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9 Claims.

" The present invention relates to electron dis-
charge devices and more particularly to electron
c!ischarge devices useful at ultra-high frequencies,

_and to a method of manufacture and assembly
of such devices.

_ The invention relates generally to electron dis-
charge devices of the type wherein the electrodes
comprise concentric tubular elements and where-
In one of the electrodes is supported on a con-
ducting plate which extends through the walls of
the device envelope and is sealed thereto, and
serves as an electrode lead. The invention par-
ticularly concerns an arrangement in such device
wlhtgreln the grid is supported on the conducting
plate,

_ The practice with respect to such electron dis-
charge devices heretofore has been to provide the
grid structure with an eyelet which is peened to
8 central aperture in the conducting plate for
support thereon. The peening operation has in-
volved the use of two tools, one to apply pressure
to the eyelet from one direction to suitably deform

_ 1t in peening and the other applied from the op-
posite direction to serve as a backing to absorb
the pressure applied to the first tool. The use of
two such tools has made accessibility to the grid
and its supporting conducting plate or disc neces-
sary simultaneously from the two opposite ends
of the envelope of the device. In a structure in-
volving this practice, the anode is supported at
one end of the envelope and the cathode at the
other end, the grid being mounted on the disc
lead intermediate the anode and cathode.

. Under the practice as heretofore followed re-
quiring the use of two tools for peening the grid
to its support, neither the cathode nor the anode
can be mounted prior to fixing the grid to its
support. This has resulted in the necessity for
g two-part structure for forming each of the
anode and cathode, one part comprising a portion
of the tube envelope which is properly spaced and
aligned during assembly of the envelope parts
and serving as an electrode support and the other
part comprising the electrode. ‘These support
parts are provided with longitudinal passageways
therethrough which have sufficiently large cross
sections to accommodate the tools employed in
peening the grid to its disc support and for re-
ceiving the electrodes.

. The use of a two-part structure for the elec-
trodes which are mounted in the two extremities
of the tube is characterized by many disadvan-
tages. For example, a two-part structure has
heretofore involved a discontinuity in the outer
surfaces of the électrodes under consideration.
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‘Since ultra-high frequency devices of the type

referred to are designed to function in associa-
tion with concentric line conductors, the ridges
or depressions in the outer surface of the elec-
trodes referred to frequently interfere with proper
engagement between such surfaces and contact
fingers on the concentric line. Another respect
in which a two-part electrode is undesirable is the
fact that such an electrode includes a substantial
area between the two parts thereof which are not
joined integrally but are merely in surface con-
tact, which in some instances i{s incomplete. This
defective surface contact affects ultra-high fre-
quency operation in a harmful meanner. For in-
stance It contributes to a reduction in the radic
frequency power output of the tube. Further-
more, a relatively close tolerance is required be-
tween the several parts of each of the electrodes
referred to, especially the anode, to reduce as
much as possible the loss in radio frequency
power output. Such relatively close tolerance is
difficult to achieve and represents an added cost
in the manufacture of the device,

While the practice in the manufacture of an

' elecfron discharge device of the type referred io

of peening the grid to its disc support has made
necessary a two-part structure for each of the
anode and cathode electrodes in association with

- their supportfs, this manner of mounting the grig

" quencies, as explained above.

on its support is also accompanied by serious ob-
jections. Thus the peened engagement between
the grid and its support involves a surface contact
which sometimes is defective and thus contributes
to poor operation of the device at ultra-high fre-
In addition the
force required in performing the peening opera-
tion sometimes results in damage tc the device
thus further adding to the expense of manufac-

. ture,
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Ii is evident from the foregoing that the prac-
tice of peening the grid of a type of device under
consideration, to its support, limits the anode and
cathode to structures having the undesirable fea-
tures mentioned and therefore modification to
avoid the peening step in the method of mounting
the grid on its support is necessary before the
problems presented by the structures of the other
electrodes of the tube can be suitably dealt with.

But heretofore greater difficulties have been en-
countered in alternative proposals for mounting
the grid on its support than have been associated
with the peening method. For example, a re-
course to welding the grid eyelet to the apertured

- grid support is accompanied by the danger that

excessive heat might impair the glass to metal
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seals of the device. The electric power required
for welding would involve current conduction
. through the conducting plate or disc lead on

which the grid is to be mounted. If this plate

should be excessively heated there is the hazard
that its seals to the glass envelope might be harm-
fully affected. And due to the relatively large
' surface engagement between the eyelet of the
grid and the disc lead a relatively large current
value would be required for effecting a welded
joint between these elements, and excessive heat

in the disc, due to such large current value, would

be difficult, if not impossible, to prevent.
Accordingly it is an object of the invention to

provide an improved electron tube useful at ultra-"

high frequencles.
- Another object is to provide an improved elec~
tron discharge device of the type employing con-
" centric elements wherein one electrode is sup-
' ported on a metal plate sealed through the walls
. of the envelope and in which the mounting of sald
electrode is accomplished in a novel manner.

A further object is to provide an electron dis-
charge device wherein no defective surface con-
tact exists between the respective input and out-
put electrodes thereof and their supports.

An additional object is to provide an electron
discharge device which can be employed ad-
vantageously in association with a concentric
line.

Another object is to provide an electron dis-
charge device in which the elements thereof have
reduced tolerance requirements.

A still further object is to provide an electron
discharge device having improved radio frequency
output at ultra~high frequencies.

An additional object relates to a novel mount-
ing of the grid on its support which avoids de-
fective surface contact therebetween and elim-
inates the dependence on g two-part structure

at least for one of the other electrodes for its

accomplishment,

Further objects and advantages of the inven-
tion will become clear as the description con-
tinues.

While the invention is poi.nted out with par-
ticularity in the appended claims, it may best be

. understood from the detailed description of an -

embodiment thereof taken in connection with
the accompanying drawing, in which:

Figure 1 shows a longitudinal section of an

electron tube which includes the structure of our
invention and has been made by our novel
~ method; and

Figures 2 to 5 inclusive illustrate steps in
manufacturing our novel electron tube, Figures
2 and 3 showing the step of positioning the grid
on a welding electrode with its lower portion

flared by being forced down on a shoulder of.

" the welding electrode; Figure 4 indicating in

detail the engagement of the flared portion of

the grid with beveled walls of the grid support,
and- Figure 5 depicting the relative position of
- the parts during the welding of the grid to its
support.

Referring to the drawing in more detail there
is shown in Pigure 1 thereof an electron dis-
charge device which employs our invention and
which has been manufactured in accordance with
our novel method.

Our novel electron discharge device includes
an envelope formed by tubular glass members
10, i1 and the elongated metallic bodies 12, 13,
the latter bodies serving as end closures of
the device. Tubular electrodes comprising anode
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i4, grid 18 and cathode (8, are mounted in con-
centric relation within the envelope.

Each of these electrodes and their supports
and lead-ins are of novel construction contribut-
ing to ease of manufacture of the device and to
good operation thereof. The advantages result-
ing from the novel structures and organizations
of our invention will become apparent from the
following detailed description thereof.

The anode {4 is part of the integral elongated
flanged body 12, the several portions of which
have different utility. The peripheral flange 11
on body 12 is sealed to glass member 10 at (8.
The flange 11 is positioned intermediate the ends
of body 12 and closer to one end thereof than to
the other. The shorter end portion 14 of body
12 extends into the envelope of the device and
includes the work surface of the anode. Mem-
ber 12 has a passageway I8 extending longitu-
dinally therethrough which includes the required
recess in anode i4 for receiving the:grid and
cathode, and in addition affording communica-
tion between the exterior and interior of the
envelope for the purpose of evacuation. Since
no tool is required to be inserted through passage-
way 19, it need not be wide. The exhaust tube
20 employed in such evacuation is shown pinched
off to seal the passageway after completion of the
device. The portion of body 12 extending out-
side of the envelope serves as a lead-in for the
anode.

The utilization of an integral body having por-
tions thereof serving in the several respects men-
tioned is accompanied by many important ad-
vantages. The device described is intended to
operate at ultra-high frequencies. At these
high frequencies it is desirable to use concentric
transmission lines in association with the device.
Such transmission lines are usually connected to
lead-ins of the device by means of fingers con-
tacting the surface of such lead-ins, It is an
aid In accomplishing the desired contact be-
tween these fingers and the lead-ins if the sur-
face of such lead-ins is smooth. If discontinuities
should be present in the lead-in surface, such as

‘depressions or ridges, over which the contact

fingers of the line are required to pass, there ig
danger of improper contact between lead-ins
and the transmission line. If such contact is
impaired, even to a slight degree between the
anode lead-in and its associated transmission
line, the output from the device will be inefficient-
Iy transmitted. The one-piece structure of the
anode and its lead-in as provided for by our in-
vention, avoids discontinuities in the surface of

. the lead-in.
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In organizations where the anode and its lead-
in are separate structures, such breaks in the
surface are difficult to eliminate. This is for the
reason that structures of the general type under
consideration have heretofore included a brazed
joint between the anode and its lead-in at a
surface portion over which the contact fingers
of the transmission line are required to pass.

Another respect in which the one-piece struc-
ture of the anode and its lead-in is advantageous
is that it reduces losses in radio freguency power
output. In the two-piece anode co.istruction as
heretofore employed, one piece comprised an outer
sleeve for receiving the anode. Both parts were
silver plated to provide a low resistance path to
radio frequency and to facilitate sealing to glass
portion of the envelope. It was necessary to
ream this outer sleeve to extremely fine toler-
ances to receive the anode barrel in a snug fit.
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In some instances bare steel was exposed as a
result of the reaming operation, which caused a
noticeable loss in radio Irequency power output.
The inclusion of the anode in a one-piece struc-
ture, as our Invention provides, avoids this power
loss and eliminates the expense of the close
tolerance reaming operation.

Employment of this novel and desirable one-
plece structure of the anode 1s possible as a con-
sequence of a further novel feature of our in.
vention. This feature concerns structural char-
acteristics of the grid {5 and its support 21, which
rermit- mounting the grid on its support by an

operation that requires accessibility to the in-.

terior of the envelope from one end thereof only.
These structural characteristics are, a grid of
cage or wire construction throughout its entirety
having one end 25 thereof spread or flared out-
wardly, and a grid support 21 of a plate-like
structure having an aperture or passageway 24
therethrough provided with beveled or frusto-
conical walls.

These structural characteristics of the grid
and its support permit a method of mounting the

grid on its support to be used, which mechani-
" cally requires only a forced contact between the
flared portion of the grid and the beveled walls
of the passageway in its support. Such forced
contact between these elements can be accom-
plished by applying a force longitudinally of the
device through one end thereof to the flared end
of the grid to seat this end in contact with the
beveled walls in the support. Good contact be-
tween these parts results from the application
of such longitudinal force because of the trans-
lation of a part of such force by the beveled and
flared parts referred to, into a transverse com-
ponent. The sum of such longitudinal and
transverse components results in a force normal
to the surfaces of the beveled walls of the pas-
sageway and the flared portion of the grid. To
properly allow the grid end portion 25 to con-
tact the beveled walls of the passageway 24, the
plate 2{ is mounted with the wider end of pas-
sageéway 24 therein, facing the open end of the
device remote from the elongated member 12.

The forced contact between the flared end 25
of the grid and the beveled walls of passageway
25 is all that is required mechanically to fix the
grid to its support but such surface contact alone
is insufficient to complete the mounting of the
grid on its support and a further non-mechanical
means is employed to complete the mounting of
the grid.

Heretofore one method of accomplishing g
complete mounting of the grid on its support has
involved the provision of an eyelet at one end
of the grid and a peening of this eyelet to its
support through a passageway therein having
walls normal to a surface of the support. This
has required the use of two tools applied from
opposite end openings in the envelope. But the
contact resulting from such Peening operation
between the grid eyelet and the grid support was
a pressure type friction contact and was objec-
tionable in that it contributed to g loss in power
output of the device,

Our invention eliminates the need for an eye-
let on the grid and does not rely entirely on me-
chanical contact between the grid and its sup-
port. It is feasible according to our invention
to provide a weld between the flared end of the
grid and its support. The relatively small sur-
face engagement between the wire strands in
the flared portion of the grid and the walls of
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the passageway In its support, requires a weld-
ing current of less magnitude than would be re-
quht'ed for welding a grid eyelet to the grid sup-
port. .

The value of the current employed in the weld-
ing of the grid to its support 1s important in con-
nection with the device of the type described.
It will be noted that the grid support 21 is sealed
to glass members 10, ([ at 22, 23. In welding
the grid to its support, electric current would be
required to. transverse the supporting plate 21
including the portion thereof at which these
seals are located. Too high a value of such cur-
rent would heat the plate 21 to such an extent as -
to impair the seals referred to. Such undesir-
able high value of current would be required in
welding a grid eyelet to the grid support due to
the relatively large surface engagement involved
therebetween, but is avoided according to our in-
vention by the Iimited surface contact of the
parts to be welded as explained above.

The welded joint between the grid and its sup-
port thus permitted by the novel structures of
the grid and its support is advantageous from
the several standpoints of providing a direct
metal to metal contact between these elements,
resulting in higher power output of the device,
permitting a method of manufacture to be fol-
lowed that requires only one open end of the
device, and allowing the use of a one-piece strue-~
ture for the anode and its lead as described
above. -

The cathode end of the device, while subject to
the requirement of providing a working space
therethrough for accommodating tools required
for mounting the grid upon its support, includes

‘& novel structure that not only provides this

necessary communicating space, but in addition
contributes to ease of manufacture of the device
and good operation thereof. The end of the
device which includes the cathode 16 is provideg
with sleeve (8 having a peripheral flange 26 at
one end thereof which is sealed to the envelope
glass member i at 27. Sleeve 13 also has an in-

wardly extending flange 28 which serves as an

abutment for sleeve 29 disposed within sleeve 3,
Sleeve 28 is provided with a shoulder 30, the sur-
face of which is involved in the abutment re-
ferred to. Sleeve 29 is sealed to the inner wail
of sleeve 13 at 34, as by brazing. Tt will be noted
that the sealing point is entirely within sleeve £3
and somewhat removed from the end thereo?
remote from the envelope. The end of the sleeve
i3 remote from the envelope is suitably sealed
as by a vitreous body 32. This manner of mouné-
ing the sleeve 29 within sieeve (3 does not re-
quire a vacuum type seal at 31, since the vacuum
type seal at this end of the device is made by
body 32. Cathode support sleeve 33 is mounted
on the end of sleeve 29 which extends into the
envelope of the device. Cathode 16 is in tum
mounted on support 33. The cathode {6 is in-
directly heated by means of a heater wire 34.
The advantages resulting from this structure of
the cathode end of the device are important. The
use of two sleeves 29, 13, permits the outer sleeve
13 to describe g relatively wide passageway to the
interior of the device. . This is important for
permitting the entry of suitable tools into the
device for mounting the grid upon its support. In
addition this structure permits the outer surface
of sleeve 13 to be unbroken and therefore renders
it suitable for good engagement with contact
fingers of an associated concentric transmission
line, the advantages of such contact being more
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fully described in connection with the structure
of the anode end of the device. ’

It will be noted from the foregoing that the
structure of the end portions of the device and
the grid and its support observe relationships
whereby the features of one structure are depend-
ent on the features of one or both of the other
structures. Thus the one-piece structure of the
anode end of the device is dependent upon the
structure of the grid and its support which permits

A '8 -
with reference to the grid |6 and anode i4. The
cathode structure is so dimensioned that when

' shoulder 30 on sleeve 29, engages the flange 28

on sleeve 18, the cathode 18 extends to a desired

. operating position: within the anode 14 and grid

" 15. With shoulder 30 in abutment with flange 28

mounting of the grid from one end only of the .

device. This manner of mounting the grid is in
turn dependent upon an adequate communicating
space to the interior of the envelope through the
cathode end of the device.

. The structure of the partsof the device forming
the electrodes and their lead-ins or supports per-
mits a novel and advantageous method to be
employed in their assembly to form the com-

- pleted device. This novel method is described
and claimed in our co-pending application Serial
No. 52,082, filed September 30, 1948, and assigned
to the same assignee as the present application.
The envelope parts including the one-piece anode
part 12, the glass members 10, 1, the conducting
plate 21 and the sleeve I8 are first assembled and
sealed together by the use of a centering and
spacing mandrel or jig, not shown. This results
in a proper spacing and centering of anode 14,
conducting plate 2f and sleeve 13.  The glass
members 10, 11 are properly centered by engaging
annular ridges 35 on the flanges |7, 19. -

After these parts have been assembled and

sealed as indicated the grid i5.is fixed to plate 21..

Before applying the grid to the plate 21 the grid
is threaded on a portion 36 of a welding tool 31
having a shoulder 38, as shown in Figure 2. Grid

the end of sleeve 28 remote from the cathode is
brazed at 81 to sleeve 13. Thereafter a stem of
insulating material 82 such as glass is sealed across
the open end of sleeve 13 with the heater leads 34
passing therethrough.

The final step in the manufacture of the device
is the evacuation of the interlor of the envelope

" through exhaust tube 20, which iIs then sealed as

15

by pinching. :
The foregoing description of an embodiment of
the invention is presented with a view to appris~

' ing persons skilled in the art of one way in which
. it may be carried out. Of necessity much detall

20

not required for practicing the invention has been
included in this description. It is not intended,

" therefore to limit the invention to the precise

30

structures and organizations shown and described,
but to permit it a scope indicated by the appended
claims. Sl ;

What we claim is:

1. An ultra-high frequency electron discharge
device having an envelope, electrodes of tubular
form coaxially disposed in said envelope, and lead
structures for said electrodes, two of said lead
structures including respectively two opposite ends.

_ of said envelope and having smooth external sur-

15 is manually forced against shoulder 88 until

one end thereof engages the wider part of shoulder
38. ‘This step results in the formation of a flare
25 at this end of the grid as shown in Figure 3.
With grid 15 thus engaging the portion 36 and
shoulder 38 of welding tool 31, this tool is inserted
into - the passageway 24 in plate 21 with its
. shoulder 38 forcing the flared end 25 of grid 15
against the beveled walls of the passageway.
Suitable longitudinal pressure is applied to tool 37
to assure good contact between the flared end of
the grid and the beveled walls referred to, as
shown -in Figure 4. :

The welding tool 37 comprises one terminal of
an electrical circuit which includes the flared
end 25 of grid 15, the conducting plate 21, and

a cup shaped electrode 39 as shown in Figure 5.

Due to the relatively small area of surface engage-
ment between the wires of the grid at its flared
portion and the walls of passageway 24, a welding
current of a value below that which would heat
plate 21 to an extent to impair seals 22, 23, is
sufficient for accomplishing a weld between the
flared end of the grid and the walls of the passage-
way. )

After the weld has been accomplished the weld-
ing tool 37 is removed from the device and a
-centering tool, not shown, is inserted for centering
the grid 15 with respect to the anode 14. This

centering tool engages the inner walls of sleeve 13,

which have previously been centered with respect
to the anode.

The centering tool is then withdrawn and the
cathode structure comprising sleeve 29, support
33, cathode 16 and heater 34, is inserted in sleeve
i3. 'This structure is centered with respect to
sleeve 29 as by a jig, not shown. Sleeve 29 en-
gages the inner walls of sleeve I3 in a relatively
tight fit and the cathode is centered by such fit
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faces for connection to a concentric line, one of
said lead structures being integral with one of -
said electrodes, another of said lead structures
comprising a conducting plate having an aper-
ture therein, said aperture having beveled walls,
and- another of sald electrodes supported in said
aperture and engaging said beveled walls.

2. An electron discharge device having an en-
velope, a conducting plate having an aperture
and extending and sealed through the walls of
said envelope, said aperture having beveled walls, .
a. cage type grid extending through said aperture

" and having one end flared, said flared end con-

tacting said beveled walls and being welded
thereto. . i : .

3. An electron discharge device having an en-
velope, a conducting plate extending and sealed
through the walls of sald envelope, said plate
having a passageway therethrough, said passage-
way having frustoconical walls, whereby one end
of said passageway is narrower than the other,
a cage type grid extending through said passage-
way and having one end flared, said flared end

~ contacting said frustoconical walls and -being
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welded thereto, said grid extending from said
narrower end of said passageway. :

4. An electron discharge device having a tu-
bular envelope, an electrode assembly compris-
ing an elongated conductor having a transverse
flange intermediate its ends, said flange being
sealed to and closing one end of said envelope,
the inner end of said conductor serving as an
electrode and the outer end as a lead, a second
electrode assembly having a flange intermediate
its ends, said flange being sealed to and closing
the other end of said envelope, and a third elec-- .
trode assembly intermediate the two ends of said
envelope including a plate extending transversely
of and sealed to said envelope, and having an
aperture, said elongated conductor having a re-
cess extending from the inner end thereof, a grid
within said recess and supported by said plate,
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said second electrode assembly supporting a cath-
ode within said grid.

5. An ultra high frequency electron discharge
device having an envelope and a plurality of elec-
trode units mounted therein, one of said electrode
units comprising an elongated tubular metallic
member having a flange extending outwardly and
radially therefrom and disposed intermediate the
ends thereof and sealed to said envelope, a por-
tion of said tubular member extending into said
envelope and comprising an electrode, and an-
other portion extending exteriorly of said elec-
trode and comprising a lead-in for said electrode,
sald another portion having a continuous and
smooth outer surface for effectively engaging
contact members of a coaxial line, and other of
said electrode units comprising tubular support
. having a radially and outwardly extending flange
at one end thereof, said flange being sealed to said
envelope with said tubular member extending ex-
teriorly of said envelope and having a continuous
and smooth outer surface for engaging other con-
tact members of sald coaxial line, and another
electrode supported by said tubular support and
extending into said envelope.

6. An ultra-high frequency electron discharge
device having an envelope and tubular electrodes
mounted with their work surfaces in concentric
relation in said envelope, a metal plate sealed
coaxially and transversely of said envelope and
supporting one of said electrodes, another of said
electrodes constituting one end portion of said
envelope and a lead-in terminal, a third of said
electrodes being mounted at the other end por-
tion of sald envelope, a support for said third of
said electrodes, said support constituting a hollow
tubular member having a transversely and out-
wardly extending flange at one end thereof, said
flange being sealed to said envelope, said third
of sald electrodes being supported within said
tubular member, said tubular member having a
smooth and continuous outer surface extending
externally of said envelope and constituting a
lead-in terminal, whereby good line coupling to
5aid electrodes is permitted.

7. An ultra-high frequency electron discharge
device comprising a tubular envelope and tubular
electrodes mounted with their work surfaces in
concentric relation in said envelope, a metal plate
sealed coaxlally across said envelope and sup-
porting one of said electrodes, a hollow tubular
member having a flange at one end, said flange
being sealed to an end of said envelope whereby
said tubular member projects externally of said
envelope, another of said electrodes supported
within said tubular member in electrical contact
therewith, said tubular member constituting a
lead-~in for sald another of sald electrodes, a third
of said electrodes comprising another hollow tu-
bular member, a flange on said last named mem-
ber extending radially outwardly therefrom, said

5

10

15

20

25

30

35

40

445

58

10
flange being sealed to the other end of said en-
velope, g portion of said last named member ex-
tending within said envelope and comprising the

. work surface of said third of said electrodes, an-

other portion of sald member extending ex-
teriorly of said envelope and constituting the lead-
in for said third of said electrodes, said another
portion having a smooth surface whereby good
line coupling to said device and good operation
thereof at ultra-high frequencies are obtained.

8. An ultra high frequency electron discharge
device having an envelope and tubular electrodes
mounted with their work surfaces in concentric
relation within said envelope, a support for one
of said electrodes, said support comprising a tu-
bular member having an outwardly radially ex-
tending flange at one end thereof, said flange
being sealed to one end of said envelope with said
tubular member extending exteriorly of said en-
velope and having a smooth outer surface, a sec-
ond support for said one of said electrodes, said
support being fixed to the interior surface of said
tubular member and displaced from the end
thereof remote from said flange, a stem of in-
sulating material positioned in said tubular mem-
ber adjacent the end thereof remote from said
flange and forming a vacuum tight seal for said
envelope, said tubular member constituting a
lead-in for said one of said electrodes.

9. An ultra-high frequency electron discharge
device having an envelope, an elongated tubular
member, an annular metallic flange on said mem-
ber, said flange being sealed to said envelope, said
member comprising an end portion of said en-
velope an electrode and a support and lead-in
for said electrode, another elongated tubular
member having an annular metallic flange, said
flange being sealed to said envelope, said last
named member comprising another end portion
of said envelope and a support and lead-in for
another electrode, and a platelike member sealed
through the walls of said envelope comprising &
support and lead-in for a third electrode ahd hav-
ing a beveled wall passageway, said third electrode
extending through said passageway.

NICHOLAS E. PRYSLAK.
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