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My invention relates to a gaseous discharge de-
vice and more particularly to-an improvement in
a voltage reference tube, Ce : :

Since the voltage drop ‘across a cold cathode-
glow discharge tube is substantially independent
of the current through the tube over a wide range
of current values, tubes of -this type are used in
voltage regulator circuits in applications where

Such a regulated power supply finds ap-
plication with laboratory test equipment, as g
substitute for batteries, or to provide a. constant
source of voltages for plate, screen or grid bias
of vacuum tubes.

One of the most serious drawbacks to the use
of known glow discharge tubes in direct current
voltage regulator circuits for some applications,
is the abrupt changes or jumps in the voltage of
the tube in the order of tenths of volts, These

the cathode area, to another.,

Another type of instability during the opera-
tion of certain kinds of tubes of the glow dis-
charge typs, takes the form of a slowly increas-
ing voltage during the operational life of the
tube. The voltage of such tubes has been known
t0 increase an amount of 5 volts in 260 hours of
tube operation. This voltage change requires
constant adjustment whenever neasurements are
to be made. Such a voltage change hag Proved
detrimental in some voltage regulator systems.
This slow shift of tube voltage is due to a slowly
changing cathode work function. .

In one type of glow discharge tube ag disclosed,
the cathode electrode ig coated with misch meta]
te provide a low work function for the electrode
and relatively uniform tube operation. Such a
tube is disclosed in my co-pending application

hon~uniform mixbure of iron, cerium, and other
This non-uniformity of the misch
metal surface provides a variation from tube to
tube of operational characteristics. Thus, it is
difficult to replace in service a tube of this type
with another having identical operating charac-
teristics. Also, during the life of a tube-of this
type, the misch meta]l coating on the cathode sur-
face is gradually sputtered-away due to_the bom=
bardment of the cathode surface by positive ions

1948, Serial No. 36,251

b

10

20

25

30

35

40

45

50

b6

(CL 313—218)

2

during tube operation. Although it hag been at-
tempted to produce a synthetic misch metal for
coating the cathogde electrodes, such attempts
have been unsuccessful due to complications in-
volved, as well as the cost.

It is therefore an object of my invention to
brovide a glow discharge tube of improved opera-
tion. :

It is also an object of my invention to provide
an improved glow discharge tube in which the
abrupt changes in tube voltage are eliminated.

It is alsoan object of my invention to brovide
2 glow discharge tube having a constant voltage
characteristic during the operational life of the
tube, ' i

It is a further object of my invention to pro-
vide a method for making a type of glow dis~
charge tube resulting in tubeg having close to
identicai characteristics, :

The novel features which I believe to be char-
acteristic of my invention are set forth with par-
ticularity in the appended claims, but the inven-
fion itself will be best understood by reference
to the following description taken in connection
with the accompanying drawing, in which:

Fig. 1 is an elevational sectional view of g gas
discharge tube according to my invention. :

Fig. 2 is a graph showing the relationship be-
tween changes in voltage and changes in current
of my improved tube,

The tube of Figure 1 is a glow type discharge
tube having an evacuated envelope {8. Within
the envelope 18 there is enclosed a gaseoug medi-
um comprising brineipally a mixture of neon and
argon. The envelope 8 has a tubular configura-
tion in which the upper end is closed by sealing
off at f{ after exhausting and filling with gas.
The lower end of the tubular envelope is closeq
by having a glasg button stem (2 sealed at itg
periphery to the tubuiar envelope {8, Sealed
through the bottom of the glass stem base 12 area
blurality of metal base pins {8 which exfend into
the envelope and form electrical leads to the sev-
eral electrodes enclosed therein, Supported from
the stem base {2 of the tube is an’ annular cath-
ode plate electrode {4 having a central opening
{5. The cathode plate 14 ig supported by metal
rods i§ sealed through the glass stem 12 ag ex-
tensions of respective base pins {8. Support rods
16 are fixed to the under side of the cathode plate,
Also, supported from the button. stem 12 is an
anode rod electrode 28 extending coaxially within
the tube envelope {8 and through the center.of
the cathode opening {5. The anode rod I8 is
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spaced from the cathode plate 14. The lower
end of the anode rod 20 is supported below the
cathode plate {4 by @ transverse mebal SUPPOrs
24 which in turn is mounted on the button stem
12 by support rods 26. Rods 26 may 2!so be ex-
tensions of respective base ping 18 sealed through
the glass stem 12, The upper end of the anode
rode 20 is maintained in alignment coaxially
within the tube envelope i3 by a spacer mica 28.
A rivet-sleeve 30 is welded to the top of the anode
rod 2§ and fastened by metal fasteners 3{ to the
mica spacer 28. The mica, spacer 28 also sup-
ports a getter support wire 32 formed as a hovse
shoe loop. Between the ends of the wire loop 22
2 channel member 83 is fixed. 'This channel
member contains the getter material, which is
Aashed during manufacture as ig well known in
the art. Mounting the getter support loop 32
on the mica is a metal tab 34, mechanically locked
through the mica.

The operation of the tube is such that, when
an appropriate voltage drop is established across
the cathode electrode {4 and the anode rod 2§,
a glow discharge will occur. By providing an ap-
propriate metal for the emitting cathode suriace
of electrode 14 and an appropriate mixzture of
rare gases at a predetermined pressure within
the tube envelope i8, i, is possible to provide the
desired tube characteristics. For example, it
was desired to operate the tube of Figure 1 with
an operating voltage of less than 1060 volts acvoss
the tube and a current flow of around 1 milliam-~
pere. To provide a ecathode emitting surface
having a sufficiently low work function as well as
long life, pure molybkdenum metal is used for the
cathode electrode 1. A gas mixture of 89 per-
cent neon and 1 percent argon is maintained at
around a pressure of 37 millimeters of mercury
within the tube. These conditions of gas mix-
ture and pressure as well as the cathods ma-
terial will provide approximately an 85 volt drop
across the tube and a normal cathode curreni
density of 1 milliampere ber square centimeter
of cathode surface area.

The use of a pure molybdenum cathode elec-
trode eliminates the difficulties which exist in us-
ing a misch metal coating described above. FPre-
viously, it has been extremely difficult to pro-
vide a satisfactory molybdenum cathode elec~
trode in a glow discharge tube.
the molybdenum metal is contaminated prin-
cipally with certain oxides formed by exposure to
air. It has been extremely difficult to remove
these oxides from the molybdenum surface by
any well known means. Even the heating of
the molybdenum to temperatures close to the
melting point of the metal fail to decompose all
of the oxides on the molybdenum surface. A
molybdenum cathode electrode cannct ke suc-
cessfully used in a glow discharge tube of the
type described, relative to Figure 1, without the
removal of all contamination from the electrods
surface. The contaminating molyhdenum oxides
on the cathode provide a surface which is non-
yniform in work function and result in an un-
stable tube. This is due to the fact that the
molybdenum oxides on the electrode surface are
decomposed and changed in composition during
tube operation by positive ion hombardment.
Thus, during the operation of such a tube, the
continuous change of compositicn of the cathode
surface results in a variable voltage drop across
the tube and also provides a yvoltage shift dur-
ing the life of the tube. Due to these inherent
difficulties, the use of molybdenum has, up to
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now, been avoided in gas discharge tubes of the
type described.

My invention is directed to a method of ageing
or processing & glow discharge tube, of the type
described, having a molybdenum cathode elec-
trode, in a manner which eliminates the inherent
difficulties of a molybdenum cathode eiectrode.
The tube, shown in Figure 1, is constructed along
conventional lines as described above. After the
envelope 18 is exhausted, the tube is filled with
the mixture of neon and argon gas. The tube
is sealed off at f1 and then the getter material
33 is flashed to absorb any deleterious gas with-
in the tube. The tube is now submitted to an
ageing process, which will remove all contamina-
tion from the molybdenum cathode surface I4.
This ageing process provides a thorough clean~
ing of the cathode surface so that there results
a surface of pure molybdenum metal. The
ageing process is prineipally that in which 2
positive ion bombardment of the cathode sur-
face {8 is established within the tube. The leads
18 of the cathode 14 and the anode rod 29 are
connected to a source of rectified alternating
current supply voltage of 220 volts root mean
square. The current flow through the tube, which
is a pulsating direct current, is limited by 2
series resistance consisting of a 10 wabt 117 volt
lamp. The rectified 220 volt rool mean square
alternating line voltage provides peak pulsating
direct current line voltages of around 300 volts.
The peak direct current veltages between the
cathode {4 and anode 20 in the tube itself will
be somswhat less than 300 volts, because of the
potential drop across the limiting resistance.
The application of this voltage to the tube
initiates a gas discharge between the cathode {4
and the anode 26 such that the cathode elecirode
{2 is bombarded by positive gas jons. The pulsat-~
ing direct current voltages across the tube pro-
duce a high energy ion bombardment of the
cathode surface {4 without a high average cur-
rvent fow. In this manner, the cathode is not
damaged by heat dissipation since the average
current flow between the electrodes i# and 28
only amounts to around 25 milliamperes. The
tube is subjected to the ageing process for a pe-
riod of 48 hours. During this ageing of the tube
the cathode surface 14 is under continuous hom-
bardment by the positive gas ions of the dis-
charge. 'This ionic bombardment is sufficient to
remove irom the cathode surface 4, all of the
contaminations which are on the surface. Also,
quite a number of molecular layers of the surface

. are removed, such that there is 1eft & clean, uni-

formly pure, molykdenum surface.

The ageing process described above need not
be confined to the voltages used. However, those
described have proved to be satisfactory. Fur-
thermore, the ageing time is not eritical since it
has been found that any time between 48 to 60
hours will provide an optimurm cathode surface.
However, 48 hours has proved to ke the bast,
shortest time for ageing of the tube under the
conditions described. Increasing the ageing time
to 60 hours provides & slightly better tube but
not enough to warrant the additional time ex-
pended. It is well recognized that under differ-
ent conditions of ageing, there will be also, corre-
ponding times which provide the optimum re-

~sults.

78

During the ageing of the tube as described
ahove, the material sputtered off from the cathode
surface 14 will be deposited upon the inner sur-
face of the envelope 10 and form & layer thereon

e
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as is shown in Figure 1 at 36. As the ageing
brocess is continued, the resulting layer 36 will
comprise essentially pure molybdenum on the
exposed surface. In this manner, the contamina-
tion driven off of the cathode surface 14 will be
first deposited upon the envelope wall 10 and
then coated over with a molybdenum layer which
effectively seals the contamination from being
€xposed to the discharge of the tube dquring tube
operation. Also, the molybdenum layer 36 serves
to effectively seal the surface of the glass en-
velope {0 to prevent the release of occluded gagsses
from the envelope wall during tube operation.

As described in my co-pending application, it
has been found that the tube envelope 10 takes
on a negative charge due to the aflinity of the
glass of the envelope for negative electrons pro-
duced during tube operation. This results in the
inner surface of the envelope 10 becoming nega-
tively charged and produces a2 positive gas ion
bombardment of the envelope wall which will
release occluded gasses from the envelope wall.
Thus, the molybdenum film 36 effectively shields
the glass wall from the ion bombardment, as
well as forms a means for sealing the porous sur-
face of the glass to brevent the escape of the
occluded gasses during tube operation. Since the
occluded gasses in the envelope wall i0 are pre-
vented by the molybdenum film 36 from being
released, there is no poisoning of the cathode
surface 14 by these gasses. Previously, such
boisoning of the cathode surface produced g dis-
charge tube having an unstable characteristic
evidenced by a slowly Increasing voltage drop
during the life of the tube. This increasing
voltage drop necessitated g continual adjustment
during the life of the tube. Glow discharge tubes
of the type described and coated with a film 38
of molybdenum do not exhibit this gradual volt-
age shift. The sputtering of the molybdenum
metal from the cathode surface is such that the
film 36 will extend from the mica 28 to a point
below the cathode disc 14, This portion of the
inner surface of the envelope i0 is also that
which is exposed to the discharge of the tube
during operation and is thus the same portion of
the envelope surface which would release any
occluded gasses during tube operation.

Tubes, made in a manner similar to that de-
scribed above, and similar to that of Figure 1,
have a greater stability and very little variation
in operating characteristics from tube to tube.
Over a period of time, it has been found that
tubes, made in this manner, operate at essen-
tially the same voltage and at only a small varia~
tion over a short range. Furthermore, it has
been found that tubes of this type and made ac-
cording to the process described, show a very
small voltage drift during the life of the tube.
These improved operating characteristics of the
tube are due to the bure molybdenum cathode
surface which is less subject to shifts in the work
function of the eathode surface due to contamina-
tion during tube operation. Furthermore, the
highly cleaned molybdenum surface provides a
uniformity of cathode surface which was im-
possible to produce in prior tubes.

The voltage drop across g gas discharge tube
of the type described is a function of the king
of metal used. Molybdenum is a metal which
gives a voltage drop below 100 volts. It is pos-
sible to provide tubes of the type described using
other metals from the cathode electrode . 14.
However, the process described would be limited
to metals which can be readily cleaned by ionic
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bombardment and also to metals which have a
work function providing the voltage drop de-
sired. For eXample, zirconium meta] may be
substituted for the molybdenum in the glow @is-
charge tube of Figure 1. Zirconium also will
provide a low voltage drop in this tube. How-
ever, zirconium does not result in as stable a
tube, since it is a more active metal and more
susceptible to poisoning. Thus, for example, if
there is deleterious hydrogen within the tube, it
will poison the zirconium cathode and cause g
drift in the voltage character of the tube during
life. A molybdenum cathode is not, g5 susceptible
to hydrogen boisoning but is mainly affected by
deleterious oxygen bresent in the tube. Cathodes
may also be made of bure nickel, for example,
which may be cleaned by positive ion bombard-
ment. However, the use of a nickel cathode will
brovide a high voltage drop through the tube
of approximately 150 volts.

Figure 2 discloses a well known relationship be-
tween the current and voltage of a glow dis-
charge tube of the type described for Figure 1.
If the current is maintained sufficiently low by
Means of an external resistance, the discharge
covers only a portion of the cathode surface (4.
An increase in the current through the tube
causes the discharge to spread over a greater
portion of the cathode surface so that the cur-
rent discharge per unit area of the current density
of the tube discharge as well as the voltage drop
across the tube will remain constant during this
period of current increase. This condition is
shown in Figure 2 by the curved portion between
the points A ang B. This portion of the curve
illustrates a condition of a constant normal cyr-
rent density. The curve between A and B is
characteristic of glow discharge tubes and this
range of operation is conventionally utilized in
voltage regulator circuits, where it is necessary
to maintain a constant direct current output voli-
age across a load. However, it is well known
that one of the most serious difficulties in the
use of glow discharge tubes operated within these
limits is the rapid shifting or the abrupt small
changes in voltage across the tube during tube
operation. These jumps are not accumulative
but merely are changes back and forth in the
order of tenths of volts from the average tupe
voltage. Under some conditions, these abrupt
changes of the tube voltage can be ignored, How-
ever, under other conditions, such rapid shifts
in the voltage of the tube cannot pe tolerated.
It has been necessary then to design a glow dis-
charge tube in which these rapid shifts in tube
voltage are eliminated. -

The principal cause
tube voltages described

for the rapid changes in
above is the Juniping of
the glow discharge from one portion of the cath-~
ode surface to another unused portion of the
surface, having a different work function. It is
well known in tubes of this type that with the
current density remaining constant, the total
tube current may be increased until the glow
discharge covers the entire surface of the cathode
electrode. At this point the tube has reached the
critical condition at which it is no longer possible
to increase the current flow through the tube
without g corresponding increase in the tube volt-
age and an increase in the current density of the
cathode discharge, This critical point is repre-
sented by B in Figure 2 and the curve from B to
C indicates the characteristic rise in tube volt-
age as the current flow through the tube is in-
creased.
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T have also designed the tube in Figure 1 to
he operated on that portion of the curve be~
sween points B and C. The current density dis-
charge from the cathode surface changes beyond
the critical point B and in relation to a change in
the tube voltage. This portion of the curve e~
tween B and C is known as that of abnormal cur-
rent density. I have found, that when a glow
ischarge tube is operated at a point in the ab-
normal portion B—C of the curve, the rapid
changes in tube voltage as described above are
eliminated. When operating in this abnormal
range the glow discharge or cathode emission
takes place from the entire cathode surface {4
and there is no unused portion of the cathode sur-
face to which the “cathode glow” or discharge
may shift. To previde a cathode emission surface
of constant area, I have coated the under sur-
face of the cathode plate {4 with an aluminum
coating. The higher work function aluminum
coating prevenis the discharge glow from spread-
ing to the under surface and causing the above
deseribed smail variations in the tube voltage.

n operating a tube gimilar to that of Figure 1,
it may be connected in series with a resistance
hetween the terminals of a souree of regulated
direct current voltage. The resistance may be ad-
justed to a value such that the current flow
through the gas tube may be large enough to pro-
vide a cathode glow discharge over all of the up-
per surface area of the cathode electrode 18 and
such that the cathode discharge has an abnormal
current density. Jnder these conditions, the tube
will be operating in the current density range
represented by curve B—C of Fgure 2.

As mentioned above, the work function of
molybdenum is such that the voltage drop across
the tube is around 85 volts. The normal current
density of a molybdenum electrode at this voli-
age will be approximately 1 milliampere per ¢m.
Since it is desived that the total current flow
through the tube of Figure 1 shall be approxi-
mately 1 milliaxapere, the cathode surface 14 is
designed to have an approximate area of 0.8 cm.
Thiz cathode surface area will result in the de-
gived tube current of 1 milliampere when the
ube is operated within the abnormal current
density range.

Tubes, which have heen constructed according
to the above described mannery, have given excel-
leny results. These tubes after being properly
procezsed and aged have been operated for test
periods greater than 160 hours. By operating
these tubes entirely within the abnormal cur-
rent density range during thess test periods, T
have obsgerved no abrupt changes in voltage
greater than 0.05 volt. In operation, tubes of this
type have proved of great value in voltage regu-
lator circuits and for voltage reference applica-
tions. In sueh applications, 2 constant current
flow, which can vary only to the order of micro-
amperes, is maintained through the tube by &
control circuit. When the tube is being operated
within the abnormal current density range, such
changes in the current in the order of microam-
perss will produce shifts in tube voltage in the
order of millivolts and under extreme condi-
tions these shifts in tuke voltage may reach only
0.02 volt.

The glow discharge tube described above which
is designed according to my invention has elimi-
nated two sources of trouble during iube oper-
ation, by solving the problem of rapid voltage
shifts and also the problem of gradual tube volt-
age change. I have a gas discharge tube which
has greater application than the conventional
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, limiting resistance and a source Oi

glow discharge tube. This improved tube may be
depended upon to maintain & more constant volt-
age in applications where shifts of tube voltage
in the other of tenths of volis have proved detri-
menial. Also, this tube which maintains a more
constant voltage drop has found much valuable
use as a voltage reference source in equipment
where voltage changes found in conventional
tubes prove detrimental.

While certain specific empodiments have been
lustrased and described, it will be undertscod
that varicus changes and modifications may be
made therein without departing from the spirit
and scope of the invention.

What I claim as new is:

1. A glow discharge device comprising an en-
velope having a tubular portion, a gaseous me-
dium within said envelope, a molybdenum plate
forming a cathode electrode coaxially mounted
witnin saig tubular envelope portion, said cath-
ode plate having an aperture at the center there-
of, an anocde electrode rod within said tubulay
envelope porticn, said anode rod coaxially extend-
ing through the aperture of said cathode plate and
spaced therefrom, said cathode electrode being of
pure uncontaminated molybdenum to provide a
constant work function of said cathode electrode,
an aluminum cozting on the other side of said
cathode plate to inhibit a discharge between said
other side of the cathode plate and said anode
ciectrode, and a pure molybdenum coating on the
inside surface of said tubular envelope portion
in the region of said discharge.

9. The method of processing a glow discharge
tube having an anode electrode and a metallic
cathode electrode mounted within an envelope,
said method comprising the steps of, filling said
envelope with a neutral gas, connecting said
anode and cathode electrodes in series with a
{f pulsating di-
rect current voltage having peak voltages of
around 300 volts to establish positive ion bom-
bardment of said cathode electrode, continuing
said positive ion Lombardment until metal is re-
moved from said cathode and sputtered onto said
tube wails.

3. The method of processing a glow discharge
tube having an anode electrode and a pure metal-
lic cathode electrode mounted within an en-
velope, said method comprising the steps of, fill-
ing sald envelope with a neutral gas, connecting
said anode and cathode electrodes in series with
o limiting resistance and & source of pulsating
direct current voltage 1o provide high-energy
positive ion hombardment of the cathode surface,
said voltage consisting of short voltage pulses of
around 300 volts, continuing said positive ion
bombardment until the contaminated surface
layers of the cathode electrode are retoved.

4. The method of processing a glow discharge
device having an anode electrode and a pure
molyhdenum cathode elecirode mounted within
a gas filled envelope, said method comprising the
steps of, connecting said anode and cathode elec-
trodes in series with a iimiting resistance and &
source of pulsabing direct current voltage elec-
trodes to provide high energy positive ion bom-
pardment of the cathocde surface, said voltage
consisting of shoirt voltage pulses of around 300
volts, continuing said positive ion hombardment
until the contaminated surface Jayers of the
cathode electrode are removed.

5. The method of processing a glow discharge
deviee having an 2node electrode and a pure
molybdenum electrode mounted within a gas
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filled envelops, said method comprising the steps
of, connecting said anode and cathode electrodes
in series with a limiting resistance and a source
of pulsating direct current voltage to provide high
energy positive ion bombardment of the cathode
surface, said voltage consisting of short voltage
pulses of around 300 volts, continuing said posi-
tive ion bombardment until the contaminated
surface layers of the cathode electrode are re-
moved and a molybdenum film is sputtered from
the cathode onto the adjacent envelope wall,

6. The method according to claim 5, wherein
the average current flow between said electrodes
during said positive jon bombardment is around
25 milliamperes,

7. The method according to claim 6, wherein
said positive ion bombardment is continued for
about 48 hours.

]
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8. The method according to claim 5, wherein
said limiting resistance is a 10 watt 117 volt lamp.
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