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HVPE CHAMBER HARDWARE

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] Embodiments disclosed herein generally relate to a hydride vapor phase
epitaxy (HVPE) chamber.

Description of the Related Art

[0002] Group-lll nitride semiconductors are finding greéter importance in the
development and fabrication of short wavelength light emitting diodes (LEDs), laser
diodes (LDs), and electronic devices including high power, high frequency, and high
temperature transistors and integrated circuits. One method that has been used to
deposit Group-lll nitrides is HVPE. In HVPE, a hydride gas reacts with the Group-llI

metal which then reacts with a nitrogen precursor to form the Group-lll metal nitride.

[0003] As the demand for LEDs, LDs, transistors, and integrated' circuits
increases, the efficiency of depositing the Group-lll metal nitride takes on greater
importance. Therefore, there is a need in the art for an improved HVPE deposition

method and an HVPE apparatus.

SUMMARY OF THE INVENTION

[0004] Embodiments disclosed herein generally relate to an HVPE chamber.
The chamber may have one or more precursor sources coupled thereto. When two
separate precursor sources are coupled thereto, two separate layers may be
deposited. For example, a gallium source and a separate aluminum source may be
coupled to the processing chamber to permit gallium nitride and aluminum nitride to
be separately deposited onto a substrate in the same processing chamber. In one
embodiment, five precursor sources may be coupled to the chamber. Such
precursor sources are capable of dispensing precursors such as gallium, indium,
aluminum, silicon, and magnesium. When the precursors are used to form a
nitrogen containing compound, a nitrogen containing gas such as NHz; may be used.

The nitrogen may be introduced to the processing chamber at a separate location
1
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from the precursors and at a lower temperature. The geometry of the chamber may
be set such that the precursor and the reactive gas are introduced to the chamber
separately to avoid high concentration mixing. The chamber inertia is designed to
mix the gases by flow, diffusion and convection. In one embodiment, the different
temperatures cause the gases to mix together, react and deposit on the substrate

with little or no deposition on the chamber walls.

[0005] In one embodiment, an apparatus includes a chamber body having
chamber walls, a reactive product boat coupled to the chamber body, a first reactive
product source disposed within the reactive product boat and a second reactive
source disposed within the reactive product boat. The apparatus may also include a
first resistive heater coupled to the reactive product boat, a third reactive source
coupled to the chamber body and disposed outside of the reactive product boat, a
second resistive heater embedded within the chamber walls and a gas distribution
showerhead disposed within the chamber body and coupled with the third reactive
source. The apparatus may also include a susceptor disposed within the chamber
body opposite the showerhead, one or more heating elements disposed below the
susceptor, a first gas ring disposed within the chamber body along the chamber
walls and coupled to both the first reactive product and the second reactive product
and a second gas ring coupled to the first gas ring, the second gas ring having a

plurality of openings therethrough to permit gas to enter the chamber body.

[0006] In another embodiment, a method includes inserting a substrate into a
processing chamber. The processing chamber has a gas distribution showerhead
disposed above a susceptor upon which the substrate is disposed. The processing
chamber also has a gas inlet ring disposed in the processing chamber between the
gas distribution showerhead and the susceptor. The method may also include
heating a first reactive gas remotely from the processing chamber, introducing the
first reactive gas into the processing chamber through the gas inlet ring, introducing
a second reactive gas to the processing chamber through the gas distribution

showerhead and heating the walls of the processing chamber. The method may
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also include rotating the substrate and depositing a layer on the substrate that is a

reactive product of the first reactive gas and the second reactive gas.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] So that the manner in which the above recited features of the present
invention can be understood in detail, a more particular description of the invention,
briefly summarized above, may be had by reference to embodiments, some of which
are illustrated in 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 admit to

other equally effective embodiments.

[0008] Figure 1 is a schematic view of an HVPE apparatus 100 according to one

embodiment.

[0009] Figure 2 schematic isometric view of an apparatus 200 according to

another embodiment.

[0010] Figure 3A is a schematic isometric view of a processing chamber 300

according to another embodiment.
[0011] Figure 3B is a schematic cross sectional view of Figure 3A.

[0012] Figure 4 is a schematic cross sectional view of a processing chamber 400

according to another embodiment.

[0013] Figure 5 is a schematic cross sectional view of a precursor source 500

according to one embodiment.

[0014] Figure 6 is a schematic cross sectional view of a precursor source 600

according to another embodiment.

[0015] Figure 7 is a schematic illustration of the buoyancy within the processing

chamber according to one embodiment.
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[0016] Figure 8 is a schematic illustration of the heat distribution within the

processing chamber according to one embodiment.

[0017] To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. It is
contemplated that elements disclosed in one embodiment may be beneficially

utilized on other embodiments without specific recitation.

DETAILED DESCRIPTION

[0018] Embodiments disclosed herein generally relate to an HVPE chamber.
The chamber may have one or more precursor sources coupled thereto. When two
separate precursor sources are coupled thereto, two separate layers may be
deposited. For example, a gallium source and a separate aluminum source may be
coupled to the processing chamber to permit gallium nitride and aluminum nitride to
be separately deposited onto a substrate in the same processing chamber. In one
embodiment, five precursor sources may be coupled to the chamber. Such
precursor sources are capable of dispensing precursors such as gallium, indium,
aluminum, silicon, and magnesium. When the precursors are used to form a
nitrogen containing compound, a nitrogen containing gas such as NH; may be used.
The nitrogen may be introduced to the processing chamber at a separate location
from the precursors and at a lower temperature. The geometry of the chamber may
be set such that the precursor and the reactive gas are introduced to the chamber
separately to avoid high concentration mixing. The chamber inertia is designed to
mix the gases by flow, diffusion and convection. In one embodiment, the different
temperatures cause the gases to mix together, react and deposit on the substrate
with little or no deposition on the chamber walls. In addition, the chamber is
equipped with metal oxide source delivery system. In addition, the chamber is
equipped with active species generator such as plasma down stream, gas heater,

hot wire, etc.

[0019] Figure 1 is a schematic view of an HVPE apparatus 100 according to one

embodiment. The apparatus includes a chamber 102 enclosed by a lid 104.
4
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Processing gas from a first gas source 110 is delivered to the chamber 102 through
a gas distribution showerhead 106. In one embodiment, the gas source 110 may
comprise a nitrogen containing compound. In another embodiment, the gas source
110 may comprise ammonia. In one embodiment, an inert gas such as helium or
diatomic nitrogen may be introduced as well either through the gas distribution
showerhead 106 or through the walls 108 of the chamber 102. An energy source
112 may be disposed between the gas source 110 and the gas distribution
showerhead 106. In one embodiment, the energy source 112 may comprise a
heater. The energy source 112 may break up the gas from the gas source 110,
such as ammonia, so that the nitrogen from the nitrogen containing gas is more

reactive.

[0020] To react with the gas from the first source 110, precursor material may be
delivered from one or more second sources 118. The one or more second sources
118 may comprise precursors such as gallium and aluminum. It is to be understood
that while reference will be made to two precursors, more or less precursors may be
delivered as discussed above. In one embodiment, the precursor comprises gallium
present in the precursor source 118 in liquid form. In another embodiment, the
precursor comprises aluminum present in the precursor source 118 in solid form. In
one embodiment, the aluminum precursor may be in solid, powder form. The
precursor may be delivered to the chamber 102 by flowing a reactive gas over
and/or through the precursor in the precursor source 118. In one embodiment, the
reactive gas may comprise a chlorine containing gas such as diatomic chlorine. The
chlorine containing gas may react with the precursor source such as gallium or
aluminum to form a chloride. In one embodiment, the one or more second sources
118 may comprise eutectic materials and their alloys. In another embodiment, the
HVPE apparatus 100 may be arranged to handle doped sources as well as at least

one intrinsic source to control the dopant concentration.

[0021] In order to increase the effectiveness of the chlorine containing gas to
react with the precursor, the chlorine containing gas may snake through the boat

area in the chamber 132 and be heated with the resistive heater 120. By increasing
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the residence time that the chlorine containing gas is snaked through the chamber
132, the temperature of the chlorine containing gas may be controlled. By
increasing the temperature of the chlorine containing gas, the chlorine may react
with the precursor faster. In other words, the temperature is a catalyst to the

reaction between the chlorine and the precursor.

[0022] In order to increase the reactiveness of the precursor, the precursor may
be heated by a resistive heater 120 within the second chamber 132 in a boat. For
example, in one embodiment, the gallium precursor may be heated to a temperature
of between about 750 degrees Celsius to about 850 degrees Celsius. The chloride
reaction product may then be delivered to the chamber 102. The reactive chloride
product first enters a tube 122 where it evenly distributes within the tube 122. The
tube 122 is connected to another tube 124. The chloride reaction product enters the
second tube 124 after it has been evenly distributed within the first tube 122. The
chloride reaction product then enters into the chamber 102 where it mixes with the
nitrogen containing gas to form a nitride layer on the substrate 116 that is disposed
on a susceptor 114. In one embodiment, the susceptor 114 may comprise silicon
carbide. The nitride layer may comprise gallium nitride or aluminum nitride for
example. The other reaction product, such as nitrogen and chlorine, is exhausted

through an exhaust 126.

[0023] The chamber 102 may have a thermal gradient that can lead to a
buoyancy effect. For example, the nitrogen based gas is introduced through the gas
distribution showerhead 106 at a temperature between about 450 degrees Celsius
and about 550 degrees Celsius. The chamber walls 108 may have a temperature of
about 600 degrees Celsius to about 700 degrees Celsius. The susceptor 114 may
have a temperature of about 1050 to about 1150 degrees Celsius. Thus, the
temperature difference within the chamber 102 may permit the gas to rise within the
chamber 102 as it is heated and then fall as it cools. The rising and falling of the
gas may cause the nitrogen gas and the chloride gas to mix. Additionally, the
buoyancy effect may reduce the amount of gallium nitride or aluminum nitride that

deposits on the walls 108 because of the mixing.

6
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[0024] The heating of the processing chamber 102 is accomplished by heating
the susceptor 114 with a lamp module 128 that is disposed below the susceptor 114.
During deposition, the lamp module 128 is the main source of heat for the
processing chamber 102. While shown and described as a lamp module 128, it is to
be understood that other heating sources may be used. Additional heating of the
processing chamber 102 may be accomplished by use of a heater 130 embedded
within the walls 108 of the chamber 102. The heater 130 embedded in the walls 108
may provide little if any heat during the deposition process. A thermocouple may be
used to measure the temperature inside the processing chamber. Output from the
thermocouple may be fed back to a controller that controls the heating of the heater
130 based upon the reading from the thermocouple. For example, if the chamber is
too cool, the heater 130 will be turned on. If the chamber is too hot, the heater 130
will be turned off. Additionally, the amount of heating from the heater 130 may be

controlled such that a low amount of heat is provided from the heater 130.

[0025] After the deposition process, the substrate 116 is normally taken out of the
processing chamber 102. The lamp module 128 is turned off. Without the heat from
the lamp module 128, the chamber 102 may rapidly cool. The nitrided precursor
that may have deposited on the walls 108 may have a different coefficient of thermal
expansion than the walls 108 themselves. Thus, the nitrided precursor may flake off
due to thermal expansion. To prevent undesired flaking, the heater 130 embedded
within the chamber walls 108 may be turned on to control the thermal expansion and
maintain the chamber 102 at the desired chamber temperature. The contro! of the
heater 130 may again be based upon real time feedback from the thermocouple.
Once the lamp module 128 is turned off, the heater 130 may be turned on or up to
maintain the temperature of the chamber 102 at the desired temperature so that
nitrided precursor may not flake off and contaminate the substrate or land on the
susceptor 114 and create an uneven susceptor 114 surface. By maintaining the
chamber walls 108 at an elevated temperature, the cleaning gas, such as chlorine,

may be more effective in cleaning the deposits from the chamber walls 108.
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[0026] In general, a deposition process will proceed as follows. A substrate 116
may initially be inserted into the processing chamber 102 and disposed on the
susceptor 114. In one embodiment, the substrate 116 may comprise sapphire. The
lamp module 128 may be turned on to heat the substrate 16 and correspondingly
the chamber 102. Nitrogen containing reactive gas may be introduced from a first
source 110 to the processing chamber. The nitrogen containing gas may pass
through an energy source 112 such as a gas heater to bring the nitrogen containing
gas into a more reactive state. The nitrogen cohtaining gas then passes through the
chamber lid 104 and the gas distribution showerhead 106. In one embodiment, the

chamber lid 104 may be water cooled.

[0027] A precursor may also be delivered to the chamber 102. A chlorine
containing gas may pass through and/or over the precursor in a precursor source
118. The chlorine containing gas then reacts with the precursor to form a chloride.
The chloride his heated with a resistive heater 120 in the source module 132 and
then delivered into an upper tube 122 where it evenly distributes within the tube 122.
The chloride gas then flows down into the other tube 124 before it is introduced into
the interior of the chamber 102. It is to be understood that while chlorine containing
gas has been discussed, the invention is not to be limited to chlorine containing gas.
Rather, other compounds may be used in the HVPE process. The chamber walls
118 may have a minimal amount of heat generated from the heater 130 embedded
within the walis 118. The maijority of the heat within the chamber 120 is generated

by the lamp module 128 below the susceptor 114.

[0028] Due to the thermal gradient within the chamber 102, the chloride gas and
the nitrogen containing gas rise and fall within the processing chamber 102 and thus
intermix to form a nitride compound that is deposited on the substrate 116. In
addition to depositing on the substrate 116, the nitride layer may deposit on other
exposed areas of the chamber 102 as well. The gaseous reaction product of the
chloride compound and the nitrogen containing gas may include chlorine and

nitrogen which may be evacuated out of the chamber thought the exhaust 126.
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[0029] Once the deposition process is completed, the lamp module 128 may be
turned off and the heater 130 output may be increased. The substrate 116 may be
removed. The heater 130 output reduces or eliminates thermal expansion and thus
any deposited nitride material may remain in place until the desired cleaning time
and not flake off of the walls 108 and land on the susceptor 114 of
incoming/outgoing substrate 116. Once the deposition process is completed, any
nitride that has deposited on the walls 108 may be removed by introducing an
etchant to etch the nitride off of the walls 108. During the cleaning, the lamp module
128 may be turned off and the majority of the heat may be from the heater 130
embedded within the walls 108. Once a new substrate 116 is placed into the

chamber 102, the process may be repeated.

[0030] While the nitrogen containing gas is discussed as being introduced
through the gas distribution showerhead 106 and the precursor delivered in the area
corresponding to the middle of the chamber 102, it is to be understood that the gas
introduction locations may be reversed. However, if the precursor is introduced
through the showerhead 106, the showerhead 106 may be heated to increase the

reactiveness of the chloride reaction product.

[0031] Because the chloride reaction product and the ammonia are delivered at
different temperatures, delivering the ammonia and the chloride reaction product
through a common feed may be problematic. For example, if a quartz showerhead
were used to feed both the ammonia and the chloride reaction product, the quartz
showerhead may crack due to the different temperatures of the ammonia and the

chloride reaction product.

[0032] Additionally, the deposition process may involve depositing a thin
aluminum nitride layer as a seed layer over the sapphire substrate followed by a
gallium nitride layer. Both the gallium nitride and the aluminum nitride may be
deposited within the same processing chamber. Thereafter, the sapphire substrate
may be removed and placed into an MOCVD processing chamber were another

layer may be deposited. In some embodiments, the aluminum nitride layer may be

9
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eliminated. Where both an aluminum nitride layer and a gallium nitride layer are
deposited within the same chamber, a diatomic nitrogen back flow may be used to
prevent any of the other precursors from reacting with chlorine and forming a
chioride reaction product. The diatomic nitrogen may be flowed into the chamber of
the precursor not being reacted while the chlorine may be flowed into contact with

the other precursor. Thus, only one precursor is reacted at a time.

[0033] Figure 2 is a schematic isometric view of an apparatus 200 according to
another embodiment. The apparatus 200 includes a precursor source 202 or boat
that is coupled to the chamber 204. The chamber 204 is enclosed by a lid 212 and
held in place by a clamp 206, bottom 210 and enclosure 208. The chlorine
containing gas is introduced to the precursor source 202 through a passageway
214. The chlorine containing gas snakes through the passageway 214 prior to
coming into contact with the precursor so that the temperature of the chlorine
containing gas may be raised to a predetermined temperature suitable to optimally

react with the precursor.

[0034] Figure 3A is a schematic isometric view of a processing chamber 300
according to another embodiment. The processing chamber 300 includes a first
precursor source 302, a second precursor source 304, a passageway 306 for the
chlorine gas to pass, an upper ring 308, a lower ring 310, and sidewalls 312. Figure
3B is a schematic cross sectional view of Figure 3A. The chloride reaction product
may enter the chamber through a first upper tube 314 and then evenly distribute
therein before flowing to a second tube 316 through connectors 318 that are
distributed between the tubes 314, 316. In one embodiment, a plurality of
connectors 318 may be present that are substantially identical. In another
embodiment, a plurality of connectors 318 may be present in which at least one
connector 318 is different from at least one other connector 318. In another
embodiment, a plurality of connectors 318 may be present that are substantially
uniformly distributed between the tubes 314, 316. In another embodiment, a
plurality of connectors 318 may be present that are non-uniformly distributed

between the tubes 314, 316. In one embodiment, the upper and lower rings 308,

10
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310 comprise opaque quartz. In one embodiment, the walls 312 may comprise clear
quartz. In another embodiment, the tubes 314, 316 may comprise clear quartz. The
lower liner 320 may comprise opaque quartz. The rings 308, 310 may have lips 322
that extend out from the walls 312. O-rings may be disposed out at the edge of the
lips 322 to ensure that the O-rings are as far away from the heated chamber walls
312 and lamp module as possible. O-rings typically are usable up until about 250
degrees Celsius. Therefore, moving the O-rings away from the chamber body is

beneficial.

[0035] Figure 4 is a schematic cross sectional view of a processing chamber 400
according to another embodiment. The processing chamber 400 includes a
susceptor 418 supported by a support shaft 420. The processing chamber 400 also
includes a chamber wall 402 having a first tube 440 coupled thereto. The first tube
404 is the tube into which the chloride reaction product initially flows before being
released into the chamber. The tube 404 is coupled to a second tube 406 via one or
more connectors 408. In one embodiment, the one or more connectors 408 may be
arranged to substantially balance the flow of the chloride reaction product. In one
embodiment, a plurality of connectors 408 may be present that are substantially
identical. In another embodiment, a plurality of connectors 408 may be present in
which at least one connector 408 is different from at least one other connector 408.
In another embodiment, a plurality of connectors 408 may be present that are
substantially uniformly distributed between the tubes 404, 406. In another
embodiment, a plurality of connectors 408 may be present that are non-uniformly
distributed between the tubes 404, 406. The tube 406 has a plurality of openings
410 therethrough to permit the chloride reaction product to enter into the processing
space. In one embodiment, the openings 410 may be evenly distributed along the
second tube 406. In another embodiment, the openings 410 may be non-uniformly
distributed along the second tube 406. In one embodiment, the openings 410 may
have a substantially similar size. In another embodiment, the openings 410 may
have different sizes. In one embodiment, the openings 410 may face in a direction
away from the substrate. In another embodiment, the openings 410 may face in a

direction generally towards the substrate. In another embodiment, the openings 410
11
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may face in a direction substantially parallel to the deposition surface of the
substrate. In another embodiment, the openings 410 may face in multiple directions.
The chloride gas is formed by initially introducing a chlorine containing gas into the
precursor source or boat and flowed within the passage 416. The chlorine
containing gas snakes around in the passage within tubes 414. The passage 416 is
heated by the resistive heaters described above. Thus, the chlorine containing gas
increases in temperature before coming into contact with the precursor. Once the
chlorine comes into contact with the precursor, a reaction takes place to form a
chloride reaction product that is flowed through the passage 416 in gas feed 412
that is coupled to the tube 414. Then, the chloride reaction product is evenly
distributed and then disposed into the processing chamber 400.

[0036] Figure 5 is a schematic cross sectional view of a precursor source 500
according to one embodiment. In the embodiment discussed herein, the precursor
is gallium, however, it is to be understood that the description is applicable to any
liquid precursor. The precursor source 500 includes the precursor itself with a float
504 thereon. The float 504 is the item that the chlorine gas flows through to come
into contact with the precursor. As the chlorine comes into contact with the
precursor, some of the precursor will be used. Thus, the liquid level will drop over
time. As such, the float 504 will move down and float on the precursor such that the
exposure of chlorine gas to the precursor is substantially the same even as the level
of the precursor drops. The area 506 above the float 504 may increase as the
precursor 502 decreases. The materials for the float 504 may comprise PbN to
eliminate quartz exposure to gallium. The float 504 rests on the precursor which is

in a liner 530 that rests on a support liner 502.

[0037] Figure 6 is a schematic cross sectional view of a precursor source 600
according to another embodiment. While the description will be made with reference
to a solid, powder aluminum precursor, it is to be understood that the precursor may
be any solid precursor. The precursor is below the showerhead 604 through which
the chlorine gas flows to come into contact with the precursor. The showerhead 604

increases the residence time that the chlorine gas is exposed to the precursor so

12
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that an optimal amount of precursor may be delivered to the processing chamber.
As the showerhead 604 is not a float, the area 606 above the labyrinth 604 is not

expected to increase over time. The showerhead 604 rests in a support liner 602,

[0038] Figure 7 is a schematic illustration of the buoyancy within the processing
chamber according to one embodiment. As shown by the lines, the gas flow within
the chamber is cyclical such that the gas rises from the bottom of the chamber,
mixes, and then sinks towards the bottom of the chamber as the temperature has
cooled. Figure 8 is a schematic illustration of the heat distribution within the
processing chamber according to one embodiment. As shown in Figure 8, the
temperature distribution is substantially symmetrical about an axis, but there is a

temperature gradient from the bottom of the chamber to the top of the chamber.

[0039] The embodiments discussed herein relate to a hot wall HYPE CVD
reactor design that minimizes wall deposition while any deposited films adhered to
the chamber wall are adhered well enough to manage defects on the product
substrate. The chamber is configured such that two reactive gases may be
introduced separately at desired preheated temperatures. The gas injection was
designed such that the two gases mix mainly away from the wall, but provide
enough diffusion length, volume and buoyancy to ensure ideal premixing and

produce high quality films.

[0040] The chamber design includes a hot wall HVPE reactor with multiple
heating zones to manage the wall temperature and gradient, a bottom lamp for fast
wafer temperature ramp up and down, a HVPE boat structure that interfaces directly
to the chamber interior with optional dilution capabilities, and a chamber structure
that promotes buoyancy flow. The chamber design permits a method to inject
reactive gases into the main stream of the flow. The chamber design also includes
a gas injection method to allow main gas mixing to occur in the gas volume away
from the wall, a substrate heater for rapid temperate ramp up and down, a top
heater for temperature gradient control, and a gas injection separated such that

mixing and buoyancy effect are achieved. The apparatus also includes multiple

13
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metal sources heated by an independent heater and control, quartz or ceramic walls
that incorporate the showerhead features. Helium may be used instead of nitrogen
as the dilution gas to keep the gases at a higher temperature. The top
ammonia/nitrogen gas or ammonia/helium gas can be heated to make the ammonia
more reactive using a gas heater or heated labyrinth design with multiple plates.
The top nitrogen source and the dilutant can be activated by an energy source such
as a gas heater. The reactive gas may be flowed over the metal source boat that is
preheated or activated with an energy source. The susceptor may be rotated for
better gas distribution. A plate may be used to guide the gas mixture to the edge of
the substrate. Also, the exhaust may be placed at the peripheral of the substrate or
the upper part of the chamber where the heated gas may be exhausted.

[0041] While the foregoing is directed to embodiments of the present invention,
other and further embodiments of the invention may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims that

follow.
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Claims:

1. An apparatus, comprising:

a chamber body having chamber walls;

a reactive product holder coupled to the chamber body;

a first reactive product source disposed within the reactive product boat;

a second reactive source disposed within the reactive product boat;

a first heating element coupled to the reactive product boat;

a third reactive source coupled to the chamber body and disposed outside of
the reactive product boat;

a second heating element embedded within the chamber walls;

a gas distribution element disposed within the chamber body and coupled
with the third reactive source;

a susceptor disposed within the chamber body opposite the showerhead; and

one or more heating elements disposed below the susceptor.

2. The apparatus of claim 1, wherein chamber body comprises one or more
rings that comprise opaque quartz and wherein the chamber body has one or more

walls that comprise clear quartz.

3. The apparatus of claim 1, further comprising a chamber lid coupled with the
chamber walls above the gas distribution element, wherein the gas distribution
element comprises a gas distribution showerhead, and wherein the chamber lid
comprises quartz.

4. The apparatus of claim 3, wherein the susceptor comprises silicon carbide.

5. The apparatus of claim 4, further comprising a fourth reactive source coupled

with both the first reactive source and the second reactive source.
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6. The apparatus of claim 5, further comprising:

an inert gas source coupled with both the first reactive gas source and the
second reactive gas source; and

a vacuum pump coupled with the chamber body at a location below the
susceptor,

a first gas ring disposed within the chamber body along the chamber walls
peripheral to the susceptor and coupled to both the first reactive product and the
second reactive product; and

a second gas ring coupled to the first gas ring, the second gas ring having a
plurality of openings therethrough to permit gas to enter the chamber body, wherein
the first gas tube and the second gas tube each comprise clear quartz and wherein

the apparatus is a hydride vapor phase epitaxy apparatus.

7. A method, comprising:

inserting a substrate into a processing chamber, the processing chamber
having a gas distribution showerhead disposed above a susceptor upon which the
substrate is disposed, the processing chamber also having a gas inlet disposed in
the processing chamber between the gas distribution showerhead and the
susceptor;

heating a first reactive gas remotely from the processing chamber;

introducing the first reactive gas into the processing chamber through the gas
inlet;

introducing a second reactive gas to the processing chamber through the gas
distribution showerhead;

heating the walls of the processing chamber;

rotating the substrate; and

depositing a layer on the substrate that is a reactive product of the first

reactive gas and the second reactive gas.

8. The method of claim 7, wherein the method is a hydride vapor phase epitaxy

method.
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9. The method of claim 8, further comprising:
heating a third reactive gas remotely from the processing chamber:
introducing the third reactive gas into the processing chamber through the

gas inlet.

10.  The method of claim 9, wherein the first reactive gas comprises gallium

chioride.

11.  The method of claim 10, wherein the second reactive gas comprises

ammonia.

12.  The method of claim 11, wherein the third reactive gas comprises aluminum

chloride.
13.  The method of claim 12, wherein the substrate comprises sapphire.

14.  The method of claim 13, further comprising heating a chlorine containing gas

and flowing the heated chlorine containing gas over a precursor.

15.  The method of claim 14, wherein the precursor is selected from the group

consisting of liquid gallium and solid, powder aluminum.
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