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This invention relates in. general to -electric discharge
devices and more particularly-to glow discharge devices
havmg a pair of cold electrodes operating through field
emission.

The invention finds particular application in miniature
glow lamps or tubes such as exemplified by the series
designated commercially NE and AR. One cominercial-
Iy avallable miniature glow lamp i is rated at 145 watt. Neon
glow lamps have starting or breakdown voltage ratings
between 45 and 65 volts R. M. S. on alternating cur-
rent, depending upon the pressure of the gas filling, where-
as argon glow lamps have somewhat higher ratings.. On
direct current, the breakdown ratings are naturally higher,
being - between 60 and 90 volts. It has been observed
that the breakdown voltage as between lamps of the
same type may vary by as much- as 20 percent about the
average or rated value. Furthermore, the dark break-
down voltage, that is the breakdown voltage when the
lamp or tube is lecated in an opaque enclosure, is usually
considerably -higher than the breakdown. voltage when
incident daylight or radiation from other lamps is striking
the glow lamp. However, the most common application
of miniature glow lamps up to the present time has been
as visual indicators, for instance in alarms, automatic
controls, household appliances, and wiring devices. For
such - applications, the performance characteristics are
generally not critical and. variations in breakdown po-
tential within a limited range could readily be tolerated.

More recently such glow lamps have begun to find
considerable application as circuit elements in electronic
apparatus, for instance in electronic computers and other
electronic control circuits. In one such application, an
NE-2 neon glow lamp or tube is connected as a control
impedance in series with a charge accumulating capacitor
across a source of 500 microsecond pulses. - Whenever

a -pulse exceeds .a certain predetermined value corre-.

sponding to the breakdown voltage of the tube, current
flows and charges the capacitor. For reliability of op-
eration, it is essential that the breakdown voltage of the
glow tube be constant and that the dark breakdown effect,
that is the rise in breakdown voltage under dark condi-
tions, be as low as possible. Furthermore, by reason of
the relatively short time duration of the voltage pulses,
it is essential that the tube achieve full conductance fairly
quickly: This characteristic, which is related to the speed
with which full ionization is achieved within the tube,
may- be -referred to as the dynamic conductance. For

10

15

20

25

30

40

50

60

electronic applications, it is generally desirable that the -

tube have the -highest dynamic conductance -which can
be achieved. -

- Glow lamps .or tubes commercrally avallable up to the
present time have generaly comprised a pair of electrodes
sealed-into a glass envelope containing a filling of an inert
gas at-a low pressure, for instance neon at 30 millimeters
of mercury. The electrodes, which may con51st merely
of -short lengths of ‘wire-in the-smallest Jamps. or- which
may: comprise suitably shaped pieces of sheet metal in
the larger lamps, -are coated. wrth an electron emissive
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mixture. This mixture has. consisted of - alkaline-earth
oxides, generaly a mixture of barium and strontium ox-
ides. With such dlscharge dev1ces, it has been found
that the breakdown in the dark may be as much as 20
percent higher than the breakdown in light. Further-
more, full ionization or conduction is achieved relatively
slowly even under room illumination; in other words, the
dynamic conductance is comparatively low, so that re-
sponse to pulse signals is low and uncertain.

The object of the invention is to provide a new and
improved glow discharge device having a rise in dark
breakdown voltage substantially less than heretofore.

Another object is to provrde a glow discharge device
in which full ionization is reached more qmckly after
the initiation of breakdown.

A further object of the invention is to provide a glow
discharge device having a dark breakdown voltage ap-
proaching that in light and having, for a given electrode
configuration or size, a dynamic coenductance substantial-
ly higher than herstofore possible.’

In accordance with the invertion, I have found that
the addition of thorium oxide (or thoria) within a critical
range, to an emission mixture containing barium oxide
and strontium oxide within a certain range of proportions,
achieves those objects. The tests which I have conducted
have shown that an emission mixture containing approxi-
mately 15 to 40 mol percent thorium oxide (ThO,), 10
to 55 mol percent barium oxide (BaO), with a balance
of strontium oxide (SrQO), provides a decided improve-
ment. A glow discharge device having cold electrodes
ceated with this mixture shows both a reduction in the
dark breakdown voltage rise and an increase in dynamic
conductance. For best results, the proportion of thorium
oxide should be betwéen 15 to 30 percent; that of barium
oxide, between 20 to 40 percent, and the balance stronti-
um oxide. A mixture which is being used in commercial
production of glow discharge lamps having operating
characteristics in accordance with the stated objects of
this inveniion contains approximately 23 percent ThO.,
33 percent BaQ, and 44 percent SrO. These percentages
are mol percenfages, that is based on the proportions
of the constituents by molecular weight.

Further objects and- advantages of this invention will

ecome apparent by reference to the following descrip-
tion and the accompanying drawing. The features of
novelty which characterize the invention will be pointed

out with particularity in the claimis annexed to and for'n-
ing a part of this specification. :

In the drawing:

Fig. 1 is a side view of a glow discharge lamp or tube
embodying the invention and shown schematically con-
nected in a suitable circuit. ’

Fig. 2 illustrates graphically the characteristics of the
tube for various propoitions of thorium oxide 'in the
emission mix.

Fig. 3 illustrates graphically the characteristics of th2
tube for various proportlons of barium oxide in the
emission mix.

Referring to Fig. 1, thexe is shown a glow discharge
device I corresponding generally to the neon giow lamp
designated commerciaﬁy NE-2. The device comprises
a vitreous envelope 2 in which is mounted a pair of wire
electrodes 3, 4 welded on the inner ends of leads 5,6
sealed into a press 7 at the lower end of the tube. - Elec
trodes 3, 4 may consist of nickel coated with an electron
emissive mixture such as wﬂl be described herein. The
leads S, 6 are preferably of “dumet” wire, th'xt is copp.,r-
sheathed nicKel-iron wire WhICh seals readlly into °la~s
The tube contains a filling of an inert gasata low pres-
sure, for instance néon or argon af pressures from 20 to
200. mrlhmeters of ] mercury, and is txpped oﬁ at its't




end 8. The devrce or tube 1 has been: ﬂlustrated in the -

drawing approximately :three -times -full size; -the actual
dimensions_are. approximately %4 inch for the diameter
‘and 7 inch for the over-all length-of the. bulb. - In the
illustrated  tube -which constitutes -a preferred embodi-
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- ment of the 1uventron, the eléctrodes. are closely spaced

the drstance “between them bemg less -than- the mrtumum
inside dimension of the’ envelope

I accordance with. the invention, electrodes 3 are

coatea with- an ‘elécton eriissive coating of barwm and

strontinm -oxides havrng added ‘thefeto thorium-oxide in

: the range of - proportlons stated eaflier herein. Thé ac-

4

2

io

_tive coating is preferably. produced by applying to the

electrodes a mixture of-barium and strontium- carbonates-

~ together: with*thorium oxide in 4 suitablé binder, such as
- nitrocellulose dissolved in a suitable vehicle such as.amyl
and butyl acetate.”. Where the applrcatlon is by ‘spiay*
ing- rather. than by olpprng, the vehicle may ‘codtaid a
hrgher propoitioii of Butyl acetate in order to: increase

the rate of evaporrzauon The eléctrodes are then sealed
mto the tiube by fusing the glass about the leads in. the

- press. 7 and the-envelope is then thoroughly exhausted -
While

the tube is still on the-exhaust schedule, electrodes 3, 4 25

. through the as yet open upper end-of the :tube.

- are“heated, for instance by an electric induction furnace,
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to a temperature sufficient  to decompose the carbonate .

to the oxide, the carbon dioxide and other gases being

The. gascous ‘filling is then ‘admitted-and the device is
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: sealed off by tipping off the glass tube .8 with a hot flame. ~
- As’ previcusty- stated the_ filling ' consists of .an inert

“gas‘or.a mixture of ineff gasés. at a low pressure.
“_syitable filling ‘consists of neon at 30 millimeters’ pres-
sure; -if ‘a-lower breakdown poténtial .is desired for the

lamp, 'a small percentage ‘of -argon may be added to the

‘neon,  for instance 0.8: percent argon. When  higher

brcar{down voltages ‘are desired, the argon content and-
40

pressure are-increased substantially. - -
- = After tipping off; the lamp may be sub]ected to the

A

ﬂeusly, it is apparest that for best results the thorium oxi
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-are dark-operating characteristics; thcy are obtamed with
device 1 filled with inert gas to a pressure above 100 -
millimeters of mercury, specrﬁcally of the order -of 130"
millimeters of mercury, and enclosed in-a substantially
light-tight cotfipartméit which Has been represented sche-

. matically by the dotted _rectarigle 15, - .
. The éurves of Fig! 2 show-the vdriation in character- E

. istics of the tubé for a friol percentage of thorium. oxide
in the coating varying from 0 to 80 percent the miol ratic
of barium oxide_to strontium oxide remamrng coristant

at 1 to 1.38.Cuive 16 shows the fise in dark breakdown: - - =

“‘potential, that is the increase in breakdown npotentral when
the device is placed in a dark enclosure over thé break-
down potential in room-illumination:- Curve 17 shows
the relative energy from a 500 microsecond. pulse trans-
mitted through the device, this being a measure of the
dynaniic conductarice.: It Will bé obsetved thatin the
regron from .15 to 40 mol percent .of thorium oxide,- the .
rise ‘in’ dark “breakdown potential :is qmte low . and’ tHe-.
dynamic conductance- of -the "device is; high: The’ for-' -
tuitous concurrence of these charactenstlcs provrdes a
device having vastly improved performance in respect of :

- the ob]ects of thé present invention. R
In Fig. 3, the curves illustrate- the variation in charac- SR

teristics as. the mol percentage of barium :oxide is varied
_from™0 to- 75 percent, the ‘mol. percentage:of: thorium -

oxide -being maintained constant at 25 percent; and’ the,f—

exhausted .as evolved.  During this heating of:the elec- balance being made up. of strontium cmde. Here again

trodes, the nitrocellulose binder is also reduced to-carbon.:

it ' will be_cbserved that the lowest rise in dark breakdown -
-potential; shown by ciirve: 18, and the highest dyriamis -

conductance, shown by -curve "19; occur simultanéously,
in the region between 10- and 55 mol pefcent’ banum- A
fes

oxide: Consrdermg the curves-of Figs.2 and 3 simultas
de
should lie between 15 to 30 percent and the bariuin: oxidé

between 20 to” 40~ percent: A’ mixture -containing; by

-molecular proportrons, 23 5-percent thorium ‘oxide; 33.2 .

* ‘percent barium-oxide and 44.3 percent strontium oxrde, :

treatment described -in my Patent 1,965,589 for further.

“lowering the:.work function of ‘the electrodes and achiev-
ing a longer life- for the lamp.’
-'5, 6 are connected to a source of steep wave-front, high

Tn this process, the leads
45

trequency oscillations such “as are produced by ‘the dis= . -

‘charge:.of an inductance through a condenser. -These
- oscillations cause discharges within the lamp of sufficient
Jenergy. to_-break- up_the barium; strontium, thorium
: omdcs leaving" metals ‘cemented to-the-electrode surface
by ‘oxygen and resulting.in a cemposite. metal oxide sur-
face. -
- on until:there is'a uniform corona thereon.’

has been found ‘to ‘give the lowest shrinkage, that-is the
lowest . proportion of - defecttve lainps- whrch -miist - be
rejected. '

While a. glow tube of lamp embodymg ‘the “inventiont -

Hag béen described. in_ detail, it is to-be understood that -~

this embodimeént is intended as illustrative and not as -
limitative of the invention. - Obviously, the electrode ¢oat=:
ing mixture which has been described can be- used: in -
lamps-and discharge -devices. differing widely-in size and -

‘k configuration from:that which. has been described.: Ac--

50

“The bombardment of electrodes: -3, 4 .is carried

The dependency of the characteristics of the glow tube -

. upon the relative proportrons of barium oxide, strontrurn'

_oxide, and thorium oxide in the emissive coating is. illus-
- frated in Figs. 2 and 3.  The characteristics considered
" are those observed ‘upon connectmg ‘the tube in. the cir-
cuit. schematlcally illustrated in- Fig. 1.

1is connécted in series: with @ capacitor- 1% across d-.

-source of - rectangular pulses of 500 mrcrosecond time
duration, this source being represented by the block 12.

. A_volt meter 13 connected across the leads §, 6 measures:
A volt-meter 14

65

the . breakdown voltage of the tube.
connecied . across czpacrtor 11 measures_the voltage to

65

cordingly, the scope of the mveutlon is to be determmed,_

by.the appended claims: -~ -
What I-claim-as new ‘and: desrre 10 secure by Letters

Patent of the United States ‘is:
1. ‘A gaseous-electric “glow drscharge dev1ce compns- 5

ing-an envclope containing :an inért ‘gas at a pressure'i'»,

of-from- approxrmately 70-t0-200 millimetérs of mercury-
- and a pair of closely spaced cold electrodes sealed therein, -
and an electron-emissive -coating -on- said electrodes-con- -

-: taining 15 to-30 -mol percent thorium-oxide, 20. to 40 mol -

- Device® or tubg -
60

=" which the capacitor is charged. by the piilse energy trans~:- . .

‘mitted’ through the tube.

which the capacitor-is charged, the-relative energy trans-
“mitted by -the.tabe is readily ‘measured by squaring the

_Since the energy -stored in 2~
capacrtor is proportronal to the square of the voltage to-

percent ‘barium oxide, and- wrth the balance consmtmg of;r

strontium oxrde T
2."A gaseous eléetric glow drscharge devrce havmg a.
rlow dark .breakdown Tise’ ‘and-high dynamic conductance .

comprlsmg ‘an. envelope; -containing -an -inert -gas at.a 7

pressure of from approximately 70 to 200 millimeters of
MErcury. anda pair of closely spaced cold electrodes sealed:

- therein;.and -an electron-emissive coating on-said: elec- =~
- trodes containing approximately 23 mol percent .thorium-

oxide,-33 mol ‘percent: barrum oxrde and 44. mol percent

S strontrum oxide, -

70 :

‘voltage recorded by volt meter: 14. It will be’ ‘appreci- .-
" —ated, however,. that ‘other ‘circuit ‘arrangements-may. be *_..
used to measure the energy transmitted by the tube, for - -

instance -a resistance and. thermocouple. - The character-

istics”of the tibe -which are: illustrated m,Ergs 2 and"3.

&

3,7A gaseous” electnc glow drscharge dev1ce havmg a.
_low dark breakdown rise and a high dynamrc conducta.nce
-Comprising a - generally “eylindrical vitreous. envelope of.
'approxrmately ¥4 inch - diameter’ and: % inch in- length
containing ‘an" inert ‘gas at:a pressure: of -70-200 millis |
meters of mercury and-a | parr of- closely spaced cold elec-
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5

trodes sealed therein, said electrodes consisting of metal
wires disposed substantially parallel to the longitudinal
axis of said envelope, and an electron-emissive coating
on said electrodes consisting of approximately 23 mol
percent thorium oxide, 33 mol percent barium oxide and
44 mol percent strontium oxide.

4. A gaseous electric glow discharge device compris-
ing an envelope containing an inert gas at a low pressure
above 100 millimeters of mercury and a pair of closely
spaced cold electrodes sealed therein, and an electron-
emissive coating on said electrodes containing 15 to 30
mol percent thorium oxide, 20 to 40 mol percent barium
oxide, and with the balance consisting of strontium oxide.

5. A gaseous electric glow discharge device compris-
ing an envelope containing an inert gas at a pressure of
the order of 130 millimeters of mercury and a pair of
closely spaced cold electrodes sealed therein, and an
electron-emissive coating on said electrodes containing
15 to 30 mol percent thorium oxide, 20 to 40 mol percent

10

15

6
barium oxide, and with the balance consisting of strontium
oxide.

6. A gaseous electric glow discharge device comprising
an envelope containing an inert gas at a low pressure
above 100 millimeters of mercury and a pair of closely
spaced cold electrodes sealed therein, and an electron-
emissive coating on said electrodes containing approxi-
mately 23 mol percent thorium oxide, 33 mol percent
barium oxide, and 44 percent strontium oxide.
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