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RELATED PATENT APPLICATION

European Patent Application Serial No.
(Attorney Docket LD10,104) filed concur-
rently herewith for "Metal Halide Lamp" discloses a
metal halide lamp employing discharge electrode
means exercising more effective thermal manage-
ment of mercury condensation within the lamp arc
tube.

BACKGROUND OF THE INVENTION

This invention relates generally to means enabl-
ing improved light output from a metal halide dis-
charge lamp and more particularly to achieving the
improvement with heat sink means which regulate
mercury condensation within the lamp arc tube in a
distinctive manner.

Various metal halide discharge lamps commonly
employ a fused quartz arc tube as the light source by
reason of the refractory nature and optical transpa-
rency of this ceramic material. In such type lamps the
arc tube generally comprises a sealed envelope for-
med with fused quartz tubing with discharge elec-
trodes being hermetically sealed therein. A typical arc
tube construction hermetically seals a pair of dis-
charge electrodes at opposite ends of the sealed
envelope although it is also known to have both elec-
trodes being sealed at the same end of the arc tube.
The sealed arc tube further contains a fill of various
metal substances which become vaporized during the
discharge operation. The fill includes mercury,
sodium and metal halides along with one or more inert
gases such as krypton, argon and xenon. Operation
of such metal vapor discharge lamps can be carried
out with various already known lamp ballast circuits
employing either alternating current or direct current
power sources.

For rapid sustained illumination with metal halide
lamps, such as a xenon-metal halide lamp, a perform-
ance requirement now exists for at least fifty percent
of the steady state light output to be reached within
0.75 seconds from the moment of lamp start-up. The
prior art lamps experience significant light loss during
start-up when the xenon discharge illumination is
either absorbed or scattered by mercury which con-
denses upon the arc tube walls when first vaporized
from the discharge electrodes. A "light hole" thereby
results between the xenon illumination and less rapid
illumination being produced by vaporization and ioni-
zation of the mercury and other metal ingredients
further contained in the arc tube. By minimizing the
light hole in these prior art lamps, a more sustained or
continuous source of illumination is thereby provided.

Improved discharge electrode means are dis-
closed in the above referenced application (Attorney
Docket LD10,104) to minimize occurrence of a light
hole during lamp start and restart. A particular combi-
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nation of anode and cathode means is therein dis-
closed significantly reducing the rate and maximum
accumulation of mercury condensate on the arc tube
wallls during lamp start-up. Such improvement results
from thermally managing mercury condensation dur-
ing lamp cool-down so that condensation takes place
adjacent the electrode means. More mercury is
caused to condense at the anode end of the arc tube
than condenses at the cathode end of the arc tube.
Subsequent vaporization of condensed mercury from
the anode means is also retarded during lamp restart.
The cathode means have a dissimilar structural con-
figuration relative to the anode means so as to exhibit
a more rapid heating rate than the anode means dur-
ing lamp start-up while further exhibiting a less rapid
cooling rate than the anode means during lamp cool-
down.

It is desired that further efficiency promoting
means be provided to reduce light loss in a metal
halide lamp. It is also desired to provide a metal halide
lamp wherein condensed mercury is ionized without
significant redeposition on the arc tube walls. In addi-
tion, it is desired to provide means enabling more
rapid ionization of condensed mercury in a metal
halide lamp.

Accordingly, it is an object of the present inven-
tion to provide means whereby metal halide lamps
experience less light loss during start-up.

Another object of the present invention to provide
an improved metal halide lamp employing a fused
quartz arc tube as the light source which includes
means for improved control of mercury condensation
on the arc tube walls.

It is a still further object of the present invention
to provide an improved automotive headlamp employ-
ing a metal halide lamp as the light source which
experiences less light loss during start-up.

These and other objects of the present invention
will become apparent upon considering the following
more detailed description.

SUMMARY OF THE INVENTION

We have now found that heat sink means physi-
cally engaging the arc tube of a metal halide lamp in
a particular manner reduces the above defined light
hole problem. More particularly, the light hole is
reduced according to the present invention with exter-
nal heat sink means physically engaging an arc tube
wall intermediate the discharge electrodes adjacent
the hot spot region of the arc tube. Mercury conden-
ses selectively on the inner arc tube wall adjacent the
heat sink location during lamp cool down. Having the
mercury condensate largely limited to the hot spot
region of the arc tube by these means causes a more
rapid rate of mercury discharge illumination when the
lamp is subsequently restarted. Since less mercury
has condensed on the discharge electrodes during
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lamp cool-down, there is less likelihood of causing the
light hole with relatively instant mercury vaporization
from the electrodes. Light loss caused by mercury
recondensation on the present arc tube walls during
restart should also be less. A slower heating of the arc
tube wall at the heat sink location relative to adjoining
arc tube walls will impede mercury recondensation on
the hotter wall locations. Accordingly thermal man-
agement of mercury condensation in the arc tube pro-
ceeds in a distinctive manner during lamp cool-down
and restart. The present heat sink means causes mer-
cury to be condensed at a new location during lamp
cool-down where it can be vaporized more readily dur-
ing lamp restart while also causing the vaporized mer-
cury to be less subject to recondensation elsewhere
on the arc tube walls.

A suitable heat sink member for this purpose can
be formed with a variety of heat-conductive solids to
include metals such as copper and aluminum as well
as ceramic compositions such as silicon carbide and
aluminum nitride. Metal containing ceramic compo-
sitions such as alumina filled with heat-conductive
metal particulates are also deemed useful construc-
tion materials for the present heat sink member. Cor-
respondingly, a suitable heat sink member can have
various physical configurations to include a heat-con-
ductive metal element that is either maintained in
physical contact with a wall of the arc tube member
during lamp operation or bonded thereto with a refrac-
tory ceramic material. Alternately, a suitable heat sink
construction for joinder to the arc tube wall can com-
prise a hollow fused quartz element containing a heat-
conductive metal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view depicting an arc tube for a
metal halide lamp which incorporates heat sink
means according to the present invention.

FIG. 2 is a graph illustrating the start-up mode of
operation for the improved arc tube of FIG. 1 as com-
pared with prior art arc tubes .

FIG. 3 is a side view depicting a different physical
configuration for a modified arc tube according to the
present invention.

FIG. 4 is a perspective view depicting an automo-
tive headlamp incorporating the quartz arc tube of
FIG. 3 oriented horizontally..

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to the drawings, FIG. 1 depicts a typical
fused quartz arc tube construction 10 employing heat
sink means according to the present invention. As
shown in the drawing, the arc tube 10 has a double-
ended configuration with an elongated hollow body 12
shaped to provide neck sections 14 and 16 at each

10

15

20

25

30

35

40

45

50

55

end of a bulbous shaped central portion 18. Central
portion 18 can have a typical overall length in the
range from about five millimeters to about fifteen mil-
limeters with a mid-point outer diameter from about
three to about ten millimeters. Wall portions 20 and 22
of the hollow quartz body 12 hermetically seal a pair
of electrodes 24 and 26 at opposite ends of the bulb-
ous mid-portion 18 which care separated from each
other by a predetermined distance in the range of
about two to about four millimeters. A single-ended
arc tube configuration is also contemplated in accord-
ance with the present invention wherein both elec-
trodes are disposed at the same end of the arc tube
and separated from each other by a predetermined
spacing. Electrodes 24 and 26 both comprise rod-like
members formed with a refractory metal such as tung-
sten or tungsten alloys and are configured to be of the
same physical size when operated with an alternating
current power source while generally being of dissimi-
lar size when operated with a direct current power
source. The electrode members are also of the
already known spot-mode type so as to develop a
thermionic arc condition within the arc tube 10 in a
substantially instantaneous manner. Both electrodes
24 and 26 are hermetically sealed within the quartz
envelope 12 with thin refractory metal foil elements 28
and 30 that are further connected to outer lead wire
conductor 32 and 34, respectively. A fill (not shown)
of xenon, mercury and a metal halide is further con-
tained within the sealed cavity 18 of the quartz
envelope . Refractory metal coils 36 and 38 serve
only to centrally position the electrode members atthe
ends of the sealed arc tube envelope.

Arc tube 10 still further includes a heat sink mem-
ber 40 secured to the outer surface of the arc tube top
wall 20. As can be seen in the drawing, heat sink
member 40 is positioned approximately midway be-
tween the spaced-apart electrodes 24 and 26 so as to
coincide with the hot spot region of the arc tube during
lamp operation. The heat sink member may comprise
a short length of quartz tubing 42 either heat sealed
or adhesively bonded with a refractory ceramic ma-
terial (not shown) directly to the arc tube wall and con-
tains a fill of heat-conductive metal 44, such as
aluminum, in the hollow cavity 46. The heat being con-
ductively removed through the walls of arc tube 10 by
such heat sink means causes mercury to be selec-
tively condensed within the arc tube when lamp oper-
ation is suspended. More particularly, the mercury
condensation will now be primarily limited within the
arc tube cavity 18 to only that region adjacent to heat
sink member 40 rather than occurring throughout the
inner walls of the arc tube cavity.

The graph in FIG. 2 illustrates performance
characteristics for a 30 watt size instant light xenon-
metal halide lamp and shows the effectiveness of the
present improvement.Curve 50 represents light out-
put measurements for such a lamp employing the
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heat sink means of the present invention. The lamp
contained a a xenon fill pressure of approximately four
atmospheres. Curve 52 represents comparable
measurements for such a lamp without the present
heat sink means. As can be noted from a comparison
of curves 50 and 52, both lamps achieved an almost
immediate xenon light peak at the instant of lamp
start-up. Light output for the lamp without the present
heat sink means (curve 52) displayed the light loss
previously described. The lamp does supply the fifty
percent of the steady state illumination required by
such a lamp within 0.75 second from lamp start-up at
a starting current value of approximately 5.5 amperes
during the test measurement period. However, the
light loss experienced during start-up with a lamp con-
struction according to the present invention (curve 50)
is reduced, such that the lamp meets the desired per-
formance standard by a greater margin. These results
clearly show that use of the heat sink reduces the light
hole effect and would obviously help lamps that did
not meet the start-up specification to meet it. After
start-up, a constant steady state light output is
achieved under lamp operating conditions wherein
the lamp current is exponentially reduced to a pre-
determined steady state value with the lamp elec-
trodes being maintained in a temperature range from
about 2200°C up to about the melting point of the ref-
ractory metal selected for electrode construction in
order to sustain the arc discharge.

As previously indicated, it is not essential for the
heat sink member to be actually fastened to the arc
tube for effective heat removal therefrom during lamp
operation. It is only necessary that physical contact be
maintained therebetween for the desired heat
removal to occur. An alternative arrangement is par-
ticularly suitable in lamp units wherein the quartz arc
tube is physically suspended within outer housing
means, such as within a reflector member. The reflec-
tor enables the heat sink member to be supported the-
rein so as to provide the required heat transfer
cooperation between the heat sink and arc tube mem-
bers. An automotive headlamp unit employing such
alternative construction is further described with refer-
ence to FIGS.3 and 4.

FIG. 3 depicts an arc tube assembly 60 wherein
the arc tube member 62 physically engages a metal
foil heat sink member 64 so as to enable the desired
heat transfer cooperation therebetween. As can be
seen in the drawing, heat sink member 64 is construc-
ted of a spring-like heat-conductive metal bentina U
shape with extending arms 66 and 68. Arm 66 enables
the heat sink member to be physically attached to
support means of a lamp unit (not shown) whereas
arm 68 exerts a mechanical spring force downward
when physically engaged with the upper wall exterior
surface of arc tube member 62. A further curved sec-
tion 70 in arm 68 conforms to the curved exterior wall
of the arc tube 62 to help increase the effective heat
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transfer area between the heat sink and arc tube. As
can be further seen in FIG. 3, fused quartz arc tube
62 employs the same double-ended configuration
hereinbefore described. Accordingly, said arc tube
includes a pair of spot-mode type discharge elec-
trodes 72 and 74 hermetically sealed within respec-
tive neck portions 76 and 78 of the hollow quartz
envelope at opposite ends of a bulbous central cavity
80. The discharge electrodes are connected at the
outer ends to refractory metal foil elements 82 and 84
with the seal elements being then connected to res-
pective outer lead conductors 86 and 88. A fill (not
shown) of xenon, mercury and a metal halide is con-
tained within the bulbous central cavity 80. Placement
of heat sink member 64 between the spaced-apart
discharge electrodes 72 and 74 of the arc tube 62 at
the top wall surface where the hot spot occurs enables
maximum heat removal to be achieved. Desirably, the
mass of the heat sink member substantially exceeds
the quartz mass in the arc tube member.

An additional evaluation was conducted with arc
tube 62 wherein the heat sink member 64 was formed
with a copper metal block. The arc tube was operated
with a direct current power source enabling spot mode
ignition of the discharge electrodes at a starting cur-
rent level of approximately 5.5 amperes. Light output
of the tested arc tube substantially increased from the
moment of lamp start-up and thereafter was main-
tained at a relatively steady state value. In conducting
the test measurements, the arc tube was starter with
the heat sink member in place and run for approxim-
ately one minute after which the power was turned off
and the arc tube allowed to cool for approximately fif-
teen minutes. The heat sink member was then
removed from physical contact with the top wall sur-
face of the arc tube in order to visually observe where
mercury had condensed within the arc tube cavity.
Mercury was found to have condensed on the top walll
inner surface of the arc tube in a region primarily
limited to the former location of the heat sink. It follows
from these results that light loss is significantly
reduced during lamp start-up when mercury conden-
sation can be effectively directed to a limited region of
the arc tube walls with the present heat sink means.

A similar evaluation was conducted for a ceramic
heat sink member formed with a silicon carbide block.
Such evaluation consisted of visually observing the
location of mercury condensation within the same arc
tube member evaluated in the immediately preceding
embodiment when operated with the silicon carbide
block in place. Under the same lamp operating condi-
tions, it was observed that mercury condensation was
again effectively directed to a top wall region in the arc
tube where the heat sink member had been located.

FIG. 4 is a perspective view depicting an automo-
tive headlamp incorporating the quartz arc tube
assembly 60 of FIG. 3 wherein the arc tube 62 is orien-
ted in a horizontal axial manner. The automotive
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headlamp 90 includes a reflector 97, a lens 94 sec-
ured to the front section of the reflector, connection
means 96 secured at the rear section of the reflector
for connection to a power source, and the metal halide
light source 62. Reflector member 92 has a truncated
parabolic contour with flat top and bottom wall por-
tions 98 and 100, respectively, intersecting the para-
bolic curved portion 102. Connection means 96 of the
reflector includes prongs 104 and 106 which are cap-
able of being connected to a ballast (not shown) which
drives the lamp and which in turn is driven by the
power source of the automotive vehicle. The reflector
92 has a predetermined focal point 108 as measured
along the axis 110 of the automotive headlamp 90
which is located at about mid-point of the arc tube 62.
Arc tube 62 is predeterminently positioned within the
reflector 92 so as to be approximately disposed near
the focal point 108 of the reflector. For the presently
illustrated embodiment the arc tube 62 is oriented
along axis 110 of the reflector. The reflector cooper-
ates with its light source 62 by reason of its parabolic
shape and with lens 94 affixed thereto being of a
transparent material which can include prism ele-
ments (not shown) also cooperating to provide a pre-
determined forward projecting light beam from the
light source. Arc tube 62 is connected to the rear of
reflector 92 by a pair of relatively stiff self-supporting
lead conductors 112 and 114 which are further con-
nected at the opposite ends to the respective prong
elements 104 and 106. Reflector 92 also includes a
conventional heat shield 116 which is affixed to top
wall portion 98 of the reflector. A heat sink member 64
is physically supported from heat shield 116 so as to
exert a downward spring force action upon also sus-
pended arc tube 62. Since it will be apparent to those
skilled in the art, however, that other structural
arrangements may be utilized to provide heat sink
means within a reflector member, it is not intended
that the structural means shown limit the scope of the
invention.

It will be apparent from the foregoing description
that novel means have been provided to more effec-
tively exercise thermal management of mercury con-
densation in metal halide lamps. It will be apparent
that further modification can be made in physical feat-
ures of a suitable heat sink member and arc tube to
achieve the same purpose without departing from the
spirit and scope of the present invention. Configu-
rations for a fused quartz arc tube, electrode members
and reflector lamp designs other than illustrated
herein are also contemplated. For example, an auto-
motive headlamp having the arc tube aligned trans-
verse to the lamp axis and which includes the present
heat sink means is contemplated. Consequently, it is
intended to limit the present invention only by the
scope of the appended claims.
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Claims

1. A metal halide lamp experiencing low light loss
during lamp start-up comprising in combination:

(a) a fused quartz arc tube having a hollow
cavity formed with walls hermetically sealing
spaced-apart discharge electrodes therein
and further containing a fill of mercury, a metal
halide and an inert gas,
(b) external heat sink means physically
engaging the exterior surface of one arc tube
wall, and
(c) the heat sink means being disposed inter-
mediate the discharge electrodes adjacent
the hot spot region of the arc tube for selective
condensation of mercury vapor on the inner
surface of the arc tube wall at such location.

2. The lamp of claim 1 wherein the heat sink means
are formed with a heat-conductive metal or heat-
conductive ceramic compaosition.

3. The lamp of claim 1 wherein the heat sink means
comprise a hollow fused quartz element contain-
ing a heat-conductive metal, such as aluminum.

4. The lamp of claim 1 wherein the heat sink means
are secured to the arc tube wall.

5. The lamp of claim 1 wherein the discharge elec-
trodes are disposed at opposite ends of the arc
tube.

6. Thelamp of claim 1 wherein the arc tube includes
a bulbous shaped central portion and the heat
sink means are located approximately at the mid-
point of said bulbous shaped central portion.

7. The lamp of claim 1 wherein the inert gas con-
tained within the arc tube is xenon at a relatively
high pressure, and the heat sink means physi-
cally engages the top wall surface of the arc tube.

8. Thelamp of claim 7 wherein both discharge elec-
trodes comprise rod-like members formed with a
refractory metal.

9. The lamp of claim 8 wherein the discharge elec-
trodes are different in physical size.

10. An automotive headlamp which comprises:

(a) a reflector member for connection to a
power source, the reflector member having a
predetermined focal length and focal point,
(b) a lens member joined to the front section
of the reflector, and

(c) a metal halide lamp according to any one
of claims 1 to 9, the arc tube being predeter-
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minently positioned within the reflector so as
to be approximately disposed adjacent the
focal point of the reflector.

11. The automotive headlamp of claim 10 wherein the
arc tube is positioned horizontally within the ref-
lector and the heat sink member is affixed to the
top wall of said arc tube.
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