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My invention relates to vacuum tubes and

" to methods of constructing them. More par-

i
-

ticularly it relates to so-called screen-grid .

tubes for use as radio amplifiers and detectors.
One of the objects of my invention is to
produce a radio amplifier and detector tube
which shall have a minimum tendency to act
as a source of undesired oscillations. .
Another object of my. invention is to pro-

210 duce a tube in which the effective capacity be-

18

tween the control electrode and the plate shall
be a minimum. AR

Another object of my invention is to pro-
duce a tube which shall have its electrode po-
sitioned within a shielded enclosure main-
tained at ground potential, and thereby free
from disturbing influences originating ex-

* ternally to the tube.
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A further object of my invention is to de-

vise a method of producing a shielding coat-

ing upon the interior of a tube and of con-
necting it to any desired electrode.

Other objects of my invention will be ap-
parent from the following specification, taken

‘in connection with the drawings, wherein’

. Figure 1 is a longitudinal section of a tube,

embodying my invention, in the condition it

is in prior to the deposition of a shielding

_ coating upon its interior walls.

Fig. 2 is a longitudinal section of a tube

. after the deposition of the aforesaid coating

~ operative state.. .
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- fying tubes which may be used in series, -
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and represents the tube in its finished -and
Figs. 3 and 4 are seétidns taken on the lines
TIT—III and IV=IV of Fig. 1, respectively.

"7 Asis well known, the ordinary three-elec-
trode radio-tube of the prior art has an ap-

preciable electrostatic capacity between its
anode and control-electrode, in” consequence

of which it is liable to produce undesired:

oscillations. The undesired oscillations im-
pose a limitation upon the number of ampli-

since these oscillations, generated because of
the internal capacity of the.tube, interact to

-produce the disturbances of audible frequen-

cies which constitute the howling -whichis

‘:50 troublesome in present-day radio receiv-

o

ingsets. - - . : :
It has been found that, if an additional

grid electrode be interpbséd between. the

anode and the control-grid of radio tubes of
the conventional type and be maintained at

a- definite potential relative to the cathode,

the capacity between the anode and. control-
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electrode is greatly decreased; with the con-""

sequent diminution of the troublesome oscil-
lations just described. However, it is found
that there is a certain amount of residual
capacity still left between the anode and con-,
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trol-electrode so that the above mentioned ™

difficulties are not completely eliminated by
the simple structure just described. .

‘T have discovered that, if the interior wall
of the radio tube in the vicinity of its opera-.
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tive electrodes be covered with a conducting ~

coating connected to the cathode, or alter-

_natively to the additional grid-just men-

tioned, practically the .entire residual capac-
ity -between the anode and control-electrode
is eliminated, with the consequent. complete
elimination of the trouble from: self-oscilla-
tion. . I.have further found that, by bring-
ing the inleading wire to the control. grid
through the top of the tube rather. than.
through the conventional press supporting
the inleading wires at the lower end of the
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tube, and by interposing between the plate -

electrode and the. upper control-electrode
lead a metallic shield, the slight remnant of !

capacity between the anode and the control

grid is done away with." C .
Referring to -the drawings, 1 ‘denotes a

vacuum-tight glass radio tube:of ordinary

type. having, at ‘its lower: end, a ‘press 2 ™

through which passes:inleading wires 3 to
a cathode 4 of conventional structure near
the axis of the tube. Surrounding the cath-
ode. 4 is a’control-grid .5 which may be:of
ordinary type.except that its inleading wire. -
6 preferably enters the tube through the top
instead: of through: the press 2.
ing the control-electrode, in turn, is a second
or screen grid 7 which is supported on two:

vertical wires 8 having their upper ends fixed -

in an insulator-9.and -their lower ends: sup-
ported in the préss 2. -The screen grid:is
adapted to be connected to external circuits
through one lead. 8.passing through  the
Press. . . el
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urround-- -
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Surrounding the entire set of electrodes,
just described, is an anode 10 of conventional
type.

Supported on, and connected to the upper
end of the screen grid is a shielding plate
11 which surrounds the control-grid lead 6
and shields its upper portion from electric
fields due to anode 10. The control-grid lead
extends through a small opening in this plate.

As shown in Fig. 4, this plate may be formed

of two semi-circular halves not making direct
contact to each other, but individually welded
to the screen-grid.

In the course of manufacture of this tube,

the press 2 is first formed with the structure .

comprising cathode 4, control grid 5, screen
erid 7, anchor 9, plate 11 and anode 10 sup-

" ported thereon. The control grid lead 8 pro-
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~10. The flexible wire is, therefore, held under-
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-of the flexible wire 12 which was held bound

jects above the top of this electrode struc-
ture, but is, of course, not yet sealed into
the enclosing tube. This entire structure is
inserted through the flared lower end of the
enclosing tube 1 and sealed in place therein,
the control-grid lead 6 being inserted through
the top of the tube 1 and sealed thereto at
the same time.

At the time this electrode structure is as-
sembled on the press, a thin flexible wire 12,
preferably of tungsten, is welded either to
one of the cathode leads 3 or to the lead 8
of the screen grid and is welded in such a

position that, upon straightening out, its free-

end will press against the tube wall. How-
ever, for the time being, the other end of the
flexible wire is welded to a small piece of
metallic magnesium 13 which is, in turn,
welded to the outside of the anode structure

tension out of contact with the tube walls.

. The tube is exhausted in a fashion well
known in the art of radio-tube manufacture
and, when its vacuum has attained a satisfac-
tory condition, an inductive heating coil of
the type well known in the art is-used to
raise the temperature of the aforesaid mag-
nesium to the point where it- quickly melts
and vaporizes. The vapor immediately con-
denses on the tube walls, producing the well
known clean-tip of residual gases and thereby
rfecting the vacuum. ' In addition, the end

by the magnesium is freed and it snaps into

- contact with the magnesium eoating 14 which
“ isijust then settling upon the tube walls. . It
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is conducive to the smecess of this operation
I

- that the heating of the magnesium take place
- as rapidly as possible; in other words that a
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large input of power to the inductive heater
be ensured. ’
Tt should also be provided that a sufiicient

quantity of magnesium be vaporized to pro--

duce a thick and readily conductive coating
on the entire interior of the tube in the

" neighborhood of its electrodes. By locating
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the magnesium tab in the position shown in

~ sereen-grid 11 also reduces practicaily to zero-
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Fig. 1, the tube walls surrounding the elec-
trode group will be heavily coated, but practi-
cally no coating will deposit where any of
the inleading or support wires are sealed into

glass. This prevents the magnesium coating 70

from forming a short-circuit between any of

the various electrodes.

The tube constructed in the foregoing man-
ner is intended to be connected for use in the
following way. The cathode is supplied
with current from any convenient alternat-
ing-current or direct-current source. A
source of unidirectional electromotive force
may be connected between the cathode cir-
cuit and the lead of the screen grid, thereby
maintaining the latter at a different and uni-
form potential with reference to the cathede.
The input electromotive force is connected
between the control grid lead 6 and the cath-
ode 4, and the output circuit is connected to; g5
the leads from cathode 4 and anode 10 in
any manner usual in the ordinary detector
or amplifier circuit arrangements.

Because of the interposition of the screen
grid between the anode and the control grids go
it ‘intercepts nearly all the lines of electric
force which would otherwise tend to flow
from the interior face of the anode. to the
control grid. Thus the electrostatic capacity
between the interior face of the anode and
control electrode is substantially zero.

The metallic coating formed upon the in-
terior of the tube is conneeted in the embodi-
ment here shown, by the flexible lead 12 to
the cathode, and is, therefore, maintained jqgp
always at the cathode potential. In conse-
quence, any. stray- lines of electromotive
force emanating from the exterior face of the
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~anode 10 find a convenient terminus upon

this coating and practically none of them:

105
terminate upon the control-grid -lead.

‘Furthermore, the shield 11, which is main-

tained at the potential of the screen-grid 7,
intercepts lines of electric force tending to
pass from the anode to the control-grid lead: 3y,
6. Hence, the electrostatic capacity hetween
the anode and the control grid is reduced
practically to zero. In other words varia-
tions in the potential of either of these elec-
trodes have practically no.effect on the other.
As a result of the construction above de-
seribed, T have produced a radio tube having
practically zero capacity between its anode
and grid electrodes. The presence of the
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the conductance of the path within the tube

from anodeto the cathode. As aconsequence,
the flow of current through the output cir-
cuit including the anode is determined almost
entirely by the value of the control-grid po-i
tential.- "As a result, there is no tendency
for - the. tube to go into self-oscillation;
neither -is there any tendency for a feed-
back of energy to take place from the
anode circuit to the control grid circuit. The
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tube is, therefore, quite strictly a one-way
transmitter of modulations. ‘

If, asis ordinarily the case, a portion of the
cathode circuit is grounded, the conducting
deposit on the interior of the tube walls 1s
likewise maintained at ground potential.
The electrodes inside the tube are, therefore,
almost completely screened from disturb-
ances due to electrical effects originating ex-
ternally to the tube.

It will be evident that, instead of connect-
ing the interior coating of the tube to the
cathode, I might arrange the flexible wire to
connect it to one of the other electrodes, such
as the screen-grid, for example.

It will furthermore be evident that, in-
stead of coating the interior of the tube with
a metallic deposit, I might attain a similar
shielding effect by a conducting coating on
the exterior of the tube connected in circuit
in similar- fashion. It will further be evi-
dent that, while T have described magnesium
as the metal to form a fusible connection' for
the flexible wire 12, other readily fusible
metals may be substituted therefor. In fact;
magnesium is only one of the metals common-
ly vaporized in high-vacuum tubes and known
in the art under the name of “getters”. -~ Any
of these well known getters might be used
for this purpose. _ -

I have specified that the flexible wire shall

be made of tungsten but it will be evident that™

materials other than tungsten might be ar-
ranged to spring or even to fall by gravity
to form a conducting bridge between  th
cathode and the conducting coating. L

Instead of connecting the internal coating
of the tube directly to one of the electrodes,
I may leave it disconnected but cover a por-
tion of the exterior of the tube with a con-
ducting coating connected to the desired elec-
trode-lead. The exterior and interjor coat-
ings then comprise a condenser and the in-
duced charges thereon produce similar effects
to those described above in the case of con-
ductive connection from cathode to coating as
described above.

While I have described my method of
shielding in connection with a screen-grid
tube, it will be evident that many. of its de-
sirable effects are equally applicable to elec-
tron-discharge tubes of other types. It is,

- therefore, not limited in applicability to
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screen-grid tubes.
that the screen-plate 11 and the coating on
the interior of the tube are adjunctive-fea-
tures; and that either may be applied without
the presence of the other. ’ .
T have, therefore, produced a tube which
is almost completely free from the:trouble-
some effects of electrode capacity and of dis-
turbing influences originating in objects ex~
ternal to the tube. _
While I have described a particular em-
bodiment of my invention, it will be -evident

It will further be evident

-3

that the principles thereof may be applied
to many types of apparatus differing from
the one I have here illustrated. I desire,
therefore, that the claims be accorded the
broadest interpretation to which their lan-
gauge 1s reasonably susceptible and that their
scope be limited only by their express terms
and in accordance with the prior art. .

I claim as my invention: ,

1.. The method of producing an electrical
discharge device in a vacaum-tight container

‘having a plurality of electrodes therein which

comprises attaching a resilient conductor to
one electrode under an elastic force tending:
to force said conductor into contact with the

‘wall of the container, opposing said elastic

force by a link of fusible material, exhausting
said container and melting said fusible ma-
terial. ) o

..9.-The method of producing an electrical

comprises attaching a resilient conductor to
an electrode under an elastic force tending to

“bridge the gap between said electrode and the

container wall, opposing said elastic force by
a link of ‘vaporizable metal, evacuating said
container and vaporizing said metal.

3. In combination, a vacuum-tight contain- -
er holding an electrode group comprising a
cathode, a-main electrode and a screen-elec-
trode supported from one end thereof, a con-

“trol-electrode, a support therefor from the

other end of the container, a conducting shield

" on the walls of said container substantially

enveloping said electrode group, a connection
from said coating to the cathode and a shield
between said control-electrode support and
said anode and connected to said screen-elec-
trode.

4. In combination, a vacuum-tight contain-
er holding an electrode group comprising a

“cathode, a main electrode, a screen-electrode

and a control-electrode, a conducting coating

.on the interior of said container in the region

of said electrode group and a resilient condue-
tor connecting said coating to said cathode.
5. The method of constructing a vacuum
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discharge device in a vacuum-tight container -
“having a plurality of electrodes therein which
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tube having an anode member, a cathode mem- -

ber, a conductive coating on the inside of said
vacuuin- tube and having said’ coating con-
nected to one of said. members which com-
prises forming said coating and connecting
said cathode memberto said coating by vapor-

izing a getter.

In testimony whereof, I have hereunto sub-
scribed my name this 10th day of May, 1927,
~ WILLIAM J. KIMMELL.
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