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LAMP FOR RAPID THERMAL PROCESSING
CHAMBER

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND

Embodiments of the present invention generally relate to
semiconductor processing systems and, more specifically,
lamps for advanced heating 1n a semiconductor processing
system.

Rapid thermal processing (R1P) systems are employed in
semiconductor chip fabrication to create, chemically alter or
etch surface structures on semiconductor substrates or
walers. RTP typically depends upon an array of high-inten-
sity incandescent lamps fit into a lamphead and directed at the
substrate or waler. The lamps are electrically powered and
can be very quickly turned off and on and a substantial frac-
tion of their radiation can be directed to the substrate. As a
result, the water can be very quickly heated without substan-
tially heating the chamber and can be nearly as quickly cooled
once the power 1s removed from the lamps.

An example of a RTP system 1s described 1n U.S. Pat. No.
5,155,336, which 1s assigned to the assignee of the present
application and which 1s incorporated herein by reference,
and 1ncludes a semiconductor processing chamber and a heat
source assembly or lamphead located on the semiconductor
processing chamber. A number of tungsten-halogen lamps
are located 1n the lamphead, and the lamps are capable of
heating substrates in the chamber at a rate of about 300°
C./sec to temperatures as high as 1200° C. and higher. During
processing, inirared radiation from the lamps radiates
through an upper window, light passageways and a lower
window onto a rotating semiconductor substrate 1n the pro-
cessing chamber. In this manner, the wafer 1s heated to a
required processing temperature.

As shown 1n FIG. 1, a conventional halogen lamp 10 (also
referred to as a tungsten-halogen lamp) for use 1n semicon-
ductor processing includes a bulb 12 (also referred to an
envelope) that has a radiation generating filament 1n the form
of a coil 14 electrically coupled between a short inner lead 16
and a long 1nner lead 18. Inner leads 16 and 18 are coupled to
outer leads 26 by foils 22. The foils 22 are commonly made
from molybdenum. The inner leads, outer leads, and foils are
held 1 place at a lamp base 20. The lamp base 1s pressed
together during manufacturing over the foil area to form a
press seal that hermetically seals the lamp bulb. The bulb 12
1s commonly made of quartz and 1s typically filled with a
halogen containing gas.

During semiconductor processing operations, such lamps
are placed 1n a patterned array 1n a processing chamber to heat
a substrate placed i1n the chamber. The lamps operate at
extremely high temperatures as noted above. Typically, about
half of the radiant energy from the lamp goes out of the end of
the associated light pipe after many reflections. About half of
the radiant energy from the lamp 1s absorbed at the base 20 of
the lamp and 1n the reflector/lamphead structure. This can
cause the base of the lamp to reach much higher temperatures
as compared to a lamp radiating 1n open space. I the base gets
too hot, the average lamp lifetime can be substantially
reduced. This lamp degradation 1s caused by rupture in the
seal around the foils 22, which carry the electrical energy to
the filament. Above about 300° C., the foils, which are usually

10

15

20

25

30

35

40

45

50

55

60

65

2

made from molybdenum, are easily oxidized and the resulting
molybdenum oxide causes a volume expansion which rup-

tures the quartz or causes an open circuit. Thus, 1t1s necessary
to provide a means for cooling the lamp base 20.

In addition, elaborate structures have been designed to
conduct heat away from the lamp base 20. According to
conventional methods, the lamp base 20 i1s encapsulated
within the precision outer diameter stainless steel tube using
a porous potting compound. This high precision stainless
steel tube 1s 1nserted 1nto another high precision stainless steel
tube which has 1ts outer surtace (for most of its length) water
cooled. A reflector sleeve which surrounds a portion of the
bulb 1s provided to reflect radiant energy away from the bulb.
This elaborate cooling mechanism causes the lamp to operate
at a temperature low enough to permit long lamp life.

Another approach used to conduct heat away from the lamp
1s to dispose a heat shield or reflector plate within the lamp
bulb between the lamp filament or coil and the lamp base.
Examples of lamp bulbs that include a heat shield or internal
reflector plate are disclosed 1n PC'T International Publication
No. W0O02/03418 and U.S. Pat. No. 6,744,187. While lamp
bulbs having a heat shield or reflector plate within the bulb
may be eflective, these approaches require an additional part
to be added to the bulb assembly.

Despite the lamp cooling approaches discussed above, it
would be desirable to provide additional ways to improve heat
dissipation away from the lamp, lamp base, and lamphead/
reflector sleeve.

SUMMARY OF THE INVENTION

One embodiment of the present invention relates to a lamp
assembly comprising: a bulb enclosing at least one radiation
generating filament attached to a pair of leads, the bulb having
an inner surface an outer surface; a lamp base configured to
receive the pair of leads; a metal sleeve surrounding the lamp
base and filled with a potting compound, the sleeve having a
wall thickness of at least about 0.020 inches and the potting
compound having a thermal conductivity exceeding about
100 W/(K-m), the lamp assembly adapted for use 1n a sub-
strate processing chamber to heat the substrate to tempera-
tures up to at least about 1100° C. According to one or more
embodiments, the potting compound has a thermal conduc-
tivity exceeding about 150 W/(K-m), for example greater
than about 200 W/(K-m).

In one or more embodiments, the wall thickness of the
sleeve exceeds about 0.040 1nches, for example, exceeding
about 0.050 1nches. The sleeve can be made from copper or
aluminum. According to one or more embodiments, the pot-
ting compound comprises magnesium phosphate bonded alu-
minum nitride. In one embodiment, the potting compound
comprises an epoxy based potting compound, which may
turther include copper or silver.

According to one or more embodiments, the cross-sec-
tional shape of the sleeve substantially conforms to the cross-
sectional shape of the lamp base. In one embodiment, the
cross-sectional shape of the sleeve 1s substantially rectangu-
lar.

In another embodiment, a lamp assembly 1s provided
which comprises a bulb enclosing at least one radiation gen-
erating {ilament attached to a pair of leads, the bulb having an
iner surface an outer surface; a lamp base configured to
receive the pair of leads; and a first potting compound having
a thermal conductivity exceeding about 100 W/(K-m) sur-
rounding the base, the lamp assembly adapted for use 1n a
substrate processing chamber to heat the substrate to tem-
peratures up to at least about 1100° C. In an embodiment, the
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thermal conductivity of the potting compound exceeds about
150 W/(K-m), and 1t may exceed about 200 W/(K-m).

In one embodiment, the lamp assembly may comprise a
second potting compound located adjacent the bulb, the sec-
ond potting compound having a lower thermal conductivity
and a higher reflectivity than the first potting compound. In
certain embodiments, the first potting compound comprises
an epoxy based aluminum nitride compound and the second
potting compound comprises a zirconia based potting com-
pound. According to one embodiment, the second potting

compound 1s present in a layer having a thickness of less than
about 1 mm.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the above recited features of
the present mvention can be understood in detail, a more
particular description of the mvention, briefly summarized
above, may be had by reference to embodiments, some of
which are illustrated 1n the appended drawings. It is to be
noted, however, that the appended drawings illustrate only
typical embodiments of this invention and are therefore not to
be considered limiting of its scope, for the invention may
admuit to other equally effective embodiments.

FIG. 1 shows a prior art conventional halogen lamp for use
in semiconductor processing;

FIG. 2 shows a cross-sectional view lamp assembly
according to an embodiment of the invention; and

FIG. 3 shows a perspective view of a lamp assembly
according to an embodiment of the invention.

DETAILED DESCRIPTION

In the following description, specific details are set forth in
order to provide a thorough understanding of the invention. It
will be appreciated, however, by one skilled in the art, that the
invention may be practiced without these specific details. In
other instances, well-known elements have not been shown in
order to avoid unnecessarily obscuring the mvention.

Embodiments of the mvention generally provide a lamp
assembly adapted for use 1n a substrate thermal processing
chamber to heat the substrate to temperatures up to at least
about 1100° C., for example, up to about 1350° C. According
to one or more embodiments, the lamp assembly, which can
be used 1n a rapid thermal processing apparatus used for use
in semiconductor substrate processing, 1s designed to flow
heat away down the length of the tube surrounding and out
through the potting compound to cool the bulb more rapidly
than 1n presently existing bulbs. According to embodiments
of the mvention, i1t 1s expected that lamp life will be extended,
and premature lamp failures will be prevented due to exces-
stve heating of the lamp bulb and lamp base.

According to embodiments of the invention, increasing the
thermal conductivity of the tube or sleeve surrounding the
lamp assembly and/or increasing the thickness of the tube or
sleeve aids 1n conducting heat away from the lamp bulb. In
presently existing lamp assemblies, the sleeve surrounding
the lamp assembly 1s typically made from stainless steel.
According to one or more embodiments, copper or aluminum
1s utilized for the sleeve surrounding the lamp assembly to
increase the thermal conductivity of the sleeve over the con-
ventional lamp assembly. In another embodiment, a higher
thermal conductivity potting compound may be utilized to aid
in conducting heat away from the lamp bulb and base. In
presently existing lamp assemblies, the potting compound
used 1n presently existing lamp assemblies has a thermal
conductivity of about 1-2 W/(K-m). According to embodi-
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ments of the invention, the potting compounds having a ther-
mal conductivity exceeding about 100 W/(m-k), for example
exceeding 150 W/(m-K), and more particularly exceeding
200 W/(m-K) are utilized in the lamp assembly. By increasing
the thermal conductivity of the sleeve alone or in combination
with increasing the thickness of the sleeve and increasing the
thermal conductivity of the potting compound, greatly facili-
tates transfer of heat away from the lamp bulb and lamp base
to the cooling flmd flowing the through the stainless steel
housing surrounding the plurality of lamp assemblies.

Referring now to FI1G. 2, an embodiment of a lamp assem-
bly 120 that may be used to supply heat energy to process
substrates 1n a substrate processing chamber 1s shown. This
and other embodiments of the lamp assembly 120 described
herein are only 1llustrative examples, however, and should not
be used to limit the scope of the invention.

In one embodiment, the lamp assembly 120 comprises a
sleeve or body 24 which provides a structural basis to contain
the lamp assembly 120 and transfer heat out of the assembly
120. The sleeve or body 24 comprises containing walls 28 and
first and second ends 32, 36. The containing walls 28 have
openings 40 a,b at the first and second ends 32, 36. In one
embodiment, the containing walls 28 comprise a metal that
tacilitates heat transfer and provides a retlective surface. For
example, the sleeve 24 may comprise stainless steel, which
may be brushed or polished to be reflective. Thermal model-
ing has shown that a more conductive sleeve material such as
copper or aluminum further improves heat transfer and
reduces the heat adjacent the bulb. Furthermore, increasing
the wall thickness of the sleeve without increasing the overall
outer diameter of the tube turther improves transier of heat
away from the bulb. In a non-limiting example the outer
diameter of the sleeve a bulb used in a RTP chamber may be
about 0.619 1nches 1n outer diameter and about 0.592 1nches
in inner diameter, resulting in a wall thickness of the sleeve of
about 0.013 inches. Thermal modeling has shown that
increasing the wall thickness of the tube to greater than about
0.020 inches, particularly, greater than about 0.040 inches,
and more particularly greater than about 0.050 inches greatly
improves the flow of heat away from the bulb and reduces the
temperature of the bulb. A thermal model was utilized to
determine the effect on temperature on changing the sleeve
material, the potting compound thermal conductivity and the
thickness of the sleeve. The temperature at several locations
in an RTP chamber were analyzed. It was determined that
utilizing a higher conductivity sleeve material in combination
with an increased sleeve thickness and/or a higher conductiv-
ity potting compound would reduce the temperature at certain
locations within and adjacent the lamp tube by 75° C. to about
100° C. In one embodiment, the tube 1s comprised of a high

conductivity metal and has little or no potting compound
contained within the shell of the tube. In this embodiment the
tube would be substantially a solid with conduits provided for
wires and 1n some cases bulb and plug inserted 1into opposite
ends of the tube. In earlier generations of RTP chambers, the
bulb was contained within the coolant-wetted region of the
lamphead, and 1t was believed that most of the energy was
conducted away from the bulb laterally (radially) through the
quartz pieces, gas gaps, and lamphead steel tube into the
coolant. In this scenario for the processes for which the tool
was used, 1t was thought that little heat flowed from the
bulb/coil past the seal area through the potting and then lat-
erally to the coolant. The use of readily available lower ther-
mal conductivity potting materials was not a problem. In
current generations of RTP chambers, higher process tem-
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peratures are demanded and the bulb extends beyond the
coolant-wetted region of the lamphead, so improved axial
heat transport 1s beneficial.

In the embodiment shown, the sleeve 24 has a circular
cross-section which provides ease of manufacture. However,
as discussed further below other cross-sectional shapes are
possible, including square, rectangular, triangular and multi-
arcuate shapes. In one or more embodiments, the cross-sec-
tional shape of the sleeve 24 substantially conforms to the
shape of the lamp base. The sleeve 24 has a longitudinal axis
44 parallel to the containing walls 28 and perpendicular to the
cross-section of the sleeve 24.

The lamp assembly 120 shown comprises a lamp element
48 seated 1n the first end 32 of the sleeve or body 24. Gener-
ally, the lamp element 48 comprises a light transmissive bulb
or envelope 52 that contains an internal atmosphere about a
filament 56. The envelope 52 may comprise a variety of
shapes, including tubular, conical, spherical, and multi-arcu-
ate shapes. The bulb or envelope 52 also comprises a pinch
seal end or lamp base 60 that allows electrical connectors 64
to pass therethrough, and may also comprise an evacuation
tube (not shown) used to remove or add gases to the envelope
during manufacture which 1s subsequently sealed. The bulb
or envelope 52 comprises quartz, silica glass, aluminosilicate
glass or other suitably light-transmissive materials. The inter-
nal atmosphere contained in the envelope 32 comprises, for
example, ahalogen containing gas. The envelope 52 and lamp
base are made to withstand high temperatures and rapid tem-
perature changes associated with semiconductor substrate
rapid thermal process chambers. For example, the lamp
assembly should be able to withstand the local environment
resulting from processing wafers to temperatures up to at least
about 1100° C., and as high as about 1350° C. and tempera-
ture changes of about 300° C./second.

The radiation generating filament 56, which 1s shown in the
form of a coil, inside the envelope 52 of the lamp element 48
has two ends 68a,b which are electrically coupled to the
clectrical connectors 64. The filament 36 comprises a resis-
tive metal wire, and in one version 1s a tungsten wire. The
filament 56 can have single or multiple coils or coiled coils
including overwound coils, or can comprise planar strips,
corrugated planar strips or overwound planar strips and 1s
coupled at 1ts midpoints or endpoints 68a,b to the lamp ele-
ment electrical connectors 64. The electrical properties of the
filament 56 can be tuned by adjusting parameters such as 1ts
weilght per unit length, diameter, and coiling parameters. In
operation, the filament 56 can produce radiation at a wattage
range of, for example, up to about 1 kW with operating
voltages of about 120V ... Typically, the radiationis in the
deep ultraviolet, ultraviolet, visible, infrared, or near infrared
ranges.

The lamp element electrical connectors 64 supply power to
the filament 56 from a power source outside the lamp element
envelope 52 and form a continuous electrical connection
between the filament 56 and a power source. The lamp ele-
ment electrical connectors 64 typically comprise metal wires
72 or 1o1ls 76, or some combination thereof, with good elec-
trical conductivity, such as molybdenum wires. The connec-
tors 64 may also comprise other metals, such as tungsten,
nickel plated steel, or any other metal with a low electrical
resistance and the ability to reliably carry high currents.

The pinch seal end or lamp base 60 of the envelope 52
comprises the region where the envelope 352 i1s physically
constricted about the electrical connectors 64 of the lamp
clement 48. The connectors 64 pass through and are held 1n
place by the pinch seal end or lamp base 60 as they enter into
the envelope 52 to electrically couple an external power
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source to the filament 56. The pinch seal end or lamp base 60
forms a hermetic seal to maintain the pressure and composi-
tion of the internal atmosphere of the envelope 52. The lamp
clement 48 1s at least partially seated 1n the first end 32 of the
sleeve or body 24.

The lamp assembly 120 also comprises one or more trans-
mission wires 80 to transmit power to the lamp element 48
from the second end 36 of the lamp assembly 120. In one
embodiment, the lamp assembly 120 comprises a pair of
transmission wires 80, each connected to one of a pair of the
clectrical connectors 64 of the lamp element 48. The trans-
mission wires 80 comprise electrically conductive wires hav-
ing a relatively low electrical resistance. In one embodiment,
the electrical resistance of the transmission wires 80 1s no
greater than about 0.1 ohms. The transmission wires 80 are
clectrically connected at one end to the electrical connectors
64 of the lamp element 48 by a soldered connection, a welded
connection, a physical abrasion, a sonic coupling, or other
type of connection 1n which a stable, relatively low resistance
clectrical connection 1s established. The transmission wires
80 also have an elasticity to allow for their movement and
bending. For example, in one version, the transmission wires
80 have a Young’s Modulus of about 30 GPa to about 130
GPa. This allows the transmission wires 80 to bend and be
mampulated during assembly and operation of the lamp
assembly, but also allows them to retain a suificient amount of
rigidity to hold their shape.

The lamp assembly 120 comprises a potting compound 84
inside the sleeve or body 24 which promotes heat transier
between the heat generating elements of the lamp assembly
120 and the sleeve or body 24. The heat generating elements
can include, for example, the lamp element 48 and the trans-
mission wires 80. The potting compound 84 transiers heat
energy to the sleeve or body 24 which can then transier the
heat out of the lamp assembly 120. In one embodiment, the
potting compound 84 is at least between the pinch seal end or
lamp base 60 of the lamp element 48 and the containing wall
28 of the sleeve or body 24. For example, the potting com-
pound 84 can be substantially about the entire pinch seal end
or lamp base 60 and extend all the way to the containing wall
28. The potting compound 84 can also extend beyond the
pinch seal end or lamp base 60 of the lamp element 48, for
example, 1n one embodiment, the potting compound 84
extends towards the second end 36 of the sleeve or body 24.
Asreferred to above, higher conductivity potting compounds,
for example, potting compounds having a thermal conductiv-
ity exceeding 100 W/(m-K), particularly, exceeding 150
W/(m-K), and more particularly, exceeding 200 W/(m-K) are
used 1 accordance with embodiments of the invention. A
particularly suitable compound i1s a potting compound in
which aluminum nitride 1s the major constituent of the potting
compound. An example of a suitable potting compound 1s
Ceramacast product number 675 available from Aremco.
Other suitable potting compounds may 1include alumina filled
potting compounds or epoxy based potting compounds.

In one embodiment, a thin layer of a lower thermal con-
ductivity potting compound having a higher reflectivity than
the high thermal conductivity potting compound 1s used to
surround the lamp bulb to improve heat reflectivity away from
the lamp bulb. For example, a layer of at least about 1 mm 1n
thickness of a zircon based potting compound having a ther-
mal conductivity o 1-2 W/(m-K) can be used around the bulb
adjacent lamp base 60, and the remainder of the tube can be
filled with the higher conductivity compound.

As 1s known 1n the art, for hydraulic setting potting com-
pounds, the potting compound 84 1s heated during manufac-
ture of the lamp assembly 120 to remove or reduce 1ts water
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content. For example, 1n one embodiment, after heating, the
potting compound 84 comprises a water content of no more
than 0.1% by weight. The remaining water content 1s gener-
ally releasable during lamp operation. The potting compound
84 1s also suiliciently malleable to facilitate its integration
into the lamp assembly 120 in thermally continuous regions.

The lamp assembly 120 comprises a plug 88 positioned at
the second end 36 of the sleeve or body 24. The plug makes
connection with the external power supply and accommo-
dates any misalignment between the lamphead and the exter-
nal electrical connectors. The plug 88 may be made of rigid
material or elastomeric material. Furthermore, the plug may
be fixed with respect or inserted into to the end 36 of the sleeve
or body 24 as shown, or it may be flexibly position with
respect to the end 36. When the plug 88 1s flexibly positioned,
the plug 1s capable of movement relative to the second end 36
of the sleeve or body 24 1n a direction perpendicular to the
longitudinal axis 44. While flexibly positioning the plug 88
may have certain advantages, for ease of manufacturing, it
may be desirable to fix an elastomeric plug 88 to the end 36 of
the sleeve or body 24. The plug 88 has electrical connectors
92 which transier electrical power to the transmission wires
80. The plug 88 comprises materials that can withstand the
temperatures required to remove water content from the pot-
ting compound 84. In one embodiment, the plug material 1s
capable of withstanding exposure to at least about 165° C. for
at least about 15 hours. The plug may be made of ngid
maternials or flexible materials. Rigid maternials typically
allow for exposure of the plug 88 to higher temperatures for a
longer time than flexible materials. While tlexible materials,
such as elastomers, for example, generally do not withstand
exposure to relatively high temperatures as well as rigid mate-
rials because the weaker internal bonding required for tlex-
ibility also generally results in lower thermal stability, but
they may be used in accordance with embodiments of the
invention. For example, Santoprene 201-64, an elastomer
material used 1n flexible plugs, can withstand about 150° C.
for about 15 hours before 1ts flexibility and other properties
begin to degrade. Another elastomer which can be used in
flexible plugs 1s platinum catalyzed silicone which can with-
stand temperatures over 180° C. for 15 hours, such as GE LIM
9070.

The plug 88 can also comprises a pair of electrical connec-
tors 92 that are shaped to mate with the recerving receptacle in
the substrate processing chamber and are electrically con-
nected to the transmission wires 80. The electrical connectors
92 transier power from the receptacle to the transmission
wires 80, which 1n turn transfer power to the lamp element 48.
The plug electrical connectors 92 comprise an electrically
conductive material such as a metal. For example, 1n one
version the connectors 92 comprise ron alloys, nickel, or
copper, or mixtures thereot. In one version, the connectors 92
may comprise a combination of materials 1n which one mate-
rial 1s plated or deposited onto another material.

The plug 88 comprises a first plug element 104 which
provides a structural basis for holding the plug electrical
connectors 92 and recerving the lamp assembly transmission
wires 80. The first plug element 104 1s not shown as directly
attached to the body 24 of the lamp assembly 120, but in one
or more embodiments, the plug may be attached to the sleeve
or body 24. The first plug element 104 has a main body 108 to
receive and at least partially encapsulate the plug electrical
connectors 92 and the transmission wires 80. The plug ele-
ment 104 may also have extensions 112 that further support
plug electrical connectors 92 that may be relatively large in
s1ze as well as provide additional insulation for high voltage
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operation. Other variations on the shape and size of the first
plug element 104 are also possible.

Referring now to FIG. 3, a perspective view of a lamp
assembly 220 1s shown, 1n which sleeve 224 1s substantially
rectangular 1 cross-sectional shape, which conforms the
cross-sectional shape of the lamp base 260 and plug 208,
which has connectors 292 extending therefrom. The bulb or
envelope 252 1s substantially circular 1n cross-section. As 1s
understood 1n the art, the lamp assembly 220 may be mserted
into a water or other flmd cooled stainless steel housing,
which cools the lamp assembly. As discussed above, by
adjusting one or more of the sleeve wall thickness, thermal
conductivity of the sleeve and the thermal conductivity of the
potting compound, heat transier to the cooling flmid can be
improved resulting in 1improved bulb life.

Reference throughout this specification to “one embodi-
ment,” “certain embodiments,” “one or more embodiments”
or “an embodiment” means that a particular feature, structure,
material, or characteristic described 1n connection with the
embodiment 1s 1included 1n at least one embodiment of the
invention. Thus, the appearances of the phrases such as “in
one or more embodiments,” “in certain embodiments,” “in
one embodiment” or “in an embodiment™ 1n various places
throughout this specification are not necessarily referring to
the same embodiment of the invention. Furthermore, the par-
ticular features, structures, materials, or characteristics may
be combined 1n any suitable manner 1n one or more embodi-
ments.

It 1s to be understood that the above description 1s intended
to be illustrative, and not restrictive. Many other embodi-
ments will be apparent to those of ordinary skill in the art
upon reviewing the above description. The scope of the inven-
tion should, therefore, be determined with reterence to the

appended claims, along with the full scope of equivalents to
which such claims are entitled.

The invention claimed 1s:

1. A lamp assembly comprising:

a bulb enclosing at least one radiation generating filament
attached to a pair of leads, the bulb having an inner
surface an outer surface;

a lamp base configured to recerve the pair of leads;

a metal sleeve surrounding the lamp base and filled with a
potting compound, the sleeve having a wall thickness of
at least about 0.013 inches and the potting compound
having a thermal conductivity exceeding about 100
W/(K-m), the lamp assembly adapted for use 1n a sub-
strate processing chamber to heat the substrate to tem-
peratures up to at least about 1100° C.

2. The lamp assembly of claim 1, wherein the potting
compound has a thermal conductivity exceeding about 150
W/(K-m).

3. The lamp assembly of claim 1, wherein the potting
compound has a thermal conductivity exceeding about 200
W/(K-m).

4. The lamp assembly of claim 2, wherein the wall thick-
ness of the sleeve exceeds about 0.040 inches.

5. The lamp assembly of claim 3, wherein the wall thick-
ness of the sleeve exceeds about 0.050 inches.

6. The lamp assembly of claim 1, wherein sleeve 1s made
from copper or aluminum.

7. The lamp assembly of claim 1, wherein the potting
compound comprises magnesium phosphate bonded alumi-
num nitride.

8. The lamp assembly of claim 1, wherein potting com-
pound comprises an epoxy based potting compound.

9. The lamp assembly of claim 8, wherein the epoxy based
potting compound further comprises copper or silver.
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10. The lamp assembly of claim 1, wherein the cross-
sectional shape of the sleeve substantially conforms to the
cross-sectional shape of the lamp base.

11. The lamp assembly of claim 10, wherein the cross-
sectional shape of the sleeve 1s substantially rectangular.

12. A lamp assembly comprising;:

a bulb enclosing at least one radiation generating filament
attached to a pair of leads, the bulb having an inner
surface an outer surface;

a lamp base configured to receive the pair of leads;

a first potting compound having a thermal conductivity
exceeding about 100 W/(K-m) surrounding the base, the
lamp assembly adapted for use 1n a substrate processing
chamber to heat the substrate to temperatures up to at
least about 1100° C.

13. The lamp assembly of claim 12, wherein the thermal
conductivity of the potting compound exceeds about 150
W/(K-m).

14. The lamp assembly of claim 12, wherein the thermal
conductivity of the potting compound exceeds about 200
W/(K-m).

15. The lamp assembly of claim 12, further comprising a
copper or aluminum sleeve surrounding the potting com-
pound.

16. The lamp assembly of claim 15, further comprising a
second potting compound located adjacent the bulb, the sec-
ond potting compound having a lower thermal conductivity
and a higher reflectivity than the first potting compound.

17. The lamp assembly of claim 16, wherein the first pot-
ting compound comprises an epoxy based aluminum nitride
compound and the second potting compound comprises a
zirconia based potting compound.

18. The lamp assembly of claim 16, wherein the second
potting compound 1s present in a layer having a thickness of
less than about 1 mm.

19. The lamp assembly of claim 135, wherein the metal
sleeve has a wall thickness of at least about 0.020 inches.
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20. The lamp assembly of claim 16, wherein the metal
sleeve has a wall thickness of at least about 0.040 inches.

21. A rvapid thermal processing lamp assembly comprising:

a sleeve having a longitudinal axis, a first end, and a

second end extending from the first end; and

a lamp element including a bulb enclosing at least one

radiation generating filament attached to a pair of leads,
the bulb having an inner surface, an outer surface, and
a lamp base configured to receive the pair of leads, the
lamp element adapted for use in a substrate processing
chamber to heat the substrate to temperatures of 1100°
C., and the first end of the sleeve surrounding at least a
portion the lamp base, and a potting compound option-
ally inside the sleeve, the sleeve having a wall with a
thickness of at least about 0.013 inches and being made
from material selected from copper and aluminum.

22. The lamp assembly of claim 21 wherein the sleeve is
copper.

23. The lamp assembly of claim 21, wherein the sleeve is
aluminum.

24. The lamp assembly of claim 21, wherein the sleeve
comprises a tube having little or no potting compound con-
tained within the tube.

25. The lamp assembly of claim 24, wherein the tube is
substantially a solid with conduits provided for wires.

26. The lamp assembly of claim 22, wherein the sleeve has
a wall with a thickness of at least about 0.020 inches.

27. The lamp assembly of claim 22, whevrein the sleeve has
a wall thickness of at least about 0.040 inches.

28. The lamp assembly of claim 23, wherein the sleeve has
a wall with a thickness of at least about 0.020 inches.

29. The lamp assembly of claim 23, wherein the sleeve has
a wall thickness of at least about 0.040 inches.

30. The lamp assembly of claim 21, wherein the sleeve
contains potting compound.
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