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MOUNTING 

Warren Groniros, Basking Ridge, and Edmund A. 
Weazie, Summit, N. J., assignors to Be Tele 
phone Laboratories incorporated, New York, 
N. Y., a corporation of New York 

Application September 14, 1948, Serial No. 49,184 

9 Claims. (CL 250-27.5). 
1. 

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 a 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 existing 
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 primary objects of this invention are to 
minimize instability in operation and to increase 
the useful range of direct current amplifier elec 
tronic devices. 
Another object of the invention is to eliminate 

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 a 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 controlling 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 a 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 level 
and plate current drift are materially decreased. 
A feature of this construction pertains to the 

mounting of the cathode sleeve to insure posi-. 
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2 
tive biasing pressure thereon while permitting 
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 and 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 incon 
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 springs 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 a 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 Inouint 
ing the control electrode or grid around each 
cathode of the device. The helical wound grid 
on 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 reduction of noise is the effective shielding of the active zones of the triode units 
by the anodes completely enclosing the grids and 
cathodes between the spacer discs. This elimit 
inates projection of electrons from the cathodes 
to the wall of the enclosing vessel where photo 
electric activity may result in noise effects which 
result in instability in operation of the device. 
These and other features and advantages of 

the invention will be more élearly set förthin : 
the following detailed description when éonsid: 
ered with the accompanying drawings in Which: 

Fig. 1 is a view in elevation of a device illustras 

cross-section and the electrode unit partially bro 
Sen away to show the internal assembly; 

g. 2 is a similar view of the device of Fig. 1 
. ifferent angle to show the 

- S. top of the assembly; 
Fig. 3 is a plan view of the top structure of the 
it, taken on the line 3-3 of Fig. 1; 

'device; and 
, a seginent of 

posed relation to indi 
irids in offset holes in 

metral line passing 
t 

and particularly to 
electrode assembly is 

V hig O of 
or fiat stern 

milial pins or 
, w lation in a circular 
sevacuated to a low pres 

p 3 at the top of the 

s 
Spac . . . . . . 
the mounting of the 

pair of parallelly arranged gro 
scoriprising a pair of tubular or sl 
and 5, two control electrodes or grids s' r 
and two anodes or output electrodes 8 and fg. 
These ele mou - ... we . . . . . . . . 

mica, spacer discs 20 and 2 f which are de 
signed to support the respective cathodes, grids 
and anodes of each group in concentric relation 

the two groups in parallel relation in the 
contact with the cylindrical wall of the vessel. 
The respective groups of electrodes are joined to 
and stippórted by symmetrically spaced terminal 
pins in the stem önöpposite halves thereof corre 

el. Thus, the cathodes, grids and anodes are iividually connected externally through the 
is 2 for applying suitable pi als to the 
rious electrodes. In addition, the cathodes are 

odés are mounted between 'insulating, 

el with the edges of the discs resiliently in C 

bonding to the positions of the groups in the " 

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 particular mounting assembly of the elec 

trödes to attain the results heretofore indicated 
is shown in various construction details in Figs. 
3 to 8, inclusive. The mounting of the parallel 
cathodes 4 and 5 is the first consideration in 
fabricating the unit assembly since motion of 
these components with respect to the surrounding 
electrodes, namely, the grids and anodes, must be 
accurately controlled. As one contributing fac 
tor in supporting the sleeve or cylindrical cathode 
in the spacer discs 20 and 21, these discs are pro 
Wided with pairs of aligned irregular-shaped ap 
ertures 24, shown clearly in Figs. 3 and 8, having 
a substantially cylindrical configuration over an 
arc of approximately 240 degrees with a large 
angle wedge surface extending toward the outer 
edges of the discs. The cathode sleeves are also 
provided with formed beads 25 at the lower end 
so that these beads bear against the top rims of 
the apertures in the lower spacer disc 2d. The 
significance of the irregular-shaped apertures in 
the spacing of the cathode 'sleeves will be ex 
paired later in the specifieation in relation to 
the pressure spring mounting of the cathodes. 
The parallel 'cathodes are surrounded by hel 

ar ind 7 which are supported 
res 26 and 2, the wound configuration. These 

O 

2) 

30 

tly twisted condition to apply lateral 
s to the grids in the assembly. As shown in 

. 8, the apertures 28 on opposite sides of each 
e 24 are offset in opposite direc 

...' a Y is . . . . . meter across the disc by locat 
ing the aperttires 28 onlines 29 and 30 passing 
through the centers of the cathode apertures 24 
at angles of about 3. degrees on either side of the 

is centerline 3. it will be noted from the super 
imposed view of disc 20'on disc 2 in Fig. 8 that the pairs of grid aperttires 28 in discs 20 and 2. 
in the vicinity of each cathode aperture 24 fall 
on alternate sides of the horizontal center hine 

to 3 with allh isplaced an equal distance from 
line-3 (. Since the grids fe and ft are normally 

ind on parallel supports the slight twist im 
tea to the grids when the supports are iriserted 
h apertures 28 in both spacer discs in 

55 sures positive lateral force on the grids in the 
mounting assembly so that vibration'or shockwill 
not alter the relation of the grids to the spacer 
discs. The wound grids are gold-plated to over 
'cofine grid emission 

AO 

- : is . . . . . . . . . enclosing electrodes 

the joining ends locked together along one 
t dimension thereby to form heat radiating 

This construction increases 
eanodes' and prevents buckling 
ature conditions. The anodes 

srnally with zirconium in a suitable provide a blackbodysurfacehaving gas 
ties so that a separate getter 

substance is not required in the device. The top 
and bottom edges of the anodes and fins are pro 

d with integral ears 33 which are aligned 
with the bases of "a plurality of triangular aper 

provided with internal heater elements 22 and is 'tures 34, as shown in Figs. 3 and 7...to rigidly 
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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 this 
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 
4 and 5 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 4 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 37 span the 
top edges of the respective cathode sleeves 4 and 
5 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 4 and 4 and 
42 for cathode sleeve S. 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 35 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. 
i. 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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6 
electrodes in the unit assembly the axial springs 
are raised by tweezers 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 clips. 
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 assemi 
bly so that lateral movement is prevented and 
axial controlled 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 facili 

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 
disc 2 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 5 
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 to 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 discs 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 disc 2. When the 
.electrodes are mounted between the discs, 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 ready for 
assembly on the stem. . . 
As shown in Figs. 1 and 2, the prepared steal 

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 for 
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 47 and 48 
to receive the long pins or wires which register 
the unit in concentric relation on the stem . 
In this position, the lower spacer disc 2 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 Teshaped clip 49 in the unit, as 
shown in Fig. 2. This arrangement not only far 
cilitates welding operations but insures rigidify 
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 area at 
the junction of these elements. Similarly, the 
T-shaped clip 49 adjacent the rear tripod Wire 
has a portion in contact with the wire so that a 
permanent weld may be obtained between these 
components. The long support wires of the grids 
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 33 at the lower end of the unit extends 
through the disc without being bent over so that 
a suitable stub Wire 54 may be welded thereto 
and also to the short straight wires in the stem. 
Finally, flexible straps 55 on the cathode sleeves 
are welded to the bent, pins in the stem. The 
lower clips coupling the heater elements to an 
external circuit provide a convenient assembly 
for connecting the heater elements in series or 
parallel relation depending on the voltage sup 
ply available or the current rating desired in the 
operation of the device. For example, with a 
suitable length and diameter of heater wire en 
ployed in the cathode sleeves two heater termi 
aals may be used to connect the heaters to a 12.6- 
volt supply with the heaters in series through the 
common T-shaped connector or the heaters may 
be connected in multiple through the three ter 
minals with a supply of 6.3 volts and double the 
current corasumption 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 discs 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 men 
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8 
bers and the other having a retaining slot therer 
in for said spring members. 

2. An electron discharge device comprising an 
electrode mount including a sleeve cathode and 
Spacer discs at opposite ends supporting said 
cathode, said Spacer discs 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 Said spring membel's 
having an intermediate portion forcing said cath 
ode laterally toward flat portions of the nearest 
of said spacer discs and the other having a bridge 
ing portion forcing said cathode in an axial dir 
rection toward the other of said spacer discs. . . 

3. An electron discharge device comprising a 
vessel, an electrode mount therein including a 
plurality of electrodes and Spacer discs on oppQ 
site ends, one of Said electrodes having a rigid 
portion projecting through One of Said spacer 
discs, metallic clips mounted on said One Space) 
disc on opposite sides in relation to the rigid porr 
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 ail 
enclosing vessel having a stem, a unitary twin 
assembly of electrodes mounted on Said stem in r 
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 cathodes, 
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 respecr 
tive cathodes located between Said clips. 

5. 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 
odies, a pair of Spacer discs on opposite ends for 
mounting said electrodes in separate triode units, 
connections between said electrodes and said 
stem, heater elements within Said cathodes, a pair 
of locking clips on one side of said cathodes, 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 discs, pairs of lowed wire 
springs extending between each locking clip and 
the related slotted clip, said pairs hearing against 
the sides and tops of the respective cathodes loor 
cated between said clips, a pair of angular clips 
and a T-shaped clip mounted on said other spacer 
disc, and connections between said heater ele 
ments and said latter clips. 

6. 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, 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 discs to eliminate loose mounting of said 
grids thereira. 

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 

25 

30 

O 
Odes, top and bottom spacer discs on opposite 
ends for mounting said electrodes in separate tri 
Ode units, connections between said electrodes 
and Said stem, a pair of clips secured to said top 
Spacer disc having a flapportion 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. - - - 

WARREN GRONROS. 
EDMUND A. WEAZIE. 
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