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UNITED STATES PATENT OFF ICE
-HIGJLFI;EQt;::i?(’)zl':9 APPARATUS.

Carol' M. Veronda,

‘ware

Island Trees, N. Y., assignor to,
The Sperry ‘Corporation,

a’corporation of Deli-

Applica,tion.,May.lz, 1950, Serial.No, 161,684

12 Claims.

This invention relates to, electron discharge
devices and, more particularly, to suchi. devices
having 3 novel electron beam focusing arrange-
ment..

For certain types. of electron tubes it is de-
sirable to provide an eléctron beam with a small
diameter, However, where the electron. beam
density- involved is.not large, it is not very. diffi-
cult to. aceomplish this result, such as. in the

case. of a.cathode, ray tube or electron micro- |

Scope, in. which the mutual repulsion forces. of
electrons.are negligible.. The electron optics em-
pleyed in such’ electron . discharge devices are
based on g consideration. of the trajectories of

individual.electrons without taking into account .

the: presence. of. other. electrons,

To- provide . g high power elec.t'ron.disg:harge
device, such as g klystron suitable for trans-
mitter type applications, . it is advisable. to. em-
bloy a. high. density electron beam. By provid-
ing a Kklystron transmitter for pulsed applica-~
_tions it is:possible to operate with properly con-
trolled. frequency stability.

Where,employing.a» high density. electron heam
In. klystron: tubes. the problem . of maintaining
such. a high density. beam in focus during its
transit through the velocity. modulation systém
is present. Three different types.of beam focus-
ing may be noted, .including ion focusing, mag-
-hetic focuising, and space. charge,focusing.

With resard to ion focusing; where residual
8as. melecules: gare present within the vacuum
envelope of. the tube structure, such ions. are
X ive ! the space charge. of
the electrons . of. the beam, thereby bermitting
the beam to traverse the length of the tube with-
out.undergoing. excessive. defocusing owing. 1o the
mutual repulsion of electrons. . Generally speak-
ing, ion.focusing: ig limited to electron. discharge
devices. operated . as. centinuous.
in view of the fact that there are no ions.present
at: the_-beginning, of.a . pulse to form a. suitable
€lectron beam configuration,. Ci quently,
bulse generator tube employing.ion. focusing may
brovide 'a. high power {
Or.edges whiCh.are_not.suﬁi’ciently steep for cer-
tain_applications,

Magnetic focusing. may be. provided by an
axially-directed . magnetio field, which. is. effec-
tive for. Maintaining a high. density- electron
beam uniform in. eross-sectional . area. for. any
desired distance. Such magnetic focusing: is
seful: for-velocity modulation . devices: operated
koth- as: continuous- Wave:and: radio frequency
‘pulse:generators,

Wave generators.

output. pulse. having sides:

The: use:of: magnetic¢:focusing: |

(

35

CL 315—6):
2
for maintaining. an electron beam in g suitable
configuration ig described in copending applica-
tion Serial No. 117,187 entitled High Frequency
Apparatus, in the na é i
September 22, 1949,
An- electron discharge device including, among
other things, space charge focusing ig brovided

repulsion forces of” thie electrons.
circumstances the beam converges to a. minimum
and then diverges so that. the peam does. not;
have a uniform Cross-sectional area over its
length. The €lectron beam. provided by this ar-
rangement has g substantially apically conjugate
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figuration,
A. further. objeet lies. in . the. provision. of an
improved velocity modulation device suitable. for
supplying. steep . sided radio: frequency output
Dbulses. .
A.still further. object. is. to.. provide a. veloeity
modulation\,electrqn, discharge -device. of a com-

Pact. configuration.

An additional objeet is:to provide an dmproved
electron: discharge -device . for. generating - pulses
having a:relatively. large-magnitude of bower..

Another- object: lies:in :the -Drovisionof a klys-
fron: having:electrostatic ‘and space:charge focyge

" ing: means;
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Another object is to provide an jmproved elec-
tron collector.

Other objects and advantages will become ap=
parent from the specification, taken in connec-
tion with the accompanying drawings, wherein
the invention is embodied in concrete form.

Fig. 1 is a longitudinal view, mainly in cross
section, of an electron discharge device accord-
ing to the present invention.

Fig. 2 is a fragmentary cross-sectional view of
an alternate embodiment of an electron collector,
which may be employed with the electron dis-
charge device of Fig. 1.

Fig. 3 is a view, mainly in cross
along lines 3—3 of Fig. 2.

Fig. 4 is a view showing, among other things,
a grid structure taken along lines 4—4 of Fig. 1.

Fig. 5 is a view showing, among other things,
a grid structure taken along lines 55 of Fig. 1.

Fig. 6 is an enlarged view, mainly in cross sec-
tion, showing the structure of the cathode of
Fig. 1.

Fig. 7 is a circuit diagram showing part of the
external circuit elements for electrical energiza~
tion of the electron discharge device of Fig. 1.

Fig. 8 isan enlarged cross-sectional view of one
of the coaxial line terminal posts of Fig. 1.

Similar characters of reference are used in
"all of the above figures to indicate corresponding
paxts.

Referring to Fig. 1 aligned along the longitu-
dinal axis 11 of an electron
an electron beam producing means, which in-
‘cludes a means for supplying electrons, such as
cathode button or electron emitter i2, the upper
surface of which is suitably oxide coated and sub-
‘stantially spherically concave jin cross section
about the longitudinal axis (1. The edge of the
aperture of the apertured cup {3, which is sup-
_ported by sleeve {4, provides a first line conduc-
tor or edge 16 positioned outwardly of and aiong
the longitudinal axis i{ in a direction away from
the cathode button {2. Accordingly, it will be
‘noted that the diameter of the aperture of cup
13 is larger than the diameter of the cathode
button 2.

The end of the sleeve 14 in a direction toward
the main body of the electron discharge device
provides a second line conductor or edge 11, with

section, taken

the second edge i1 being located outwardly of ¢

the cathode bution {2 to a greater extent than
the first edge I8. The second edge 11 Is, in addi~
tion, disposed along the longitudinal axis i1 in
a direction away from the cathode button i2 to
o greater extent than the first edge {§. The first
and second line conductors or edges {6, i1 con-
stitute an electrostatic field forming means or
focusing electrode 18, which is
ing to the principles disclosed in copending ap=
plication Serial No. 81,480 entitled High Fre-
quency Apparatus in the name of Chao wWang,
filed March 15, 1949, now Patent 2,564,743.

For accelerating and directing electrons
emanating from the eathode button 12 toward
ihe main body of the electron discharge device,
an accelerating electrode or anode 13 is provided,
which anode 19 is suitably energized by an ex-

- ternal potential source, as discussed herein-
pbelow. Under the influence of the focusing elec~
trode I8 and the anode {9, & high density elec-
tron beam i3 formed, in which the individual
electrons thereof traverse substantially rectilin-
ear trajectories and travel toward a point.

Three separate and distinct electromagnetic
field defining means are positioned to receive OT

discharge device is-

<t
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to be traversed by this high density beam suc-
cessively in energy - exchanging relation. 'The
electromagnetic field defining means may include
cavity resonators 21, 22 and 23, each being pro-
vided with an electron-permeable region or gap
24, 26 and 21, respectively, through which the
high density beam passes. The wall of resonator
2{ which faces the cathode button 12 provides
the previously jdentified accelerating electrode
or anode 9.

Between the first two resonators 21, 22 there
is provided a means defining o drift space, such
as drift tube 28. Similarly, between the second
and third resonators 22, 23, there is provided &
means defining a further drift space, such as
drift tube 29. It will be noted thab the end
ones of the resonators 21, 23 are provided with
singly-reentrant configurations.

The walls of the drift tubes 28,
inwardly toward the gap 26 of the intermediate
resonator 22, sO that the drift tubes 28, 29 have
g minimum cross-sectional area in the vicinity
of the gap 26. It will be noted that the walls
of the drift tubes 28, 29 are provided with an
appreciable thickness, which permits heat de-
veloped internally of the electron discharge de-
vice to be more readily conducted to the exterior
thereof. To the same end, the walls of the drift
tubes 28, 29 are preferably formed of & material
having a yelatively high thermal conductivity,
cuch as copper. The configuration of the in-
ternal walls of the grift tubes 28, 29 is such as
to substantially follow, while being somewhat
spaced from, the envelope of the electron beam
The internal walls of the
resonators 2123 are preferably constituted of
highly conductive material to achieve efficient
electrical operation. This may be accomplished
by forming these parts 2i-23 of copper, silver,
of a material plated with such metallic sub-
stances.

In view of the fact that resonator 21 is effec-
tive for impressing velocity variations upon the
electron beam traversing the gap 24 thereof, this
rescnator 21 may more generally be termed a
first means for velocity modulating the electron
beam. To suitably excite resonator 21, which
resonator 21 may also be termed an input or
puncher resonator 21, a means for coupling elec-
tromagnetic energy thereto, such as an input co-
axial transmission line terminal post 31, is pro-
vided. The intermediate resonator 22 is effec-
tive for further impressing velocity variations
upon the electron beam traversing its gap 26
and hence may more generally be termed 2 sec-
ond means for velocity modulating the beam.
Tt will be noted that no provision is made for
coupling electromagnetic energy to or exciting
the intermediate resonator 22, the necessary
excitation being provided by the electron beam
traversing the gap 25 thereof.

Resonator 23 is effective for extracting elec-
tromagnetic energy from the electron beam
traversing its gap 27 and, consequently, may more
generally be termed a means for extracting elec-
tromagnetic energy. At times such a resonator
23 js referred to as an output or catcher resona-
tor 23. To deliver clectromagnetic energy from
the output resonator 23 to a load (not shown) a
means for coupling electromagnetic energy, such
as output coaxial jine terminal post 32, is pro-
vided.

1n order o provide for the adjustment of the
resonant frequency or tuning of the resonators
21-23, they are formed with flexible diaphragms

29 are tapered
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or- end ‘walls 38 34 and: 35; respectively. TLugs
30 are. rigidly mounted on the exteriop walls. of
the-resonators.2 {-23.and ‘flange-like: mempers: 36;
48: are rigidly. secured: to- the. drift tubes. 28, 29,
respectively, The lugs-30 and flange-like. mem-
bers: 38, 40. are suitably apertured: to. accoms-
modate Iongitudinally-extending tuning screws
37, 38, with nuts: 38 cooperating with.the tuning
Serews:-37, 38 to regulate- the- axial. Separation:of
the lugsﬁﬂ«and:ﬂange-like -‘members-36, 40: The
upper end: of’ tuning: screw- 37-and the interme-
diate portion of tuning screw 33 are rigidly se-
cured' to-the flange-like members 48, 36, respec-
tively, as by soldering.

By such adjustment the-resonant: frequency of
the resonators 2{-23 may be varied. With an in-
trease: in: the axial separation or longitudinal
Spacing of ‘s resonator 8ap, sueh as, for instance,
gap 24, the frequency is: increased: The. tuning
is. accomplished: by opening. one: of the: nuts- 39
and tightening one- of: the: opbposing nuts. 39 in
the desired direction. Similarly, the: resonant
frequency is decreased as the axial separation: of
a:gap, such:as gap .24, is. reduced;

- If desiveq; thermal: compensation for- varia- °

tions in ambient temperature may be employed.
Such. ambient: temperature variations. alter the
volumes of the resonators 21-23; thereby intro-
dueing changes in the Tesonant frequencies there-

of. By suitably. selecting the tuning screws 81, ¢

linear- coefficient. of

formed: of suitable: lengths of a. material having
& relatively high linear caeflicient of therma] e€x-
pansion; such as aluminum.

An electron collecting means, such as metallic
member. or block: 44 - is" disposed to receive: the
spent electron beam- after-it-traverses the gap:271
©of the output resonator 23. The end- portion
of the block 4f is brovided with: g conically-
shaped surface 42 facing. the: cathode-hutton: {2,
Block 4§ is joined to. g plate 43: by. means of g
Screw-44. In view of- the:fact that considerable
heat is developed:in the: block: 44, means are pro-
vided for dissipating. such: heat, such:as- cooling
fins 46, supported-by rods 47, More: specifically,
four symmetrically disposed rods:41 are'supported
hy. plate. 43 and: have helically- shaped cooling
fins- 46 extending around their outer surfaces;

the metallic block 41, is also joined to:sleeve: 54,
which, in-turn, is Secured to, sleeve 56:through the
vitreous tubular member 57, with sleeve 53 being
-additionally connected: to plate 52: All: of the
aforementioned, connections . are effected: in a
‘vacuum-tight manner in order: to: insure the
Dreservation of the internal vacuumof. the elec-

:28, 28:a5 well as to the wall portions of: the
JTesonators 21-23 are of g vacuum-tight:construes
tion,. :

The resonators. 21-23 may. each be- provided
with.a pair of grids 61, 62; 63, 64; and 66, 67; re-~
spectively. The electrical diameter of the: gaps
-Or apertures 24, 26, 27 of the resonators.21-23,
Tespectively, by -virtue of the presence of .grids
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-resonator 23 to a load

61-64; 66, 6T may;bexlargenfthaniwould;‘otherwlsu
be the case without loss of efficiency resulting
from:unevenness.of{bunch»ing across thediamieter
of the electron beam; i

Although not essential, it is preferaple to.form
the exit grid 87 of the- output: resonator 23:6f a
larger diameter; as.compared; for instance; with
the entrance grid: 66" thereof:; Thus, the possilils
ity of‘interception.of: the:bunehed electron: beam
by: the:walls. of the output:-resonator- 23 is: minde
mized.. It-will:be-noted: that the gap:or: aperture
2T:is'formed with:a, ‘tapered::conﬁgurationa -Hows
ever, it is believed:that no-misunderstanding wil
oceur: By deseribing; for ‘instance; the end.ones ¢f
the resonators 2 I; 23 as-having larger- apertures
24, 21 than the aperture 26 of the: intermediate
resonator 22;

In operation, electrons emanating from.:the
cathode button 12 are. accelerated ‘toward: tie
anode I9; when a. difference of electrical. potential
is: impressed: therebetween, ag discussed: ‘more-
fully hereinbelow. in'eonnection with Fig:7. Dure
ing-the transit of electrons toward- the:anode: 19
the field forming means.or foeusing electrode: I;
which.is constituted: of: first and second: line con-
ductors 16,.17, respectively, is: effective for-maityc
taining the individual electrons of the beam: in

electron beam is designed to simulste g spherical
flow of electrons, Accordingly, along-the:beam
boundary.in the region between-the: catlode buts
ton 12 and.the:anode- 1§ there is no tendency:for
the electrons to: deviate from rectilinear: paths -
thati the: potentig]: distribution

the bresence of complete Space charge; a: zerg
valtage gradient normal to:the: ed'ge-'—or'bound‘ary
of the:electron beam.

The high density electron
the anode 18
28.and 27 o

beam: aftey: bassing
traverses in Succession-the: gapg: 23,
the resonators. 2{-23; respectively.,
Owing to the Dresence of an electromagneticiﬁ-éld
in . the input resonator: 2f; which: resonator- 21 iy
exeited. by means of. high frequeney energy sup-
plied: thereto. through coaxial’ line terminal: post

y!,

velocity varied beam:in. traversing- the drift tube
28 undergoes density modulation by reason of the
faster moving electrons overtaking the slower
moving electrons. Such g density modulated
beam serveg ta excite the intermediate resonator
22'by traversing the gap 26 thereof: During. the
transit of the electron ‘beam through. the gap.26
the beam is further velocity varied

In traversing the
velocity varied. beam.is substantially buncheda or

exciting the output resonator 23.. Electroma’g‘#
netic energy may be coupled from the. output
(1ot shown) by means of
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the output coaxial {ransmission line términal
post 32.

- After passing the gap 27 the spent electrons are
collected on the conical surface 42 of the metallic
block &1.

_ With such cascade bunching, it will be noted
that the first two resonators 2f, 22 are both
effective for providing velocity modulation of the
electron beam. The intermediate resonator 22 is
excited into oscillation solely through the inter-
action of the electron beam therewith, with no
electromagnetic energy being introduced therein
from an external source. Resonators 21, 22 may
be said to operate as a voltage amplifier and
resonators 22, 23 may be said to operate as &
power amplifier.

In the case of three resonator klystrons oper-
ated as an oscillator-buffer tube 2 small drift
gpace between the second and third resonators is
employed to prevent overbunching, inasmuch as
the electrous are satisfactorily bunched at the
second gap of an oscillator and additicnal bunch-
ing is undesirable. In the case of a three reso-
nator tube, such as the electron discharge device

of Fig. 1, additional bunching is desirable to :

achieve suitable amplification, thereby permit-
ting the operation of the device with a relatively
‘smail magnitude of drive power. The bunching
at the gap 26 will not be complete, but the addi-
tional bunching occurring in the drift tube 29
will result in optimum bunching at the gap 27
of ‘the output resonator 23. In the event that
maximum gain is desired, the axial lengths of
the drift tubes 28, 29 are made substantially
equal.

With such cascade pbunching it is preferable
that the intermediate resonator 22 be provided
swith a relatively large magnitude of shunt re-
sistance. Under such circumstances the re-
sultant small current variation in the electron
beam during its interaction with resonator 22
will be effective for developing a relatively large
radio frequency voltage across the gap 26.
Where it is possible to develop 2 sufficiently large
magnitude of voltage across the gap 26 of the
intermediate resonator 22 by means of a rela-
tively law current variation in the electron beam,
a corresponding relatively low magnitude or drive
voltage is required.

In order to achieve substantial bandwidth,
which is an important consideration in the pro-
duction of steep-sided or steep-edged pulses, it
has been found advisable to design the inter-
mediate resonator 22 with a relatively low Q,
which may be defined as follows:

. Q=%5=Rahwc (1)
Where R is the shunt resistance, » is the angu-
lar operating frequency, 1, is the inductance and
C is the capacitance. It is the Q of the inter-
mediate resonator 22 which is important for de-
termining the overall Q of the electron discharge
device. It is apparent that the Q of the inter-
‘mediate resonator showld have a relatively small
‘magnitude in view of the following relationship:

=1

BW 3 (2)
‘where BW is the pandwidth, and f is the operat-
ing frequency.

~ From Equation 9 it is apparent that the band-
width may be increased for a given operating
frequency by employing a smalier magnitude of
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. From & consideration of Equation 1 it ap-
pears that the Q may be reduced by employing &
smaller magnitude of capacitance. To this end,
the diameter of the gap 26 of the intermediate
resonator 22 is made smaller than the diameter
of the gaps 24, 2T of resonators 21, 23, respec-
tively. Stated somewhat differently, the di-
ameter of the gaps 24, 27 of the end ones of the
resonators 21, 23 is larger than the diameter of
the gap 26 of the intermediate resonator 22. By
reducing the Q of a resonator, such as inter-
mediate resonator 22, it is apparent from a con-
sideration of Equation 1 that the shunt re-
sistance will correspondingly be reduced in view
of the fact that these quantities are directly pro-
portional.

As pointed oub previously, in order to achieve
the effective cascade bunching it is advisable
that the intermediate resonator 22 be provided
with @ relatively large magnitude of shunt re-
sistance. However, it has been found possible to
reduce the magnitude of the capacitance of the
intermediate resonator 22 and at the same time
obtain a sufficiently hich magnitude of shunt
resistance for this resonator 22 to obtain effi-
cient cascade bunching. In addition, the elec-
tron discharge device is provided with an appre-
ciable bandwidth, which permits the generation
of steep-sided radio irequency pulses. Such
pulses owing to the high density of the electron
beam have a considerable magnitude of power.

The shunt resistance of a resonator, such as
intermediate resonator 22, is constituted of transit
time electron loading, slow secondary electron
loading and radio frequency cireuit losses. With
regard to transit time electron loading, electrons
require a finite time to traverse a resonator gap,
such as gap 26 and, consequently, load the res-
onator 22. It is possible to reduce transit time
electron loading by decreasing the gap transit
angle.

With regard to slow secondary electron load-
ing, primary electrons impinging upon the grid
structures, such as grids 63, 64, cause the emis-
sion of secondary electrons. With the emission
of such secondary electrons having substantially
zero velocity, there is present in the radio fre-
quency field of the resonafor gap, such as gap
26, spurious or secondary electrons during sev-
eral cycles of the radic frequency energy. Such
spurious electrons leave the gap 26 in random
phase, thereby extracting energy from the elec-
tromagnetic field. Such loading is proportional
to the current intercepted at the resonator grids,
such as grids 63, 84, and to the secondary emis-
sion coefficient of the grid material. This load-
ing is also inversely proportional to the square
of the gap transit angle for the beam electrons.
Accordingly, it appears that by increasing the
gap transit angle, secondary electron loading may
be reduced.

With regard to the radio frequency circuit losses
of the resonator 22, such Josses are inversely pro-
portional to the spacing of the gap 26, while the
coefficient of coupling hetween the radio frequency
field at the gap 26 and the electron beam pass-
ing therethrough decreases as the gap spacing is
increased. Consequently, in order to provide a
suitable resonator, such as resonator 22, it is
essential to select its dimensions in view of all
of the foregoing considerations.

While, generally speaking, all of the resonators
2{—23 are tuned to the same resonant frequency,
it is possible to increase the power output of
the electron discharge device by detuning the
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-Second -or intermedigte ‘Tresonator :22 -slightly to
the high Irequency side of ‘the resonant :fre-
-quency .of the input ang output resonators 21,
23:and by inecreasing ‘at the same time the mag-
nitude of ‘the drive Dower supplied to the input
resonator:21 through itg associated terminal. post
31

In the.absence of such . detuning an improve-
‘ment in the electron bunching ‘phenomenon re-
sults owing to :the fact that at ‘the gap 27 of
the output resonator 23 the electrons are more
highly grouped or, stated differently, fewer elec-
trons are bresent intermediate ‘the ‘bunches.
However, under such -circumstances the radio
frequency field ‘developed in the intermediate

an electron which has traversed the gap 24 at
a time when the radio frequency field in the
Input resonator 21 was rero.and increasing.may

more eifective further

the output resonator 23.
In order to achieve an output power in excess
of that which wotld -eccur,

In this

couple the resonators 24, 22 ‘and resonators 22,

23, respectively, are provided with oppositely ta-
bered configurations.

By virtue -of ‘the ‘high density electron ‘beam
‘of  the aforementioneqd conoidal shape, .4, large
nragnitude -of output power is developed in the
catcher resonator 23 with an electron discharge
structure which is axially or longitudinally com-
pact, In addition, there ig No necessity for the
Provision of ‘any -external ‘magnetic energizing
structure, TIn order ‘to form g Ssuitable high
density beam prior to its astion with the gap 24
of ‘the input resonator 2f, electrostatic fleld
forming means, such gs ‘Tocusing electrode 18,
are previded. To maintain ‘the electron beam
‘throughout itg transit of the modulation system,
including Tesonators 21-23, means are provided
-;fcr;maintaining the electron beam in g substan-
tially apically -conjugate -conaida] configuration,
which last-named.;means ‘may include the previ-
ously-discussed spaced :charge foeusing means.
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‘edge of the electron beam

Where it:is advisable to discuss Jointly the action
of the focusing electrode 18 and the. space-charge
focusing means, which may include, for instance,
the converging conficuration of ‘the drift tubes
28, 29, it is convenient ‘to regard the focusing
electrode 18 as being effective‘for.forming a high
density electron beam and the ‘Space charge
focusing means as being effective for maintain-
ing the electron beam in a substantially conoidal
configuration.

It is frequently convenient to speak of the size
of the -electron-permeabple ‘regions or -apertures
24, 23 and 27 of the resonators 21-23, respec-
tively. Such aperbures 24, 26 and 27 extend lon-
gitudinally through the resonators 2{-23 along
the longitudinal axis 1{ of the device of Fig, 1.
It will be hoted that the size of such apertures

‘24, 26 and &7 may be defined in terms of the

Cross-sectional area of their ‘sections taken at
right angles to the lonzisudinal axis . "With a
cireular aperture 24, 26 and 27 ag shown (Pig, 1)

of the diameters.

By reason of the structural arrangement of
the gaps 24, 26 and 21, the magnitude of the ca-
bacitance of the intermediate Tesonator 22 is lesg
than ‘the magnitudes of the capacitances of the
end ones of the resonators 21, 23.

While the focusing electrode I8, which is sim-
ilar to that disclosed in the aforementioned
apulication Serial No. 81,480, is particularly suit-
able for forming g high density electron beam
and ccoperating with the remainder of the struc~ -
ture of the device of Fig.'1, it will be understood

5 that other electron beam 7form;ng arrangements
‘might be employed.. For ‘Instance, if desired, g

focusing electrode ‘constituted of g surface of
complex configuration, and suitable -for provid-
ing-a zero voltage gradient ‘Perpendicular to the
might be employed.
While the electron discharge device of Fig. 1
has been shown ag constituted substantially of
a figure-of-revolution about the longitudinal

:axis i1, it will*be understoog that a.device could
: 'be formed with 4 longitudinal axis extending

parallel to the axis (i ‘and positioned exterior

of the. cross-sectional-structure-of "Fig.l, More-

over, the longitudinal Lross-sectional view of Wig,
1'might be regarded substantially gg g, figure-of-
translation, in ‘which case an -elongated strip-
type cathode could be employed ‘together with
a2 focusing electrode, such as. described in the
aforementioned application ‘Serial No. 81,480,

- ‘Referring to Figs. 2 and 3, an -alternate em-
bodiment for the electron ‘collecting means, in-
cluding the block 41, of ‘the device .of Fig. 1 is
shown. A metallic member or block 58 ig pro-
vided with means, including the end portion 59
of the block '58, for ‘collecting electrons of an
electron beam ‘having g substantially -apically
conjugate ‘conoidal ‘configuration. More specifi-
cally, the end portion ‘89 of the block 98, which
portion 59 faces the .cathode button {2, 'is pro-
vided with a toothed configuration in Cross sec~
tion. FEach tooth member ‘60, with the exeep-

the longitudinal axis H extends paralel “thereto.

The-arrangement of the portion 59 ig barticu-
larly suitable for ‘collecting spent €lectrons of a
beam of the aforementionegd ‘conoidal configura-
tion without bermitting :spurious electrons, such
as those arising ‘from secondary emission, from .
traversing*the.gap 27 0f the-output resonator 23.
Such spurious electrons will :act to ‘impair the
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operating characteristics of the electron dis-
charge device.

Referring to Fig. 4, an enlarged cross-sectional
view of exit grid 62 of the input resonator 21 is
shown. Grid 62 is formed with a plurality of
v-shaped members or vanes 68 and a plurality
of J-shaped members or vanes 69, with each of
the V-shaped members 68 substantially sur-
rounding a J-shaped member 65. A J-shaped
member 89 is additionally positioned between the
v-shaped members 63.

Both the V-shaped members 68 and the J-
shaped members 89 are preferably formed of a
ribbon-type material to provide & vane-type
structure with the wider dimension extending
parallel to the longitudinal axis {{. In addi-
tion, the V-shaped members 68 are preferably
formed of a metallic ribbon which is thinner
than the ribbon employed for the J-shaped
members 69 so that fewer electrons are inter-
cepted thereby. .

‘At the same time it is advisable to provide a
more rigid type construction for these members
$8 in view of the fact that they extend for a
greater distance than the J-shaped members §9.
This is accomplished by the V-shaped construc-
tion in that the two leg portions of the members
58 are continuous in the region of the center of
the grid 62. In connection with the J-shaped
members 68, it has been found preferable to em-
ploy the J-shaped configuration as contrasted,
for instance, with a v-ghaped configuration so
that a minimum electron beam interception area
is presented to the electron beam. This is par-
ticularly important in view of the fact that the
electrons in the outer region of the grid 6z are
traveling in paths which are less parallel with
respect to the longitudinal axis {1 than electrons
in the central region of the grid 62. Conse-
quently,
presented with a larger intercepting area in the
event that a grid element, such as members 89,
was formed with 2 Vv -shaped configuration.

Dimensions for the members 68, 69 may be as
follows: member 68, 69 may be formed of ribbons
having thicknesses of 0.003 and 0.005 inch, re-
spectively, while both members 68, 69 may be
formed of ribbons having widths of .062 inch.
Such dimensions, it will be understood, are
merely illustrative and are not to be construed in
g limiting sense.

The entrance grids 61, 66 of resonators 21, 23,
respectively, may have the same construction as
grid 62 of resonator 2{. The exit grid 67 of the
catcher resonator 23 may. be formed with the
same general configsuration as that of grid 82,
but it will be noted that grid 67 is of larger
diameter.

Referring to Fig. 5, an enlarged view of the
exit grid 84 of resonator 22 is shown. Grid 64 is
constituted of a plurality of J-shaped members
or vanes 11. The J-shaped construction for the
members 11 provides a minimum of electron
peam intercepting area in the central region of
the grid 64. The entrance grid 63 of the inter-
mediate resonator 22 is similarly formed.

Referring to Fig. 6, an enlarged view of the
cathode structure of the electron discharge de-
vice of Fiz. 1 is shown.
gization of the electron emitter 12, there is posi-
tioned therebeneath a heater 12, which may pref-
erably be formed of tungsten wire. Electrical
energy may be coupled to the heater 72 by means
of input leads 13, T4, which galvanically contact
the ends of the heater 12 through leads 76, 17,

such outer region electrons would be

Por the thermal ener-
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which may be formed preferably of molybdenum.
The upper portions 78, 19 of the input leads 13,
14, respectively, may be formed preferably of
copper while the lower portions 81, 82, respec-
tively, may be constituted preferably of nickel.

While for purposes of electrical conduction,
copper is a particularly suitable material, it is
also an excellent thermal conductor. Accord-
ingly, to prevent the excessive dissipation of heat
endwise of the electron discharge device, it has
peen found preferable to employ 2 less highly
thermal conducting material for the lower por-
tions 81, 82 of the input leads 18, 14, respectively.
1t will be understood that the inpuf leads 13, 14
may be formed of a single material, such as cop-
per, nickel or other suitable electrically conduct-
ing material.

In order to direct toward the cathode putton
12 and prevent the escape in the direction of the
input leads 13, 14, the heat developed by the
neater 12, heat shields 83 are positioned there-
beneath and supported by a heat shield support-
ing rod 84, which in turn is rigidly secured to the
platform 86. The upper portions 18, 79 of the
input leads 13, 14, respectively, are also posi-
tioned and supported by the platform 86, with
an insulative member {25 together with its asso-
ciated clamp 130 interposed between upper por-
tion 19 of the input lead 14 and the platform 86.
The cathode button 12 is supported by the plat-
form 86 by means of a cylindrically-shaped cath-
ode supporting member 87, which is provided
with a flange portion 88. Serews 89 positioned in
suitably cooperating apertures in the platform 86
and the flange portion 88 are effective for accom-
plishing the desired result. The upper end of the
ecathode supporting member 87 is rigidly secured
to the lower surface of the cathode button (2, a8
by welding.

Additional heat shields g1, 82, positioned sub-
stantially coaxially with respect to the longi-
tudinal axis 11, are spaced from one another and
sleeve 4 and, in addition, supported by struts
93, 94.

Sleeve I4 is fastened to an apertured disc 96
by means of SCrews 97. A tube 98 is provided
with a shoulder 99 to suitably position and sup-
port insulating member 101, which in turn serves
to position and additionally support the inpub
leads 13, 14. Plate 49 is connected to the end
plate 102 by means of sleeves 103, 104, which
sleeves {03, 104 are interconnected by a tubularly
shaped insulating member 108, In view of the
fact that the parts 49, 102—104 and 106 define &
portion of the vacuum envelope of the electron
discharge device, the interconnections thereof are
formed in a vacuum tight manner.

The tube 88 is alse supported by end plate 102.
Sections of the lower portions 81, 82 of the inpub
leads 73, T4 are surrounded by tubular members
107, 108 which are interconnected by means of
vitreous insulating members i09, in a vacuum-
tight manner. Rings {11 are provided at the
1ower end of the fubular portions 108. The con-
nections between the end plate 102, the tubular
members 107, the insulating members 108, the
tubular members 108, rings {il and the respec-~
tive input leads 13, 14, similarly provide vacuum-
tight joints. The operation of the device of Fig.
§ will be discussed hereinbelow in connection with
the operation of the circuit of Fig. 7.

Referring to Fig. 7, there is shown the cathode
button 12’ and the heater 72’ in schematic form,
with these parts joined together clectrically as
shown in Fig. 6 where the cathode button 12 is
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connected: to:the:input lead T3:through the cath-
ode supporting member: 81 and the platform 8¢.

A filament transformer: | {I 2 is:arranged: with. its

interconnecteq by means:ofslead: {18, with a: con=-
denser {iT disposed: across: the secondary. wind=
ing {14. In the primary: winding: (:13 of: the:fila.-

at.ground- potential: A’ bypassing: condenser: 123
is:shunted across the-indicating meter- 122;
During operation,; ‘the:electrieal energy-for sup-
plyihg the heater 12" may: be continuously: de-
livered:thereto through the:transformers: 142 and
121. Suitable pulses may be impressedfuponv.th‘e
cathode: 12' by means: of the pulse generator- 13§
and the pulsing transformer 1ig, In view. of
the fact that the main body of the deviee;. in-
cluding the resonators- 24-23, and; more- partic-
ularly, the anode-or accelerating: electrode:. | 9-gre
preferably maintained at: ground: potential; the
potential of the: cathode-12, 13’ is:reduced: durihg
such-times as-an- energy-interchange between:an
electron- beam: and the- resonators 21-23 is: dge-
sited. Thus, bulses- are- introduceq: by means of
pulse generator {19 having g repetition rate ang

post’ 32 .

To  complete the: electriecal’ cireuit- of the elec=
tron discharge: device, - lead- 115: extends: firom
the main-hody of the- device- (Fig: 1), as-for in-
stance the tubular member 51, to- g point of
ground* potential thereby maintaining- the- en-
velope of the-device:at ground potential. In-ad-

- dition, lead 12g: (Fig: 1) Intereonnects: the- elec~
tron collector, i’ncluding'met‘allic Kloek &1, with
the main- body of the- device: of Fig: L. Tt wil]
be  noted that there: is-no - provision for the in-
ternal connection: of these'parts.

Owing-to the-construction:. of the: cathode: g5

sembly: (Fig: 6) it is.possible to apply a.potentia]

to the focusing: electrode i8; which' is: different,
from that applied to the cathode button 12, 127,
A suitabie iteusing electrode botential may be-ap-

sulative member |25 together with itg 'aésociated
clamp. {30; the plattorm 85, screws 89‘.¢)a.ndithe

its. periphery ang the lower surfaee of ‘the aper-
In addition,. the heat shields §3
may be supported by members securing. sugch
shields-83 to the additional. heat .shield a1.

It is possible to construct. the.discharge device

of Fig. 1 in such g manner as to eliminate the 7

hecessity for an: external lead, such as lead 120,
intel:connecting the tubular. member it -and.the

© seconds.
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arranged: (Fig:. 1). the: magnitude: of the curtert
of the spent:eléctron. beam;. which:is;: collected by
the metallic block- 41; may: beaconVeniéntl.‘ye meas-
ured.

Referring to Fig: 8, anenlargeq; view-of the:cox
axial -transmission line terminay: post: 24,. 37 is
shown. THese posts 31, 32 are formed: with g
hollow rod: {24 preferably made: of: an:electiricalc
1y conductive- material, which. may- efféet g suite
able: vacuum-tight: glass'seal; such-gs Kovar: k-
tending between the rod 124 ang: a- flanged: tibe
126 is a vitreous member {27, with the flangeq
portion (2§ of the tube 126 connected to:the tube
i25. A coupling:loop 137 i secured, gs by-soldér-
ing: or-brazing; to- the ends of the: rod- 124 ang
the tube: 129 Surrcunding: the tube i2g? i a

vitreous member 121, flanged tube- 126, tube- 129,
and: sleeve 1892 gre effected: in- g vacuum=-tight
manner to insure the- breservation of the iy
ternal’ vacuum- of ‘the: electron: discharge=device:
To:the same- end; sleeve 32 is connected: to- the
side-walls of the: resonators-21, 23-in-g- vaeuutir-
tight manner.

insulative' support 137, with- serew- 138 being < efs
féctive for joining- mempers- 134, 136: An aqai:
tional tubular member- 139" is rigidly- secured to
the tubular member 133 - :

Typical . operating- conditions- for the electron

- discharge devige of Fig:1 at o ﬁ'equency‘of"" 1200

megacycles per’ second and’ with g- beam: ac-
celerating voltage applied between the cathode
button 12 ang" the anode 19 inclilde the- follow-
Ing: an output power of 10 kilowatts. with - duty
cycle of .01 ang g pulse length. of: 25 micro=
For such. operation: a. drive: power of
40" watts and a beam current of 4.3. amperes is

tinuous waves..

It: is apparent. that many. changes. could” be
made. in:the. construction. of. the. device of Fig,
l:and that.many. apparently. widely différent, ems-
bodiments of this invention could be made. with~
aut- departing. from the.scope. thereof: For ih-
stance, as:discussed-hereinabove, the electron col-
lector: of; Fig,. 9. might: be -employed.. in, the. de-~
vice: of: Fig: 1,.the ecathoge. assembly might. be
modifled;, ang: the: devige- operated’ either. as: g

- pulse: orreontinuous: waye: generator;. Acccrdingtg-

Iy;vit’:isﬁnt'ended:tthatza:ll -matter contained. iy the

and not in g limitingsense:

What is-claimedis:-

1. High: frequency- apparatus- comprising: fitst;
second and third- cavity resonators; each of"said
resonators having-an el'ectron—permea‘blé gap; a
first” drift tube positioned intermediate: said- fitst
and second” resonators; and‘a second: drift- tube
Dositioned. intermediate. said second" and: third
resonators,. the: inney- walls~ of” saig: drift: tubes
beifg tapered: and”converging toward: the'gap:of-

sald second resonator:

2. The high frequency apparatus as defined in
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claim 1 wherein the lengths of said first and sec~
ond drift tubes are substantially equal.

3. The high frequency apparatus as defined in
claim 1 wherein the distance between the mid-
point of the electron-permeable gap of said first
cavity resonator and the midpoint of the elec-
tron-permeable gap of said second cavity resona-
tor is substantially equal to the distance between
the midpoint of the electron-permeable gap of
said second cavity resonator and the midpoint of
the electron-permeable gap of said third resona-
tor. :

4. The high frequency apparatus as defined in
claim 1 wherein the cross-sectional area of the
electron-permeable gap of said second cavity res-
onator is less than the cross-sectional area of the
electron-permeable gaps of said first and third
cavity resonators.

5. An electron discharge device comprising
means for producing an electron beam, first, sec-
ond and third cavity resonators, each of said
resonators having an electron-permeable gap,
said gaps being aligned along an axis and posi-
tioned for receiving and passing said electron
peam in succession, the distance between the elec-
tron-permeable gap of said first resonator and
the electron—permea.ble gap of said second resona-
tor being substantially equal to the distance he-
tween the electron-permea-ble gap of said second
resonator and the electron-permeable gap of said
third resonator, the cross-sectional area at right
angles with respect to said axis of said gap of
said second resonator being smaller than the
cross-sectional area at right angles with respect
to said axis of said gaps of said first and third
resonators.

6. An electron discharge device comprising
three cavity resonators, each of said resonators
having an electron—permeable gap, said gaps being
substantially aligned along an axis, means in-
cluding a cathode located along said axis for pro-
ducing and projecting an electron beam along
said axis successively through said gaps in energy-
exchanging relation with said resonators, said

tional area within said electron-permeable gap
of the intermediate one of said resonators and
having a larger cross-sectional area within the
electron-permeable gaps of the end ones of said
resonators, each of said gaps of the
said resonators having a larger cross-sectional
area at right angles relative to said axis than that
of said gap of the intermediate one of said
resonators.

7. High frequency apparatus comprising means
for producing an electron beam, & first cavity
resonator, a first drift tube, & second cavity res-
ohator, a second drift tube, and a third cavity
resonator, all of said foregoing elements being

aligned along an axis and located in axial con- g

secution, 211 of said resonators being provided
-with substantially circular apertures for receiving
and passing said electron beam, the diameter of
said aperture of said second resonator bheing
smaller than the diameters of said apertures of
said first and third resonators, the walls of said
drift tubes being tapered in the direction of said
aperture of said second resonator, whereby a
space charge focused electron beam is formed
having a substantially apically conjugate conoidal
configuration.

8. The invention set forth in claim 7, further
including & collector electrode in the path of
said beam beyond said third cavity resonator, said

having a diminished cross-S€C- .

end ones 0f ;
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electrode including a surface facing said resona-
tor and provided with a plurality of substantially
concentric and approximately co-planar grooves,
said grooves having in cross section 2 substan-
tially right triangular shape, with the hypotenuse
diverging outward from the central axis of the
structure in the direction of said beamm.

9. In an ultra high frequency veloeity modu-
lation device, an electron source, electrostatic
field forming means for initially converging the
electrons emanating from said source to form a
high density beam, the cross-sectional area of
said high density beam of electrons converging
to a minimum value at a predetermined point
along the path of said beam and diverging be-
yond said predetermined point, and three cavity
resonators having electron-permeable portions
aligned along the path of said heam to be suc-
cessively traversed by said high density beam, the
electron-permeable portion of the intermediate
one of said resonators being situated along the
path of said beam ab said predetermined point
and being of smaller cross-sectional area than the
electron—permea-ble portions of the others of said
resonators.

10. An electron diseharge device comprising
cathode means for producing ax electron stream
directed along an axis; and first, second, and
third resonators located successively along said
axis and each having an electron—permeable por-
tion alisned with said cathode along said axis;
sa1d cathode means jineluding a focusing elec-
trode extending toward said resonators com-
prising means for causing the electrons of the
electron stream to0 converge to a minimum Cross-
sectional area within the electron-permeable por-
tion of said second yesonator, said electron stream
diverging along said axis beyond the electron-
permeable portion of said second resonator.

11. The apparatus of claim 10, wherein the
cross-sectional area of the electron-permeable
portion of said second resonator ab right angles
with respect to said axis is smaller than the
cross-sectional areas of the electron-permeable
portions of said first and third resonators.

12. The apparatus of claim 11 further includ-
ing a first drift tube located intermediate said
first and second resonators, and a second drift
tube located intermediate said second -and third
resonators, said drift tubes being tapered and
converging toward said second resonator.
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