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Filed Jan. 13, 1958, Ser. No. 708,645
10 Claims. (CL 313—82)

This invention relates to electron gun structures and
more particularly to improvements in electrode mount-
ing in electron gun structures.

In the design of electron discharge devices, many pa-
rameters must be taken into account to insure a finalized
structure which is operative. One of the most important
parameters is the accuracy with which the electron gun
must be constructed. This is particularly true with re-
spect to traveling wave tubes wherein an electron beam
mast be transmitted over a relatively long distance with-
out interference with the many elements which lie in its
path. Because the beam transmission must be carried
out in this manner, the various elements require very
critical alignment.

Displacement or movement of any of the electrode ele-
ments can make the tube inoperative, It is axiomatic, there-
fore, that extreme care in manufacture and assembly must
be used. Present techniques have produced traveling wave
tubes which fulfill the criterion for accuracy in manu-
facture and assembly, but most of them require the use
of relatively skilled labor and are generally very expen-
sive. Prior art schemes generally require highly accurate
machining and assembly steps because the electrode sup-
port elements are separate from the vacuum envelope.
In one prior art device the ceramic electrode supporting
means requires extremely accurate internal and external
machining. Even though this machining may be accom-
plished properly, a further machining step is required to
provide for accurate radial positioning of the electrode
supporting elements within the vacuum envelope. Fur-
ther, extensive fastening by means of soldering, brazing,
or welding must be done to properly assemble the various
parts of this device. Here again, extremely careful as-
sembly is in order so that the various parts may be prop-
erly aligned.

The above technique leaves much to be desired as far
as’ mass-production techniques are concerned. Since
traveling wave tubes are finding broader application, a
simplified technique for the manufacture and assembly
of electron guns is needed which overcomes the compli-
cated steps now required. :

Therefore, it is an object of this invention to provide
an improved electron gun structure for electron discharge
devices. :

Another object of this invention is to provide an im-
proved electron gun structure for an electron discharge
device which is amenable to mass-production techniques.

Still another object of this invention is to provide an
improved electron gun structure which requires a mini-
mum of precision machining and assembly steps.

A further object of this invention is to provide an im-
proved electron gun structure which can be fabricated
from commercially available items.

Other objects of this invention are to provide an im-
proved electron gun support for electron gun electrodes,
to provide electron gun supports which are compact and
rugged, to provide electron gun supports which maintain

critical alignment and spacing of the gun electrodes rela- -
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tive to each other, and to provide an electron gun sup-
port for reducing the electron gun size.

A feature of this invention is the provision of means
for supporting an electron gun structure in fixed axial
and radial alignment which comprises at least a portion
of the dielectric vacuum envelope of an electron discharge
'device whose inner surface has at least one given diame-
ter and a number of electrode elements circumferentially
contacting -the inner surface of the dielectric envelope
to radially position these electrodes coaxial of the longi-
tudinal axis of the dielectric envelope. Also included
are spacing means to axially position the electrodes along
the longitudinal axis of the envelope and retaining means
which in cooperation with the dielectric vacuum envelope
retain the electrode elements in their established radial
and axial alignment.

Another feature of this invention is the utilization of
a dielectric envelope which simultaneously acts as at least
a portion of a vacuum envelope and as an electron gun
support. ’

Still another feature of this invention is the utilization
of the precision machined -inner surface of at least a

‘portion of a dielectric vacuum envelope to provide axial

and radial alignment of electrode elements.

A further feature of this invention is the utilization
‘of resilient retaining members to fixedly maintain the
established axial and radial alignment of the electrode
elements, )

Still a further feature of this invention is the utiliza-
tion of resilient retaining members which in cooperation
with a transverse reference surface maintains the estab-
lished axial and radial alignment of the electrode ele-
ments, - )

The above-mentioned and other features and objects of
this invention will become more apparent by reference
to the following description taken in conjunction with
the accompanying drawings, in which:

Fig. 1 is a longitudinal cross-sectional view of an elec-
tron gun following the principles of this invention; and

Fig. 2 is a longitudinal cross-sectional view of another
embodiment following the principles of this invention.

Referring to Fig. 1, there is disclosed therein an elec-

-tron gun 1 composed of a plurality of elements in which

the inner surface 2 of a dielectric vacuum envelope 3

-acts as a reference surface to radially align the electrode

elements coaxially of the longitudinal axis of the inper
surface 2 in accordance with the principles of this inven-
tion. Included are dielectric spacing means to axially
space the electrode elements along the longitudinal axis
of envelope 3 and resilient retaining means which in co-
operation with a reference member, which may be an
clectrode element, maintain the electrodes in their estab-
lished radial and axial position.

In accordance with the principles of this invention, the
electrodes of electron gun 1 are positioned radially and
axially by the following support arrangement. Dielectric
envelope 3 which may be of ceramic, sapphire, or glass

has an accurately machined or formed inner surface 2

having a given diameter, Electrode elements 4 are thin

‘annular apertured discs of stainless steel or other suit-

able conductive material located transverse of the longi-
tudinal axis of inner surface of envelope 3 and of such
outer diameter that they circumferentially contact inmer -
surface 2 of dielectric envelope 3. Electrode elements 4
‘may take other forms than annular discs as described .
berein above. The electrode elements 4 may have por-
tions removed from  their periphery such that contact
This arrange-
ment has the advantages that room for lead passage with-
out drilling is obtainable, less metal is present making
outgassing easier and the danger of trapped gases dur-
ing outgassing is minimized. .In this manner, electrodes
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4 which may be formed by stamping or the like are
radially aligned, that is, coaxial with respect to the longi-
tudinal axis of the electron gun 1. Dielectric spacer ele-
ments 5 having a given height which may be of ceramic,
sapphire, or glass are ¢ylindrical in shape “and are lo-
cated between adjacent electrode elements 4 to. axially
space the electrode elements 4. The dielectric” spacing

5

elements 5 are in substantially loose-fitting contact with .
inner surface 2 of dielectric envelope 3 and are apertured

to permit transmission of an electron beam. Gun barrier
element 6, which in certain instances may be an electrode
element of gun 1, is an apertured disc of stainless steel

10

or some other suitable conductive material located trans- .
verse of the longitudinal axis of the inner surface 2 of

envelope 3 and contains a reference surface 7 -which is
in contacting reiationship with the surface of an adjacent
dielectric spacing element 5. Gun barrier element 6
contains a circumferentially disposed annular groove 8
adapted to accept and have secured thereto the annular
-open end of dielectric envelope 3. Gun barrier element
6 in cooperation with retaining spring 9 maintains elec-
‘trode elements 4 and dielectric spacing elements 5§ in
- axial and radial alignment by forcing electrode elements
4 and spacing -elements 5 against gun barrier electrode
element 6. ’
In Fig. 1 the retaining spring 9 is shown as a com-
pression spring aligned parallel to the longitudinal axis
of the inner surface 2 of dielectric envelope 3 and coiled
about stem pin 10 with one extremity butting against the
inner surface of the end of dielectric vacuum envelope 3
removed from reference surface 7. The other extremity
of retaining spring 9 butts against the topmost of elec-
trode elements 4, and equal and opposite forces are ap-
plied against the inner surface of the end of dielectric
vacuum envelope 3 and the topmost of electrode ele-
ments 4. Stem pin 10 which pierces the end of dielectric
vacuum envelope 3 also pierces the topmost of electrode
elements 4 and its extremity 11 is fastened by spotweld-
ing or soldering or some other suitable technique to
the flat surface of the topmost of elecirode elements 4.
In this manner, stem pin 10 maintains the proper align-
ment of compressive retaining spring 9 and simultane-
ously acts as a means for applying an appropriate voltage
to the topmost of electrode elements 4. = Thus, the force
applied by compressive retaining spring 9 is transmitted
through the electrode elements 4 and through spacing
elements 5 to cause these elements to be firmly held to-
gether in such a way that when the annular open end of
dielectric vacuum envelope 3 is mated with the circum-
ferential annular groove 8 of gun barrier member 6, a
spacing element 5 and the adjacent gun barrier reference
surface 7 are strongly butted against each other and the
established ' radial and axial alignment is maintained.
From the foregoing, it may be seen that only one refer-
ence surface (surface 7) is required for axial alignment
and only one surface (surface 2) for radial alignment.
The complete vacuum envelope for a traveling wave fube
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is, of course, formed by sealing the tube 3’ which con- .

tains the helix element to the side opposite reference
surface 7 of gun barrier element 6. Lest this statement
be construed as a limitation of the present invention, it
should be pointed out that gun barrier element 6 need
not be an element of a traveling wave tube but may be a

solid member which actually completes the vacuum en-

velope and could be adapted for use in klystrons and light-
house tubes where electrode alignment is still very critical.

Appropriate voltages may be applied to electrode ele-
ments 4 by other means than described above, one of
which is shown in Fig. 1. Stem pin 12 has attached
thereto a flexible lead 13, a continuation of which passes,
parallel to the longitudinal axis of the inner surface 2,
through several of electrode elements 4. The continua-
tion of lead 13 is insulated from said electrode elements
4 by a ccramic insulating rod 14 and. -fastened at the
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extremity thereof to the flat surface of the appropriate
one of electrode elements 4.

In Fig. 2, the inner surface 15 of dielectric envelope 3
contains portions or shoulders 16 of different diameters
and shoulders 16 act as projections from surface 15
transverse of the longitudinal axis of inner surface 15
and are adapied to engage electrodes of slightly larger
diameters than the diameters of shoulders 16. The elec-
trode elements 17 are annular apertured discs of stain-
Iess steel or other suitable conductive material having a
given diameter such that they will circumferentially en-
gage the suitable inner surface of dielectric envelope 3
having the same diameter for radial positioning thereof.
An electrode element having a diameter 4; would, there-
fore, circumferentially engage a portion of inner surface
15 having a diameter D;. The shoulders 16, of varying
diameter, permit only the insertion of electrode elements
17, each of which not only has a diameter larger than
the adjacent shoulder but also has a diameter equal to
the diameter of the surface between shoulders. The dis-
tance between shoulders 16 provides for the axial spac-
‘ing of electrode elements 17.

Although it is not necessary for all applications, gun
barrier element 18, when used as an electrode such as in
traveling wave tubes, must be machined to have surface
19 perpendicular to the longitudinal axis of inner surface
2 and spaced an exact distance from the ncarest of elec-
“trode elements 17. Gun barrier element 18 contains a
circumferentially disposed groove 20 which is adapted
to receive the annular open end of dielectric vacuum en-
velope 3 to aid in accomplishing the desired spacing
thereof from the nearest of elements 17.

Resilient retaining means 21 attached to stem pin 22
may be a spring in tension which in cooperation with
wire 23 and insulating bushing 24 extends through one
“or more of electrodes 17 and is fixedly attached by spot-
welding or other suitable technique at the extremity of
‘wire 23 to one of the electrodes 17. In this manner, an
clectrode element 17 has a force applied to it which
causes it to bear against one of the shoulders 16 on the
inner surface of dielectric envelope 1 to maintain the
established electrode element position and permits the
application of the appropriate voltage to the electrode.

"Another means for maintaining the established posi-
tions -of electrode elements 17 and simultaneously ap-
plying a voltage to the electrodes is accomplished by
_providing a spring 25, parallel to the longitudinal axis of
‘inner surface 15 in compression, which in cooperation
with stop 26, insulating bushing 27, and stem pin 28,
_forces electrode elements 17 -against shoulders 16. Stem
pin 28 which pierces one end of dielectric vacuum en-
velope 3 extends through insulating bushing 27 to be
fastened by spotwelding or other suitable techniques to
another electrode to apply an appropriate voltage thereto.

The various elements of electron gun 1 are assembled
by inserting the various elements in proper order in a
stacked -arrangement, by performing a few simple fas-
tening steps and by finally brazing the annular open
end of the dielectric vacuum envelope to the annular
circumferential groove in the gun barrier member.

While I have described above the principles of my
invention in connection with specific apparatus, it is to
be clearly understood that this description is made only
by way of example and not as a limitation to the scope
of ‘my invention as set forth in the objects thereof and
in'the accompanying claims. ’

Iclaim: )

‘1. In an electron gum, an electrode support stiucture
"comprising a dielectric vacuum envelope including an in-
ner surface having at least one given inner diameter, a
plurality of electrode elements disposed to circumferen-
tially contact said inner surface to radially position said
-electrodes coaxially of the longitudinal axis of said en-
velope, means to space adjacent elements of said elec-
irede -elements along said longitudinal axis to thereby
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axially position said electrodes and means in cooperating
relationship with said envelope to retain said electrode
elements in the established radial and axial position.

2. The electrode support structure according to claim
1, wherein said axial spacing means includes a plurality
of annular dielectric cylinders.

3. The electrode support structure according to claim
1, wherein said axial spacing means includes a plurality
of shoulders extending inwardly from said inner surface
in transverse relation to the longitudinal axis of said in-
ner surface and spaced therealong.

4. The electrode support structure according to claim
1, wherein said retaining means includes a resilient mem-
ber disposed paraliel to the longitudinal axis of said in-
ner surface coupled at one extremity to said envelope and
coupled at the other extremity to an electrode.

5. The electrode support structure according to claim
4, wherein said resilient member is a spring in compres-
sion to fixedly maintain said electrodes against spacing
clements,

6. The electrode support structure according to claim
4, wherein said resilient member is a spring in tension to
fixedly maintain said electrodes against said spacing ele-
ments.

7. The electrode support structure according to claim
1, wherein said retaining means includes an element dis-
posed at one exiremity of said electron gun having a
reference surface transverse of the longitudinal axis of
said inner surface and in contact with one of said spac-
ing means and a resilient member fixedly disposed paral-
Iel to the longitudinal axis of said inner surface between
the other end of said envelope and one of said electrode
elements to cause said resilient member to hold said
electrode elements and said spacing means against said
reference surface.

8. The electrode support structure according to claim
1, wherein said retaining means includes a resilient mem-
ber for each of said electrode elements fixedly disposed
parallel to the longitudinal axis of said inner surface be-
tween one end of said envelope and respective ones of
said electrode elements and a plurality of shoulders in-
tegral with and disposed in transverse relation to the lon-
gitudinal axis of said inmer surface, said resilient mem-
ber cooperating to hold respective ones of said electrode
elements against corresponding ones of said shoulders.

9. In an electron gun, an electrode support structure
comprising a dielectric vacuum envelope having a given
inner diameter, a plurality of electrode elements having
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tudinal axis of said inner surface and circumferentially
contacting the inner surface of said dielectric envelope
for radial alignment of said electrode elements, a plu-
rality of dielectric spacers having a given height disposed
transverse to the longitudinal axis of said inner surface
and in substantiaily loose fitting relationship with said
inner surface of said dielectric envelope, each of said
spacers being disposed between adjacent ones of said
electrodes for axial alignment of said electrode clements,
a reference member disposed transverse of the longitudi-
nal axis of said inner surface and in parallel contacting
relationship with one of said spacers, said reference mem-
ber containing a circumferential depression adapted to
receive one extremity of said dielectric envelope, a re-
taining means fixedly disposed between one of said elec-
trodes and the other extremity of said dielectric enve-
lope to maintain the radial alignment of said electrodes
and the axial position of said electrodes with respect to
said reference member.

10. In an electron gun, an electrode support structure
comprising a dielectric vacuum envelope having an inner
surface including a plurality of shoulders each of a dif-
ferent given diameter spaced longitudinally therealong
and extending in transverse relation to the longitudinal
axis of said inner surface, a plurality of electrode ele-
ments each having an outer diameter corresponding to
one of said different given diameters, said electrode ele-
ments being disposed transverse of the longitudinal axis
of said imner surface and circumferentially contacting
the inner surface of said envelope at the corresponding
one of said shoulders for radial alignment of said elec-
trode elements and in abutting relationship with one of
said shoulders of smaller diameter to establish the axial
alignment of said electrode elements, and a plurality of
retaining means fixedly disposed between each of said
electrodes and one end of said envelope to maintain said
elecirode elements against their respective shoulder and
hence maintain the radial and axial position of said elec-
trodes.

References Cited in the file of this patent
UNITED STATES PATENTS
2,227,051 Wienecke v Dec. 31, 1940
2,425,593 Brian oo Aug. 12, 1947
2,623,192 Kalb e Dec. 23, 1952
2,737,593 Robinson _ . __...___ Mar. 6, 1956
2,740,913 Majkrzak oo Apr. 3, 1956
2,808,528 Martin QOct. 1, 1957
2,845,571 Kazan ___ . _ July 29, 1958



