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57 ABSTRACT 

The invention comprises a process of manufacturing 
cold cathode gas discharge devices. A unitary metal 
electrode structure is inserted through a glass support, 
the metal and glass having the same coefficient of 
thermal expansion. The support and electrode struc 
ture are heated in the presence of oxygen to effect a 
seal therebetween. The gas discharge device is 
completed without removing the oxide coating formed 
on the electrode surfaces of the structure during the 
heating step. The resulting gas discharge device, which 
may be used for display purposes, has a stable oxide 
coating on electrodes thereof that attenuates display 
distorting reflections. 

9 Claims, 2 Drawing Figures 
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PROCESS FOR MANUFACTURING COLD 
CATHODE GAS DISCHARGEDEVICES AND THE 

PRODUCT THEREOF 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention pertains to the manufacture of 

cold cathode gas discharge devices particularly of the 
type utilized for display purposes. 

2. Description of the Prior Art 
Methods are known in the manufacture of electron 

tube devices, and particularly in the manufacture of 
cold cathode gas discharge devices, where it is desired 
to include an electrode, such as a cathode, with electri 
cal connection thereto provided through a gastight 
glass envelope. Normally, a metal pin is sealed through 
the glass and the cathode thereafter spot welded to it. 
The metal pin and the glass are often chosen to have 
the same coefficient of thermal expansion so as to 
achieve structurally sound seals over normally encoun 
tered temperature ranges. Oxide coatings that may 
form on the electrode surfaces during the heating steps 
of manufacturing the devices are often removed to 
preclude contamination and hence faulty operation. 
Although providing clean electrode surfaces in the 
resulting devices, this welded construction technique is 
laborious, time consuming and hence expensive. 
Furthermore, such spot-welds are subject to deteriora 
tion under the influence of vibration. Additionally, the 
step of removing the residual oxide coatings is un 
desirable since it further complicates the manufactur 
ing procedures. 

SUMMARY OF THE INVENTION 

The present invention eliminates the prior art welded 
electrode construction as well as any oxide cleaning 
step required in the prior art methods. The present in 
vention utilizes a unitary metal electrode, such as a rod, 
comprised of a metal having the same coefficient of 
thermal expansion as the glass through which the elec 
trode is to be sealed. The steps of the present invention 
include inserting the electrode through a close fitting 
glass support. The assembly is heated in the presence of 
oxygen until the glass softens. Pressure is then applied 
to squeeze the softened glass against the metal elec 
trode. Oxide formed on the surfaces of the metal during 
the heating step combines with the softened glass to ef 
fect the desired seal. The oxide coating formed during 
the heating step is not only beneficial in effecting a 
proper glass to metal seal, but it is stable, adherent and 
does not significantly affect the operation of the assem 
bled devices. The invention eliminates the welded elec 
trode construction and the oxide cleaning steps of the 
prior art resulting in a substantially more economical 
manufacturing process while providing devices superi 
or to those produced by the prior method. 

Additionally, not only does the oxide coating on the 
electrode surfaces not interfere with the long lived 
operation of the devices but the coating provides an ad 
ditional beneficial result in devices utilized for display 
purposes. The oxide coating attenuates reflections 
from the electrode surfaces which reflections have 
heretofore tended to distort the displayed information. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view, partially in section, of a 
cold cathode gas discharge display device constructed 
in accordance with the process of the present inven 
tion; and 

FIG. 2 is a magnified view of a portion of FIG. 1. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENT 

Although the present invention has applicability in a 
wide variety of cold cathode gas discharge devices, the 
invention will be explained in terms of a gas discharge 
display device utilizing hollow cathodes. Detailed 
descriptions of such a device may be had in copending 
U.S. Pat. application Ser. No. 27,608, filed Apr. 13, 
1970, entitled "Gas Discharge Display Apparatus 
Utilizing Hollow Cathode Light Sources,' invented by 
Claude D. Lustig and assigned to the assignee of the 
present invention. In particular, the invention will be 
explained in terms of a hollow cathode structure 
formed of a metal alloy consisting of 49 percent iron 
and 51 percent nickel sealed in a soda-lime glass sup 
port. This alloy may be commercially procured from, 
for example, the Wilbur B. Driver Company as Niron 
52. It is known that this alloy and soda-lime glass have 
substantially the same coefficient of thermal expansion 
thereby providing sound glass-to-metal seals overnor 
mally encountered temperature ranges. 

Referring to FIG. 1, a cold cathode gas discharge dis 
play device 10 utilizing hollow cathodes is illustrated. . 
The structure and operation of the device 10 is ex 
plained in detail in said U.S. Pat. application Ser. No. 
27,608 and will be briefly described here for complete 
ness. The display device 10 comprises a glass support 
11 having a matrix of apertures formed therethrough. 
A hollow cathode rod such as the rod 12 is sealed in 
each of the apertures of the matrix. A transparent 
dielectric plate 13 having transparent metal anode 
strips 14 affixed thereto is sealed to the cathode as 
sembly to form a gastight envelope. Conductors 15 for 
addressing the cathodes in the manner described in said 
U.S. Pat. application Ser. No. 27,608 are connected to 
the cathodes and anodes. The cathode rods, such as the 
rod 12 are comprised of a metal alloy consisting of 49 
percent iron and 51 percent nickel and the support 11 
is comprised of soda-line glass as previously men 
tioned. It is known that a metal alloy having this com 
position and soda-lime glass have the same coefficient 
of thermal expansion. Thus, as previously explained, 
the seal effected between the rod 12 and the glass sup 
port 11 is structurally sound over the temperature 
ranges normally encountered. A portion 16 of the 
device 10 including a hollow cathode rod 20 is illus 
trated in magnified view in FIG.2. 

Referring to FIG. 2, in which like reference numerals 
indicate like components with respect to FIG. 1, the 
cathode rod 20 is sealed in an aperture 21 of the glass 
support 11. The cathode 20 has a hole 22 disposed 
therein, the interior surfaces thereof functioning as the 
cathodic surfaces of the electrode 20 in the manner 
described in said U.S. Pat. application Ser. No. 27,608. 
The cathode rod 20 further includes a rim 23. 
The rod 20 is sealed in the aperture 21 by the method 

of the present invention which comprises the following 
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steps: The metal structure 20 is inserted into the aper 
ture 21 in the glass support 11. The assembled struc 
ture is then heated in the presence of oxygen at a tem 
perature sufficient to soften the glass support 11. Since 
the heating step is performed in the presence of ox 
ygen, oxide is formed on all of the inner and outer sur 
faces of the cathode 20. For example, oxide is formed 
on the outer cylindrical surfaces thereof as well as on 
the inner or cathodic surfaces of the hole 22 and on the 
rim 23. Pressure is then applied to the softened glass 
support 11. The oxide formed on the portion of the 
outer surface of the rod 20 that is inserted in the aper 
ture 21 combines with the softened glass to effect a 
gastight seal between the members 11 and 20. Sub 
sequent to the heating step, the device 10 (FIG. 1) is 
assembled, as described in said U.S. Pat, application 
Ser. No. 27,608 without removing the oxide coating 
formed on the rim 23 and the cathodic surfaces of the 
hole 22. The oxide formed as described above has a 
mat black surface, is of stable composition and is highly 
adherent to the surfaces of the cathode rod 20. It is to 
be noted with respect to FIGS. 1 and 2 that the black 
oxide coating on the cathodic surfaces of the hole 22 
and on the rim 23 is depicted by stippling where clarity 
is enhanced. m 

It will be appreciated that the heating step in the 
presence of oxygen may be performed with the device 
exposed to the atmosphere which provides the oxygen 
required to effect the glass-to-metal seal. A glass sof 
tening temperature found suitable for the heating step 
with respect to the above-discussed materials is approx 
imately 1,000°C. 

Display devices of the type illustrated in FIG. 1 have 
been operated at high current densities for extended 
periods without any significant change in the operating 
conditions thereof. Such changes would have been ap 
parent if there had been any significant degradation in 
gas composition or cathodic surfaces. 
From the foregoing, it is appreciated that significant 

manufacturing economies are realized in practicing the 
method of the present invention since the step conven 
tionally performed of spot welding electrodes is 
eliminated and no steps are necessary to remove the 
residual oxide coating from the cathodic surfaces. 
These economies are particularly significant with re 
gard to the gas discharge devices of the type discussed 
above and in said U.S. Pat. application Ser. No. 27,608 
because of the complex contours of the cathodic sur 
faces of the hollow cathodes. 

Additionally, the method of the present invention 
provides novel display devices whose glowing cathodes 
generate the display information. These glowing 
cathodes are uniquely coated with a stable mat black 
oxide that is effective in attenuating display distorting 
reflections while not impairing the normal operation of 
the device. 

It will be appreciated that the invention comprising 
the use of a single metal piece to provide both the 
cathodic surface and the glass-metal seal, such metal 
piece not requiring cleaning to remove oxide deposi 
tions, is applicable also to devices where the glass 
metal seal is accomplished at much lower temperatures 
by the use of a glass frit. 
While the invention has been described in its 

preferred embodiment, it is to be understood that the 
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4. 
words which have been used are words of description 
rather than limitation and that changes may be made 
within the purview of the appended claims without de 
parting from the true scope and spirit of the invention 
in its broader aspects. 
We claim: 
1. In a process for manufacturing cold cathode gas 

discharge devices comprising the steps of 
inserting a metal electrode structure into a glass sup 

port, said metal and said glass having the same 
coefficient of thermal expansion, 

heating said support and electrode structure in the 
presence of oxygen at a softening temperature of 
said glass to effect a seal therebetween, and 

completing said devices without removing the oxide 
coating formed on the electrode surfaces of said 
structure during said heating step. 

2. In a process for manufacturing cold cathode gas 
discharge devices comprising the steps of 

inserting a metal alloy electrodestructure into a glass 
Support, 

said alloy consisting of approximately 49 percent 
iron and 51 percent nickel, 

said glass having the same coefficient of thermal ex 
pansion as said alloy, 

heating said support and electrode structure in the 
presence of oxygen at a softening temperature of 
said glass to effect a seal therebetween, and 

completing said devices without removing the oxide 
coating formed on the electrode surfaces of said 
structure during said heating step. 

3. In a process for manufacturing cold cathode gas 
discharge devices comprising the steps of 

inserting a metal alloy cathode rod through a glass 
Support, 

said alloy consisting of approximately 49 percent 
iron and 51 percent nickel, 

said glass having the same coefficient of thermal ex 
pansion as said alloy, 

heating said support and cathode rod in the presence 
of oxygen at a softening temperature of said glass 
to effect a seal therebetween, and 

completing said devices without removing the oxide 
coating formed on the cathodic surfaces of said 
rod during said heating step. 

4. In a process for manufacturing cold cathode gas 
discharge devices comprising the steps of 

inserting a metal alloy cathode rod through a soda 
lime glass support, said alloy consisting of approxi 
mately 49 percent iron and 51 percent nickel, 

heating said support and cathode rod in the presence 
of oxygen at a softening temperature of said glass 
to effect a sealtherebetween, and 

completing said devices without removing the oxide 
coating formed on the cathodic surfaces of said 
structure during said heating step. 

5. In a cold cathode gas discharge display device 
glass support means, and 
metal electrode means sealed in said support means, 
the electrode surfaces of said electrode means being 

coated with a non-reflective oxide formed thereon 
by heating in the presence of oxygen thereby at 
tenuating display distorting reflections from said 
surfaces. 

6. In the device of claim 5 in which 
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said metal comprises an alloy consisting of approxi 
mately 49 percent iron and 51 percent nickel, 

said oxide comprises a mat black oxide formed on 
said surfaces by heating in the presence of oxygen 
at a softening temperatures of said glass, and 

said glass has the same coefficient of thermal expan 
sion as said alloy. 

7. In the device of claim 6 in which 
said glass comprises soda-lime glass, 
said electrode means comprises cathode means, and 
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6 
said surfaces comprise the cathodic surfaces of said 
cathode means. 

8. In the device of claim 7 in which said cathode 
means comprises a unitary piece of said alloy, a portion 
thereof being sealed to said glass and another portion 
thereof forming said cathodic surfaces. 

9. In the device of claim 7 in which said cathode 
means comprises arod of said alloy. 

: k, x 2k xk 


