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The present invention relates to 8as conduction tional area and for carrying the heavy current
devices and more particularly to the cathode and for providing ruggedness. In the case of
structure of such devices, : filamentary cathodes of ordinary length which

An article in the General Electric Review, April  are designed for relatively low voltages, these con-

& 1929, vol. 32, No. 4, pages 213-223, describes g ditions may be satisfied by the use of metal rib-
form of electrical discharge apparatus termed a  bon wound as a continuous helix either as a ver-
“Thyratron”. The present invention relates to tical convolute or as a single, flat spiral. How-
apparatus of this type. ' ever, in the event the cathode is designed for

The tube described in the article referred to, higher voltages, in order to offer the proper re-

10 is essentially g three-electrode device, into which sistance, the filament is necessarily long on ac- 19
3 small amount of an ionizable medium consist~ count of its large cross sectional ares and it is
ing of an inert gas or g vapor producing substance evident that the amount of space taken up by the
has been introduced. The bresence of the ioniz-  helical cathode of the requisite length may pre-
able medium changes the discharge into an are- clude its advantageous employment in tubes of

15 like discharge having a fiat or slightly negative limited interelectrode space, 15
volt-ampere characteristic. The starting of the Accordingly, one of the features of our inven-
arc may be controlled electrostatically by means tion contemplates an improved form of cathode
of the grid member to which a negative charge for controlled arc devices in which a relatively
may be applied, the discharge ceasing only by the large electron emitting surface, constituted.as a

20 removal of the plate voltage. The removal or heavy conductor of long length, is confined in a g9
stoppage of the plate voltage conveniently is gc- relatively small space and at the same time offers
complished by energizing the plate circuit with the funl measure of effectiveness in bresenting
alternating current which periodically drops  the entire active surface to the anode. Accord-
thru zero. Such g tube may thus be used as an . ing to another feature of our invention pro-

-25 electrostatically controlled arc rectifier in which  vision is made to separate the load current from 25
the charge on the grid determines the point in the cathode heating current in so far as the
the alternating current cycle at which the arc lead-in conductors are concerned thus relieving
discharge shall start and hence controls the av- the filament conductors of the burden of trans-
erage value of the plate current. This current porting the plate current so that the size of these

30 may have a magnitude almost without limit ex- conductors need only be large enough to carry 30
cept for apparatus cooling and cathode emission the heating current. This feature is accom-
considerations; the flow of current may be in- plished by providing an additional lead connected
itially controlled by an expenditure of grid en- to the center or mid-point of the filament and

" ergy of less than one microwatt. forming part of the load circuit.

35 Inview of the arc-like character of the current It has been found in the operation of tubes of 35
stream, the various elements within the tube  the kind described that when the ribbon fila-
must be carefully designed, particularly the ments are wound as a helix in the manner pro-
cathode. The heated member is normally sub- posed by the prior art the force exerted by the
Jjected to considerable positive jon bombardment magnetic field of the filament, which is of an ac-

40 in the larger size tubes and there is always pres- - cumulative character, deleteriously affects the 40
ent the danger of developing localized hot spots movement of the positive ions and electrons,

. with consequent burning out. Hence, it is im- tending to deflect these Barticles from their nor-
Derative to provide a filament of relatively large mal path between electrodes and generally to in-
€ross sectional area and of rugged construction. ‘terfere with the starting of the device and oper-

45 Morever, inasmuch as there is a large plate cur- ation thereafter. As g further feature of our in- 45
rent involved which hecessarily passes through vention, we propose to construct the cathode in
Some portion of the filament after traversing the - such a manner that there are no magnetie forces
arc path, there is the problem of providing g fil- present or rather such forces tend to neutralize
ament lead-in conductor capable of being her- one another and hence the current is free to move

50 metically sealed within the stem and of suffi- between the electrodes without impediment, - 50

cient size to accommodate the combined heating Other objects and features will be apparent as

and plate currents. The cathode must also be the specification is perused in connection with

able to supply considerable quantities of electrons, the accompanying drawing which represents g

hence calling for g large electron emitting sur- view partly in cross section of a preferred embod-

face in addition to the required large cross sec- iment of the invention. 56

[

5

[




10

15

20

30

Referring. to. the drawing, pumeral ‘{ desig-
nates an evacuated envelope which terminates
in a press 2. Within the. envelope: there are
coaxially arranged a cathode structure, an elec-
trostatic control member or grid 3 and an anode
4. In accordance with our invention, the cath-
ode consists of & conductor, preferably of strip
material, formed as & plurality of portions, layers
or decks 5, 6 of similar
helices or ¥
axial alignment, wound in the same’ direction
and connected in series. The outer end of each
spiral is connected in any suitable manner, for
example by forming eyelets, to lead-in conduc-
tors 1, 8 which terminate In contact pins 9, 10
mounted in & base of standard design. - Alter-
nating current from source
to the contact pins through a step-down trans-
former (2. 'The center terminals of the spirals
are connected together by & conductor 13 which
is extended at one end through the press to. a

contact pin |4 and at the other ‘end-1s joined,
; " ductors 21, one

as by welding, to a cap-like shield {5 which fits

over the cathode. It is apparent'that’,inaamuch :
the spirals are jolned together -

as the centers of
and the outer terminals ‘are -effectively: across
the source of electromotive force the current
traverses one of the spirals in & direction oppo=

site to the flow of current in the: other spiral .

whereby the magnetic flelds of the helices neu-
tralize one another. The cathode . is preferably
made 0
poth sides with electronically-active substances
such as barium carkonate (BaCOs) or other suit-
able salts of the alkaline earth metals in ‘order
to increase electron emission. - The coat. may be
formed by applying to the -gurface & paste of
the carbonate mixed with suitable binder and

- heating. the filament to a proper ‘temperature.

40

The cap member 15 which also may comprise
nickel is closed at the top, open at-the bottom

. and.is of a length sufficient to extend at least
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trons except at fairly

to the lower edge of .the spiral 6. In addition
to being supported at the center by the lead-in
conductor. i3 the cap or shield 5 is joined at
the outer surface to a rod 16 which is fused in
the stem 2 and hence is rigidly held at two
places. The function of the shield will be ex-
plained hereinafter. -The grid member 3 is fab-
ricated preferably as & mesh.or other perforated

body of & metal such as'a nickel-chromium alloy

(nichrome) which ordinarily does not emit elec-
high temperatures. The
grid may take the general shape of & cylindrical

cap .which fits over the shield member and ex-'

tends a considerable distance below the cathode,
being supported .at suitable distanée fromthe
cathode structure by means of
metrically disposed rods 11, which are secured
to a band 18 of metal tightly embracing the
stem 2. A lead-in conductor 19 may be attached
to the band and taken out to & contact pin 20.
The anode 4 comprises a plate member pref-
erably of nickel which is carbonized to offer a
black body heat-radiating surface. In order to
make contact with the anode, a terminal 21 is

affixed to the upper extremity of the envelope i

and a lead connected in any suitable manner

between the terminal and the anode. ~The en-

velope is of the tipless type so-called in order
to accommodate the

- made for evacuating the envelope through & tube

75

2% in the ‘well known manner.

- During operation, the heat produced by tl}e'

filament is intense and it is desirable to' protect

configuration - such. 8s -
spirals in opposed relation.and:in-co-
to. & plate 25 and supported

" ductor i1. The

{1 may be applied -

“cludes a load 28 shown
. put which may -constitute a relay or other circuit

of nickel and may be coated on-one. or

.respective sources of
:trons are emitted through the open or bottom

-an equal number. from

two sets of dia-

leakage at the

terminal, provision being’

2,082,603

the press and stem 2 from the radiated heat by
means of & flat circular sheet of metal 23 which
conveniently may be affixed to the pair of equi-
potential conductors i3 and 16 in any suitable
manner, e. g, by collars which are pinched to
the conductors and are disposed on both sides
of the member 23. The remaining conductors
may pass through large openings in the member
23. A getter material 24, e. g., magnesium in
the form of a small strip, is conveniently affixed
in the proper posi-
a wire 26 secured to the con-
function of the getter is well
known. An inert gas, such as argon, at & pres-
sure between 50-250 microns may be introduced
into ‘the envelope during and after evacuation
but preferably & drop of mercury (not shown)
is employed as the source of positive ion-produc-
ing vapor. The operating temperature of the

tion by means of

..device may be such that the mercury vapor has

& pressure less than 1 millimeter.

The ‘input. or control ‘cireuit comprises con-
of which is connected to the
pin 14 and hence to the mid-point of the fila-
ment while the other is connected to the grid
contact 20. The output or controlled circuit in-
in the form of resistance

controlling device and a source of alternating

_current 29 of suitable voltage to which connec-

tion can be made by means of & -double pole
switch 30. _ .

Tt ‘is found that during operation, when the
cathode and the anode are energized by the

electromotive force, elec-

end of the cap member IS and an electrical dis-
charge of arc-like character is formed between
the anode and cathode members. The starting
of the discharge may be controlled by & negative
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charge on the grid of proper potential. The cap .

{5 serves not only to conserve the heat gen-
erated at the cathode thereby increasing the
efficiency of this member but also to prevent the
electronically active m_aterial on the cathode,
i. e, barium and its oxides, from being deposited
on the grid member 3 to cause deleterious grid
emission therefrom as the result of intense bom-

‘bardment produced by the arc. It is evident that
the electrons emitted from the

grid are equiva-
the tube is concerned to
the cathode and if suffi-
cient in number to cause starting of the arc, no
negative voltage applied to the grid can prevent
it. A few microamperes of grid emission is gen-
erally sufficient to spoil control of the tube.

An inspection of the circuit diagram will show
that the load circuit through which a current,
ordinarily of many amperes, may flow, is elec-
trically separate from the filamentary circult and
hence no conductor within the tube is required
to convey the combined filament and plate cur-
rents, By reducing the current to a minimum in
the various lead-in conduectors, the tendency for

e stem is reduced. Furthermore, it
is less difficult initially to seal hermetically small
diameter: wire in glass than large wire such as
would be required to conduct the combined cur-
rent. The fllament being formed as & double-
deck spiral in accordance with our invention

lent as far as starting

~and one -portion being directly placed over the
- other conserves the space

y _ ‘ taken up by the cath-
ode member and the arrangement is such as to
utilize the interior volume of the

member 15 to the fullest advantage. This ad-
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cylindrical cap .
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It is very difficult to determine accy-
rately the mid-tap of g filament transformer for

spective spirals in Obpos.ce directions and the
Mmagnetic fields produced in the two spirals will
neutralize one another.

3. An electrical discharge device comprising
an evacuated envelope containing g, plurality of
electrodes including g, cathode, said cathode be-
ing a pair of spirals mounted adjacent to and
coaxial with one another, the centers of said
spirals being connected together by a conductor
having a terminal,

-~ 4. An electrical discharge device comprising an

€vacuated envelope containing g cathode, a grid
and an anode, said cathode being formed as a
pair of spirals mounted adjacent to and coaxial
with one another, g metallic heat shield disposed
about the cathode, the center of said spirals be-
ing connected by a conductor which is attached
to said heat shield.

5. An electriea] discharge device comprising an
evacuated envelope containing g cathode, grid
and an anode, an Ionizable medium in said en-

velope at a pressure sufficient to Support an arc-

like discharge at the impressed voltages, said

- cathode being formed as g pair of flat spirals

3

mounted adjacent to and coaxial with one an-
other and ¢ooperating with the grid and anode
members.

their centerg connected together,
7. An electrical system comprising. an evacy-

put connections,

9. An electrical discharge device comprising an
envelope containing vapor-producing material, g
thermionic cathode

10. An electrical discharge device comprising

an envelope terminating in g stem and contain-

one of the support
secured.

11. An electrical discharge device comprising
an envelope containing vapor-producing mate-
rial, & thermionic cathode, g cooperating elec-
trode, and means for controlling the pressure of
the vapor produced by said material, said means
including a member adapted to be heated, said
member having g conflguration similar to that
of the cathode and Dositioned adjacent said

cathode, :
HARRY C. STEINER.
ORRIN W. LIVINGSTON.
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