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@ Quartz lamp envelope with molybdenum foil having oxidation-resistant surface formed by ion

implantation.

@ A quartz lamp envelope (12) includes a press
seal (22), at least one molybdenum foii feedthrough
(24,30) extending through the press seal (22) to the
lamp interior, and an external electrical lead (26,32)
connected to the molybdenum foil. The molybdenum
foil has an oxidation-inhibiting material, such as chro-
N mium, aluminium and combinations thereof, embed-
ded in a surface layer thereof by ion implantation.
@\ The electrical lead has an oxidation-inhibiting coat-
Qing, such as silicon carbide, silicon nitride and com-
binations thereof, formed by plasma-enhanced
L chemical vapor deposition. Alternatively, the elec-
PMNtrical lead can have an oxidation-inhibiting material
embedded in a surface layer thereof by ion im-
& planiation.
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QUARTZ LAMP ENVELOPE WITH MOLYBDENUM FOIL HAVING OXIDATION-RESISTANT SURFACE
FORMED BY ION IMPLANTATION

This invention relates to electric lamps that
utilize quartz lamp envelopes and, more particu-
larly, to quartz lamp envelopes that utilize molyb-
denum components which are treated to inhibit
oxidation.

Quartz is commonly used as a lamp envelope
material in metal halide lamps and tungsten halo-
gen incandescent lamps. The quartz envelope de-
fines a sealed lamp interior containing a filament or
discharge electrodes and a suitable chemical fill.
Electrical energy is supplied to the filament or to
the electrodes by means of slectrical feedthroughs
which pass through the lamp envelope and are
hermetically sealed to the quartz. It is critical to
lamp operation that the seal remain intact through-
out the life of the lamp.

[t has been customary in quartz lamp enve-
lopes to utilize a feedthrough configuration includ-
ing a molybdenum ribbon, or foil, which passes
through a press or pinch seal region of the quartz
envelope. The molybdenum foil is sufficiently wide
to conduct the required lamp current and is ex-
tremely thin. Since the molybdenum foil is very
thin, its thermal expansion is exiremely small.
Thus, the probability of seal failure due to differen-
tial thermal expansion is small. In a conventional
design, the quartz is press sealed to the molyb-
denum foil, and a molybdenum electrical lead is
welded to the external end of the foil.

The molybdenum foil and the molybdenum
electrical lead have a tendency to oxidize to form
MoO, and Mo0QO; molybdenum oxides. The molyb-
denum oxides initially form on the external elec-
trical leads. The oxidation then progresses to the
molybdenum foil and causes a significant amount
of stress on the press seal. The stress is evident
from Newton rings which appear at the point at
which the leads are welded to the molybdenum foil.
Eventually, the quartz press seal cracks, thereby
causing the lamp to fail.

Various techniques have been utilized to limit
molybdenum oxidation. One technique involves the
deposition of a low melting glass frit at the end of
the press seal where the slectrical leads enter the
press seal. The frit is intended to melt when the
lamp is operating, thereby preventing oxidation
from moving up the lead to the press seal. Occa-
sionally, the frit melts and runs into the lamp sock-
et, thereby causing additional problems. A high
temperature melting glass frit has also been uti-
lized. Neither frit is well suited for production and
only slows the process of oxidation without stop-
ping it.

In another prior technique, chromium is depos-
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ited on the molybdenum in a very high temperature
pack cementation process. This is a very dan-
gerous and inconvenient process. Pure hydrogen is
passed through a tube furnace at 1200° C to initiate
a reaction. The yield is very low, and devices are
often damaged.

Various thin film coatings have been tried on
the molybdenum with very littlle success. A major
reason for the lack of success is that a coating of
almost any thickness on the molybdenum foil
causes added stress to the press seal and almost
always leaves a path for oxidation to occur. Most
coatings cannot withstand the temperatures en-
countered during fabrication of the quartz press
seal. Many coatings melt or become uneven during
operation and leave areas of exposed molybdenum
which can become oxidized. Coatings can be used
on the external electrical leads, since these leads
do not form a hermetic seal with the quartz.

It is a general object of the present invention to
provide improved quartz lamp assemblies.

It is another object of the present invention to
provide quartz lamp assemblies having reliable,
long-life press seals.

It is a further object of the present invention to
provide quartz lamp assemblies with feedthrough
components having oxidation-resistant surfaces.

It is still another object of the present invention
to provide quariz lamp assemblies having
oxidation-resistant molybdenum feedthrough foils.

It is yet another object of the present invention
to provide quartz lamp assemblies with external
molybdenum electrical leads having oxidation-re-
sistant surfaces.

According to the present invention, these and
other objects and advantages are achieved in a
lamp assembly comprising a quartz lamp enveiope
that encloses a sealed lamp interior, the lamp en-
velope including a press seal, and at least one
molybdenum foil electrical feedthrough extending
through the press seal to the lamp interior. The
molybdenum foil has an oxidation-inhibiting ma-
terial embedded in a surface layer thereof.

Preferably the oxidation-inhibiting material is
applied to the molybdenum foil feedthrough by ion
implantation. The oxidation-inhibiting material can
be selected from the group consisting of chro-
mium, aluminum, silicon, titanium, tantalum, pal-
jadium and combinations of these elements. Pre-
ferred materials include chromium and aluminum.
The thickness of the surface layer is typically in the
range of about 20 to 100 angstroms.

The lamp assembly typically includes an exter-
nal molybdenum electrical lead connected to the



3 EP 0 375 402 A2 4

molybdenum foil. In accordance with another as-
pect of the invention, the electrical lead has an
oxidation-inhibiting coating thereon. The oxidation-
inhibiting coating is preferably formed by plasma-
enhanced chemical vapor deposition. Preferred
materials inciude silicon carbide, silicon nitride and
combinations thereof. Since the molybdenum elec-
trical lead does not extend into the press seal, the
added thickness is not detrimental to seal integrity.

According to yet another aspect of the present
invention, the electrical lead has an oxidation-inhib-
iting material embedded into a surface layer there-
of. The surface layer can be formed by ion im-
plantation of the materials identified above in con-
nection with the treatment of the molybdenum foil
feedthrough.

According to yet another aspect of the inven-
tion, a method for making a lamp assembly com-
prises the steps of ion implanting an oxidation-
inhibiting material into a surface layer of a molyb-
denum foil strip, and sealing the molybdenum foil
strip into a press seal of a quartz lamp envelope to
form an electrical feedthrough to a sealed lamp
interior. The method preferably includes the addi-
tional steps of forming an oxidation-inhibiting coat-
ing on an external electrical lead by plasma-en-
hanced chemical vapor deposition and attaching
the coated electrical lead to the molybdenum foil
strip.

For a better understanding of the present in-
vention, together with other and further objects,
advantages and capabilities thereof, reference is
made to the accompanying drawings which are
incorporated herein by reference and in which:

FIG. 1 is an elevational view of a tungsten
halogen incandescent lamp utilizing a quartz lamp
envelope and molybdenum foil for electrical feedth-
roughs; and

FIG. 2 is an elevational view of a metal
halide arc discharge lamp utilizing molybdenum foil
electrical feedthroughs.

A quartz lamp assembly in accordance with the
present invention is shown in FIG. 1. A lamp as-
sembly 10 includes a quartz lamp envelope 12
which encloses a sealed lamp interior 14. An in-
candescent filament 16 is mounted within the lamp
interior 14 and is connected to electrical feedth-
roughs 18 and 20 which extend through a press
seal region 22 of the lamp envelope 12 for connec-
tion to an external source of electrical energy. The
feedthrough 18 includes a molybdenum ribbon, or
foil, 24 and a molybdenum elecirical lead 26. The
feedthrough 20 includes a molybdenum foil 30 and
a molybdenum electrical lead 32. The elecirical
leads 26 and 32 are typically weided to moiyb-
denum foils 24 and 30, respectively. Opposite ends
of filament 16 are electrically connected to foils 24
and 30. The quartz of the lamp envelope 12 is
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sealed to foils 24 and 30 using a conventional
press seal process so that the lamp interior 14 is
isolated from the external environment.

A metal halide discharge lamp utilizing a quartz
lamp envelope is shown in FIG. 2. A generally
cylindrical quartz lamp envelope 40 includes press
seals 42 and 44 at opposite ends thereof. Dis-
charge electrodes 46 and 48 are coupled by elec-
trode rods 50 and 52 to molybdenum foils 54 and
56, respectively. Molybdenum electrical leads 58
and 60, which are coupled to molybdenum foils 54
and 56, respectively, provide means for connection
of the electrodes to an external electrical source.
The molybdenum foils 54 and 56 are located in
press seals 42 and 44, respectively.

It will be understood that quartz lamp assem-
blies can have various sizes, shapes and electrode
or filament configurations. However, a common fea-
ture is a press or pinch seal with a molybdenum
foil which acts as an electrical feedthrough. The
width of the molybdenum foil is selected to carry
the lamp operating current; and the thickness of
the molybdenum foil is typically about 0.013-inch.

An oxidation-inhibiting material is preferably
embedded in a surface layer of molybdenum foils
24, 30, 54, 56. The oxidation-inhibiting material is
embedded in the surface of the molydenum rather
than forming a separate coating or surface layer.
Therefore, the oxidation-ihibiting material does nct
increase the thickness of the molybdenum foils. As
noted hereinabove, an increase in thickness is det-
rimental to seal integrity since it increases the
probability of cracking caused by differential ther-
mal expansion.

Preferably, the oxidation-inhibiting material is
embedded in the surface layer of the molybdenum
foils by ion implantation. lon implantation is a well-
known technique for introducing impurities into a
bulk material such as a semiconductor or a metal.
A beam of ions is generated in a source and is
directed with varying degrees of acceleration to-
ward the target. The momentum of the ions causes
them to be embedded in the material of the target.
The depth of penetration depends on the energy of
the ions. An important advantage of ion implanta-
tion is that the ions of the oxidation-inhibiting ma-
terial penetrate into the bulk of the molybdenum
and do not increase its thickness.

Suitabie oxidation-inhibiting materials include
chromium, aluminum, silicon, titanium, tantalum,
palladium and combinations of those metais. Pre-
ferred materials include chromium, aluminum and
combinations thereof. Preferably, the surface layer
in which the oxidation-inhibiting material is embed-
ded has a thickness in the range of about 20 to
100 angstroms. The ion energy during implantation
is selected to achieve the desired surface layer
thickness. In an example of the fon implantation
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procedure, chromium ions are embedded into the
molybdenum foil at an energy of 50 KeV and a
dose of 1 x 10¥/cm?2 Quariz press seals with
molybdenum ribbons treated with chromium and
aluminum have remained unchanged for over 100
hours at 650° C, while untreated control foils failed
at an average of 5 to 10 hours. A press seal is
considered to have failed when a crack forms
through the seal.

The molybdenum slectrical leads 26, 32, 58,
60 that are attached to the external ends of the
molybdenum foils can be provided with an
oxidation-inhibiting surface layer using ion implan-
tation in the same manner described hereinabove
in connection with the molybdenum foils. It is im-
portant to provide oxidation-resistant surfaces on
the electrical leads 26, 32, 58 and 80 even though
the leads are outside the press seal, since oxida-
tion progresses along the leads to the press seal,
thereby causing seal failure.

in providing an oxidation-inhibiting surface on
the electrical leads 26, 32, 58, 60, it is not neces-
sary to maintain a constant dimension since the
electrical leads are outside the seal region. In ac-
cordance with a further important aspect of the
invention, an oxidation-inhibiting coating is applied
to the molybdenum electrical leads by plasma-
enhanced chemical vapor deposition (PECVD).
PECVD is a known process in which a coating is
deposited on the surface of a substrate by means
of a plasma. The thickness of the coating is deter-
mined by the deposition time, and the composition
is determined by the plasma composition. One
advantage of the PECVD process is that the coat-
ing is uniformly applied to the surface of the elec-
trical leads.

Suitable materials for PECVD coating of molyb-
denum electrical leads include silicon carbide and
silicon nitride. Preferably, the oxidation-inhibiting
coating has a thickness in the range of about 50 to
1000 angstroms. The preferred coating is silicon
carbide. Silicon carbide coating of components by
PECVD can be obtained from Spire Corporation of
Bedford, Massachusetts. Molybdenum samples
coated with silicon carbide have withstood tem-
peratures up {o 700° C in air for over 150 hours
without any change, while untreated control sam-
ples of molybdenum last for only one hour under
the same conditions before oxidizing.

in a preferred embodiment of the lamp assem-
bly, the quartz lamp envelope is fabricated with
molybdenum foils that are ion implanted with chro-
mium, aluminum or combinations thereof to a
depth of 20 to 100 angstroms. The molybdenum
elecirical leads have a coating of silicon carbide
deposited by PECVD. This combination provides
very high resistance to oxidation and does not
require changes in the lamp production process.
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The oxidation-inhibiting materials are applied to the
foils and to the electrical leads prior to the lamp
assembly process. Oxidation of the molybdenum
lamp components is significantly reduced, thereby
allowing the lamp to have a much longer life with
considerably fewer failures caused by molybdenum
oxidation.

While there has been shown and described
what is at present considered the preferred em-
bodiments of the present invention, it will be ob-
vious to those skilled in the art that various
changes and modifications may be made therein
without departing from the scope of the invention
as defined by the appended claims.

Claims

1. A lamp assembly comprising:

a quartz lamp envelope that encloses a sealed
lamp interior, said lamp envelope including a press
seal; and

at least one conductive foil electrical feedthrough
extending through said press seal to said lamp
interior, said conductive foil having an oxidation-
inhibiting material embedded in a surface layer
thereof.

2. A lamp assembly as defined in Claim 1,
further including an external electrical lead con-
nected to said conductive foil, said electrical lead
having an oxidation-inhibiting coating thereon or an
oxidation inhibiting material embedded in a surface
layer thereof.

3. A lamp assembly as defined in Claim 1 or 2,
wherein said oxidation-inhibiting material is chro-
mium, aluminium, silicon, titanium, tantalum, pal-
ladium or a combination of two or more thereof.

4, A lamp assembly as defined in Claim 3,
wherein said oxidation-inhibiting material comprises
chromium.

5. A lamp assembly as defined in Claim 3,
wherein said oxidation-inhibiting material comprises
aluminium.

8. A lamp assembly as defined in any one of
Claims 1 - 5, wherein said oxidation-inhibiting ma-
terial is embedded in the surface layer of said foil
or said electrical lead by ion implantation.

7. A lamp assembly as defined in any one of
Claims 1 - 6, wherein said surface layer has a
thickness in the range of about 20 to 100 ang-
stroms.

8. A lamp assembly as defined in any one of
Claims 1 - 7, further including an incandescent
filament located in said lamp interior and coupled
to said foil.

9. A lamp assembly as defined in any one of
Claims 1 - 7, further including a discharge elec-
trode located in said lamp interior and coupled to
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said foil.

10. A lamp assembly as defined in Claim 2 or
any one of Claims 3 - 9 as appended thereto,
wherein said oxidation-inhibiting coating is applied
to said electrical lead by plasma-enhanced chemi- 5
cal vapor deposition.

11. A lamp assembly as defined in Claim 2 or
any one of Claims 3 - 10 as appended thereto,
wherein said oxidation-inhibiting coating is silicon
carbide, silicon nitride or a combination thereof. 10

12. A lamp assembly as defined in Claim 2 or
any one of Claims 3 - 11 as appended thereto,
wherein said oxidation-inhibiting coating has a
thickness in the range of about 50 to 1000 ang-
stroms. 15

13. A lamp assembly as defined in any one of
Claims 1 - 12, wherein said conductive foil and/or
said electrical iead comprises molybdenum.

14, A method of making a lamp assembly
comprising the steps of: 20
jon implanting an oxidation-inhibiting material into a
surface layer of a molybdenum foil strip; and
sealing the molybdenum foil strip into a press seal
of a quartz lamp envelope to form an electrical
feedthrough to a sealed lamp interior. 25

15. A method of making a lamp assembly as
defined in Claim 14, wherein the step of ion im-
planting includes the step of ion implanting chro-
mium, aluminium or a mixture thereof into the
surface layer of said molybdenum foil strip. 30

16. A method of making a lamp assembly as
defined in Claim 14 or 15, further including the
steps of
forming an oxidation-inhibiting coating on an exter-
nal electrical lead by plasma-enhanced chemical 35
vapor deposition, and
attaching the coated electrical lead to said molyb-
denum foil strip.

17. A method of making a lamp assembly as
defined in Claim 14 or 15, further including the 40
steps of
jon implanting an oxidation-inhibiting matertal into a
surface layer of an external electrical lead, and
attaching the electrical lead to said molybdenum
foil strip. 45
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