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GLOW DISCHARGE STARTER TUBE . HYDROCARBON-RARE GAS FILL , ' 

CROSS-REFERENCE TO RELATED 
APPLICATIONS v 

This is a continuation-impart of application Ser. No‘. 
671,082, ?led Sept. 27, 1967, now abandoned. 

BACKGROUND OF THE. INVENTION 

This invention relates to glow discharge devices, and 
more particularly to a glow discharge starter tube con 
taining an improved gaseous medium to improve its 
characteristics- " _' 

In a glow discharge starter tube having a sealed en 
velope in which a rare gas such as argon is corporated 
alone, the discharge starting voltage is not uniform and 
the amount of glow current at a rated voltage is small; 
and the period of time for starting is largely changed in 
the initial stage of life cycle. _ g 

The discharge starting voltage is rapidly lowered as 
the lamp lighting operation repeats itself and reaches a 
value less than that of a reclosuring voltage. This causes 
the glow starter to re-discharge with the result that it is 
put off during operation. Namely, the glow starter is 
usually connected toa power ‘source in parallel with the 
lamp, so that the lamp voltage is impressed across the 
glow starter when the glow starter operates normally 
and the lamp is lit. Thus, when the re-starting voltage of 
the glow starter is equal to or under the lamp voltage, 
the glow starter re-starts its operation after lamp 
lighting to permit the lamp to repeat lighting opera 
tions. This re-starting voltage is called reclosure voltage 
and must exceed the lamp voltage. The lowest re-start 

- ing voltage of the glow starter which is determined by 
the wattage of the lamp and circuit conditions is called 
minimum reclosure voltage. This is due to the fact that 
the glow starter is apt to easily discharge since an oxide 
deposited . on electrodes in ‘ particular an oxide 

deposited mainly on ‘a bi-metallic element used as one 
of such discharging electrodes is cleaned up when a 
discharge is occurred. As a resultthe glow starter will 
re-discharge when the value decreases less than the 
reclosuring voltage and the ?uorescent lamp repeats to 
stop and start lighting. ' 
Three methods have been proposed heretofore to 

avoid these de?ciencies. One of them is to deposit an 
aluminum powder on the stem of the glow starter. 
Another method is to spatteran active metal such as 
aluminum, cadmium or zinc on the electrodes. The 
third method is to incorporate radioactive substances 

. within ‘a sealed envelope. These prior art methods 
present problems in the process of manufacture and in 
the cost of material, and still have defects in the charac 
teristics of the lamps. 

SUMMARY OF THE INVENTION 

An object of this invention is to provide a glow 
discharge starter tube having improved characteristics 
throughout its useful life. ' I ' 

Another object of thisi'invention is to provide a glow 
discharge starter tube having relatively low starting 
voltage, high reclosure voltage and short period of time 
for starting and which can be maintained in a stabilized 
condition over along period of use. 
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2 
These objects may be attained in accordance with 

within a ow dis 
‘starter tube a low pressure gaseous atmogslphere gigs: 
mg of a mixture of an amount of a rare gas and an 
amount of a gaseous hydrocarbon. The rare gas may be 
at least one element selected from the group consisting 
of argon and neon. The advantages of using argon and 
neon reside in the fact that they are relatively easily 
available, the property is relatively stable as compared 
with other rare gases, and that they have excellent utili 
ty. The gaseous hydrocarbon may be at least one 
hydrocarbon, selected from the group consisting of 
methane (CPL). ethane (CZHQ). propane (CaHa) 
acetylene, ethylene, vapored benzene and Sublimated 
naphthalene. A mixture of gaseous hydrocarbon (CH4, 
Czl-la, Cal-Ia) and argon is already put into practical use 
for a radioactive rays counter in the ?eld of Townsend 
discharge. In the ?eld of glow discharge, however, this 
has not been applied to a usual discharge tube by 
reason of the fact that such an organic gas loses its 
function by being easily resolved. According to this in 
vention, the disolution of the gas is effectively utilized 
to improve the property of a starter tube (one mode of 
a discharge tube). Among the gaseous hydrocarbons 
described above, those having a less carbon content 

gaseous mixture that can best be 
used. ' ' 

BRIEF EXPLANATION OF THE DRAWINGS 
> FIG. 1 shows thegeneral characteristics of a conven- > 
tional glow starter; - ' 7 

FIG. 2 shows the current-voltage characteristics of 
the glow starter of this invention and a conventional 
one; I ‘ 

FIG. 3 is a side elevational view of a glow starter of 
this invention; . 

FIGS. to 6_are diagrams showing various other 
characteristics with the device of this invention in com 
panson with a conventional one; 7 ‘ 

' FIG. 7 shows‘ the starting voltage§composition 
characteristic of a gaseous medium according to this in 
vention; _ . ' 

FIG. 8 shows the reclosure voltage-composition 
characteristic thereof; I ' 

FIG. 9 shows the starting time-composition ratio 
characteristic of a glow starter of this invention; 

‘FIG. 10 shows the composition ratio-glow current 
characteristic of a glow starter of this invention; 

FIG. 11 shows the starting time-?lling gas pressure 
characteristic of a glow starter of this invention; 

FIG. 12 shows the reclosure voltage-?lling gas pres_ 
sure characteristic of the glow starter of this invention; 

FIG. 13 shows the starting voltage-composition ratio 
characteristic of a glow starter embodying still another 
modi?cation of this invention; 

FIG. 14 shows the glow current-composition ratio 
characteristic of the glow starter of FIG. 13; 

FIG. 15 shows the starting time-?lling gas pressure 
characteristic of a glow starter embodying a further 
modi?cation of this invention; 

FIG. 16 shows the reclosure voltage-?lling gas pres~ 
sure characteristic of the glow starter of FIG. 15; 

FIG. 17 shows the starting time-composition ratio 
characteristic of the glow starter of FIG. 15 wherein the . 
?lling gas pressure is set at 70 mm Hg; and 
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FIG.. 18 shows the reclosure voltage-composition 
ratio characteristic of the glow starter of FIG; 17. 

DETAILED DESCRIPTION OF THE INVENTION 
The ordinary characteristics of a conventional glow 

starter will ?rst be described with reference to FIG. 1, 
which shows, among various characteristics of a glow 
starter tube, the discharge starting voltage charac 
teristic within the range of 120-‘220V as shown by the ' 
curve B. As shown by a curve A in FIG. I, a period of 
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starter tube containing the gaseous hydrocarbon can be 
, operated with an increased tube current when com 

' 5 

time for starting of the glow starter (not shown) used, ' 
for example, in a 200 volt ?uorescent lamp exceeds a 
predetermined maximum starting period, for example, 
10 seconds,‘ shown by a dotted line a at the initial stage 
in the life of the lamp, but is gradually shortened to 
come. below the set level a representing the maximum 
rated period, as the lighting operation of the lamp is re 
peated and hence the number thereof increased. A 
discharge starting voltage is decreased, as shown by a 
curve B, with the increase in the number of repetition 
of the lighting operation till it drops below the value of 
a re-starting voltage indicated by a dotted line b. Since 
the starting time tends to be excessively varied for the 
initial stage of a few thousand times of operation and to 
become gradually stable thereafter, the initial period of 
excessive variation is usually excluded from that of the 
utility period in order that the tube'may stably operate. 
The stabilization of the starting time is attained when 
the electrode is cleaned up by discharge. This clean-up, 
on the other hand, serves to lower the reclosure voltage 
in addition to the lowering of the discharge starting 
voltage, and the ?uorescent lamp repeats lighting when 
the reclosure voltage falls below the lamp voltage, with 
the result that the satisfactory utility period is shor 
tened. In order to minimize such excessive change in 
the starting time and to stabilize the characteristic, the 
various measures mentioned above are known. Ac 
cording to this invention, a different measure is em 
ployed to-_ achieve the same purpose. 
When a gaseous hydrocarbon is sealed in an arc 

discharge device exempli?ed by a metallic vapor 
discharge lamp, such as a fluorescent lamp or a mercu 
ry lamp, the sealed hydrocarbon is readily resolved into 
carbon and hydrogen, and the resolved carbon is com 
bined with oxygen present in the sealed envelope to 
form carbon monoxide and carbon dioxide. The ox 
ygen is derived, by discharge, from an oxide produced 
during the course of manufacturing the‘ glow discharge 
tube. These CO and CO2 will gradually till the envelope 
as a discharge repeatedly occurs for a long time and 
cause a discharge not‘ to easily take place, with a result 
that the starting voltage is elevated. 
According to this invention, a gaseous hydrocarbon 

having its properties above-mentioned is sealed in a 
discharge switch such as a glow starter containing 
argon or neon. The sealed gaseous hydrocarbon will be 
resolved into carbon and hydrogen even in a glow 
discharge region. The carbon will then be combined 
with oxygen within the envelope to form carbon 
monoxide and carbon dioxide thereby to elevate the. 
starting voltage. This elevation in voltage compensates 
the self-cleaning up action of _.the electrodes which 
functions to lower the starting voltage, so that the 
discharge starting voltage can be maintained at sub 
stantially a constant value. Further the glow discharge 
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pared with one in which a rare gas such as argon or 
neon is alone used, since ionization potential for a 
hydrocarbon atmosphere is low. It will be appreciated 
from FIG. 2. that acurve D showing a tube current for a 
glow discharge starter tube containing a gaseous mix 
ture of argon and hydrocarbon exhibits a sharp build 
up in comparison with a similar curve C for a discharge 
device containing argon or neon alone. 
Such properties of gaseous hydrocarbon that a tube 

current is increased and shorten the starting time at the 
initial stage in the life cycle of the device and that a 
decrease of discharge starting voltage is prevented at 
the succeeding stage are important advantageous fac 
tors in the glow starters for ?uorescent lamps. FIG. 3 il 
lustrates one embodiment of this invention wherein the 
glow starter comprises a sealedenvelope l, a stem 4 
mounted in said envelope, two electrodes 2 and 3 
mounted on said stem and connected to lead-ins, one 
being a stationary one 3 and the other having a bimetal 
2 which engages and disengages the stationary elec 
trode 3, and a’low pressure gaseous atmosphere within 
said envelope, said atmosphere being a pressure of 30 
to 50 millimeters of mercury and being a gaseous mix 
ture of for‘ example, 90 percent, by volume, of argon 
and 10 percent, by volume, of propane (Cal-I8) which is 
one formed of hydrocarbon. Said electrodes 2 and 3 
upon initiation of current flow comes in contact main- _. 
taining only for a predetermined starting period,‘ said 
period being undesirably subject to change with varia 
tions in quantity of carbon oxides within said envelope 
1. The general repetition characteristics of the glow 
starter are shown in FIGS. 4 to 6. In the ?gures, curves 
E represent various characteristics of the glow starter 
of thisinvention wherein the gaseous mixture consist 
ing of 90 percent by volume of argon and 10 percent by _ 
volume of propane is sealed in the envelope as men 
tioned above, while curves F show those of a conven 
tional glow starter including such a rare gas as argon 
and having a stern coated with a metal, such as, alu 
minum. The curve E in FIG. ,4 shows that the discharge 
starting voltage does not exceed the predetermined 
value of 200 volts at the initial stage and is constantly 
maintained at a value slightly higher than that shown by 
the curve F irrespective of the increase in the number _ 
of lighting operations. 

In FIG. 5, the required lighting period is shorter in 
the curve‘ B than in the curve F. This will indicate that 
the effect attained by incorporation of propane gas is. 
conspicuous. Further, it will be seen that the reclosure 
voltage, represented by the curve E in FIG. 6 is con 
siderably higher than that represented by the curve F 
and shown in a concave upward curvature. This will ex: 
plain that the characteristics or functions of the glow 
starter can be maintained in a suitable condition over 
repeated use and hence for along time, due to the fact 
that the self-cleaning up action of the electrodes 2, 3 
and carbon monoxide and carbon dioxide produced as 
a result of resolution of the sealed propane gas act inde 
pendently to compensate the value of the discharge 
starting voltage and keep it constant as far as possible. 

FIGS. 7 and 8 show variations in the value of the 
discharge starting voltage and the reclosure voltage in 
the case of a modi?ed glow starter of this invention in 
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which the ratio of the sealed gaseous atmosphere, viz. 
argon and hydrocarbon (CI-I4, C2I-I6, C3I-I8) is changed 
under a lower gaseous pressure maintained at 20 
mmHg. Use of CH4, C2H6, or Csl-l8 is preferred since a 
gas of high carbon content is unsatisfactory in view of 
the defect that the gaseous mixture tends to be 
separated into unit gases when it is to be stored in a 
container during the manufacture of the tube. It will be 
seen that the discharge starting voltage is relatively low 
and maintained below a value of 200 volts, and yet the 
reclosure voltage is high and maintained well above a 
value of said minimum reclosure voltage, particularly 
when argon-hydrocarbon ratio is selected between the 
range of 40 : 60 and 99 : 1 in volume percent. 

FIGS. 9 and 10 show characteristics of the tube in 
which argon is mixed with methane, ethane or propane 
with a different mixing ratio. In particular, FIG. 9 
shows the mixing ratio-starting time (second). charac 
teristic when the starting voltage is equal to a rated 
voltage of 200V. Excellent results of less than 4 
seconds of the starting time are obtained with the mix 
ing ratio of methane, ethane, or propane with respect 
to argon ranging from 1 to 30 percent. FIG. 10 shows a 
change of the glow current (mA) with respect to the 
mixing ratio. It will be apparent that excellent results of 
above 15 mA in the glow current are obtained with the 
mixing ratio of 1 to 35 percent. 

FIG. 11 shows the relationship between the ?lling gas 
pressure and the starting time when the argon contains, 
respectively 20 percent of CH.,, 15 percent of C2I-I6 and 
10 percent of C3H8. The lamp used is a ?uorescent 
lamp operated at 40 watt and having a rated voltage of 
200V. As will be apparent from the ?gure, when the 
starting time is selected to a practical limit of less than 
5 seconds, satisfactory data are obtained at a ?lling gas 
pressure of 10-70 mmI-Ig. 

FIG. 12 shows the relationship between the ?lling gas 
pressure and the reclosure voltage of the lamp of FIG. 
11 which is set to have the same mixing ratio. The 
minimum reclosure voltage of the lamp is 132 volts and 
the ?lling gas pressure is 10-60 mmI-Ig, which suf? 
ciently support utility of the lamp. 
Argon is used as a rare gas in the above examples. 

But similar effects can be obtained when neon is used 
in place of argon. 

FIG. 13 shows a starting voltage-composition ratio 
characteristic curve of a glow starter embodying 
another modi?cation of this invention. In the ?gure, 
the starting voltage is increased in either case of CH4, 
C2H6 or Cal-I8, as the increase of its ratio to neon, 
similarly to argon of FIG. 7. 

FIG. 14 shows a glow current-composition ratio 
characteristic curve of a glow starter of FIG. 13. It will 
be seen that the glow current shows its maximum value 
in a very small region where the ratio to neon is 0.1 per 
cent to 5 percent. 

FIG. 15 are currents showing a variation in the start 
ing time when the ?lling gas pressure within a starter 
tube for a 135 to 155V, 32W ?uorescent lamp is 
changed in the range of 20 to 110 mmHg, in which 
curve 1 represents the case when neon contains 2.0 
percent of CH4, curve 2 the case when it contains 1.5 
percent of CQH6 and curve 3 the case when it contains 
1.0 percent of C3118, respectively. If the practical start 
ing time is set to less than 5 seconds, a pressure in the 
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6 
range of 40 to I10 mmI-Ig can be used. In particular, a 
pressure of 70 mmI-Ig results in an excellent starting 
time of about 3 seconds. 

FIG. 16 shows the relationship between the ?lling gas 
pressure and the reclosure voltage of a starter similar to 
the one shown in FIG. 15. Although the minimum 
reclosure voltage of the lamp is about 95 volts, the 
curve shows the value of a practical reclosure voltage 
of about 105 to 140 volts at a pressure ranging from 20 
to 100 mmHg. 

FIG. '17 shows a starting time-composition ratio 
when the ?lling gas pressure in FIG. 15 is 70 mmHg, 
and represents the practical value when the starting 
time is less than 4 seconds with the ratio of 0.1 to 3 per 
cent. 

FIG. 18 shows a similar view when the ?lling gas 
pressure in FIG. 15 is 70 mmHg, and represents the 
minimum reclosure voltage of an excellent value of 
above 95 volts. 

Considering all of the measured values mentioned 
above, a glow discharge starter tube exhibiting practi 
cal values of starting time, reclosure voltage and start 
ing voltage can be obtained according to this invention 
by incorporating a ?lling gas into the envelope under a 
pressure of 10 to l 10 mmHg, said ?lling gas containing 
a rare gas of argon or neon and a gaseous hydrocarbon 
of CH4, C2I'I6 or Cal-I8 which are mixed in the ratio of 
99.1 : 0.1 to 40 : 60 in volume percent. 
As will be apparent from the data given above, when 

comparison is given to the envelope ?lled with argon 
and gaseous hydrocarbon and to the one ?lled with 
neon and gaseous hydrocarbon, the starting voltage or 
the reclosure voltage exhibits a high value when argon 
is used. Therefore, when a relatively high operating 
voltage is desired a starter containing argon may be 
used, while a starter containing neon is preferably em 
ployed when the operating voltage is low. It is thus 
possible to obtain glow discharge starter tubes of 
desired characteristics appropriate to particular appli 
cations. 
What we claim is: 
1. A glow discharge starter tube comprising a sealed 

envelope, at least two electrodes mounted therein, one 
of which is stationary and the other one of which con 
stitutes a movable metallic element; upon initiation of 
current ?ow said electrodes maintaining contact with 
each other, for a predetermined period which is subject 
to change with variation in quantity of carbon oxides 
within said envelope; and means for regulating said 
quantity so as to maintain said starting period substan 
tially constant; said means comprising a gas ?ll within 
said envelope ‘which consists of a rare gas-gaseous 
hydrocarbon mixture at a pressure of about 10 to I10 
millimeters of mercury, the rare gas-gaseous hydrocar 
bon ratio of said mixture being between 40:60 and 
99.9:0.l in volume percent. 

2. The glow discharge starter tube according to claim 
1 wherein said rare gas is argon, said hydrocarbon is 
one selected from methane, ethane and propane, and 
the mixture is ?lled at a pressure of about 10 to 70 mil 
limeters of mercury, the argon-hydrocarbon ratio of 
said mixture being 40 to 99: 60 to l in volume percent. 

3. The glow discharge starter tube according to claim 
2 wherein the pressure of said argon and hydrocarbon 
mixture is about 30 to 50 millimeters of mercury. 



i 7 

4. The glow discharge starter tube according to claim ' 
2 wherein said hydrocarbon is propane and the mixture 
is ?lledat a pressure of 20 millimeters of mercury. 

5. The glow discharge starter tube according to claim 
1 wherein said rare gas is neon, said hydrocarbon being 
one selected from methane, ethane and propane, and 
mixed gas ?lling at a pressure of about 40 to 110 mil 
limeters of mercury, the neon-hydrocarbon ratio of 
said mixture being 95 to 99.9 : 5 to 0.1 in volume per 
cent. 

6. The glow discharge starter tube according to claimv 
5 wherein the pressure of said neon and hydrocarbon 
mixture is at 70 millimeters of mercury. 

7. A glow discharge tube comprising in combination: 

1O 

25 

35 

40 

[50 

60 

65 

3,681,639 
8 

a. a sealed envelope; 
b. a stationary ?rst electrode within said envelope; 
c. a thermo-movable metallic second electrode in 
make and break contact with said ?rst electrode 
having a make contact period depending on the 
quantity of carbon oxides within said envelope, 
and, 

d. means for regulating said carbon oxide quantity 
comprising a mixture of a rare gas and a hydrocar 
bon gas at a pressure as 10 to 110 millimeters of 
mercury, the ratio of rare gas to hydrocarbon gas 
being between 40:60 and 99.9:0.l in volume per 
cent. - 


