source, with a magnitude of current at each
velocity which is less than sufficient to cause undesired
oscillation thereby providing in the dispersive tube a
broad frequency band of operation determined by said
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voltage source without causing instability in the opera-
tion of said tube as an amplifier.

4.- A broadband backward-wave ‘amplifier .tube com-
prising: an electron emitter, an electron- collector, said
emitter and collector being spaced apart, said emitter
including a - cathode adapted to emit electrons at two
different velocities, with a- magnitude of current at each
velocity which is less than sufficient to cause undesired
oscillation, whereby due to the dispersive characteristic
of the .tube, the bandwidth of said tube is broadened;
means for projecting said electrons along a path between
said emitter and collector; two helical slow-wave struc-
tures disposed in cascade along and enclosing a portion
of said path, said slow-wave structures being electrically
insulated from each other; and a source of potential
applied between said slow-wave structures whereby the
bandwidth of said backward wave amplifier is further
broadened by stagger tuning with at least four substantial~

10

16

ly independent tuning parameters without. causing in-

stability in the operation of said backward-wave tube as
an amplifier. - -
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