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The present invention relates to electric sys-
tems embodying arc-discharge or gaseous-dis-
charge tubes provided with cold cathodes the
cathode emission of which is cobtained from a
small bright spot on the surface of the cathode,
known as a cold-cathode spot. The present ap-
plication is a continuation-in-part of application.
Serial No. 538,467, filed June 2, 1944, now aban-
doned.

Tubes of the above-described character are
used, for example, for the production of very
intense short flashes of light, in stroboscopic
work and photography, and for the control of
heavy currents of brief duration. The duration
of the current vulses, and the frequency with
which they occur, depend on the application. In
some work, there may be as many as several
thousand pulses per second; in other applica-
tions, they may occur at.intervals of minutes, or
even hours.
cal application, the cathode may be called upon
to deliver several thousands of amperes, during
‘times ranging from 10-6 to 10-2 seconds. These
currents may be obtained from a small electrode,
"perhaps % inch in diameter and &% inch long.

The life of tubes of the above-described char-
actar is usually limited by the erosion resulting
from the sputtering away of the cathode mate-
rial, due to the intense ion bombardment and

heat in the region of the cathode spot. This sput-- -

tering is particularly severe when interrupting

high currents in an inductive circuit, such as

'occux in very powerful ﬂashlamps for photo-
raphic use.

Experlments with various metals as cathodes,
under these conditions, indicated that the re-
fractory material tungsten was the most resistant
to sputtering; but that the sputtering rate of
pure tungsten could be greatly reduced by a sur-

face layer of low work-function, such as an oxide

of one of the alkali, alkali-earth or rare-earth
metals. In operation, however, these thin layers
are quickly sputtered away agam "exposing the
base metal.

The sputtering rate of various metals, partic--

ularly tungsten, is greatly dependent also on the
type of gas filling in the tube. The sputtering
rate of tungsten in air, for example, may be as
low as 2 to 3 milligrams per ampere-hour; while,

In what may be regarded as a typi-.
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for the rare gases, the sputtering rate may-be-

as high as 70 to 80 milligrams per ampere-hotr.
The low sputtering rate obtained with air is de-
pendent on the presence of the oxygen in the

air; this oxygen produces thin oxide layers on
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the surface of the tungsten and this, in turn,
lowers the sputtering rate.

In most tubes for the production of flashes of
light and for control purposes, the presence of
oxygen in the gas is indesirable from the stand-
point of tube characteristics. Also, the oxygen
disappears or cleans up rather rapldly, thus caus-
ing changes in the tube characteristics.

In some tubes for control purposes, it is de-
sirable to fill the tubes with hydrogen, because
of its very rapid de-ionization and high break-
down strength. The hydrogen precludes the for-
mation of protective oxide layers and, hence,

.causes very rapid sputtering.

- An object of the present invention is to provide
a new and improved electric system embodying
an arc-discharge or gaseous-discharge device pro-
vided with a cold cathode that, operated to pro-

.duce a cold-cathode arc discharge, rather than

as a thermionic ca,thode shall be less subject to
sputtering.

Other and further objects will be described
hereinafter and will be particularly pointed out
in the appended claims.

Toward the attainment of these ends, in ac-
cordance with a feature of the present invention,
a suitable compound of low work-function, such
as barium oxide, for facilitating the easy emis-
sion of electrons, is uniformly sintered and
bound together into a unitary mass with a sub-
stance, such as tungsten, of high melting tem-
perature, that is highly resistant to sputtering.
Under some circumstances, a binding medium
may be employed for soldering or otherwise bind-
ing the parts together; under other circum-

_stances, no binding medium at all is necessary,

in which event, the entire electrode may be con-
stituted of a uniform mixture of tungsten with a
suitable material of low work-function. A sur-
face of the uniformly-sintered-and-bound-to-
gether mass is thereby continuously presented
that combines the sputtering-resistant properties
of tungsten with the properties of the said mate-
rial of low work-function, regardless of the wear-
ing away of the surface.

The invention will now be more fully described
in connection with the accompanying drawings,
in which Fig. 1 is a front elevation of a cathode
electrode embodying the present invention; Fig, 2
is a diagrammatic view illustrating a sintering

~method; and Fig. 38 is a longitudinal section of

a flash-lamp embodying the invention, shown
connected into a preferred circuit.

The illustrated flash-tube embodies an elon-
gated light-permeable gas-tight glass-bulb jacket



2,402,142

or envelope 92, cemented at 24 to a flat insulating
base plug 94 provided with three lead-in pin fer-
minals 6, 14 and 12 projecting exteriorly thereof.
A flash-lamp 18, that may be filled with an inert
or reducing gas, such as krypton, hydrogen or
any other suitable substantially non-oxygen-con-
taining gas,-is' mounted- in the envelope 92.

The flash<ldmp 8 ‘is shown hélically coiled,
and provided with two electrodes, constituted of
a cathode T and an anode 9, connected, respec-
tively, to the terminals 6 and ,The parts are
held permanently steady in corréct. pos1t10n, and

properly lined up, in the bull’ 92, by means of
suitable metal spreaders 20. One end of a high-
voltage spark trigger or trip-wire-éléetrode 1T is §
connected to the terminal 14, and its other end
is soldered or otherwise joified to*one or both
ends of a metal ribbon or band support: 19 that
is mounted over a plurahty of the coils or turns
l8

thers P' ent 2,277,697,
» Herbert E. Grier. The
necte‘d, 48 'there ;’de-

i, To thls ‘end, the
ected to a" termlnal

) ééndenser, | I may be’ con-
“tinuously ch sedt h.g varlable current—hm-
_iting charging i

/2000 volts' Iro

.connected to the condenser I{ through’ o recti-
ﬁer 72

‘ARlter” condenser ‘89’ ma" constltute part;of

“and thé secondary’ winding 30 of Wthh may be-’*

It
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and outer grids being shown at 3 and 4, between
the anode 5 and the cathode 2. An impedance
99 is shown connected between the cathode 2
and the grid 3 and an impedance 95 between the
cathode 2 and the grid 4.

The flash-lamp (8 may be tripped by means
of a hand-controlled sw1tch (not shown), or, as

"Jllustrated ‘and déseribéd” in*the said Letters Pat-

ent 2,277,697, by means of an automatically oper-

‘dted contactor 85, that is connected across the
_,anode or)plate_

and the grid 4 by conductors
_in-series with a blocking condenser
refsrstor 91, in parallel. The con-
be actuated by the object being

» photographed: ~Further details, together with a

- fuller descrlptlon of the circuif connections, are
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‘discharge’ through the bit
’ electrodes

' desoribed i thiesaid Letters Patent 2,277,697.

As further described in the said Letters Patent
2 2’77 697 a voltage surge of the secondary wind-

o ing 38\'Lof _‘the transformer 36 is applied to the

of ‘the’ tuby (8. ‘Ther high-
rk 1onizes: the~ gas in the
’ causmg 1t to become a

lash=lanip 18 between its
“The tlme taken for the -ciréuit to
functmn froty the- ‘$losing-of: the: contactor 85'to
the flash of light from'"-the" tube 18 is very brief,

_producing a very brilliant flash of light for'a: very
“Brief” perlod of time at-any 'desiréd instant, for
’taklng photographs

‘{6 the brief voltage pulse thusimpressed

By the condenser | ['Between' thie anode § and the
“cold cathode 1, current passés between the anode
‘9 and the cathodé 1 continually but interruptedly
f ‘to set up continually dlscharges' of arccharacter-
istic between the cathode T-and-the anode-9. ~It
-is’ of amperage sufficiently high-to produce a po-
“tential’ gradient’ on- g relatively -small-area -only
-0 the “befofe-described surfdce -of the -cathode
T high "enough- to form  a- cathode’spot- on the
" cathiode, in order: to- extract- electrons from the
- cathiode "while: the" cathode remains “cold,” -at
sgverage low temperatures very substantlally below

“45 the témperatures:at which substantial thermionic

condenser I thus’¢
supply for the tub y
. vy be 50’ proportlo ed t’hat a desu"ed voltage

bage tr1gger1ng spark

[ cold Cathode gaseous-
dlscharge ty
"ters Patent 2,
“sued to the’ Said Kenneth J. Germeshausen on
“January 2, 1940, and May 21, 1940. It miay cord-~
prise an evacuated glass elope contammg Sev-
eral electrodes, namely, a 'sol1d cold- cathode 2,.
an anode or plate §, and one or more gr1ds inner

emissiony may be produced from the cold cathode;

rand to produce- & fall cf-cathode potentlal lower
- than that occurring-in-a- glow dlscharge ‘A cold-
: eathode. spot-may thus be contmually but 1nter—
. ruptedly formed-on ‘the cathode.
. value of the sald current is- nevertheless S0 rela-
~tively low that the heat’ produced is  insufficient

The' average

to-heat: the co]d cathode apprec1ably It is suffi-

- ciently low, indeed, so that its root-mean-square
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, may be produced‘ froni thé cold cathode 1.
:Apeatedly héavy clrrénts of Brief duration are thus
. produced.

"_'.p_owders to smiali-part;

value; that is, the heatlng current through the

. tube 1s low enough ‘so that the average tempera-

; to the cold cathode
2 6 at’ whlch substan-
*miionic cathode emission
Re-

In  accordance. w1th a feature "of ‘the ‘present

“invention, the cathode electrode” may be’ constl-
. tuted of 100 parts tungsten powder 8 parts
‘pariuin peroxuie and Yo
“weight.
"may be replaced by nickel,

part cobalt powder by
€s as a bmder and 1t

The  cobalt

u1table 4b1nder Under’ certaln clrcumstances,

:_as hereinafter’ ‘explained,’ the” binder “may  be
wholly om1tted

To insure. thorough rmxmg, and to reduce the
sm_e, these ingredients
24 Hours, preferably

“w5 in =n ifert véhicle, such’ as carbon” fetrachloride.
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After milling and removal of the carbon tetra-
chloride by filtering, the resulting powder is
pressed into the desired shape in molds (not
shown) at pressures on the order of 20 to 40 tons
per square inch. At these pressures, a very dense
compact pill 31 is obtained, which is strong
enough to be handled before sintering.

The electrode pills 31 are then placed in a re-
fractory furnace 34, surrounded by an electrical
heater 39, enclosed in heat insulating material {6.

The sintering may be carried out by heating in
the furnace 34 in a vacuum, or an inert gas, to
prevent oxidation or chemical combination with
the materials of the electrode. It is preferred,
however, to use a reducing atmosphere, such as
hydrogen, since it will remove undesirable nickel
and tungsten oxides, and allow better sintering.
The hydrogen may be caused to flow into the
furnace 34 by way of a gas inlet 43, and out of
the furnace through an exit 45. The hydrogen
is thus caused to flow through the furnace 34
and around the electrodes during the sintering
process. '

The electrodes are brought slowly to the sin-
tering temperature. The barium peroxide de-
composes, leaving barium oxide; and, at some
higher temperature, depending on the composi-
tion of the electrode, the pill 31 will sinter into
a very strong material.

The proportions of the tungsten, the barium
oxide, and the cobalt may be varied over rather
wide limits without seriously affecting the prop-
erties of the resulting sinter. In general, since
the binder represents a relatively nonrefractory
material, the quantity of binder should be kept
as low as possible, consistent with good bond-
ing and electrical conductivity of the resulting
sinter.

The percentage of binder needed to secure
good bonding will depend on the percentage of
the material of low work-function employed and,
to some extent, on how finely divided, uniformly
sintered, and bound together the binder and the
low-work-function material are. The percent-
age of binder will also depend on the sintering
temperature.

Mixtures containing 100 parts tungsten, 10
parts barium peroxide, and 10 parts nickel or
cobalt, or, say, 80 percent tungsten, 10 percent

_ barium peroxide, and 10 percent cobalt, may be
sintered satisfactorily at temperatures of ap-
proximately 800° C. to 1500° C., with an optimum
temperature of 1000° C. to 1200° C. By reducing
the barium peroxide to 1 percent or 2 percent,
employing 98 percent to 99 percent tungsten, good

. sintering may be secured, without the use of any

. binder, at temperatures on the order of 1500° C.
to 1600° C. or higher. The binder may thus not
be needed at all; the tungsten and barium oxide
or their equivalents are the substantially essen-
tial elements. If the mixture contains 91% per-
cent tungsten, 8 percent barium peroxide, and
15 percent cobalt, the sintering temperature em-
ployed may be 1500° C. or higher.

When the percentage of barium peroxide is
much over 10, to say 15, the resulting sinter may
prove to be weak mechanically, so as to wear very
rapidly. If the percentage of barium peroxide
should be reduced to a very low value, less than
1 percent to 2 percent, there would not be enough
material of low work-function to produce the
desired low wear rate.

The proportions will not be materially varied
if molybdenum or fantalum be substituted for-
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the tungsten as the refractory material highly
resistant to the sputtering.

The major portion of the cold cathode may
thus be constituted of a substance selected from
the group consisting of tungsten, molybdenum
and tantalum and a suitable material of low
work-function.

In general, a high percentage of binder and a
low percentage of barium peroxide will make a
mechanically strong sample that is both ductile
and workable. For the uses of the present in-
vention, however, ductility is not important. It.
is therefore possible to use less binder and more
barium peroxide or material of low work-
function. i

‘When the percentage of barium peroxide is:
above about 6, and the binder, as cobalt or nickel,.
is below 5 percent, the resulting sinter is rela-
tively non-ductile. = It should therefore be
pressed and sintered into the desired form, as
before deseribed.

The sintered electrode 31 may be fastened to
a steel or other support 32, by soldering or weld-
ing. 'The support 32 is joined to a rod 33 of tung-
sten or other material suitable for sealing into
the bulb of the flashlamp (8. If the support
32 is of material with a low coefficient of expan-
sion, such as tungsten or molybdenum, approxi-
mately matching that of the sinter, the sinter
may be pressed onto the support, and sintered
thersto, at the same time that the electrode 31
is sintered.

Instead of the barium peroxide, barium car-
bonate, strontium carbonate, calecium carbonate,

5 or mixtures of these three carbonates may be

used as the source of material of low work-func-
tion. - What is sought after is the barium, the
strontium, or the calcium oxide. Other com-
pounds of barium, strontium and calcium that
will break down to yield the oxide, on sintering,
may therefore equally be used. A substance
selected from the group consisting of the oxides
of barium, strontium and caleium has been found
to be very satisfactory.

In general, the oxides or other compounds of
the rare-earth or alkaline-earth groups of ele-
ments, classed as materials of low work-func-
Not all the
alkali, alkali-earth and rare-earth compounds
may, however, be employed effectively. Sodium,
potassium and caesium compounds, for example,
are too volatile to use effectively at the high
temperatures of these sinters; they might become
lost during the sintering process. Oxides of
thorium, aluminum and beryllium, again, re-
duce the sputtering rate of tungsten. They are
not, however, nearly so effective as barium.

With a cathode of this type, the rate of wear
is very low, on the order of 1 to 2 milligrams
per ampere-hour even for gas fillings containing
no oxygen, such as the rare gases, or hydrogen.

The use of these sintered electrodes in flash-
lamps of the type shown in Pig. 3 has resulted
in a great improvement in life. The life of these
tubes was previously limited by darkening of the
glass, due to sputtered material from the cath-
ode, resulting in a serious loss of light after about
20,000 flashes. With the sintered electrode of
the present invention, on the other hand, there
is no appreciable darkening, even after more than
100,000 flashes; and this despite the fact that the
emission of the cold-cathode electrode is of the
order of thousands of amperes per square cen-
timeter. In other cases, lamps or control tubes
that were impractical with other electrodes, due
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~to- electrode. wear, have been made successfully
with the new sintered eleectrode ‘of the present
- invention.
Modifieations will -occur- to persons: skilled ‘in

the art, and all such are-considered to fall within .

the spirit- and-scope.of the 1nvenbion as defined
in the appended claims.

“What is claimed is: )

1. An electric system: having, in- tombination,
-a- gaseous-discharge ‘device--having’ an envelope
containing a gas in-which-are disposed: an anode
and a cold cathode the major -pertion of which
and of a surface thereof  are. constituted-of -a
.substance selected from the group.consisting of

tungsten, molybdenum and tantalum unifoermly .

sintered and- bound together into-a-unitary mass
with an oxygen-containing compound- selected
from-the -group consisting- of barium, strontium
and: ealcium, a relatively small cold- cathode spot
. being adapted to be formed on. ‘the: said- surface
to produce the emission of electrons. from the
-cold -cathode:at temperatures very. substantially
below the temperatures. at which . substantial

thermionic. emission may be: produced from the .

cold cathode, and means for impressing between
the anode and the cathode a brief voltage pulse
of magnitude sufficient to -form' the relatively
small cold-cathode spot on-the said surface o0f
the cold cathode buf insufficient to heat the. cold
cathode -to a temperature at which substantial
thermionic emission may be produced from the
cold cathode, thereby to pass an electric. dis-
charge between the anode and . the cathode
through the gas.

2. An electric’ systémi having, in- combination,

8

-cathode-a brief voltage pulse of magnitude suffi-
.cient to- form the- relatively: small -cold-cathode
+Spot -on the said surface -of the -cold cathode but

insufficient to heat the cold cathode to g tem-

. perature at which substantial thermionic emis-

..sion .may be. produced from the -cold cathode,
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thereby to pass an electric discharge-between the
anode and the cathode through the. gas.
4.-.An electric system having, in: combmation,

_gaseous-discharge device having an envelope con-
-‘tammg a gas in Wthh are dlsposed an-anode.and
“a cold cathode the ma_]or portion of which and-of

a surface thereof are constituted of about 85 to 99

-parts tungsten uniformly sintered and bound to-
“gether into a unitary mass with.about 15 parts.to 1

,-»part respectlvely, of barium oxide and with about

20
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a gaseous-discharge device having an envelope

containing a gas in which are disposed an anode
and a cold cathode the major: portion of which
and of a surface thereof are constituted of a sub-

stance selected from the group consisting of tung-. ,

sten, molybdenum and tantalum uniformly sin-
tered and bound together into a unitary mass with
an oxygen-containing compound selected from
the group consisting of barium, strohtium and

calcium and with a binder, a relatively small cold-

cathode spot being’ adapteéd-to be formed on the
said surface to produce the emission of electrons
“from the cold cathode at températiires very sub-
stantially below the termperatures at which stb-

“stantial thermionic’ emission may be ‘produced.

from the cold cathode; and means for’ impressing
between the anode and the ‘cathode a brief volt-
~age pulse of magnitude sufficiént to -forni the rel-
atively small cold-cathode spot on" the said sur-
face of the cold cathode but insufficient to heat
the cold cathode to a temperature at which sub-
" stantial thermionic emission may be produced
from the cold cathode, thereby to pass an‘electric
dischdrge between the anodé and the cdthode
through the gas. ‘ .

3. An electric system having, in combination,
a gaseous-discharge: device having an envelope
containing a. gas in which are’ disposed an anode
and a cold cathode the major portion of which
and of a surface thereof are constitiited of aboiit
85 to 99 parts tungsten uniforinly sintered and
bound together into g unitary mass with about 15
parts to 1 part, respectively,. of barium oxide, a
relatively small cold-cathode ‘spot being adapted
to-be formed on the said surface to produce the

emission of electrons from the cold cathode- at

temperatures very substantlally pelow’ the tem-
peratures at which substantlal thermionic emis-
sion may be produced-from-the cold cathode,-and

means for impressing between the anode and the:

58’
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"1 per cent of nickel, a relatively small cold-cath-
‘ode spot being adapted to be formed on the said
' surface to produce the emission of electrons from

the ¢old cathode- at temperatures very subsfan-

- tially below the temperatures at-which substantial

thermionic emission may bée. produced from the
¢old cathode, and means for impressing between
the anode and the cathode a brief voltage pulse 6f
magnitude sufficient to form the réelativély small
cold-¢cathode spot on the said strfdace of the cold

‘eathode but ingufficient to heat the cold cathode

to a temperature-at which substantial thermionic
émission may be produced from the cold ¢athode,

thereby to pass an electrie. dlscharge between the
“anode and the cathode through the gas.

5. An electric system having, in combmation a
gaseous-discharge device having an envelope con-

“taining a gas in which are d1sposed an' anode and
‘a’ cold cathode the major portion of Wwhich and
“of a surface thereof are constituted of a substande
‘selected from the groiip” consisting of tungsten,
‘molybdenum and tantalum uniformly sintered

and bound together into a unitary mass with an

. oxygen-~containing compound selected from’ the
‘group consisting of barium, strontium- and cal-

cium, -a  relatively - small cathode “spot being

'adapted to be formed on the said- sutface’ to pro-
‘duce the emission of electrons from the cold eath-

ode at temperatures very substantially below the

teémperatures -at -which “substantial thermionie

emission may be produced from the-cold cathode,

*a condenser, means connectmg the condenser to
“the anode and the cathode, means: for: charging

50
:doridenser between the anode and thé cathode to

the condenser, ‘and means for -discharging the

impress’ therebetween a bBriéf: voltdde - pulsé-of
maghnitude sufficient to form the relatively small

~¢old-=cathode spot on the'said surface of the éold
‘¢cathode ‘but insufficiently to héat the cold cath-
“ode to-a temperature at which substantisl theér-
“mionic emission may be: produced from.the cold
~eathode, thereby to pass an électric’ discharge bhe-
“tweenthe anodé and-the cathode throdgh'the gas.
“ 80
~g-gaseous-distharge -device having. an envelope

"8 An' electric: system "having,:in’ conibingtion,

containing argas in which are disposed an anode

“and a-cold:cathode the major portion-of which

and-of o surface thereof are constituted of sbout
85 to 99 parts turgsten uniformly sintered-and

‘bound together into a unitary mass with about
~15°parts to 1-part; respectively, 6f barium oxide,
-a- relatively © small- cold-cathode  spot being
~adapted to be formed on-the said sutface to pro-
70"

duce the einission of -electrons from: the edld
cathode-at-temperatures very substantially below
the temperatures-at which- substarntial -thermi-
onic emission may be produced: from: the cold

-cathede, .a- condenser, means. for ‘connecting-the

condenser. to the anode and the cathode; means
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for charging the condenser, and means for dis-
charging the condenser between the anode and
the cathode to impress therebetween a brief volt-
age pulse of magnitude sufficient to form the rela-
tively small cold-cathode spot on the said sur-
face of the cold cathode but insufficient to heat
the cold cathode to a temperature at which sub-
stantial thermionic emission may be produced
from the cold cathode, thereby to pass an electric
discharge between the anode and the cathode
through the gas.

7. An electric system having, in combination,
a gaseous-discharge device having an envelope
containing a gas in which are disposed an anode
and a cold cathode the major portion of which
and of a surface thereof are constituted of about
85 to 99 parts tungsten uniformly sintered and
bound together into a unitary mass with about
15 parts to 1 part, respectively, of barium oxide
and with about 1 per cent of nickel, a relatively
small cold-cathode spot being adapted to be
formed on the said surface to produce the emis-
sion of electrons from the cold cathode at tem-
peratures very substantially below the tempera~
tures at which substantial thermionic emission
may be produced from the cold cathode, a con-
denser, means for connecting the condenser to
the anode and the cathode, means for charging
the condenser, and means for discharging the
condenser between the anode and the cathode to
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impress therebetween a brief voltage pulse of
magnitude sufficient to form the relatively small
cold-cathode spot on the said surface of the cold
cathode but insufficient to heat the cold cathode
to a temperature at which substantial thermionic
emission may be produced from the cold cathode,
thereby to pass an electric discharge between the
anode and the cathode through the gas.
KENNETH J. GERMESHAUSEN.,
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