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My 1nvent10n relates to electrxc discharge: de~- '

vices- and particularly: to improvements. if-such
devices which are operable over a wide range of
frequencies in connection: wnﬁh either wue or cav-
ity circuits.

Inirecent years there have:been: mzny improve-
ments in:the design of ‘electric. discharge ‘devices,
particularly with reference to the upper limit: of
operating frequency; and to improvements.in the
operatmg characteristics at the higher: fre-
guencies. - Many of the improvements have:re-
lated partlcularly to discharge devices for use in

what has been known.as grounded grid ‘or grid’

return circuits. - In-accordance with my: inven-

tion, I provide new and improved electric. dis- ]

charge devices which have desirable: gpersting
characteristics over a -wide frequency range, and
which. are particularly well suited. for: opseration
at high frequencies in grounded cathode or: cath—
ode return circuits.

- It-is-an object of my’ mventlon to: provide & new
and improved eleetric discharge device.

It is another object. of:imy invention: o provxde
a new and improved electric discharge device:in
which. the grid lead-in conductor 1s completely
shielded.. :

.It.is another obJect of my mventlon to: provide
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’ f.orm.- As llustrated in the dirawing, the base or

header: I forms. one end of the envelope and: i~
cludes anouter.channel mewiber: 2, a central ¢y~
findrical lead~in conductor 3 and an arwiular body
of glass or.other insulating material 4 which is
sealed between the menmiber 2 and condueter 3. A

- plurality. of lead-iti’ conductors. 5 - are - Sealed
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a-new and improved electric discharge -device

Whlch is readily operated in either wire or cavity
circuits.

It s a still further obJeet of my mventlon to
prov1de electric discharge devices having desirable
operating characteristics at high frequencies, and
which is at the -same: time. readily manufactured
by .mass productmn methods and which may be
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employed in connection. with standard types of

radio scckets.

Further objects and advantages.of my mven-
tion will become apparent as the following de=
scr1pt10n proceeds, .reference being had o the
accompanying . drawing,  and- its- scope will ; be
pointed out in the appended.claims: Inthe draw-
ing, Fig; 1.is an elevational view, in section; of
an electric discharge device embodying my im=
vention; Fig. 2 is an elevational view, in-section,

of a.portion of the device of Fig. 1 illustrating:a

‘step in the assembly of the device; Fig..3 is-a
plan view showing the relation of the: control:grid
to.-the cathode. of the device,:and Fig. 4:is.an: ele-
vational view, in: sectmn, of a: mod1ﬁcat10n of my
invention.

. Referring . now to the drawmg, T have shown
my invention embodied in an-electric discharge
device -having a base I which is adapted: to.be
peceived. in:'a: miniature socket - of . commercial
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through the annular: ring -4 o provide contact
prongs for the device.and power supply cennee-
tigns for. certain of the . electrédes.. The header
iscompleted by a body of: glass § sealed: to the
interior:of the:eylindrical ledd-in conductor 3 and
a:lead~in conductor T which is supported cen-
srally within the conductor 8. - As will be brought
out gt a later peint in the specification, the:con-
ductor T provides:a lead~in: and support for-the
control grid of the device. The header assembly
{-mayr to advantage be manufactured in accord-~
ance with the method deseribed and cldined in
my dpplieation: Ser. No. 651,233, filec concuryrently
herewithrand: asmgned te the assxgnee of this: ap-
pncatmn :

The envelope @f the dewce includes; in- addition
to the header I, a: generally cyliidrical metal

-enclosure: 8 having an. inwardly directed flange

9 at its-upper end.. The anode | of the device
is supported: from: the flange 8 by achollow dome-
like: instilator 2 Having a.circulay cr¥oss seetion
which: is sealedrat one: end. t6-the ‘flange 8. The
anode: is supported in alinement with the upper
end:of the cylindrical lead-in: conductor 3 which
also:provides: g support for the cathode structure
of the device: ' As:illustrated in the qrawing, the

" eathode: is” provided: by ari: avinulay-sheet: metal

member (4 of U-shape cross sectiontwhich is stip-
ported in inverted: relation from: the upper end
of the lead-in conductor 3 by a slecve §5 of thin
metal. - This sleeve may toadvantage: be formed
of & metgl foil which has relatively good elee-
trica]l - conduciivity and which, becduse of ifs
small' cross” section, conducts relatively smiall
amountst of- hedt. from the catliode structure to
the lead-in sleeve 3. The sleeve 15 is borided to
the upper- end. of: the condiietor 3 anid to the
mermber 14 The catliode ig-heated by a Hedter
elemerit 5  positioned-within the channel of tiie
meémber-$4-and insulated therefrom: By suitable
material-such: a¥ alurming. ~If desired) the hedter
element. may be retdined in pesition’ by smyall tabs
(not- shown ) formed: iritegrally with' the member
{4; . The tertingl ‘coniductors 71 and {8 of the
heater are contiected with'two of‘thie ledd-in' con-
ductors: 5: It will-be understoovd: that the: uppey
surfgce of the cathods member 4§ is coated with
arn:electron emission enhancing material such gs




3
may be produced from alkaliné earth compounds
in accordance with methods generally known in
the art.

External connections with the cathode are also
provided by an apertured disk or washer 19 of
conducting material and of larger diameter than
the cathode which is supported within the en-
velope near the plane of the upper surface of the
cathode by a plurality (preferably 3) of lead-in
conductors 20 and only one of which is visible in
Fig. 1. It is apparent that only one of the. con-
ductors so employed for supporting the disk 19
needs to extend through the header. As illus-
trated in the drawing, these conductors are ex-
tensions of the contact prongs 5 and are bent
outwardly at their upper ends to provide a sup-
port for the washer 9. The washer (9 is con-
nected electrically with the cathode 14 by a foil
member 2! which may take the form of a plu-
rality of tabs or, as illustrated, may be a con-
tinuous washer. The washer 19 provides an in-
termediate part of a direct current circuit be-
tween the cathode {4 and the lead-in conductors
20. The washer {9 also provides a part of a high
frequency circuit between the cathode (4 and
the flange 9 of the member 8. As illustrated in
the drawing, the member 19 is spaced from the
flange 9 by an appropriate distance for the ac-
commodation of a plurality of control members
or grids 22 and 23 which are adapted to operate
at the same high frequency potential as the cath-
ode. The grids 22 and 23 are of the planar type
and each includes a _central portion .of fine mesh
connected respectively with suitable supporting
washers 24 and 25 which are mutually insulated
by an insulating spacing washer 26. In a similar
manner, the grid washer 24 is insulated from the
flange 9 by a washer 27, and the grid washer 25
is insulated from the conducting washer 18 by
an insulating washer 28. The grid 23 may func-
tion as a screen grid and is adapted to be con:
nected to g suitable source of direct current volt-
age by a conductor 29 joined at one end to the
supporting washer 25 and at the other end to
one.of the lead-in conductors 5. The grid 22 may
function as a suppressor grid and is connected di-
rectly with the cathode of the device by one or
more conductors 30 connected between the sup-
porting washer 24 of the suppressor grid and some
portion of the conductive structure which. is: at
cathode potential, for example one of the lead-in
conductors 20. It will be apparent that the screen
and suppressor grids are connected with the cath-
ode, as far as high frequency currents are con-
cerned, by the by-pass capacitors provided by the
conducting washers 18, 24 and 25 and the insu-
lating spacers 26, 27 and 28. It will also be ap-
preciated that the by-pass connection is closer
to the emitting surface of the cathode than is
possible with conventional tube structures. ]

In accordance with an important feature of the
present invention, the control grid is completely
shielded. from: the anode and the other conduc-
tors by means of the cathode structure. . To this
end, the control member or grid 31 is supported
from the lead-in conductor T which is positioned
within the hollow cylindrical lead-in conductor
3 of the cathode. The control member is secured
to the upper end of a flanged eyelet 32 which is,
in turn, supported on the upper end of the lead-in
conductor 1. The outer portion of the grid over-
hangs the active surface of the cathode as indi-
cated in Figs. 1 and 3.  The manner in which the
desired grid-cathode spacing is obtained with the
structure just described will be better understood
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by referénice to Fig, 2 in which the parts are
shown at an intermediate stage in the assembly.
After the member 19 has been secured to the sup-
porting lead-in conductors 20, the grid is posi-
tioned by positioning the supporting eyelet 32 on
the lead-in conductor T so that the grid lies
against the upper surface of a pair of flat gen~
erally semi-circular shims 33 having a thickness
equal to the desired grid-cathode spacing, and
which are supported on the washer 19, After the

- grid supporting eyelet has been bonded to the
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grid lead-in conductor, the cathode assembly, in-
cluding sleeve 15, which has previously been
slipped over the upper end of the cathode sup-

-porting cylinder 3, is moved upwardly until the

upper surface of the cathode engages the lower
face of the shims 83 as shown in dotted lines in
Fig. 2. The cathode structure is then secured
in fixed relation to the mount by welding together
the Iower end of the sleeve 15 and the cathode
lead-in -cylinder 8. The shims 33 are then re-
moved leaving the overhanging portion of the
grip spaced from the cathode by the thickness
of the shims. The screen and suppressor grids
and spacers are then assembled on the ring 19
and the envelope slipped over the assembled
electrodes and the tube completed in accordance
with processes well understood by those skilled in
the art. As illustrated in the drawing, the lower
end of ‘member 8 is received in the channel of
member: 2 and bonded thereto by a body of
solder 84,

It will be apparent from the foregoing. descrip-
tion that the grid lead 7T is surrounded by the
cathode supporting conductor 3 and  is com-
pletely shielded from the anode by this conductor.
In use, the conductors 3 and T provide a concentric
line connection for the grid-cathode or input cir-
cuit, and the cylindrical shell 8 of the envelope
and the exposed portion of the anode 11 form
connections for a concentric anode-cathode or
output circuit. The direct current connections
for the cathode, cathode heater and screen grid
are readily made with the apbropriate contact
prongs 5. - It is apparent that the direct current
circuits and the high frequency circuits are com-
pletely isolated when the device is used with con-
centric circuits as described above. The device
shown in Figs.'1 and 4 is eight times the actual
size of a tube embodying my invention which has
been constructed and which fits into a socket
having the same dimensions as a commercial
miniature socket. It will also be apparent that
if it is desired to operate the tube in a conven-
tional wired circuit, the connections may readily
be made to the various electrodes - without
difficulty. )

In Fig. 4 is shown a modification of my inven-
tion in'which the anode of the device is supported
in the interior of a metal envelope and which is
not as well suited for operation at extremely high
frequencies as the modification of Fig. 1. The de-
vice, on the whole, is similar to that shown in
Fig, 1 and correspondmg parts have been de-
signed by the same reference numerals. In the

particular arrangement shown in Fig. 4, the sup-

porting and lead-in conductors for the support-
ing washer 19 are not visible. Tt will be under-
stood, however, that. it is supported in the same
manner as that described in connection with
Fig. 1. As shown in Fig. 4, the anode is pro-
vided . by ‘a’ disk-like sheet metal punching 385
connected to one of the lead-in conductors 5 by
a conductor 36.. The grids 22 and 23 and in-
sulating spacers 27 and 28 may be held assembled



IRALEREL

ion: ithe washer: (9 by :suitalkile conductors' 30,
similarsto theconductors30-of Fig. "1, IniFig.4
A have :dlso iindicated ‘how :an: sgdditionsl dis-
icharge device may. be lincorporated {inthe ‘same
-envelope. 7In -the ‘particular .embodiment ‘ilius-
‘trated:a diode hasbeen:added by positioning .an
Jauxiliary-anode 37Tn:proximity:to:the-outer:sur-
sfageofithe egthode assenibly-which'may be-coated
with an oxide .to improve :the electronemitting
iquglities (theredf. ‘MThis :quxiliary -anode “is sup-
:ported from -one.of:the'leatd-in:conductors™. :As
‘illustrated; ‘the envelope 138 «of -the :device shown
~inFig. 4is-an-open-ended metal:cylinder -having
-the Mlower'end: recéived in ;and sbonded ‘fo ithe
w¢hanmel ‘meniber 2,

Ibawillibesapparent from<the: foregoing ‘descrip-

ttion'that devices embodying my:invention provide

&
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vexceptionally ‘complete :shielding ‘between the

sprid<cdthode and:anode-cdthode circuits, thereby
sadapting tthe :devices :for <operadtion in:-cathole
réturn cireutts. The ‘devices ‘are equdlly <well
sadapted for use in conventiondl ¢ircuits ‘at:lower
‘frequencies: and ‘the "improved :structure -permits
their rapid assembly by mass:preduction:methods
s0 that the cost of the devices will not prevent
their ‘:use :n reonventional circuits at lower
frequencies.

While I have ‘shown -and described particular
embodiments of my invention,:it.willsbe obvious

to those skilled in the  art::that changes and 4

modifications may be .made without - departing
from my inverntion in its broader aspects, and I,
therefore, aim in the appended claims to cover
gllisuéh:changes -and-modifications as fall within

'the true spitit and seope of my‘invention,

“YWhdt ‘I+6laim -as-new :and-desire to-secure ‘by
Letters Patent of the United States is:

1, An electric discharge device including an
envelope, an anode having a planar active sur-
face supported within said envelope, a cathode
structure extending transversely of said envelope
and having a planar annular emitting surface
surrounding a centrally located aperture, a planar
control grid positioned between  said cathode
structure and the active portion of said anode,
a cylindrical conductor sealed through said en-
velope and joined to said cathode around said
aperture, and a support and lead-in conductor
for said grid extending through the aperture in
said cathode structure.

9. An electric discharge device comprising an
envelope, an anode supported from one end of
said envelope, a control member supported from
the other end of said envelope, a cathode struc-
ture positioned on the side of said control mem-
ber remote from said anode, a metal terminal
forming s part of the wall of said envelope be-
tween the ends thereof, means connecting said
eathode structure with said terminal with re-
spect to high frequency currents, and a conductive
cylinder sealed through said other end of- said
envelope and connected with said cathode.

3. An electric discharge device comprising an
envelope, an anode supported from one end of
said envelope, a control grid, a conductor sup-
porting said grid from the other end of said en-
velope, a cathode structure positioned on the
side of said control grid remote from said anode,
a metal terminal forming a part of the wall of
said envelope between the ends thereof, means
connecting said cathode structure with said ter-
minal with respect to high frequency currents,
and a hollow conducting structure surrounding
said conductor and extending from said envelope
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B sald wathode.

®
o provite g mecond ?hrgh ftrequeney‘ termiml‘:!or

4. An seleetric dist:harge ﬁev1cexi30mpriszng>:an

~envelope;ananotle:;and @i cathode having:planar

-activessurfaces, :a planar ieontrol electrode iriter-
;posed tbeébween said -anade fand”sdid »cathode; 27}
.cylindrical conductiveistrueture ssédled ithrough
said envelope and isupporting said:cathode,:a

‘leat+in woriductor supported:concentrically ith-
iin mld 'oylmder ,and iins unsulated rela.tien 3wit;h

o support for: sald -¢oritrol- electrode :
|15, “An selectric «discharge 1tevice compnsxng %)

sheader,;:an-annular cathode: structure :supported

from: :sdid header ineluding. s planar-enitting
rportionsand:: a,margmal sportion, -a-eontrol agriﬂ

~suppottetl rfrom said headeér:and:overlying'ithe

seniitting: portioniof:said -cathode, and-an-envelope
joined.to.said ‘header-and . including a:rtermindl

smember ihaving -an inwardly: extenting: planar

i portion :positioned "iniopposed:relation swith-re-

-spect ttothe! margmal portmns /of sald xca;thode
~Strudture.

<6../An. -électric ‘111scharge devme compr ing- (%a.

shesider, an annular reathetdesstructure supported

“from zsaid ‘heaterincluding ~d :plandr:emitbing
-portion and:a planar : marginal “portion;: a:¢on-
strol grid ssupported from:saidiheaderand-over-
-lying tthe :emitting ‘portion ofisaid acatirode; »and

~gn-envelope joined to:sdid hreader: and dncluding

a terminal member having anlinwatdly:extend-
‘ingplamarportion: rpos1t10ned:1n ‘opposed. spaced

wrélation with respect ito rthe mmarginal sportions

-of:saidicdthode structure,sand-an.additional:con~
-trol :member having sa.rportionthereof :received

‘hetween ;the ropposed \portions Jof said cathoﬁe
~gtructure rantl said terminal member.::

7. An electric discharge device comprxsmg an
envelope, an anode supported from one end of
said envelope, an annular cathode supported from
the other end of said envelope, a control member
interposed between said anode and said cathode
and a support for said control member positioned
within and supported in insulated relation with
respect to the support for said cathode, a planar
member surrounding said cathode and connected
therewith with respect to high frequency cur-
rents, and a terminal member forming part of
the wall of said envelope and including a portion
extending within said envelope in opposed re-
lation to the planar portion and said-cathode
structure.

8. An electric discharge device comprising an
envelope, an anode supported from one end of
said envelope, a control member supported from
the other end of said envelope, an annular cath-
ode positioned on the side of said control mem-
ber remote from said anode and surrounding the
support for said control electrode, a metal cyl-
inder forming a side wall of said envelope and
having an inwardly directed flange at one end
therefor, said cathode structure including a mar-
ginal planar portion extending in opposed rela-
tion to said inwardly directed flange, and a second
electrode interposed between the marginal por-
tion-of said cathode structure and said flange

and capacitively coupled therewith.

70
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9. An electric discharge device comprising an
envelope, an anode supported from one end of
said envelope, a control member supported from
the other end of said envelope, an annular cath-
ode positioned on the side of said control mem-
ber remote from said anode and surrounding the
support for said control electrode, a metal ter-
minal sealed through a side wall of said. envelope
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~and having an inwWardly directed portion extend-
ing within said envelope, said cathode ‘structure
:including a marginal planar portion- extending
.in opposed -relation to ‘said inwardly . directed

portion, and a second electrode interposed be- -

.tween the -marginal portion of said .cathode
. structure and said inwardly directed portion and
capacitively coupled therewith. :
10. An electric discharge device comprismg an
.envelope, an anode and an. annular cathode of -
U shaped cross-section, a control electrode in-
terposed between said anode and said cathode,
-a cylindrieal conductive structure sealed through
-said envelope and supporting said cathode with
.the ‘base of the U shaped section facing said
‘anode, a lead-in conductor supported concentri-
-cally within said cylinder and in insulated rela-
.tion with respect thereto, said lead-in conductor
.providing a support for said control grid.

7...11, An, electric discharge device comprising an ;o

-envelope, a terminal member sealed through said
-envelope, an apertured cathode including a mar-
ginal portion connected with said terminal mem-
-ber with respect to high frequency currents, a

hollow conductor connected with said cathode

around said aperture and extending through said
-envelope in a direction substantially perpendicu-
lar to said marginal portion, and a plurality of
~direct current terminals sealed through said en-

:velope in the region between said terminal mem-

ber and said:hollow conductor.

-~ 12, An electric discharge device compnsmg an
envelope, a terminal member sealed through said
envelope, an apertured cathode having a gener-

ally planar emitting portion and a marginal por-;

-tion lying in substantially the same plane as-said
emitting portion, a screen grid including a mar-
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winal- portion- positioned - between .said- terminal

‘member and the marginal portion of said.cath-

ode and insulated : therefrom . with :.respect to
irect current voltages and capacitively coupled

therewith with respect to highfrequency cur-
‘Trents; a control grid interposed between the emit-

ting portion of said cathode and said screen grid,
and a conductor connected with said grld and
extending through said aperture.
13.. An electric discharge device compmsmg an
envelope, an anode supported from one end of
said envelope and having a planar active surface
presented to the interior of said. envelope,-a hol-
low cylindrical conductor sealed through:the-op-
posite end of said envelope and extending:into
said envelope a substantial distance in the direc-
tion of said ancde, an annular cathode supported
from the upper end:.of said cylinder, a control
member interposed between said .cathode and
the active surface of said anode and an elongated
conductor. supported . within said --conducting
cylinder and hermetically sealed: thereto, said

.member being joined to said control membe1 and

prcmdmg a support therefor.
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