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[57] ABSTRACT 
A gas discharge tube is provided which comprises a 
glass tube, acoating of phosphor applied to the inner 
walls of the glass tube, a pair of electrodes disposed in 
parallel to each other along the substantial length of 
the glass tube, and some amounts of mercury and a 
neon-argon gas mixture or a neon-helium-argon gas 
mixture. 

6 Claims, 1 Drawing Figure 
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GAS DISCHARGE TUBE WITH PHOSPHOR 
COATING ‘AND ELONGATE ELECTRODES 

BACKGROUND OF THE INVENTION 
The present invention relates to generally a glow 

lamp and more particularly an improvement of a glow 
lamp of the type consisting of a pair of parallel elec~ 
trodes and inert gases sealed into a glass tube whereby 
the phosphor coating applied to the inner walls of the 
glass tube may emit the light of a desired color by the 
mercury glow discharge. 
Glow lamps of the type comprising a glass tube and, 

a pair of parallel electrodes sealed in a neon atmo 
sphere contained within the glass tube have been 
widely used as indicator lights because they may be 
readily operated by connecting them to the electrical 
supply circuit through a ballast resistor and the reduced 
power consumption does not result in a corresponding 
reduction of brightness. The neon glow lamps have 
been also widely used because the glow discharge is 
readily produced in the sealed neon gas, and neon glow 
lamps in various shapes are available. However the 
neon glow lamp generally can emit only one color rang 
ing in wavelength from 650 to 750 nanometers. 

In the glow lamp of the type in which the ultra-violet 
rays emitted by the mercury glow discharge causes the 
phosphor to emit the light in visible range, argon is gen 
erally sealed into a glass tube containing also some 
amount of mercury. In the glow lamp of the type de 
scribed, the brightness of light in the visible range emit 
ted from argon gas is extremely weak so that only the 
light emitted from the phosphor is perceived by the 
eyes. However, the mobility of mercury ions in argon 
gas is so small that when the length of a pair of elec 
trodes sealed in the glass tube is long the light emission 
along the whole length of the electrodes becomes ex 
tremely difficult. As a result, the electrodes of the glow 
lamp of the type described are inevitably limited to a 
shorter length. It is of course possible to produce the 
light along the whole length of the electrodes even 
when they are long when the glow lamp is coupled in 
series through a low-resistance resistor to a power 
source. In this case, the surface load of the electrodes 
is increased so that blackening of the inner walls of the 
glass tube due tothe vaporization of the electrodes oc 
curs, resulting in the decrease in brightness of emitted 
light. This presents a serious problem in practice. 

SUMMARY OF THE INVENTION _ 

One of the objects of the present invention is there 
fore to overcome the defects and problems encoun 
tered in the prior art glow lamps. 
Another object of the present invention is to provide 

a glow lamp which may emit the light along the whole 
length of the electrodes thereof with a high luminous 
efficiency when operated at a practical current. 

_ More particularly, another object of the present in 
vention is to provide the composition of gases sealed 
into a glass tube which may uniformly produce the light 
along the whole length of a pair of electrodes longer 
than 30 millimeters in length disposed in parallel to 
each other in the glass tube of a glow tube of the type 
having the coating of phosphor applied to the inner 
walls thereof, the glow lamp being operated at a normal 
current. 

In order to accomplish the above and other objects 
of the present invention, the inventor made extensive 
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studies and experiments and found out that the gas mix 
ture sealed into glass tube preferably consists of 5 — 30 
percent by volume of a neon and 95 — 60 percent by 
volume of argon or neon-helium-argon gas mixture 
with helium being less than one half by volume of neon 
in addition to some amount of mercury. 
The above and other objects, features and advan 

tages of the present invention will become more appar 
ent from the following description of the preferred em 
bodiment thereof taken in conjunction with the accom 
panying drawing. 

BRIEF DESCRIPTION OF THE DRAWING: 

The single FIGURE is a schematic sectional view of 
a gas discharge tube in accordance with the present in 
vention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT: 

In the single FIGURE, a glass tube I has an inner di~ 
ameter ranging from four to 15 millimeters and a length 
depending upon that of a pair of electrodes 3 and 4 
which are disposed in parallel with and spaced apart 
from each other by a predetermined distance within the 
glass tube 1. The inner wall of the glass tube 1 is cov~ 
ered with a coating 2 of phosphor, and the pair of elec 
trodes 3 and 4 are supported by insulating blocks 5 and 
6 respectively and are connected at one ends to lead 
wires 9 and 10, respectively, which extend air-tightly 
through one end or base 7 of the glass tube I. The glass 
tube 1 contains some amounts of mercury 8 and the ar 

' gon-neon gas containing 5 - 30 percent by volume of 
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neon or neon-helium-argon gas mixture containing 5 - 
30 percent by volume of neon and helium less than one 

~ half by volume of neon. 

' When the glass tube 1 has an inner diameter less than 
4 millimeters, the diameter of electrodes becomes too 
small so that the surface load becomes too great, thus 
resulting in blackening of the inner walls within a con 
siderably short service life. On the other hand when the 
glass tube 1 has an inner diameter greater than 15 milli 
,meters, the distance from the electrodes to the phos 
phor coating becomes too great so that sufficient 
brightness cannot be attained. ' 
The pair of electrodes 3 and 4 may be conventional 

ones made of nickel, nickel alloy or nickel-plated steel 
wires. The spacing between the pair of electrodes 3 and 
4 is determined depending upon a voltage impressed 
between them and is for example of the order of 0.7 
millimeters when the voltage is 200 - 220 volts. In this 
case, the discharge starting voltage is about 160 volts 
at room temperature. 
The length of a pair of electrodes is dependent upon 

the purpose of use and determines the composition of 
gases sealed into the glass tube. The insulating blocks 
5 and 6 are used to hold the pair of electrodes'3 and 4 
in parallel so that they may not contact to each other 
even under vibrations, and are made of ceramics such 
as steatite or mica. It is not necessary to support both 
ends of the pair of electrodes by the insulating blocks, 
and only one end of the pair of electrodes may be sup 
ported by the insulating blocks if so desired. 
The gas discharge tube in accordance with the pres 

ent invention may also use any phosphor used in con 
ventional ?uorescent lamps, and the phosphors which 
may be excited to emit the light of a narrow spectrum 
such as divalent europium activated phosphate alkaline 
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earth metals, divalent manganese activated zinc sili 
cate, trivalent'europium activated yttrium vanadate, 
trivalent dysprosium activated yttrium vanadate, tet 
ravalent manganese activated magnesium arsenate and 
tetravalent manganese activated magnesium germa 
?uoride are especially effective when used in the gas 
discharge lamps which are used as indicator lamps. In 
some special cases, the phosphors which may be ex 
cited to emit the ultra-violet rays may be coated to a 
glass tube which may transmit the ultra-violet rays. 
The amount of mercury sealed into the glass tube is 

not so critical, but it is preferable that the amount of 
mercury is not much greater than that which would just 
saturate the lamp when it is turned on, in order to avoid 
the short-circuiting the pair of electrodes. . 
The composition of gases sealed into the glass tube 

is one of the fundamental conditions for attaining the 
uniform light emission of the glow lamp type with the 
construction described above. The composition of 
gases must be selected depending upon the length of 
electrodes, and it is necessary to seal some amounts of 
gases to improve the mobility of mercury ions in order 
to attain the uniform glow discharge throughout the 
whole length of electrodes. The latter condition is espe 
cially important when the length of electrodes becomes 
longer. 
The uniformity of mercury glow discharge around 

the electrodes as well as the mercury- and neon-glows 
were extensively investigated by the inventors by vary~ 
ing the ratio of neon to argon. It was found out that 
when the ratio of neon is in excess of 30 percent, red 
light excited ’ by the neon glow discharge becomes 
stronger while light emitted from the phosphor which 
is excited by the mercury glow discharge becomes 
weak so that the colors of the light emitted by the phos 
phor and by the neon glow discharge are mixed. When 
the length of electrodes is within 100 millimeters, the 
gas mixture consisting of 30 percent of neon and 70 
percent of argon may produce a desired lamp color. 
When the length of the electrodes is short and is for ex 
ample 30 millimeters, the ratio of neon may be de 
creased. Especially when the ratio of neon is less than 
5 percent the lamp color is not substantially different 
from that of a gas discharge tube containing only argon. 
Therefore the lower limit of the ratio of neon is consid 
ered 5 percent. . 
When the length of the electrodes is in excess of I00 

millimeters, the gas mixture consisting of 30 percent of 
neon and 70 percent of argon is not sufficient to im 
prove the mobility of mercury ions, so that the light 
cannot be produced uniformly along the whole length 
of the electrodes. Helium may be also used to improve 
the mobility of mercury ions, but the brightness of he 
lium emission spectrum in the visible region is so weak 
that helium is sealed in a glow discharge tube contain 
ing the long electrodes so as to produce the light along 
the whole length of the electrodes. However, the inven 
tors found out that the use of the gas mixture consisting 
of helium and argon will cause considerable damages 
to the electrodes. The inventors made extensive studies 
and experiments in order to find out the suitable ratio 
among neon, argon and helium which may overcome 
the above described defect. It was found out that when 
the amount of helium is less than one half of that of 
neon the damages to the electrodes may be considera 
bly reduced. The gas mixture consisting of neon, argon 
and helium in fact serves to reduce the current load 
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which is required to produce the uniform glow dis 
charge along the whole length of the electrodes. For ex 
ample, in case of the electrodes having a length of 120 
millimeters and the gas mixture consisting of argon and 
30 percent of neon, the current load of 1.5 mA per 10 
millimeters is required to produce the uniform glow 
discharge along the whole length of the electrodes, but 
in case of the gas mixture consisting of 30 percent of 
neon, 10 percent of helium and 60 percent of argon, 
the uniform glow discharge may be produced by the 
current load of only 0.8 mA per 10 mm of electrode. 
in the former case, blackening of the inner walls of the 
glass tube takes place within a very short time, but in 
the latter case blackening is not observed even after a 
long service time. 
The composition of the gas mixture consisting of 

neon, helium and argon may be selected in various 
manners. For example the gas mixture consisting of 30 
percent of neon and 70 percent of argon or 25 percent 
of neon, 5 percent of helium and 70 percent of argon 
may be used when the length of the electrodes is of the 
order of 80 millimeters.v The composition of the gas ‘ 
mixture consisting of neon, helium and argon will not 
cause a great difference in light produced as far as the 
amount of helium is less than one half of that of neon. 

In order to speci?cally point out the novel features of 
the gas discharge tube in accordance with the present 
invention, one example thereof will be described here 
inafter. 4 

EXAMPLE 1 

The coating of divalent europium activated strontium 
pyrophosphate was applied to the inner wall of the glass 
tube of 7 mm in inner diameter and 100 mm in length, 
the phosphor used being the blue light emission phos 
phor with the peak wavelength of 4.200 A. 
The pair of manganese-nickel alloy electrodes of l 

millimeter in diameter and 80 mm, in length were dis 
posed in parallel with and spaced apart from each other 
by 0.7 mm in the glass tube which contained 8 mg of 
mercury and the gas mixture consisting of 25 percent 
by volume of neon and 75 percent of argon at a pres 
sure of 40 mmHg. 
The pair of electrodes were ?rmly inserted into the 

holes of the blocks made of steatite capable of with 
standing the heat up to 1,200°C. In order to degas the 
electrodes they were heated in the inert gas atmosphere 
at about 800°C. 
The gas discharge tube was turned on at the voltage 

of 200 AC volts and the current of 10 mA. Blue light 
emission was normal and the desired spectrum energy 
distribution was attained. 
When the gas mixture consisting of 35 percent of 

neon and 65 percent of argon was sealed into a glass 
tube similar in construction to the above described 
glass tube, blue light emission was adversely affected by 
red light produced by the neon glow discharge so that 
the desired lamp color was not obtained. 
When the phosphor coating of manganese activated 

zine silicate was applied, the lamp color was green. 
When the phosphor coating of europium activated yt 
trium vanadate was applied, the lamp color was red. 
When the phosphor coatings were magnesium germa 
?uoride and dysprosium activated yttrium vanadate, 
the lamp colors were deep red and yellow, respectively. 
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EXAMPLE 2 

The phosphor coating of divalent europium activated 
strontium pyrophosphate was applied to the inner wall 
of a glass tube of 10 mm in inner diameter and 160 mm 
in length. The phosphor is a blue-light-emission phos 
phor with the peak wavelength of 4,200 A. A pair of 
manganese-nickel alloy electrodes one millimeter in 
diameter and 140 mm in length were disposed in the 
glass tube in parallel with and spaced apart from each 
other by 0.7 mm,'and the gas mixture consisting of 26 
percent of neon, 8lpercent of helium and 66 percent of 
argon and the amount of l5 mg of mercury were sealed 
in the glass tube under the pressure of 40 mmHg. The 
pair of electrodes were ?rmly inserted into the holes of 
the blocks made from steatite capable of withstanding 
the heat up to l,200°C, and were degased in the inert 
gas atmosphere at about 800°C. 
The gas discharge tube thus obtained was turned on 

atthe AC voltage of 200 volts and a current of 10 mA. 
Blue light emission was normal and the desired spec 
trum distribution was obtained without causing the 
damages to the electrodes. 
When the gas mixture consisting of 35 percent by 

volume of neon, 10 percent of helium and 55 percent 
of argon was sealed, blue light emission was adversely 
affected ‘by red light produced by the neon glow dis 
charge. When the gas mixture consisting of 25 percent 
by volume of neon, 20 percent of helium and 65 per— 
cent of argon was sealed, the lamp color was blue, but 
the electrodes were so damaged that the service life 
was very short. 
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When the various phosphor coatings same as those ' 
described in Example 1 were applied, the similar lamp 
colors as those of Example 1 were obtained. 
The gas discharge tube in accordance with the pres 

ent invention may emit the light considerably longer in 
wavelength than that of the conventional gas discharge 
lamps so that the ?eld of application may be much ex 
tended. 
What is claimed is: 
l. A gas discharge tube comprising 
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6 
a. an air-tight glass tube, 
b. a coating of phosphor applied to the inner wall of 

said glass tube, ‘ ' 

- c. a pair of electrodes longer than '30 millimeters in 
length disposed in parallel to each other extending 
in the axial direction of said glass tube, and 

d. a ?lling in said glass tube consisting of mercury and 
an inert gas mixture consisting of 5-30 percent 
neon, helium in an amount less than one half of 
said neon, and the remainder argon. 

2. A gas discharge tube as de?ned in claim 1 wherein 
said coating of phosphor consists of one of divalent eu 
ropium activated phosphate alkaline earth metals, diva 
lent manganese activated zinc silicate, trivalent euro 
pium activated yttrium vanadate, trivalent dysprosium 
activated yttrium vanadate, tetravalent manganese ac 
tivated magnesium arsenate and tetravalent manganese 
activated magnesium germa?uoride. 

3. A gas discharge tube as de?ned in claim 1 wherein 
said sealed inert gases consist of 30 percent of neon and 
70 percent of argon. 

4. A gas discharge tube as de?ned in claim 3 wherein 
said coating of phosphor consists of one of divalent eu 
ropium activated phosphate alkaline earth metals, diva 
lent manganese activated zinc silicate, trivalent euro 
pium activated yttrium vanadate, trivalent dysprosium 
activated yttrium vanadate, tetravalent manganese ac 
tivated magnesium arsenate and tetravalent manganese 
activated magnesium germa?uoride. 

5. A gas discharge lamp as de?ned in claim 1 wherein 
said sealed inert gases consist of 26 percent of neon, 8 
percent of helium and 66 percent of argon. 

6. A gas discharge tube as de?ned in claim 5 wherein 
said coating of phosphor consists of one of divalent eu 
ropium activated phosphate alkaline. earth metals, diva 
lent manganese activated zinc silicate, trivalent euro 
pium activated yttrium vanadate, trivalent dysprosium 
activated yttrium vanadate, tetravalent manganese ac 
tivated magnesium arsenate and tetravalent manganese 
activated magnesium germa?uoride. 
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