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This invention relates to electron discharge

devices and more particularly to such devices
employed in high fidelity amplifying. systems.

In direct current amplifier systems the useful
sensitivity is basically limited by drift in the
plate current of the initial stage. While in-
stability in later stages may: be offset by nega-
tive -feedback, reduction of that caused by the
first stage is primarily g tube problem and can-
not_be offset by circuit refinements. Further-
more, it is desirable, for intermittent operation,
when an amplifier is turned on, that the initial
stage return to -the precise condition ex1st1ng
immediately prior to shutdown. -

Plate current drift may be due to a number
of causes, such as variation in heater resistance,
localized shift in temperature of the Cathode,
high grid current, and mechanical shifting of the
components of the electrode assembly in the
‘device.

The prlmary obJects of this 1nvent10n are to
minimize instability in operation and to increase
the useful range of dlrect current amplifier elec-
tronic devices.

Angther object of the invention is to el1m1nate
mechanical shifting in the position of the cath-
ode in a unitary assembly of electrodes in the
device, ‘

A further object of the invention is to allow
controlled expansion. of a plurality of cathodes
in multiple unit devices in g longitudinal direc-
tion during warm-up but to support the cath-
odes in constant relation during successive op-
erating periods and.to completely prevent lateral
relative movement of the cathodes with respect
to the mounting assembly.

Another object of the invention is ‘to facili-
tate the mounting of the means confrolling the
cathodes so that positive pressure.is realized in
-the assembly structure of the device.

These and other objects and advantages of the
invention are achieved in g unitary electrode
assembly of the multiunit type in which separate
triode units -are, mounted between insulating
spacer discs within an enclosing vessel.  The
separate cathodes, of the sleeve or . indirectly
heated type, are held in constant axial relation
with respect to the “other cooperating electrodes
by multiple biasing spring members adjacent one
end of the assembly. This: construction -pro-
vides an assembly in which mechanical instabil-
‘ity is overcome, whereby the over-all noise lével
and plate current drift are materially decreased.

A feature of this construction pertains to the

-mounting of the cathode sleeve to .msure_povs;-\
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tive biasing pressure thereon while permitiing
longitudinal controlled expansion in .an axial
direction. The cathodes are mounted axially in
concentric relation to cooperating control and
anode electrodes, between spacer discs. -A bead
is provided on one end of each cathode sleeve
in contact with the portion of a disc adjacent an
aperture through which the cathode extends,

whereby the bead is in engagement with the

spacer disc over a circumferential surface greater
than 180 degrees gnd prevents motion of the
cathode at this end of the assembly. At the
other end of the assembly springs laterally bias
the cathodes toward flat portions of apertures
in the spacer at this end and additional springs
engaging the cathodes impose longitudinal pres-
sure thereon to maintain the beaded ends in con-
tact with the spacer thereadjacent while permit-
ting slight axial movement to allow for expansion
and contraction due to temperature changes.
Because the cathodes are of circular cross-sec-
tion there is no tendency for the sprinzgs to cause
rotation of the cathodes.

Another feature of the invention relates to the
mounting of the biasing members at the top of
the assembly to facilitate fabrication and control
the pressure imposed on the cathode sleeves.
This arrangement involves pairs of oppositely
disposed clips. which support the bowed springs
in line with the cathodes, the springs engaging
the cathode sleeves at intermediate points along
the sides and over the tops thereof. The cath-
odes are thus confined by positive pressure to a
definite position in the assembly so that noise
and plate current shift due to vibration or shock
are greatly reduced.

Another feature of the invention relates to
the positive locking of the bowed springs in the
assembly so that shifting which might lead to
noise difficulties in operation is avoided. The
pair of bowed springs associated with each cath-
ode is rigidly clamped in a clip on one side of
the. cathodes and located in g rectangular slot
in another clip on the opposite side of the cath-
odes. This insures positive location of the
springs whereby the forces applied by the bowed

springs localize the free ends thereof in definite
positions in the anchor slots to prevent variation
in spring position and pressure.

A further feature which aids in producing a
noise free device relates to the method of mount-
ing the control electrode or grid around each
cathode of the device. The helical wound grid
ont parallel support wires is slightly twisted in the

.mounting assembly by offset holes in the top and
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bottom spacer discs so that the supports are held
under strain. This prevents loose mounting of
the grid so that noise caused by grid movement
is reduced.

Another feature of the assembly which con-
tributes to the reductlon of noise is the éffective
shieldihg of the activé Zones 6f the triode Thits
by the gnodes completely enclosing the grids and
cathodes between the spacer discs. This elimi=
inates projection of electrons from the cathodes
to the wall of the enclosing vessel whete phote-
electric activity may result in noise effects which
result in instability in operétmn of thé device.

These and other features and__gdvahtages of
the invention will be more tléarly Set- ?orth in
the following detailed description wheh ‘eonsid=
ered with the accompanying ‘drawings in which:

Fxg 1 1s a view m elevatlon of a dev1ce 111ustra-

()0

"1s 3 mﬂafr View of the device 'of iz, 1

1 a‘k" ; different aigle to show the
si)nng mounting at the tob of the assembly,

F‘Ii" 3 is a ;blan VIeW T the top structure of thé

40

gsel. Thus “the dathodes, erids and anodes are
i Vldually connected externally 't hrough the

‘provided with intérndl heater “eléténts ‘22 ‘and 75

10~

e 3) )

4

23 of the hairpin helical type which are con-
nected, through suitable coupling members, to
three other terminal pins in the stem for connec-
tion of the heaters in series or parallel relation
in the device.

THe particilat mountihg 8ssembly of the elec-
trodés to attain the results heretofore indicated
is shown in various construction details in Figs.
3 to 8, inclusive. The mounting of the paraliel
cathodes {4 and 15 is the first consideration in
fabrlcatmg the unit assembly since motion of
these components with respect to the surrounding
elaetrodes, hamdly, the grids and anodes, must be
aécurately controi‘led As one contributing fac-
portifig the sleeve or cylindrical cathode
n the spacer dises 29 and 21, these discs are pro-
vided with pairs of aligned irregular-shaped ap-
erfures 24, shown clearly in Figs. 3 and 8, having
a su%stantlally cylindrical configuration over an
arc of approximately 240 degrees with a large
‘wngle Wedge Suiface extendifig toward the outer
@dges of the didcs. The ¢athode sleeves are also
provided Wwith Tormed beads 25 at the lower end
56 ¥hat these Yeads beat against the top rims of
the apeftuies ih ‘the Yower spacer disc 21. The
significantce of the xi'regular—shaped ‘apertures in
the ‘spiicing ‘6f the ‘¢athode ‘sleeves will be ex-
Plairied later in the speclﬁeatlon ih relation to
the ‘pregsure ‘Spring ‘mounting of the ‘cathodes.

The parallel ’cathodes ‘fre surmounded by hel
C nd 11 which ate supportea
wn'es 16 ahc‘i 27 the wound

gr1ds are securely fhéld i the spacel dlstfs 'so that
v1bra,t10n wﬂl not set ‘uﬁ: c"hatter n01se durmg

b ‘Brid
. 8, the apsrtures 28-6h opposn;e sides ‘of each
cathode _aperture 24 are offset in opp051te dn'ec-

ing the apertures 28 on litfes 29 ‘ang 30 passmg
tHrough ‘the -deniters ‘of ‘the ‘cathode’ apertures 24
at angles of about 3 degrees on eithier: -§ide of the
‘eenter line 81. Tt ‘will ‘be ‘Hoted Trot the super-
1mp”osed ‘view: of disc 207oh disc 21 in Fig. '8 that
‘the pairs of Brid apertires 28 in-discs 20 ang 21
in the v1cm1ty of each cathode aperture 24 ‘fall
o1 ’étlternate iffe §‘0f the hoi‘mbntal center Tine

ehclosmrr electrodes
‘together annfr one

Thls constructlon ‘Increases
e anodes'and- prevents buckling
ature cohdltlons The anodes

Wwith the ‘bases of '’ plurahty of trlangular aper-
“tiires 34, ‘as “Shown ‘in Pigs.’3 and 7, -to ‘Pigidly
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secure the mica spacer discs thereto by bending
over the ears after passing through the apertures
and-to substantially completely enclose the cath-
odes and grids, as shown in Fig. 4, with the-long
dimension of the anodes extending in alignment
across one-diameter of the discs and the fins in
parallel relation adjacent an axial plane of the
assembly.

In conventional electrode assemblies of thls
general - type, -uncontrolled ‘movement -of the
cathode sleeve with respect to the spacing discs,
and consequently the other electrodes, gives rise
to noise and plate current shift. . Such motion
is materially controlled in accordance with this
invention by regulated forces imposed on the
cathodes both in lateral and axial directions by
pairs of biasing springs bearing against the cath-
ode sleeves to maintain them in constant posi-
tion with respect to the other cooperating elec-
trodes in the assembly. The construction to
accomplish this result is shown more clearly in
Figs. 3 and 5 wherein the pair of cathode sleeves
14-and 15 are positively biased in two directions
by pairs of bowed springs 35 and 36 adjacent the
top of sleeve {4, and 37 and 38 adjacent sleeve {5.
These springs are preferably formed of tungsten
wire. * The lateral . pressure force of bowed
springs 36 and 38 against:the projecting portions
of the cathode sleeves 14 and (5 induces the
cathodes to bear forcibly toward the outer wedge
portions of the apertures 24 so that the cathodes
will not readily move. laterally in the assembly.
The axial: pressure springs 35 and 31 span the
top edges of the respective cathode sleeves {4 and
16 to impose a downward controlled force which
maintains:the beads 25 on the cathodes, shown
in Fig. -1, in contact with the lower spacer at
apertures 24 but permit expansion and con-
traction of the cathodes due to temperature
changes in operation. The round cross-sectional
shape of the cathodes eliminates any-tendency
for the springs to cause rotation of the cathodes.

. The bowed springs are held in. their assigned
positions by oppositely disposed pairs of metallic
clips 39 and 40 for cathode sleeve 14 and 41 and
42 for cathode sleeve 5. The clips 39 and 4|
extend through pairs of parallel slots located in
transverse: planes adjacent one. edge of the top
spacer disc 20, and are so located that upstanding
flap portions 43, extending from the edges of the
clips which are in line with the cathodes, clamp
the ends of the springs extending through the
flaps and rigidly hold them therein in superim-
posed relation, the springs 3§ and 37 being upper-
most. in the clips to locatee the springs in proper
relation to the cathode sleeves.. -Accordingly,
the flap portions 43 of the clips are mounted in
edgewise relation to the cathodes to direct the
springs in alignment with the cathode sleeves.
«.-The. associated clips 40 and 42 are similarly
mounted in pairs of slots near the periphery of
the top disc 20. These slots are in parallel rela-
tion each pair being so located that upstanding
portions 44 extending from the clips are pre-
sented in broadside or facing relation to the
cathode sleeves. These perpendicular portions
are provided with central diamond-shaped or
square openings 45, as shown in Fig. 5 to.locate
the opposite ends of the bowed springs in definite
positions. with respect to the cathode sleeves.
The bowed springs are initially placed in lateral
.contact with the cathode sleeves, as shown in
Fig. 6.  In this position the springs are located
inside notches or corners of the diamond-shaped
-openings. .

After complete mounting of all the
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electrodes in the unit assembly the axial springs
are raised by tweegers to their final position
across the tops of the cathodes so that the free
ends of the springs. shift to the top notches or
corners of the openings in the anchor elips.
Therefore, the springs are definitely held in con-
stant relation to the cathode sleeves to impose
the required biasing pressure thereon. 'This ar-
rangement insures constant control of the posi-
tion of the cathode sleeves in the unitary assem-
bly so that lateral movement is prevented and
axial confrolled movement is permitted only to
the extent of expansion and contraction to pre-
vent buckling due to temperature conditions.
The positive pressure imposed on the cathode
sleeves reduces chatter noise and anode current
shift-due to vibration or shock, thereby materi-
ally improving performance, particularly in
direct current amplifier systems wherein anode
current drift is especially objectionable, .

Another feature of the invention which facm-
tates fabrication and contributes to the efficient
handling and mounting of the assembly on the
stem of the device relates to the association of
the heater element connections to the unit prior
to mounting the unit on the stem. The hairpin
heater elements 22 and 23 are inserted into the
cathode sleeves through the bottom of the unit.
The projecting ends are provided with nickel
sleeve tabs 46 to facilitate welding of the heater
elements in the assembly. The heater termina~
tions are secured to rigid connector arms in the
unit. prior to mounting the unit on the stem
of the device so that rigid welded joints may be
made on the heater elements.

The coupling of the heater elements to large
surface connectors mounted on the unitary
assembly is accomplished by providing a .pair of
angular-shaped arms 47 and 48 on one side of the
cathode sleeve and a T-shaped common arm 49
on the other side, the ends of the arms termi-
nating adjacent the cathode sleeves for welding
the heater element terminations thereto. The
arms 47 and 48 are attached to the lower spacer
disec 21 by clip portions 50 which extend through
pairs of slots in the spacer and the T-shaped
arm is provided with an offset clip portion 5i
which is secured to a similar pair of slots on the.
other half of the spacer, as shown in Figs. 4 and 7.

In the particular device shown in Figs. 1 and
2, the top and bottom mica spacer discs are iden-
tical with respect fo the punching of the holes
and slots therein for mounting the electrodes.
However, to orient the discs so that the grids
are mounted in twisted relation, a pair of dises is
arranged by placing like faces in a plane side by
side so that the grid holes are at uniform angles.
Then by turning over one disc with respect to the
other so that the grid holes lie in offset relation
in the two discs they are ready for assembly of
the clips and electrodes in the structural unit.
This is expeditiously accomplished by providing
index apertures 52 in the discs which, when
placed as shown in Fig. 8, register the two discs
in proper orientation for mounting the various
electrodes in the assembly. In this relation, the
bias spring clips will project upwardly from: the
top of the disc 20 while the heater connector clips
will project downwardly from dise 21. When the

‘electrodes are mounted between the dises, the

biasing 'springs adjusted in relation to the cath-
ode sleeves and the heater element terminations
connected to the ends of the clips in the lower

Spacer, the grids will be twisted and securely held
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in position so the mount or unit is feady for
assembly on the stem 1.

As shown in Figs. 1 and 2, the prepared stem
with the: terminal pins or wires thereon has the
upper ends of the wires trimmed in a definite re-
lation so that the front pair, as viewed in Fig. 1,
is the longest, the adjacent pair on opposite sides
thereof and the single wire furthest away from
the long pins are of the height necessary to form
a base support of the unit, and the anode and
cathode wires are the shortest with the cathode
leads being bent outwardly at a slight angle. The
lower spacer disc-2{ is also provided with a pair
of apertures adjacent the angle clips 471 and 48
to receive the long pins or wires which register
the unit in concentric relation on the stem- if.
In this position, the lower spaeer disc 21 rests.on
the tripod wires of equal length provided by the
triangularly arranged grid and common heater
terminal pins, the heater pin being in abutting
relation to the T-shaped clip 49 in the unit, as
shown in Fig. 2. This arrangement not only fa-
cilitates welding operations but insures rigidity
in the mounting of the unit in the assembly.
This may be realized at once by reference to Fig.
1 which shows the long pins alongside of the clips
47 and 48 so that welding these clips to the pins
may be performed without difficulty to provide a
large surface contact and positive weld ares ab
the junction of these elements. - Similarly, the
T-shaped clip 49 adjacent the rear triped wire
has a portion in contact with the wire so that a
permanent weld may be obtained between these
components. The long support wires oi the gt ids
extend downwardly in parallel relation to the
other tripod wires so that they may be con-
nected by straps 53 which are suitably welded
thereto.

In mounting the anodes in the assembly, one
ear 83 at the lower end of the unit extends
thtough the disc without being bent over so that
a suitable stub wire 54 may be welded thereto
and alse to the short straight wires in the stem.
Finally, flexible straps 55 on the ecathode sleeves
are welded to the beni pins in the stem. The
lower clips coupling the heater elements to an
external eircuit provide a eonvenient assembly
for connecting the heater elements in series or
pa,rallel relation depending on the voltage sup-
ply available or the current rating desired in the
operation of the device. Por example, with &
suitable length and diameter of heater wire em-~
ployed in the cathode sleeves two heater termi-
nals may be used to connect the heatersto a 12.6-

yolt supply with the heaters in series through the !

common: T-shaped connector or the heaters may
be conneeted in multiple through the three ter-
minals with a supply of 6.3 volts and double the
current consumption of the series arrangement.

While the invention has been disclosed in a
particular embodiment, it is, of course, under~
stood that various modifications may be made in
the detailed construction of the device shown
without departing from the scope of the inven-
tion as defined in the appended claims.

- What is claimed is:

. 1. An electron discharge device comprising an
electrode mount including a sleeve cathode and
spacer dises at opposite ends supporting said
.cathode, a pair of bowed spring members having
intermediate portions engaging the side and end
of said cathode, and anchoring clips on opposite
‘sides of said cathode supporting said spring mem-
bers on one of said spacer discs, one of said clips
rigidly fixing one end of each of said spring mem-
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8,
bers and the other having a retaining slot there-
in for said spring members.

2. An electron discharge device comprising an
electrode mount including @ sleeve cathode and
spacer discs ab opposite ends supporting said
cathode, said spacer dises having apertures with
flat portions through which said cathode extends,
and a pair of bowed spring members on one of
said spacer discs, one of $aid spring members
having an intermediate portion forcing said cath-
ode laterally toward flat portions of the nearest
of said spacer dises and the other having a bridg-
ing portion forcing said cathode in an axial di-
rection toward the ether of said spacer dises. .

3. An electron discharge device comprising a
vessel, an electrode mount therein including a
plurality of eleptrodes and spacsr dises on oppo-
site ends, one of said electrodes having a. rigid
portion projecting through one of said spacer
discs, metallic clips mounted on said one spacer
dise on opposite sides in relation to the rigid por-
tion of said one electrode, and spring members
extending between said clips and engaging the
top and side of said rigid portion of said one elec-
trode at an intermediate point. :

4. An electron discharge device comprising an
enclosing vessel having a stem, a unitary twin
assembly of electrodes mounted on said stem in-
cluding parallel tubular cathodes, grids and an-
odes, a.pair of spacer discs on opposite ends for
mounting said electrodes.in triode units, connec-
tions between said electrodes and said stem, a
pair of locking clips on one side of said eathosdes,
another pair of clips having slots therein on the
other side of said cathodes, said clips being
mounted on one of said spacer discs, and pairs of
bowed wire springs extending between each lock-
ing clip and the related slotted clip, said pairs
bearing against the sides and tops of the respec-
tive cathodes located between. said clips.

5. An electron discharge device comprising an
enciosing vessel having a- stem, a twin unitary
assembly of electrodes mounted on said stem in-
cluding parallel tubular cathodes, grids and an-
odes, a pair of spacer dises on opposite ends for
mounting said electrodes in separate friode unifs,
connections between said electrodes and said
stem, heater elements within said cathodes, a pair
of locking clips on-one side of said eathodes, an-
other pair of clips having slots therein on the
other side of said cathode, said clips being mount-
ed on one of said spacer dises, pairs of bowed wire
springs extending between each locking clip and
the related slotted clip, said pairs bearing againss
the sides and tops of the respective cathodes lo-
cated between. said clips, a pair of angular clips
and a T-shaped clip mounted on said other spacer
disc, and connections between said heafer ele-
ments and said latter clips.

6. An electron disecharge device comprising an
enclosing: vessel having a stem, a twin unitary
assembly of electrodes mounied on said stem in-
‘eluding parallel tubular cathodes, grids and an-
odes, a pair of spacer discs on opposite ends for
mounting said electrodes in separate triode units,
and connections between said electrodes and
said stem, said spacer discs having apertures on
opposite sides of said cathodes positioned to
mount said grids in a twisted condition between
said dises to eliminate loose mountmg of said
grids therein,

7. An electron discharge device comprising an
enclosing vessel having a stem, a unitary twin
-assembly of electrodes mounted on said stem in~
cluding parallel tubular cathodes, grids and an~
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odes, a pair of spacer discs on opposite ends for
mounting said electrodes in triode units, and con-
nections between said electrodes and said stem,
said spacer discs having apertures on opposite
sides of said cathodes offset from the plane
through the axes of said cathodes the direction
of "offset being opposite at the two ends for
mounting said grids in a twisted condition be-
tween said discs to eliminate loose mounting of
said grids therein.

8. An electron discharge device comprising an
enclosing vessel having a stem, a twin unitary
assembly of electrodes mounted on said stem in-
cluding parallel tubular cathodes, grids and an-
odes, top and bottom spacer discs on opposite
ends for mounting said electrodes in separate
triode units, connections between said electrodes
and said stem, a pair of clips secured to said top
spacer disc having a flap portion mounted edge-

wise with respect to said cathodes, another pair of

clips having diamond-shaped slots mounted on
said top disc with the slots facing said cathodes,
and pairs of bowed wires extending between said
clips, each pair having the ends adjacent the flap
clips clamped therein, the opposite ends extend-
ing through said slots in the other clips and the
intermediate portions bearing against the sides
and tops of said tubular cathodes.

9. An electron discharge device comprising an
enclosing vessel having a stem, a unitary twin
assembly of electrodes mounted on said stem in-
cluding parallel tubular cathodes, grids and an-
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odes, top and bottom spacer discs on opposite
ends for mounting said eléctrodes in separate tri-
ode units, connections between said electrodes
and said stem, a pair of clips secured to said top
spacer disc having a flap:portion mounted edge-
wise with respect to said cathodes, another pair of
clips having diamond-shaped slots mounted on
said top spacer disc with the slots facing said
cathodes, and pairs of bowed wires extending be-
tween said clips, each pair having the ends ad-
jacent the flap clips rigidly fixed in superimposed
relation therein, the opposite ends engaging side
and top notches in said-diamond-shaped slots
and the intermediate portions in contact with the
inner surfaces and tops of said tubular cathodes
to exert outward and axial pressure on said cath-
odes. o
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