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@ Improved arc tube for high pressure metal vapor discharge lamp, lamp including same, and

method.
@ An arc tube for a high pressure metal vapor F1G. | ﬂ
discharge lamp is provided. The arc tube of the ) I

present invention comprises a tubular ceramic en-
velope; a chemical fill within said envelope; a seal
button at each end of said envelops; said seal button
having an aperture therethrough for receiving a feed-
through member: a feedthrough member having an 3
electrode projecting therefrom passing through said 5
seal button aperture and being oriented such that the
electrode projects into said tubular ceramic enve-
lope, said feedthrough member being sealed into
said seal button by means of a fritless seal between —
said seal button and said feedthrough; and sealing
frit material sealing said seal buttons into the ends of
said tubular ceramic envelope. A method for
fabricating the above-described arc tube and high
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‘;pressure metal vapor discharge lamp including the § 3
) above-described arc tube is also provided. ; ¢
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IMPROVED ARC TUBE FOR HIGH PRESSURE METAL VAPOR DISCHARGE LAMP, LAMP INCLUDING SAME,
AND METHOD

TECHNICAL FIELD OF THE INVENTION

The present invention relates to arc tubes, and
more particularly to arc tubes used in high pres-
sure metal vapor discharge lamps.

BACKGROUND OF THE INVENTION

The arc tube for a high pressure sodium (HPS)
lamp typically comprises a transiucent polycrystal-
line alumina (PCA) or ytiria tubular envelope sealed
at either end with a ceramic button fabricated from
a similar material. Passing through this button is a
feedthrough member (also referred to herein as
"inlead"”) comprising niobium. The feedthrough
member may be in the form of a tube or a wire.
The feedthrough member may further comprise
other metal additives such as, for example, zirco-
nium. The feedthrough member performs the func-
tion of electrical inlead and electrode support. The
end structure of the arc tube is hermetically sealed
by means of a frit material. Frit materials typically
comprise, oxides of calcium and alumina. Frit ma-
terials may further include oxides of barium, mag-
nesium, borom. strontium, beryllium, and/or yttrium.

Arc tubes typically are constructed in one of
three conventional designs: the monolithic design,
the hat design, or the disk design. Examples of
these three conventional designs are described and
illustrated in U.S. Patent No. 4,713,580 issued to
Schoene, which patent is hereby incorporated
herein, to the extent necessary, by reference.

The frit material used to form seals in the arc
tube of a high pressure metal vapor discharge
lamp must have a composition which does not
react with the components of the fill gas. Addition-
ally, the thermal expansion properties of the frit
material should be within certain tolerances of
those of the materials used to form the envelope ,
seal button, and feedthrough member so that the
seal formed will not crack upon thermal cycling.
For practical reasons during sealing, it is desirable
to minimize the melting point of the frit sealing
material.

High pressure metal vapor discharge lamps of
the high pressure sodium type operate at seal
temperatures of about 700" C. Although such lamp
has very high luminous efficiency, the color of the
light output is not satisfactory for many applica-
tions. Thus, there is a need to improve the color of
such HPS lamps.
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Because of the low color rendering index (CRI)
and color temperature of HPS lamps, much re-
search effort has been directed to improving the
color of the lamp light output. One technique for
improving color has been to increase the sodium
pressure of the lamp which has the effect of in-
creasing the overall CRI. Examples of this technol-
ogy for lamps with a CRI of about 60 are described
by Bhaila (J. lluminating Engineering Society, Vol.
8, pp 202-206 (1979)). These lamps only increase
the correlated color temperature of sodium lamps
from about 2100° K to about 2250° K. This small
improvement in color temperature has not been of
sufficient magnitude to compensate for other dis-
advantages associated with this technique. Thus,
the resulting lamp has not been well received in
the market.

Another approach has been to raise the sodium
pressure still further, which raises color tempera-
ture to about 2700 K, but the drop in efficacy for
such a lamp is precipitous. To increase sodium
pressure, the seal temperature must be increased.
Sealing frit materials developed for this purpose
are described in U.S. Patent 4,501,799. These frit
materials have melting temperatures in excess of
1600° C. Siich temperatures are much greater than
those of conventional sealing frit materials which
have melting temperatures of about 1250° C. Fur-
ther, the rare earth elements inciuded in these frit
materials cause these frit materials to be more
costly than standard frit materials which include
alkaline earth oxide components.

U.S. Patent No. 4,409,517 issued to Van Der
Sande et al. describes achieving improved color in
discharge lamps employing ceramic arc tubes
which include metal halide fills. To avoid the reac-
tion of the halide components of the fill with the
niobium feedthrough, Van Der Sande et al. teach
applying a halide resistant coating to that portion of
one of the upper inleads which is in contact with
the lamp fill. The coating protects the inlead from
reaction with the halide vapors.

Another technique for improving the color of
high pressure sodium discharge lamps is to include
additional radiating elements in the fill. This tech-
nique was originally described in U.S. Patent No.
3,521,108 issued to Hanneman. These lamps typi-
cally operate with seal temperatures about
1000° C. Such lamps often experience premature
failure.

One of the reasons for failure of high pressure
metal vapor discharge lamps of the high pressure
sodium type is believed to be caused by reaction
between the frit material and the sodium compo-
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nent of the lamp fill. Complete elimination of seal-
ing frit material from the arc tube assembly of such
type of lamp is disclosed as a solution to this
problem. See U.S. Patent 4,545,799, of Rhodes et
al. This patent describes assembling an arc tube
envelope made from unsintered, compressed ce-
ramic powder, an insert made from unsintered,
compressed ceramic powder, and inlead, and sin-
tering the assembly in a single step without inter-
position of any frit whatsoever. Such a process
requires both the electrodes be inserted through
the feedthrough and welded thereto and the fill be
added through the hollow inlead after the sintering
operation. Neither of these fabrication constraints is
desirable.

SUMMARY OF THE INVENTION

In accordance with the present invention, it has
been found that the performance of arc tubes used
in high pressure metal vapor discharge lamps is
improved by creating an interruption, or break in
the continuity of, the seal interface between the
feedthrough member and the frit material around
the total circumference of at least a portion of the
feedthrough member. This interruption of the feed-
through memberifrit interface inhibits, and advanta-
geously prevents, formation of a continuous path

through which fill gas contained in the arc tube can

escape from the arc tube.

In accordance with one aspect of the present
invention, there is provided an arc tube for a high
pressure metal vapor discharge lamp. The arc tube
of the present invention comprises a tubular ce-
ramic envelope, a chemical fill within said enve-
lope; a seal button at each end of said envelope,
said seal button having an aperture therethrough
for receiving a niobium feedthrough member; a
feedthrough member having an electrode projec-
ting therefrom passing through said seal button
aperture and being oriented such that the electrode
projects into said tubular ceramic envelope, said
feedthrough member being sealed into said seal
button by means of a fritless seal between said
seal button and said feedthrough; and sealing frit
material sealing said seal buttons into the ends of
said tubular ceramic envelope.

In accordance with another aspect of the
present invention, there is provided a high pressure
metal vapor discharge lamp comprising: an outer
glass envelope having electrical conductors sealed
therein and passing therethrough, each of said
electrodes being in electrical connection with an
electrical conductor; an arc tube mounted within
said outer glass envelope, said arc tube comprising
a tubular ceramic envelope, a chemical fill within
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said envelope; a seal button at each end of said
envelope, said seal bution having an aperiure
therethrough for receiving a niobium feedthrough
member; a feedthrough member having an elec-
trode projecting therefrom passing through said
seal button aperture and being oriented such that
the electrode projects into said tubular ceramic
envelope, said feedthrough member being sealed
into said seal button by means of a fritless seal
between said seal button and said feedthrough;
sealing frit material sealing said seal buttons into
the ends of said tubular ceramic envelope; and a
lamp base.

In accordance with another aspect of the
present invention, there is provided a method for
fabricating an arc tube for a high pressure metal
vapor discharge lamp. The method comprises for-
ming fritless seals between seal buttons and feed-
through members for each end of an arc tube
envelope; permanently affixing an electrode to the
feedthrough member of each fritless seal
buttonfeedthrough member assembly; sealing a
first fritless seal button/feedthrough member as-
sembly having the electrode attached thereto to
one end of the arc tube envelope using frit ma-
terial; depositing a chemicai fill into the arc tube
envelope sealed at one end; and sealing a second
frittess seal button/feedthrough member assembly
having the electrode attached thereto to the other
end of the arc tube envelope using frit material.

BRIEF DESCRIPTION OF THE DRAWINGS

in the drawings,

Figures 1-2 illustrate preferred embodiments
of the end structures of arc tubes of the present
invention.

Figure 3 illustrates an exampie of the struc-
ture of a high pressure metal vapor discharge
lamp.

For a better understanding of the present in-
vention, together with other and further objects,
advantages, and capabilities thereof, reference is
made to the following disclosure and appended
claims in connection with the above described
drawings.

DETAILED DESCRIPTION

In accordance with the present invention, it has
been found that the performance of arc tubes used
in high pressure metal vapor discharge lamps is
improved by eliminating a feedthrough member/frit
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material seal interface around the portion of the
feedthrough member periphery which passes
through the seal buiton aperture. The feedthrough
member/frit material seal interface of a conven-
tional ceramic arc tube typically extends from the
point at which the feedthrough member projects
into the arc tube to the point where the feedthrough
member projects from the seal button to the ex-
terior of the arc tube. Elimination of such continu-
ous feedthrough memberfrit material interface in
high pressure metal vapor lamps, particularly those
which operate with cold spot temperatures of at
least 900" C. inhibits, and advantageously prevents,
formation of a continuous path from the interior to
the exterior of the arc tube through which fill gas
contained in the arc tube can escape.

The present invention is directed to employing
a brazeless, fritless hermetic seal between the ce-
ramic seal buiton and feedthrough member of a
ceramic arc tube assembly.

With reference to Figure 1, there is shown, in
cross-section, the end structure of one embodiment
of the present invention. The arc tube represented
in Figure 1 is of a monolithic design. In Figure 1, a
disk shaped seal button 1 is joined to the feedth-
rough member 2 by means of a fritless seal. An
electrode 3 is attached to the feedthrough member
2 and projects into the interior of the arc tube 5.
The seal button/feedthrough assembly is sealed to
the arc tube envelope 8 by fused frit material 7.

Figure 2 illustrates, in cross-section, the end
structure of an alternative embodiment of the
present invention. The arc tube represented in Fig-
ure 2 is of a hat design. In Figure 2, a hat shaped
seal button 1 is joined to the feedthrough member
2 by means of a fritless seal. An electrode 3 is
attached to the feedthrough member 2 and projects
into the interior of the arc tube 5. The seal
button/feedthrough assembly is sealed o the arc
tube envelope 6 by fused frit material 7.

In accordance with the method of the present
invention, fritless seals are formed between the
seal buttons and feedthrough members for each
end of the arc tube envelope, an electrode is
attached to the feedthrough member of each frit-
less seal button/feedthrough member assembly.
One fritless seal button/feedthrough member as-
sembly having the electrode attached thereto is
sealed ta the arc tube envelope using frit by known
technigues. The fill material is then added to the
arc tube, and the other fritless seal
button/feedthrough member assembly having the
electrode attached thereto is sealed to the arc tube
envelope using frit material by known techniques.

The present invention represents a simplified
fabrication procedure over that described in U.S.
Patent No. 4,545,799.

The present invention advantageously facili-

15

20

25

30

35

40

45

50

55

tates easy attachment of the electrode to the feed-
through member. The electrode can be attached to
the feedthrough member following the fritless seal-
ing of the feedthrough member to the seal button
without having to insert and weld the electrode to
feedthrough member by operating through the axial
hole passing therethrough.

Additionally, the present invention permits the
fill to be added to the arc tube after sealing one
end of the arc tube and prior sealing the second
end of the arc tube envelope.

The following represents an example of a pre-
ferred method for forming a fritless seal between
the seal bufton and feedthrough member. Such
preferred method for preparing fritless ceramic seal
button/feedthrough member assemblies includes
forming a cylindrical ceramic piece to the required
green dimensions, calcining the ceramic to oxidize
the binder and provide minimal sirength, and then
high firing to near maximum density. The green
ceramic can be pressed to size or machined from
a blank after isostatical pressing. The diameter of
the hole into which the feedthrough member is
placed is chosen {o provide a predetermined inter-
ference to the free shrinkage of the ceramic. Deter-
mination of such interference is routine to one
having ordinary skill in the art. The interference
must be sufficiently large that the ceramic deforms
and conforms to the metal but not so large as to
excessively distort the shape of the end cap. The
surface of the feedthrough member is most prefer-
ably free of grooves or unevenness to which the
ceramic is unable to conform.

While the foregoing is representative of a pre-
ferred method for forming a fritless seal between
the seal button and feedthrough member, alter-
native methods for forming such type of seal are
known in the art and may be used instead.

EXAMPLE 1

The ceramic seal buttons used to seal each
end of the arc tube were joined to feedthrough
members by means of a fritless seal as shown in
FIGURE 1. The feedthrough members having
0.156" OD comprised niobium and 1 weight per-
cent zirconium and had been roughly polished to
remove major imperfections from the surfaces
thereof. The ceramic seal butions were isostatically
pressed in the form of cigars, machined to size,
and then calcined at 1350 C to burn out the 1.5%
polyvinyl alcohol and 0.5% carbowax additives
which had been added to the ceramic powder as
binders. The seal buttons were shrunk onto the
feedthrough members by firing 15 minutes at 1830-
1840° C in purified argon. The final dimensions of
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the buttons were 0.34" OD and 0.15" thickness.
The interference of the feedthrough member with
free shrinkage of the button hole was chosen to be
4%, 7%, or 10% of the green hole diameter (i.e.,
the hole diameter would have closed by an addi-
tional .008", .014", or .020" if the inlead had not
been present). The fired composition (designated
type D) of the seal buitons comprise alumina, 1.7%
percent yttria, and 0.05% magnesia. added
originally as nitrates prior to spray drying, so as to
produce a significant amount of liquid phase during
sintering of the button.

Frittess seal button/feedthrough assemblies
were sealed to both ends of four 0.350" OD arc
tubes with PF frit in the standard manner. (As used
herein "PF frit" refers to a sealing frit material
comprising, prior to sealing, 45.6% AlzOs3, 39.0%
Ca0, 8.6% Ba0, 5.2% MgO, and 1.6% B»03.) The
arc tube fill was 150 mg T1. 30 mg Cd. and 150 torr
of argon. The arc tubes were placed inside evacu-
ated quartz tubes and heated in a tube furnace so
that the seals were maintained at 945-955° C. No
leakage of fill was observed during the 1375 hours
at temperature. Four controls were run the same
way, but having the butions joined to the inlead
with PF frit, began to leak fill at an average of 120
hours and lost all their fill well before 1000 hours.

EXAMPLE 2

Hat type seal buttons, as shown in FIGURE 2,
comprising a disk portion 8 and sleeve portion 9
(also referred to herein as sleeve) were joined to
polished Nb/1% Zr inleads of 0.085" or 0.123" OD
or Nb wire of 0.040" diameter. The seal buttons
were first calcined at 1250° C for 5 hours in air and
then shrunk onto the inleads by firing 20 minutes at
1860° C in purified argon. All of the seal buttons
had 0.05" sleeves and button thickness of either
0.08" or 0.17". The interference on the inlead
ranged from 1% to 10%. The seal butions were
made not only with type D formulation but also with
a high alumina composition designated type A)
containing less than 0.1% oxides as sintering aids
and grain growth inhibitors. The fired seal button
contained 0.05% magnesia and 0.02% vyttria. Al-
lowance was made for the different shrinkage of
composition types D and A.

The fritless seal button/feedthrough member
assemblies having electrodes attached to the feed-
through members were sealed to each end of eight
0.350" OD arc tubes with PF frit and a fill of 150
mg TI, 30 mg Cd, and 20 torr of argon. The
completed arc tubes were heated as in Example 1,
except that the seal temperature was 1020° C. Four
tubes went 2290 hours and four were held 3220
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hours without any sign of leakage. A controi tube at
this same temperature began to leak its fill at 40
hours.

EXAMPLE 3

Six lamps were made_with fritless joined seal
buttons as shown in FIGURE 2. The seal buttons
used in this set of experiments were fabricated
from the aforementioned type D composition. The
dimensions of the seal buttons after firing were
0.51" OD by 0.21" thick. Three pairs of buttons
had 3% interference and three had 6% interference
on the Nb/1% Zr feedthrough member. The three
pairs of seal buttons with 3% interference were
treated as one group, and the three pairs of seal
buttons with 6% interference were treated as a
second group. The feedthrough members which
were used with two of the pairs of seal buttons in
each group were polished to remove surface
roughness. The feedthrough members used with
the other pair of seal buitons of each group were
used as manufactured. Each arc tube had a fill of
0.48 mg Na, 11.0 mg Hg, 15.4 mg Cd, 82.0 mg Ti,
and a starting pressure of 30 torr Xe. The PCA arc
tubes, of 0.405" ID, 0.485" OD, and 2.24" cavity
length, were sealed to the fritless seal
button/feedthrough member assemblies using PF
frit and a standard frit sealing procedure. The
lamps were run at 250 W and the end of the arc
tubes were insulated so that temperatures were in
the 950-1000° C range.

None of the six lamps showed any signs of
leakage of fill after 4400 hours of operation with
two onvoff cycles per day. In contrast, lamps other-
wise made the same way but with a fritted seal
between the seal button and feedthrough member
invariably began to leak by 1000 hours.

EXAMPLE 4

Seven lamps were fabricated following a proce-
dure similar to that described in Example 3, but
using different interferences or materials for the
buttons and only 0.3 mg of Na in the fill. Two
lamps were made with D type material and 1%
interference, two lamps with D material and 11%
interference, and three lamps with A type material
and 2% interference. The 11% interference caused
a bulge in the button, which was then ground flat
for sealing to the arc tube. These lamps have
lasted 1500 hours without any leakage of fill from
arc tube to the outer jacket.
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EXAMPLE 5

A lamp was made using hat seal buttons fab-
ricated from the aforementioned type D composi-
tion. These seal buttons were joined to 0.085"
feedthrough members. Seal buttons having a
length of 0.11" were used. These seal button
sleeves stopped short of the weld between feedth-
rough member and the tungsten rod supporting the
electrode. This lamp lasted over 1000 hours with-
out leakage, whereas a control lamp with fritted
seal button: feedthrough member seal lost suffi-
cient fill by 500 hours to plate the jacket of the
lamp with an opaque metallic film.

When seal buttons are used with longer
sleeves, the sleeve has a tendency to develop
radiall cracks which lead to early failures. Short
sleeves, such as were used in Example 2 present
no problems. Care must be taken when the sleeve
is longer as in this example. Resistance {o cracking
was shown by many experiments to be a function
of sleeve diameter, feedthrough member diameter,
sleeve length, and feedthrough member straight-
ness. Ideally the sleeve should have a thick aspect
ratic and small interference on the feedthrough
member.

Other geometries which aiso employ direct (or
fritless) bonding of a seal button to the feedthrough
member and fritting of this assembly to the arc
tube would be considered within the teaching of
the. present invention. An example of this is the
frittess sealing of a disk shaped seal button to a
feedthrough member, which fritless assembly is
sealed with frit material directly into a straight arc
tube. This teaching would also apply to sealing of
such an assembly to any ceramic piece for the
purpose of making a hermetic feedthrough.

The ceramic seal button used in the present
invention is preferably composed of maierial resis-
tant to reaction with the feedthrough member, in
particular, reduction of any of its components, so
that fill does not have a pathway along the feedth-
rough member surface to the exterior.

The arc fube of the present invention can be
used in high pressure metal vapor discharge lamps
of the high pressure sodium type, or of the high
pressure mixed metal vapor type. The details of
the canstruction of these various types of lamps
are well known to the artisan having ordinary skill in
the lighting art.

FIG. 3 illustrates an example of a high pressure
metal. vapor discharge lamp of the high pressure
sodium type to which the invention is applicable.
The lamp 51 comprises an arc tube 59 supported
within- an evacuated outer viireous glass envelope
52, for example, borosilicate glass, having means
far electrically coupling the lamp with a power
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source (not shown), such as a lamp base 53 with a
terminal 54. Electrical conductors 62, 63 are sealed
within and pass through the outer envelope to
provide electrical connections from the interior to
the exterior of the glass envelope. The arc tube 59
containing a fill comprising sodium, mercury, and a
rare gas is supported within the outer envelope 52
by support means 58 such as a a metallic frame in
a well known manner. The rare gas acts as a
starting gas and the mercury acts as a buffer gas
to raise the gas pressure and operating voltage of
the lamp to a practical level. Heat conserving
means 55, 56, may be wrapped about the arc tube
59 at each end thereof in the vicinity of the elec-
trodes (not shown), in order to reduce the heat
differential thereat from the center of the arc fube.

Each end of the arc tube includes a fritless
seal between the seal button and the feedthrough
member according to the present invention.

The seal between the fritless seal
button/feedthrough member assembly having an
electrode attached to the feedthrough member is
formed from seal means comprising fused seal
material, such as melted (or fused) glass ceramic
frit.

The sealing frit materiai can be any of the
sealing frit materials typically used in the fabrica-
tion of arc tubes for high pressure sodium vapor
discharge lamps, such as, for example, an alkaline-
earth based seal material including Al2O3, CaO and
BaO with replacements or additions of SrO, Y03,
LazQa, MgO, and/or B;0s.

A high pressure metal vapor discharge lamp in
accordance with an embodiment of the present
invention may be of a saturated or unsaturated
vapor type. The amounts of sodium and mercury
required to dose either saturated or unsaturated
type high pressure sodium lamps are known to
those skilled in the art.

Most high pressure metal vapor discharge
lamps can operate in any position. The burning
position has no significant effect on light ouiputs. A
high pressure sodium discharge lamp may further
include diffuse coatings on the inside of the outer
bulb to increase source luminous size or reduce
source luminance. The outer envelope may further
include getters, 60, 61.

While there has been shown and described
what are considered preferred embodiments of the
present invention, it will be obvious to those skilled
in the art that various changes and modifications
may be made therein without departing from the
invention as defined by the appended claims.
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Claims

1. An arc tube for a high pressure metal vapor

discharge lamp, said arc tube comprising:

a tubular ceramic envelope;

a chemical fill within said envelope;

a seal button at each end of said envelope, said
seal bution having an aperture therethrough for
receiving a feedthrough member;

a feedthrough member having an electrode projec-
ting therefrom passing through said seal button
aperture and being oriented such that the electrode
projects into said tubular ceramic envelope, said
feedthrough member being sealed into said seal
button by means of a fritless seal between said
seal button and said feedthrough;

and sealing frit material sealing said seal buttons
into the ends of said tubular ceramic envelope.

2. An arc tube in accordance with Claim 1
wherein said fill comprises sodium, mercury, and a
starting gas.

3. An arc tube in accordance with Claim 1
wherein said fill comprises sodium, mercury, a
starting gas, and elemental radiating species.

4, An arc tube in accordance with Claim 1
wherein said fill comprises mercury, metal halide
additives, and a starting gas.

5. An arc tube in accordance with Claim 2
wherein said frit material comprises, prior to seal-
ing, Al03, Ca0, BaO, MgO, and B,0s.

8. An arc iube in accordance with Claim 5
wherein said frit material comprises, prior to seal-
ing, 45.6% Al20Qs;, 39.0% Ca0, 86% BaO, 52%
MgO, and 1.6% B20s.

7. An arc tube in accordance with Claim 2
wherein said frit material comprises, prior to seal-
ing, Al203, Ca0, and BaO.

8. An arc tube in accordance with Claim 7
wherein said frit material comprises, prior to seal-
ing, 47.0% Al;Q3, 37.0% Ca0, and 16.0% BaO.

9. A high pressure metal vapor discharge lamp
comprising:
an outer glass envelope having electrical conduc-
tors sealed therein and passing therethrough, each
of said electrodes being in electrical connection
with an electrical conductor;
an arc tube mounted within said outer glass en-
velope, said arc tube comprising:

a tubular ceramic envelope;

a chemical fill within said envelope;

a seal button at each end of said envelope, said
seal button having an aperture therethrough for
receiving a feadthrough member;

a feedthrough member having an electrode projec-
ting therefrom passing through said seal button
aperture and being oriented such that the electrode
projects into said tubular ceramic envelope, said
feedthrough member being sealed into said seal
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button by means of a fritless seal between said
seal button and said feedthrough; and sealing frit
material sealing said seal buttons into the ends of
said tubular ceramic envelope; and

a lamp base.

10. A method for fabricating an arc tube for a
high pressure metal vapor discharge lamp, said
method comprising:
forming fritless seals between seal buttons and
feedthrough members for each end of an arc {ube
envelope;
permanently affixing an electrode to the feedth-
rough member of each frittess  seal
button/feedthrough member assembly;
sealing a first fritless seal button/feedthrough mem-
ber assembly having the electrode attached thereto
to one end of the arc tube envelope using frit
material;
depositing a chemical fill into the arc tube envelope
sealed at one end; and
sealing a second fritless seal button/feedthrough
member assembly having the electrode attached
thereto to the other end of the arc tube envelope
using frit material.
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