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(57 ABSTRACT 
The after-glow of argon in a Penning mixture of neon 
and argon is used to detect and measure the concen 
tration of contaminating gases in the mixture during 
the filling of gas display panels with the mixture. 

15 Claims, 2 Drawing Figures 
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ON-LINE DETECTION AND MEASUREMENT OF 
CONTAMINATING GASES DURING FILLING OF 

GAS DISPLAY PANELS 

BACKGROUND OF THE INVENTION 
1. Field of the Invention: 
This invention relates to the field of gas display pan 

els and, more particularly, to a method and apparatus 
for detecting and measuring contaminating gases in a 
gas mixture during the filling of such gas display panels 
on a production line. 

2. Description of the Prior Art: 
A gas display panel is illuminated by electrically ex 

citing a discharge in a Penning mixture of neon and 
argon gas. The mixture is typically approximately 99.9 
percent neon and 0.1 percent argon by partial pres 
sures. The Penning mixture may be defined as one in 
which the ionization potential of the added argon is less 
than the metastable potential of neon, the parent gas. 
The presence of undesired contaminating or impurity 
gases, such as nitrogen, water vapor and others, in con 
centrations exceeding, for example, 20 parts per mil 
lion, has a deleterious effect on the operation of the gas 
panel. During the filling operation in the production of 
gas panels, a group of gas panels is connected by their 
tubulations to ports on the manifold of a gas filling sta 
tion, and the panels are carefully baked out while being 
subjected to a high vacuum. Then, the panels are filled 
with the desired gas mixture at a specified pressure. 
The gas mixture has previously been passed through 
various purifying devices to eliminate undesired con 
taminating gases which may be present in the pur 
chased gas or in parts of the filling system. After the 
panels are filled, the tubulations are sealed off, and the 
panels are removed from the filling station. 

If the filling station is operating correctly, the con 
centration of contaminating gases will be below a speci 
fied level chosen to guarantee correct operation of the 
panels. However, possible leaks or other faults in the 
filling system, contaminated gas sources, or mishaps 
during the seal-off of one of the panels connected to 
the manifold can introduce unacceptable amounts of 
contaminating gases. It is important to detect such con 
tamination before the panels are sealed off, because no 
repair or rework is possible once the panels have been 
sealed off. What is required, therefore, is a fast simple, 
on-line measurement of contaminating gas concentra 
tion in the gas mixture to allow the operator of the fill 
ing system to decide whether to seal off the panels or 
to troubleshoot them and repeat the filling procedure. 

In prior attempts to detect and/or measure impurity 
gases in the gas mixture during the filling of the gas 
panels, use has been made of spectrometric methods in 
which a discharge is excited in the gas mixture, and the 
intensity ratios are measured for selected spectral lines 
of neon and of contaminating gases. This method has 
many disadvantages with respect to use thereof during 
the actual production of gas panels, i.e., during the fill 
ing of the gas panels: the intensity ratios depend 
strongly on the electrical excitation conditions and on 
other gases present in the mixture, thus introducing ex 
traneous variables; a monochromator or other high res 
olution spectroscopic device is required; contaminating 
gas spectral line signals are weak, thereby requiring sig 
nal extraction electronics and, consequently, long ob 
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2 
servation times; and since data reduction requires com 
putation, results are not available immediately. 
The term Penning mixture is well known in the art 

and may be defined as a mixture of two gases which ex 
hibit the Penning effect or discharge. The Penning ef. 
fect or discharge may be defined as one which occurs 
in a mixture of two gases when the gas having the 
higher ionization potential has a metastable state with 
a potential higher than the ionization potential of the 
other gas. The gas forming the larger portion of the 
mixture is referred to as the parent gas. Typical Pen 
ning mixtures are formed by mixing neon (parent) with 
small quantities of argon, krypton and Xenon; argon 
(parent) with krypton or xenon; or krypton (parent) 
with xenon. Furthermore, a Penning mixture can be 
formed by adding mercury vapor to most parent gases. 
See "Fundamentals of Gaseous Ionization and Plasma 
Electronics," Essam Nasser, Wiley-Interscience 1971, 
pages 214 et seq. The Penning mixture of neon and 
argon may contain from 0.01 to 10 percent of argon; 
see "Determination of the Townsend Ionization Coeffi 
cient Alpha for Mixtures of Neon and Argon,' A. A. 
Kruithof and F. M. Penning, Physica, Vol. 4, Page 430, 
937. 

SUMMARY OF THE INVENTION 

The object of this invention is to provide an improved 
method and apparatus for overcoming the above disad 
vantages of the prior art with respect to the on-line de 
tection and measurement of contaminating gases dur 
ing the filling of gas display panels. 
A more specific object of this invention is to provide 

such a method and apparatus which utilizes the argon 
after-glow of a Penning discharge in a neon-argon mix 
ture to detect and measure contaminating gases during 
filling of gas display panels. 
The principle upon which this invention is based may 

be summarized as follows. During the Penning dis 
charge, some neon atoms are excited to a metastable 
state which has a long lifetime. De-excitation of the 
metastable neon atoms can occur by collision of the 
metastables with argon atoms, thereby resulting in ioni 
zation of the argon atoms which then emit characteris 
tic argon radiation. If the discharge is pulsed, neon me 
tastables are present after the electrical excitation has 
been removed, and they decay at a rate which is deter 
mined by their probability of collision with argon 
atoms. The rate of decay can be followed by observa 
tion of the intensity of argon radiation versus time. Ex 
periments have confirmed that the decay is exponential 
for more than a decade of intensity amplitude for an 
uncontaminated mixture. 
When the Penning mixture is contaminated by gases, 

such as nitrogen, oxygen, water vapor, etc., the neon 
metastables can be de-excited by collisions with these 
molecules as well as by collision with argon atoms. The 
result is a more rapid decay of the neon metastable 
concentration as compared to that for the uncontam 
inated Penning mixture. However, in the contaminated 
case, the process also can be followed by observation 
of the intensity of argon radiation as a function of time. 
Again, the decay of the argon radiation intensity is ex 
ponential. However, now the time constant of the 
decay is a function of the concentration of the contami 
nating gas. In other words, the after-glow of the argon 
is utilized to measure the concentration of contaminat 
ing gas in the Penning mixture. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic diagram illustrating a preferred 

embodiment of the method and apparatus of this inven 
tion. 
FIG. 2 is a graph showing a plot of the decay time 

constant of the after-glow argon radiation intensity in 
a Penning mixture of neon and argon versus the parts 
per million of contaminating air in the mixture. 
DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENT 

FIG. 1 is a schematic block diagram illustrating the 
apparatus and method of this invention wherein the 
concentration of contaminating or impurity gases in a 
Penning mixture is measured using the principle de 
scribed above. A plurality of gas panels 10 are con 
nected via tubulations 12 to manifold 14 which in turn 
is connected to a filling station 16 containing a Penning 
mixture of neon and argon gas in the proportions of ap 
proximately 99.9 percent neon and 0.1 percent argon 
by partial pressures. A pressure gauge 18 is also shown 
coupled to the manifold 14 to symbolize the fact that 
in practice a constant pressure is maintained during fill 
ing. Typically, this pressure is approximately 600 Torr. 
As is well known in the art, the gas panels contain in 

dividual discharge areas referred to as cells. A test dis 
charge cell 20 is also coupled to the gas manifold 14 via 
a conduit 22. Test cell 20 consists of a glass tube 24 and 
two sealed-through metal electrodes 26 and 28. The 
test cell 20 may be identical to a commercial neon tube 
in structure. 
The test cell is excited by a train of voltage pulses 30 

applied to the electrodes by a conventional pulse gen 
erator 31 which generates the exciting pulses at a repe 
tition rate of approximately 2 KHz. Typically, each 
pulse has a duration of approximately five microsec 
onds and a peak voltage of approximately 300 volts. 
The resultant light radiation from the excited test cell 

is transmitted to a conventional photomultiplier tube 
32, such as an RCA C70042R, via a suitable optical 
coupling 34, such as lenses, fiber bundles, or a combi 
nation thereof. Furthermore, a filter 36 is interposed 
between the test cell 20 and the photomultiplier 32 for 
selecting a suitable line of the argon after-glow radia 
tion spectrum while excluding radiation from the neon 
or contaminating gases. Such a suitable argon wave 
length is 7633 Angstroms because it is well isolated 
from the neon lines. 
The output from the photomultiplier 32 is a current 

pulse 38 having an exponential decay. This current 
pulse is applied to a conventional logarithmic amplifier 
40 whose output voltage 42 has a linear decay as a re 
sult of the application of the logarithmic response of 
the amplifier to the exponentially decaying input pulse. 
The output of the amplifier 40 is applied to the de 

flection circuitry of a conventional oscilloscope 44 so 
that the output of the logarithmic amplifier is displayed 
on the face 46 of the oscilloscope. The pulses 30 from 
pulse generator 31 are applied to the sweep circuitry of 
the oscilloscope, thereby synchronizing the pulse gen 
erator and the oscilloscope. The face of the oscillo 
scope is provided with a simple calibration and scale so 
that one can directly observe the time constant of the 
linear decay of the argon after-glow radiation intensity, 
i.e., the argon radiation intensity which occurs after the 
termination of each exciting pulse. 
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4 
The calibration of this system is accomplished by 

making measurments of the argon after-glow at the 
specified operating pressure and with the specified 
Penning mixture, but with the addition of known 
amounts of contaminating gas by means of a calibrated 
leak. One then prepares a calibration curve showing 
the argon after-glow or radiation intensity decay time 
constant as a function of the contaminating gas con 
tent. Since the most likely contaminating or impurity 
gas would be air resulting from faults or leaks in the fill 
ing system, the preferred calibration would be one 
made with air. 
FIG. 2 is an actual calibration graph for a Penning 

mixture consisting of 99.09 percent neon and 0.01 per 
cent argon at a filling pressure of 600 Torr. The plot is 
on a double logarithmic scale for which the ordinate 
indicates the argon after-glow decay time constant in 
microseconds and the abscissa the parts per million of 
air. As shown in the graph, for the conditions used, the 
method and system illustrated in FIG. 1 is capable of 
measuring air concentrations in the range from 10 to 
100 parts per million. The decay time constant is read 
from the face of the oscilloscope 44 and the air concen 
tration is then determined by reference to the graph in 
FIG. 2. 

It will be obvious to those skilled in the art that well 
known electronic and digital techniques may be used to 
provide a digital read-out either of the time constant or 
the contamination level. In addition, alarms or other 
signals could be incorporated in the system. As indi 
cated above, the method and system described herein 
can be used for Penning mixtures other than neon 
argon and, furthermore, have applications other than 
the on-line measurement and detection of contamina 
tion during the filling of gas panels. 

In summary, the novel features of this system are: (a) 
the use of the effect of contaminating gases on the met 
astable decay rate of the parent gas in a Penning mix 
ture to provide a direct indication of the amount of 
contaminating gas present; (b) the use of a pulsed dis 
charge in the Penning mixture to permit observation of 
metastable decay subsequent to the electrical excita 
tion of the gas for the purpose of measuring contami 
nating gas concentrations, and (c) an apparatus and 
method that provide a simple direct read-out of a pa 
rameter directly related to the contaminating gas con 
centration. 
The specific advantages of the present invention are 

as follows: 
(a) the argon after-glow intensity radiation is mea 
sured, i.e., the measurement of the argon radiation is 
made after the electrical excitation of the test discharge 
cell 20 has been removed, whereby the measurement 
is substantially independent of the details of the electri 
cal excitation; (b) measurement is both fast and direct 
reading; (c) the apparatus is simple and rugged and re 
quires a minimum of operating adjustment; and d) the 
measuring method and apparatus are well suited to on 
line application in a manufacturing environment. 
While the invention has been particularly shown and 

described with reference to a preferred embodiment 
thereof, it will be understood by those skilled in the art 
that various changes in form and details may be made 
therein without departing from the spirit and scope of 
the invention. 

I claim: 
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1. A method of detecting the presence of a contami 
nating gas in a Penning mixture of a first gas and a sec 
ond gas, the first gas having a higher ionization poten 
tial than said second gas and also having a metastable 
state with a potential higher than the ionization poten 
tial of said second gas, comprising the steps of 

a. exciting a sample of the mixture to cause a pulsed 
discharge therein; 

b. removing the excitation; and 
c. then detecting the time rate of decay of the radia 

tion intensity of the second gas as an indication of 
the presence of a contaminating gas, said time rate 
of decay being faster than that for an uncontam 
inated Penning mixture of said first and second 
gases. 

2. A method as defined in claim 1 wherein said first 
gas is neon and said second gas is argon. 

3. A method as defined in claim 2 wherein the mix 
ture comprises approximately 0.1 to 10 percent of ar 
gon. 

4. The method as defined in claim 3 wherein said 
mixture comprises approximately 99.9 percent neon 
and approximately 0.1 percent argon. 

5. The method as defined in claim 1 further compris 
ing the steps of: 

a. plotting a calibration curve for the time constant 
of the time rate of decay of said radiation versus 
known concentrations of a contaminating gas; and 

b. determining an unknown concentration of the con 
taminating gas from the detected time rate of decay 
and by reference to said calibration curve. 

6. The method as defined in claim 1 further compris 
ing the step of filling a gas display panel with said mix 
ture of first and second gases and, simultaneously with 
said filling step, extracting a sample of said mixture and 
then performing on said sample steps a), b) and c) of 
claim 1. 

7. An apparatus for detecting the presence of a con 
taminating gas in a Penning mixture of a first gas and 
a second gas, the first gas having a higher ionization po 
tential than said second gas and also having a metasta 
ble state with a potential higher than the ionization po 
tential of said second gas, comprising: 

a. electrical pulse generating means for applying to a 
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sample of the mixture an electrical pulse to excite 
a discharge in the mixture; 

b. photoelectric means responsive to the radiation 
emitted by the second gas after the termination of 
the pulse for producing an electrical signal propor 
tional to the time rate of decay of the intensity of 
the radiation; and 

c. electro-optical means coupled to said photoelec 
tric means for producing an optical read-out of said 
signal. 

8. The apparatus defined in claim 7 wherein said pho 
toelectric means is a photomultiplier tube, said electro 
optic means is an oscilloscope synchronized with said 
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pulse generating means, and the time rate of decay is 
exponential, and further comprising a logarithmic am 
plifier connected between said photomultiplier tube 
and said oscilloscope so that said oscilloscope produces 
a linear display of the time constant of the decay of the 
radiation intensity. 

9. The apparatus defined in claim 8 further compris 
ing optical filter means for transmitting to said photo 
multiplier tube only a selected characteristic wave 
length of the radiation of said second gas. 

10. The apparatus as defined in claim 7 further com 
prising means for supplying the Penning mixture under 
a predetermined pressure to a gas panel, and means for 
extracting said sample from the supplied gas. 

11. The apparatus as defined in claim 10 further 
comprising a test discharge cell for holding the ex 
tracted sample, and means for electrically connecting 
said cell to said pulse generating means. 

12. The apparatus as defined in claim 7 wherein said 
first gas is neon and said second gas is argon. 

13. The apparatus as defined in claim 12 wherein the 
mixture comprises approximately 0.1 to 10 percent ar 
gon. 

14. The apparatus as defined in claim 13 wherein the 
mixture comprises approximately 99.9 percent neon 
and 0.1 percent argon. 

15. The apparatus as defined in claim 14 wherein said 
photoelectric means is responsive to a radiation wave 
length of 7633 Angstroms. 

: ck k k < 
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