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method including providing one or more substrates having an aluminum
containing surface in a processing chamber and exposing a surface of each of
the one or more substrates having an aluminum containing surface to a pre-
treatment gas mixture to form a pretreated surface. The pretreatment gas
mixture includes ammonia (NH;3), an aluminum halide gas (e.g., AICI3,
AICI) and an etchant containing gas that includes a halogen gas (e.g., CI2)
or hydrogen halide gas (e.g., HCI).
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METHODS FOR PRETREATMENT OF GROUP III-NITRIDE DEPOSITIONS
RELATED APPLICATIONS

[0001] This application claims the benefit of Provisional Application No. 61/488,673, filed
May 20, 2011, and Utility Application No. 13/469,048, filed May 10, 2012, both of which
are incorporated herein by reference.

FIELD

[0002] Embodiments of the present disclosure relate to the manufacture of
semiconductor devices. More particularly, embodiments of the present disclosure relate
to methods for pretreatment of substrates for manufacturing group Il nitride

semiconductor devices.

DESCRIPTION OF THE RELATED ART

[0003] Group llI-nitride semiconductors are finding greater importance in the
development and fabrication of a variety of semiconductor devices, such as short
wavelength light emitting diodes (LEDs), laser diodes (LDs), and electronic devices
including high power, high frequency, high temperature transistors and integrated
circuits. Light emitting diodes (LEDs) and laser diodes (LDs) are fabricated by
depositing group lll-nitrides on most commonly used sapphire substrates. Group IlI-
nitrides can be deposited by metal organic chemical vapor deposition (MOCVD),
hydride vapor phase epitaxy (HVPE), molecular beam epitaxy (MBE), and/or physical
vapor deposition (PVD) on aluminum oxide containing substrates, such as sapphire
substrates.

[0004] The significant lattice mismatch between the sapphire substrate and group IlI-
nitrides has motivated the development of common three growth steps to obtain high
quality GaN layers on sapphire: a high temperature nitridation of the sapphire surface in
NH3 contained atmosphere, a deposition of a low-temperature buffer layer (or initial
layer, or nucleation layer) and a high temperature low defect density epitaxial layer
growth. Various models of the growth using low temperature GaN or AIN, or high
temperature AIN buffer layers were developed. The buffer (or initial, or nucleation)
layers promote a two-dimensional (2D) growth of group llI-nitrides. On the other hand,
the deposition of group lllI-nitrides directly on sapphire surface at high temperatures
results in three-dimensional (3D) growth. It is expected that such a 3D growth leads to
rough group lll-nitrides surfaces and poor crystal quality.
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[0005] Another way to obtain high quality group llI-nitrides is using pretreatment of
substrates having an aluminum containing surface (e.g., sapphire). Substrates having
an aluminum containing surface may be pretreated before deposition of group IlI-
nitrides to generate low defect density group lll-nitride layers without additional buffer
layer deposition. The traditional methods for treating substrates having an aluminum
containing surface (mostly sapphire) include exposing a surface of the substrates to a
pretreatment gas mixture that includes ammonia (NH3) and CI2 or HCI. The CI2 or HCI
etches the surface of aluminum containing substrates and produces aluminum chloride
vapor that can react with ammonia simultaneously delivered during the treating process.
As a result of this chemical reaction, the regrowth (deposition) of three-dimensional
aluminum nitride (AIN) and/or aluminum oxynitride (AION) islands on the top of the
aluminum containing substrates occurs. The appearance of these three-dimensional
AIN and/or AION islands could enhance the lateral growth for subsequent group IlI-
nitride deposition, which results in the decrease of threading dislocation density.

[0006] However, traditional methods for treating aluminum oxide containing substrates
cannot separate substrate etching and AIN or AION deposition for better optimization
(e.g., sapphire). For example, increasing the CI2 or HCI delivery accelerates both
substrate etching and AIN or AION deposition.

SUMMARY

[0007] Embodiments of the present disclosure relate to methods for pretreatment of
substrates or/and group llI-nitride layers for manufacturing devices such as light
emitting diodes (LEDs), laser diodes (LDs) or power electronic devices. In one ene
embodiment of the present disclosure, a method includes providing one or more
substrates having an aluminum containing surface in a processing chamber and
exposing a surface of each of the one or more substrates having an aluminum
containing surface to a pretreatment gas mixture to form a pretreated surface. In
another embodiment, a method of forming a compound nitride structure includes
exposing an aluminum containing surface of group lll-nitride layers on one or more
substrates to a pretreatment gas mixture to form a pretreated surface. In another
embodiment, a method of forming a compound nitride structure includes exposing a first
pretreated surface of one or more substrates having an aluminum containing surface to
a second pretreatment gas mixture to form a second pretreated surface. The
pretreatment gas mixtures may include ammonia gas (NHs), an aluminum halide gas

(e.g., AICI3, AICI), and an etchant containing gas that includes a halogen gas (e.g., Cl2)
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or hydrogen halide gas (e.g., HCI). The pretreatment procedure could enhance the
lateral growth for subsequent group llI-nitride deposition, which results in the decrease
of threading dislocation density in the subsequently deposited layers. The pretreatment
procedure can also reduce or tune the stress in the subsequently deposited layers and
final device structures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] So that the manner in which the above recited features of the present disclosure
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.

[0009] Figure 1A is a schematic sectional side view of a GaN based LED structure
according to one embodiment of the present disclosure.

[0010] Figure 1B is a schematic sectional side view of a GaN based LED structure
according to one embodiment of the present disclosure.

[0011]Figure 1C is a schematic sectional side view of a GaN based LD structure
according to one embodiment of the present disclosure.

[0012] Figure 2 is a flow diagram of a method for pretreating a substrate according to
one embodiment of the present disclosure.

[0013] Figure 3 is a flow diagram of a method according to one embodiment of the
present disclosure.

[0014]Figure 4 is a flow diagram of a method according to one embodiment of the
present disclosure.

[0015] Figure 5 is a flow diagram of a method according to one embodiment of the
present disclosure.

[0016] Figure 6 is a flow diagram of a method according to one embodiment of the
present disclosure.

[0017]Figure 7 is a cluster tool according to one embodiment of the present disclosure.
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[0018] Figure 8 is a schematic sectional view of an HVPE chamber in accordance with
one embodiment of the present disclosure.

[0019] Figure 9 illustrates a cross-sectional view of a power device in accordance with
one embodiment of the present disclosure.

[0020] 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

[0021] The present disclosure generally provides methods for manufacturing group Il1-
nitride semiconductor devices. In one embodiment of the present disclosure, a method
includes treating a substrate having an aluminum containing surface by exposing the
aluminum containing surface to a pretreatment gas mixture that includes ammonia, an
etchant containing gas, and an aluminum halide gas. The etchant containing gas
includes a halogen gas or hydrogen halide gas. In some embodiments, the etchant
containing gas may be selected from the group consisting of chlorine gas (CI2), bromine
gas (Br2), iodine gas (12), hydrogen chloride gas (HCI), hydrogen bromide gas (HBr),
hydrogen iodide gas (HI), combinations thereof, and mixtures thereof. The pretreatment
gas mixture reacts with the aluminum containing surface and forms a layer, or a formed
region, of aluminum nitride (AIN) and/or aluminum oxynitride (AION) in case of oxygen
containing surface on the substrate (e.g., sapphire). The layer of AION or AIN can work
as a buffer layer (e.g., initial layer, nucleation layer) for subsequent group llI-nitride
depositions. This layer is believed to promote wetting and lateral two-dimensional
growth of group lll-nitrides, and also reduces, or tunes, the layer stress in the
subsequently deposited layers and final device structures. The pretreatment procedure
could enhance the lateral growth for subsequent group IlI-nitride deposition, which
results in the decrease of threading dislocation density in the subsequently deposited
layers.

[0022] Pretreatment to aluminum containing surface using ammonia, aluminum halide
gas, and halogen gas or hydrogen halide gas can be used beneficially prior to any
deposition technique, such as HVPE, MOCVD, MBE, and PVD.
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[0023] Embodiments of the present disclosure have advantages over traditional
pretreatment and common nitridation of substrates having an aluminum containing
surface (e.g., sapphire substrates) because of the use of additional aluminum halide
gas (e.g., AICI3, AICI, etc.). The traditional methods for pretreating substrates having
an aluminum containing surface (mostly sapphire) include exposing a surface of the
substrates to a pretreatment gas mixture that includes ammonia (NH3) and CI2 or HCI.
The CI2 or HCI etches the surface of substrates having an aluminum containing surface
and produces aluminum chloride vapor that can react with simultaneously delivered
ammonia to produce aluminum nitride (AIN) and/or aluminum oxynitride (AION) on the
surface of the substrates.

[0024] The etching effect (e.g., roughness of final regrown AIN or AION layer) and
deposition effect (e.g., deposition rate of AIN or AION regrowth) mostly depends on
amount of etchant gas. The increase in the etchant gas delivery accelerates both
substrate etching and AIN or AION deposition. The optimal (for subsequent group Il1-
nitride deposition) treatment process needs both optimal substrate etching and optimal
AIN or AION deposition. It is not possible to separate these processes in a traditional
pretreatment scheme. The additional amount of aluminum halide gas allows
independent control of these processes. The additional amount of metal halide gas
(e.g., AICI3, AICI, etc.) accelerates only the deposition rate of AIN or AION. As a result,
the pretreatment time may be reduced significantly and the etching effect may be
minimized to achieve optimal substrate surface parameters. Thus, the improved
pretreatment process becomes more stable and reproducible. Minimization of the
pretreatment time produces a drastic decrease in the formation of harmful by-products.
For example, ammonia chloride (NH4CI) forms as a by-product in traditional
pretreatment of sapphire substrates using HCI (or CI2) and ammonia before depositing
group lll-nitride layers on the sapphire substrates. Ammonia chloride may sublime to a
solid powder and stick to walls of the reaction chamber, exhaust line, and vacuum
pump. The ammonia chloride powder may also be transmitted through the entire
processing system, for example with the substrates, carriers, or robots. By drastic
decrease in the formation of harmful byproduct, embodiments of the present disclosure
improves throughput and increases quality in applicable manufacturing processes, such
as manufacturing of LEDs and LDs.

[0025] The nitridation of aluminum containing surface before pretreatment can strongly
affect the pretreatment process results. The nitridation effect may be explained on the
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basis of sapphire nitridation model. When sapphire surface is nitrided under flowing
NH3 at various temperatures between 600 and 1080 degrees C, the surface
compositions of the Al, O and N are changed. Nitrogen was detected for sapphire
nitrided at even 600 degrees C, and the nitrogen composition increased with higher
temperature, while the oxygen decreased. So, AIOxN1-x was induced by nitridation,
depending on the temperature used. Duration of the nitridation step also affects the
surface compositions. However, etching rate of AIOXN1-x during pretreatment process
depends on the surface composition. So, different nitridation schemes of sapphire can
strongly affect the pretreatment process results.

[0026] In one embodiment, a nitridation process is performed in combination with
exposing the substrate having an aluminum containing surface to the pretreatment gas
mixture. The nitridation processes may be performed by exposing the substrates
surface with a nitridation gas mixture including ammonia and carrier gas. The nitridation
process may be performed prior to or after the pretreatment process or both prior to and
after the pretreatment process.

[0027] In one embodiment, a group llI-nitride layer is formed after pretreatment. The
group llI-nitride layer may be an undoped gallium nitride (uGaN) layer or n-type doped
gallium nitride (nGaN) layer. In one embodiment, the pretreatment process further
includes a buffer layer (or initial layer, or nucleation layer) forming process. The buffer
layer may be an aluminum nitride (AIN) layer, or gallium nitride (GaN) layer, or
aluminum gallium nitride (AlGaN) layer. In another embodiment, a group llI-nitride buffer
layer is formed after the pretreatment by flowing ammonia gas, and a group lll-metal

halide precursor, such as aluminum chloride or/and gallium chloride.

[0028] Figure 1A is a schematic sectional side view of common gallium nitride based
LED structure 100 fabricated over the pretreated substrate 104 in accordance with one
embodiment. The substrate 104 having an aluminum containing surface may be formed
from solid aluminum oxide, such as single crystal sapphire substrate. The substrate 104
may also be a composite substrate having a surface containing aluminum, such as AIN
template comprises an AIN layer and sapphire substrate. Any well-known method, such
as masking and etching may be utilized to form features from a planar substrate to
create a patterned substrate. In a specific embodiment, the patterned substrate is a
patterned sapphire substrate (PSS). Patterned sapphire substrates may work well for
the manufacturing of LEDs because they increase the light extraction efficiency which is
useful in the fabrication of a new generation of solid state lighting devices. Any well-
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known masks (e.g., Si3N4 mask, SiO2 mask) may partially cover the substrate having

an aluminum containing surface for subsequent group lll-nitride lateral overgrowth.

[0029] In one embodiment of the present disclosure, the pretreatment gas mixture
includes a hydrogen halide gas (e.g., HCI), an aluminum halide gas (e.g., AICI3, AICI),
and ammonia.

[0030] An u-GaN (undoped GaN) layer 114 is subsequently deposited on a pretreated
surface of the substrate 104. A n-GaN (n-doped GaN) layer 116 is subsequently
deposited on the u-GaN layer 114. The layers 114 and 116 may be formed by a HVPE
process or a MOCVD process. In one embodiment, layers 114 and 116 may be
deposited at a higher temperature, for example at about 1050 degrees C. The
combination of layers 114 and 116 is relatively thick, with deposition of a thickness on
the order of 3-7 um. In one embodiment, the combination of 114 and 116 may reach 10-
15 um.

[0031] An InGaN multi-quantum-well (MQW) layer 120 is subsequently deposited over
the n-GaN layer 116. The InGaN MQW layer 120 may have a thickness of about 750 A
and form at about 700-800 degrees C.

[0032][0031]A p-AlGaN (p-doped AlGaN) layer 124 may be deposited over the multi-
quantum-well layer 120. The p-AlGaN layer 124 may have a thickness of about 200A
and form at a temperature of about 900-1000 degrees C to form.

[0033] A p-GaN (p-doped GaN) contact layer 128 may then be deposited over the p-
AlGaN layer 124. The p-GaN contact layer 128 may have a thickness of about 0.4 um
and form at about 1000-1100 degrees C.

[0034] In another embodiment, as shown in Figure 1B, the LED structure 100 formed on
the substrate 105 includes an aluminum contained buffer layer 112 pretreated before
subsequent deposition of u-GaN layer 114. The buffer layer 112 may be formed by a
HVPE process or a MOCVD process. In one embodiment of the present disclosure, the
buffer layer 112 is pretreated aluminum nitride (AIN) buffer layer. A typical low
temperature aluminum nitride (AIN) buffer layer 112 has a thickness of about 50 — 150
nm, which may be deposited at a temperature of about 450-650 degrees C. Any well-
known substrate (e.g., sapphire, silicon carbide, silicon, aluminum nitride) for

subsequent group Ill--Nitride deposition may be utilized in this embodiment.



WO 2012/162195 PCT/US2012/038727

[0035] Figure 1C is a schematic sectional side view of a GaN based LD structure 150
formed on an aluminum containing substrate 106 in accordance with one embodiment.
The aluminum containing substrate 106 may be similar to the aluminum containing
substrate 104 of Figure 1A. The substrate 106 may be formed from solid aluminum
oxide, such as sapphire. The substrate 106 may also be a composite substrate having a
surface containing aluminum oxide for fabricating a compound nitride structure thereon

or any aluminum containing substrate.

[0036] In one embodiment, the LD (or LED) structure 150 is formed on the substrate
106 after a nitridation process and a pretreatment process. The nitridation procedure
may be performed by exposing the substrate 106 to a nitriding gas mixture including
ammonia and carrier gas after the substrate 106 reaches a constant temperature. The
pretreatment process may be performed by exposing the substrate 106 to a
pretreatment gas mixture after the substrate 106 reaches a constant temperature. In
one embodiment, the pretreatment process includes exposing the substrate, initial layer,
buffer layer, or other layer to a pretreatment gas mixture when the substrate is heated to

an elevated temperature.

[0037] The LD structure 150 is a stack of group-Ill nitride layers formed on the substrate
106. The LD structure 150 starts from an undoped GaN layer 151 and n-type GaN
contact layer 152. The LD structure 150 further includes an n-type cladding layer 154.
The cladding layer 154 may include AlGaN. An undoped guide layer 156 is formed over
the cladding layer 154. The guide layer 156 may include InGaN. An active layer 158
having a multiquantum well (MQW) structure is formed on the guide layer 156. An
undoped guide layer 160 is formed over the active layer 158. A p-type electron block
layer 162 is formed over the undoped guide layer 160. A p-type contact GaN layer 164
is formed over the p-type electron block layer 162.

[0038] Figure 2 is a flow diagram of a method 200 for treating a substrate according to
one embodiment of the present disclosure. At block 210, one or more substrates having
an aluminum containing surface are loaded in a processing chamber. In one
embodiment, the substrates having an aluminum containing surface may be sapphire
substrates. In one embodiment, the substrates may be positioned in a substrate carrier
and transferred into the processing chamber. The substrate carrier is generally adapted
to support the substrates during processing. The substrate carrier 616 (Figure 8) may
include one or more recesses within which one or more substrates may be disposed

during processing. The substrate carrier may carry six or more substrates. In one
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embodiment, the substrate carrier carries eight substrates. It is to be understood that
more or fewer substrates may be carried on the substrate carrier. Substrate size may
range from 50mm-100mm in diameter or larger, while substrate carrier size may range
from 200mm to 500mm in diameter. The substrate carrier 616 may be formed from a
variety of materials, including SiC or SiC-coated graphite.

[0039] At block 220, the one or more substrates having an aluminum containing surface
may be heated in the process chamber while a carrier gas is delivered into the
processing region (deposition zone) of a process chamber. The carrier gas may include
nitrogen gas (N2), an inert gas such as argon (Ar) or helium (He), or combinations
thereof. In one embodiment, a nitridation process may be performed to the one or more
substrates having an aluminum containing surface upon the substrates reaching a
nitridation temperature. In one embodiment, the nitridation process may be performed
by flowing a nitridation gas mixture into the processing chamber. In one embodiment,
the nitridation gas mixture includes ammonia and carrier gas. In one embodiment, the
carrier gas includes nitrogen gas (N2). The nitridation temperature may be between
about 900 degrees C and about 1100 degrees C. The ammonia flow rate may be
between about 1 SLM to about 22 SLM. In one example, the nitridation process may be
performed by flowing the nitridation gas mixture for about 10 minutes while maintaining
the substrate(s) at a temperature of about 1050 degrees C. The nitridation procedure
may take additional time, such as on the order of 10 minutes, so that the temperature
can be ramped-up and ramped-down. In one embodiment, the temperature ramp-up
rate is about 1 degree C/second to about 5 degrees C/second, or other ramp rate
depending on the hardware of the process chamber. In another embodiment, the
nitridation gas may be delivered into the process chamber during the temperature ramp-

up and ramp-down times.

[0040] At block 230, the one or more substrates are exposed to a pretreatment gas
mixture when the surface is at the pretreatment temperature for a pretreatment to
enable high quality group lll-nitride layer to be formed (at block 240) over the pretreated
substrates. In one embodiment, the pretreatment process may be performed at a
temperature range between about 500 degrees C to about 1200 degrees C. In one
embodiment, the pretreatment process may be performed at a temperature between
about 900 and about 1000 degrees C. In one example, the pretreatment process
temperature may be greater than about 1150 degrees C.
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[0041] In one embodiment, the pretreatment gas mixture includes ammonia gas, an
aluminum halide gas, and an etchant containing gas such as a hydrogen halide (e.g.,
hydrogen chloride (HCI)) gas. The gas mixture may etch (or react with) the surface of
the substrate and form a layer ( ora regions) of aluminum nitride (AIN) and/or aluminum
oxynitride (AION) (in case of oxygen containing surface (e.g., sapphire surface)) on the
surface of aluminum containing substrate. In one embodiment, exposing the one or
more substrates having an aluminum containing surface to the pretreatment gas mixture
includes flowing ammonia gas at a flow rate between about 500 sccm to about 12000
scem, flowing HCI gas at a flow rate between about 200 sccm to about 2200 scem, and
flowing the aluminum halide gas (e.g., AICI3, AICI) at a flow rate between about 3 sccm
to about 150 sccm. The aluminum halide gas allows independent control of etching and
deposition during the pretreatment. In one embodiment, the pretreatment may be
performed for about 0.5 minute to about 20 minutes.

[0042] At block 240, a group lllI-nitride layer is formed over a treated surface of the
aluminum containing substrates. The group llI-nitride layer may be formed by a HVPE
process, a MOCVD process, a CVD process, or a PVD process. In one embodiment,
the group lll-nitride layer may be deposited by providing flows of a group Ill-metal and
nitrogen containing precursors to a processing chamber and using thermal processes to
achieve deposition. In one example, the group llI-metal precursor may be a metal halide
precursor gas, which is discussed below. In one embodiment, the group llI-nitride layer
is formed in the same chamber where pretreatment is performed. In another
embodiment, the group llI-nitride layer may be formed in a separate process chamber
from the process chamber where nitridation process and pretreatment are performed.

[0043] In one embodiment, a GaN layer may be formed during the process of block 240
by a HVPE process. In one embodiment, the HVPE process includes flowing a gallium
containing precursor and a nitrogen containing precursor over the one or more
substrates at a temperature between about 550 degrees C to about 1100 degrees C. In
one embodiment, the HVPE process includes flowing a gallium chloride containing
precursor and a nitrogen containing precursor over the one or more substrates at a
temperature between about 950 degrees C to about 1100 degrees C. In one
embodiment, the gallium containing precursor may be generated by flowing chlorine
(ClI2) gas at a flow rate between about 20 sccm to about 250 sccm over liquid gallium
maintained at a temperature between 500 degrees C to about 1000 degrees C. In one
embodiment, the gallium containing precursor may be generated by flowing hydrogen

10
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chloride (HCI) gas at a flow rate between about 40 sccm to about 500 scem over liquid
gallium maintained at a temperature between 500 degrees C to about 1000 degrees C.
The GaN has a growth rate between about 0.3 micron/hour to about 150 micron/hour. In
one embodiment, an AIN layer may be formed during the process of block 240 by a
HVPE process. In one embodiment, the HVPE process includes flowing an aluminum
containing precursor and a nitrogen containing precursor over the one or more
substrates at a temperature between about 550 degrees C to about 1300 degrees C.
During the deposition processes, the chamber pressure may be maintained between
about 10 Torr and about 760 Torr, such as between about 70 Torr and about 550 Torr,
for example about 450 Torr, and the chamber wall temperature is maintained at or
above about 400 degrees C. The nitrogen source may be ammonia at a flow rate
between about 1 SLM to about 20 SLM. In another embodiment, the nitrogen source
may be one or more active nitrogen species derived from remote plasma of a nitrogen-
containing material such as nitrogen gas (N2), nitrous oxide (N20O), ammonia (NH3),
hydrazine (N2H4), diimide (N2H2), hydrazoic acid (HN3), and the like. While the term
hydride vapor phase epitaxy (HVPE) is used to describe a type of deposition process
described herein, typically the processes described herein use a metal chloride gas
(e.g., GaCl, GaCl3, AICI, AICI3, InCI3) in place of a hydride containing gas (e.g., NH3)
during the deposition process, and thus this term is not intended to be limiting as to the
scope of embodiments of the invention described herein.

[0044] Figure 8 is a schematic sectional view of an HVPE apparatus 600 in accordance
with one embodiment which can be used to deposit a group llI-nitride layers (e.g., GaN,
AIN, AlGaN, AION) formed using the processes described herein. The HVPE apparatus
600 includes a chamber 602 enclosed by a lid 604. The chamber 602 and the lid 604
define a processing region (deposition zone) 607. A showerhead 606 is disposed in an
upper region of the processing region 607. A susceptor 614 is disposed opposing the
showerhead 606 in the processing region 607. The susceptor 614 is configured to
support a plurality of substrates 615 thereon during processing. In one embodiment, the
substrates 615 are disposed on a substrate carrier 616 which is supported by the
susceptor 614. The susceptor 614 may be rotated by a motor 680, and may be formed
from a variety of materials, including SiC or SiC-coated graphite.

[0045] In one embodiment, the HVPE apparatus 600 includes a heating assembly 628
configured to heat the substrates 615 on the susceptor 614. In one embodiment,
chamber bottom 602a is formed from quartz and the heating assembly 628 is a lamp

11
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assembly disposed under the chamber bottom 602a to heat the substrates 615 through
the quartz chamber bottom 602a. In one embodiment, the heating assembly 628
includes an array of lamps that are distributed to provide a uniform temperature
distribution across the substrates, substrate carrier, and/or susceptor.

[0046] The HVPE apparatus 600 further includes precursor supplying pipes 622, 624
disposed inside the side wall 608 of the chamber 602. The pipes 622 and 624 are in
fluid communication with the processing region 607 and an inlet tube 621 found in a
precursor source module 632. The showerhead 606 is in fluid communication with the
processing region 607 and a first gas source 610. The processing region 607 is in fluid
communication with an exhaust 651 through an outlet 626.

[0047] The HVPE apparatus 600 further includes a heater 630 embedded within the
walls 608 of the chamber 602. The heater 630 embedded in the walls 608 may provide
additional heat if needed 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 641 that controls the temperature of the walls of the
chamber 602 by adjusting the power delivered to the heater 630 (e.g., resistive heating
elements) based upon the reading from a thermocouple (not shown). For example, if the
chamber is too cool, the heater 630 will be turned on. If the chamber is too hot, the
heater 630 will be turned off. Additionally, the amount of heat provided from the heater
630 may be controlled so that the amount of heat provided from the heater 630 is

minimized.

[0048] Processing gas from the first gas source 610 is delivered to the processing
region 607 through the gas distribution showerhead 606. In one embodiment, the first
gas source 610 may include a nitrogen containing compound. In one embodiment, the
first gas source 610 is configured to deliver a gas that includes ammonia or nitrogen. In
one embodiment, an inert gas such as helium or diatomic nitrogen may be introduced
as well either through the gas distribution showerhead 606 or through the pipe 624,
disposed on the walls 608 of the chamber 602. In one embodiment, etchant containing
gas (e.g. halogen gas, hydrogen halide gas) may be introduced through the pipe 624,
disposed on the walls 608 of the chamber 602. An energy source 612 may be disposed
between the first gas source 610 and the gas distribution showerhead 606. In one
embodiment, the energy source 612 may include a heater or a remote RF plasma
source. The energy source 612 may provide energy to the gas delivered from the first
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gas source 610, so that radicals or ions can be formed, so that the nitrogen in the

nitrogen containing gas is more reactive.

[0049] The source module 632 includes a halogen or hydrogen halide gas source 618
connected to a well 634A of a source boat and an inert gas source 634 connected to the
well 634A. A source material 623, such as aluminum, gallium or indium, is disposed in
the well 634A. A heating source 620 surrounds the source boat. An inlet tub 621
connects the well 634A to the processing region 607 via the pipes 622, 624.

[0050] In one embodiment, during processing a halogen gas (e.g., Cl2, Br2 or 12) is
delivered from the halogen gas source 618 to the well 634A of the source boat to create
a metal halide precursor gas. In one embodiment, during processing a hydrogen halide
gas (e.g., HCI, HBr or HI) is delivered from the hydrogen halide gas source 618 to the
well 634A of the source boat to create a metal halide precursor gas. The interaction of
the halogen gas or hydrogen halide gas and the solid or liquid source material 623
allows a metal halide precursor to be formed. In one embodiment, the metal halide gas
is a group IlI- metal halide gas, such as gallium chloride (e.g., GaCl, GaCl3), indium
chloride (e.g., InCI3) or aluminum chloride (e.g., AICI3, AICI). The source boat may be
heated by the heating source 620 to heat the source material 623 and allow the metal
halide precursor to be formed. The metal halide precursor is then delivered to the
processing region 607 of the HVPE apparatus 600 through an inlet tube 621. In one
embodiment, an inert gas (e.g., Ar, He, N2) delivered from the inert gas source 634 is
used to carry, or push, the metal halide precursor formed in the well 634A through the
inlet tube 621 and pipes 622 and 624 to the processing region 607 of the HVPE
apparatus 600. A nitrogen-containing precursor gas (e.g., NH3, N2) may be introduced
into the processing region 607 through the showerhead 606, while the metal halide
precursor is also provided to the processing region 607, so that a metal nitride layer can
be formed on the surface of the substrates 615 disposed in the processing region 607.

[0051] Figure 3 is a flow diagram of a method 300 according to one embodiment of the
present disclosure. The method 300 is similar to the method 200 except that pretreated
surfaces of the substrates are exposed t0 a second pretreatment gas mixture.

[0052] At block 310, one or more substrates having an aluminum containing surface are
loaded in a processing chamber. In one example, the processing chamber is similar to
the HVPE apparatus 600, described above. In one embodiment, the substrates having
an aluminum containing surface are sapphire substrates.
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[0053] At block 320, similar to the process performed at block 220 of method 200, a
nitridation process may be performed to the one or more substrates having an

aluminum containing surface.

[0054] At block 330, a surface of the one or more substrates are exposed to a first
pretreatment gas mixture when the surface is at the pretreatment temperature to form a
first pretreated surface. The first pretreatment gas mixture may include ammonia gas,
an aluminum halide gas, and an etchant containing gas such as a halogen-containing
gas, which may be a hydrogen halide gas, or may be hydrogen-free. The halogen-
containing gas may be selected from the group consisting of fluorine gas (F2), chlorine
gas (Cl2), bromine gas (Br2), iodine gas (12), hydrogen fluoride (HF), hydrogen chloride
gas (HCI), hydrogen bromide gas (HBr), hydrogen iodide gas (HI), combinations
thereof, and mixtures thereof.

[0055] In one embodiment, exposing the one or more substrates having an aluminum
containing surface to the pretreatment gas mixture includes flowing ammonia gas at a
flow rate between about 500 sccm to about 12000 sccm, flowing CI2 gas at a flow rate
between about 100 sccm to about 1200 scem, and flowing the aluminum halide gas
(e.g., AICI3, AICI, AIBr3, AlBr) at a flow rate between about 3 sccm to about 150 scem.
The aluminum halide gas allows independent control of etching and deposition during
the pretreatment. The pretreatment may be performed for about 0.5 minute to about 30

minutes.

[0056] At block 335, after the first pretreatment, the first pretreated surface of the one or
more substrates are exposed t0 a second pretreatment gas mixture when the surface is
at the pretreatment temperature to form a second pretreated surface. The second
pretreatment gas mixture may include ammonia gas, an etchant containing gas such as
a halogen-containing gas, and an aluminum halide gas. The etchant containing gas
includes a halogen gas or hydrogen halide gas. In some embodiments, the etchant
containing gas may be selected from the group consisting of chlorine gas (CI2), bromine
gas (Br2), iodine gas (12), hydrogen chloride gas (HCI), hydrogen bromide gas (HBr),
hydrogen iodide gas (HI), combinations thereof, and mixtures thereof. The second
pretreatment gas mixture may be the same or different than the first pretreatment gas
mixture. The process parameters (e.g. temperature, chamber pressure, concentrations
of active reagents) for second pretreatment may be the same or different than the
process parameters for the first pretreatment. A nitridation process may optionally be

performed over the one or more substrates having an aluminum containing surface.
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During nitridation, the one or more substrates having an aluminum containing surface
may be heated to a temperature between about 850 degrees C to about 1100 degrees
C while flowing a nitridation gas mixture to the process chamber for about 5 minutes to
about 15 minutes.

[0057] At block 340, a group lll-nitride layer is formed over the second treated surface of
the aluminum containing substrate, similar to the group lll-nitride layer forming process
of block 240 of method 200.

[0058] Figure 4 is a process flow diagram illustrating a method 400 according to one
embodiment of the present disclosure. The method 400 discloses treatments to one or
more substrates prior to forming a high quality group lllI-nitride layer (e.g., GaN) for a
LED, LD, or power structure. The method 400 includes a nitridation process, forming a
first group IlI-nitride layer on the one or more substrates, pretreating the surface of first
group lll-nitride layer, and forming a second group llI-nitride layer over the pretreated
surface of first group lll-nitride layer.

[0059] At block 410, one or more substrates (e.g., Al203, Si, SiC) are loaded in a
processing chamber. In one example, the processing chamber is similar to the HVPE
apparatus 600 described above.

[0060] At block 420, the one or more substrates are nitrided using processes similar to
the nitridation process described at block 220 of method 200.

[0061] At block 436, a first group IlI--nitride layer having an aluminum containing surface
is then formed on the one or more substrates. The first group llI-nitride layer may
include aluminum nitride (AIN), or aluminum oxynitride (AION), or aluminum gallium
nitride (AlGaN). In one embodiment, the first group IlI-nitride layer is a group IlI-nitride
buffer layer (e.g., initial layer, nucleation layer).

[0062] In one embodiment, the first group lll-nitride layer includes AIN formed by HVPE
using ammonia as a nitrogen source, and an aluminum halide gas generated by flowing
a halogen contained gas over an aluminum metal source. For example, the first group
[ll-nitride layer may be formed using the HVPE apparatus 600 shown in Figure 8. The
first group IlI-nitride layer may be formed by generating a metal halide precursor, such
as an aluminum chloride precursor, and flowing the metal halide precursor and
ammonia gas to the processing region 607 in the process chamber 602 while
maintaining the one or more substrates at a temperature between about 550 degrees C
to about 1050 degrees C. In one embodiment, the aluminum chloride precursor is
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generated by flowing chlorine gas (Cl2) over solid aluminum at a flow rate between
about 20 sccm to about 150 sccm with the solid aluminum maintained at a temperature
between about 350 degrees C to about 650 degrees C. In one embodiment, the
aluminum chloride precursor is generated by flowing hydrogen chloride gas (HCI) over
solid aluminum at a flow rate between about 40 sccm to about 300 sccm with the solid
aluminum maintained at a temperature between about 350 degrees C to about 650
degrees C. In one embodiment, the aluminum source material is maintained between
about 450 degrees C to about 650 degrees C. The first group IlI-nitride layer may be
formed by generating a metal halide precursor, such as an aluminum chloride
precursor, and flowing the metal halide precursor, a nitrogen containing precursor gas,
and HCI (or CI2) to the processing region 607 in the process chamber 602 while
maintaining the one or more substrates at a temperature between about 550 degrees C
to about 1050 degrees C.

[0063] In one embodiment, the nitrogen source may be ammonia. In another
embodiment, the nitrogen source may be one or more active nitrogen species derived
from a remote plasma of a nitrogen-containing material such as nitrogen gas (N2),
nitrous oxide (N20), ammonia (NH3), hydrazine (N2H4), diimide (N2H2), hydrazoic acid
(HN3), and the like. In one embodiment, the flow rate of nitrogen source may be
between about 1000 sccm to about 22000 sccm.

[0064] At block 438, similar to the pretreatment performed at block 330 of method 300,
the surface of first group lll-nitride layer on the one or more substrates are exposed to a
pretreatment gas mixture when the surface is at the pretreatment temperature to form a
pretreated surface. The pretreatment gas mixture may include ammonia gas, an etchant
containing gas, and an aluminum halide gas. The etchant containing gas includes a
halogen gas or hydrogen halide gas.

[0065] In some embodiments, the pretreatment gas mixture may include ammonia gas,
an aluminum halide gas, and a halogen-containing gas, which may be a hydrogen
halide gas, or may be hydrogen-free. The halogen-containing gas may be selected from
the group consisting of fluorine gas (F2), chlorine gas (CI2), bromine gas (Br2), iodine
gas (12), hydrogen fluoride (HF), hydrogen chloride gas (HCI), hydrogen bromide gas
(HBr), hydrogen iodide gas (HI), combinations thereof, and mixtures thereof.

[0066] In one embodiment, the pretreatment process may be performed at a
temperature range between about 500 degrees C to about 1200 degrees C.
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[0067] At block 440, a second group llI-nitride layer is formed over pretreated surface of
the first group llI-nitride layer, similar to the group llI-nitride layer forming process of
block 240 of method 200. In one embodiment, the second group llI-nitride layer may be
formed by flowing a gallium chloride precursor and a nitrogen source to the process
chamber while heating the one or more substrates to a temperature between about 550
degrees C to about 1100 degrees C. In one embodiment, the second group llI-nitride
layer may be formed by flowing a gallium chloride precursor and a nitrogen source to
the process chamber while heating the one or more substrates to a temperature
between about 950 and about 1100 degrees C. In one example, the temperature is
maintained at about 1050 degrees C. In one embodiment, the gallium chloride precursor
is generated by flowing chlorine gas over gallium at a flow rate between about 5 sccm to
about 300 sccm with gallium maintained at a temperature between about 550 degrees
C to about 1000 degrees C. In one embodiment, the gallium chloride precursor is
generated by flowing hydrogen chloride gas over gallium at a flow rate between about 5
scem to about 300 scem with gallium maintained at a temperature between about 550
degrees C to about 1000 degrees C.

[0068] Figure 5 is a process flow diagram illustrating a method 500 according to one
embodiment of the present disclosure. The method 500 discloses treatments to one or
more substrates having an aluminum containing surface prior to forming a group Ill
nitride film (e.g, GaN, AlGaN). The method 500 includes nitridation process, pretreating,
forming a buffer layer on the one or more substrates, and another pretreating prior to
forming a group-III nitride film.

[0069] At block 510, the one or more substrates are positioned in a processing
chamber. In one example, the processing chamber is similar to the HVPE apparatus
600 described above.

[0070] At block 520, the one or more substrates are nitrided using processes similar to
the nitridation process described at block 220 of method 200.

[0071] At block 530, the one or more substrates are exposed to a pretreatment gas
mixture at an elevated temperature for a pretreatment to enable high quality group I
nitride film to be formed over the substrates. The pretreatment gas mixture may include
ammonia, an aluminum halide precursor (e.g., AlCI3, AICI), and a halogen gas or a
hydrogen halide gas.
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[0072] At block 536, a buffer layer is then formed on the pre-treated substrates. The
buffer layer may include aluminum nitride (AIN) and/or aluminum oxynitride (AION), or
gallium nitride. In one embodiment, the buffer layer is formed by one of the processes
described above with block 436 of the method 400.

[0073] In one embodiment, at block 538, the buffer layer of the one or more substrates
are exposed to an optional pretreatment gas mixture at an elevated temperature for a
pretreatment to enable high quality group Il nitride film to be formed over the
substrates. In one embodiment, the pretreatment process may be performed at a
temperature range between about 500 degrees C to about 1200 degrees C.

[0074] The pretreatment gas mixture may include ammonia, a metal halide precursor
(e.g., an aluminum halide precursor), and a halogen gas or a hydrogen halide gas. The
pretreatment gas mixture may include ammonia, a metal halide precursor (e.g., an

aluminum halide precursor), and HCI.

[0075] At block 540, a group-IlIl nitride film is formed over the treated surface of the
buffer layer of the substrates, similar to the group-Ill nitride film forming process of block
240 of method 200.

[0076] Figure 6 is a process flow diagram illustrating a method 700 according to one
embodiment of the present disclosure. The method 700 discloses treatments to one or
more substrates having an aluminum containing surface prior to forming a group Il1-
nitride layer (e.g., GaN, AlGaN, AIN). The method 700 includes nitridation process,
pretreating, forming a first group IlI-nitride layer on the one or more substrates having
an aluminum containing surface, and another pretreating prior to forming a second

group lll-nitride layer.

[0077] At block 710, the one or more substrates having an aluminum containing surface
are positioned in a processing chamber. In one example, the processing chamber is
similar to the HVPE apparatus 600 described above.

[0078] At block 720, the one or more substrates having an aluminum containing surface
are nitrided using processes similar to the nitridation process described at block 220 of
method 200.

[0079] At block 730, similar to the pretreatment performed at block 330 of method 300, a
surface of the one or more substrates are exposed to a first pretreatment gas mixture
when the surface is at the pretreatment temperature to form a first pretreated surface.

18



WO 2012/162195 PCT/US2012/038727

[0080] At block 735, an optional nitridation process is then performed on first pretreated
surface by exposing the surface to a nitridation gas mixture. The nitridation process may
be similar to the nitridation process described at block 220 of method 200.

[0081] At block 736, a first group llI-nitride layer is then formed on first pretreated
surface. The layer may be formed in a similar way as described at block 436 of method
400.

[0082] At block 738, similar to the pretreatment performed at block 438 of method 400,
the surface of first group IlI-nitride layer is exposed to a pretreatment gas mixture when
the surface is at the pretreatment temperature to form a pretreated surface. In one
embodiment, the pretreatment process may be performed at a temperature range
between about 500 degrees C to about 1200 degrees C. The aluminum halide gas
allows independent control of etching and deposition during the pretreatment.

[0083] At block 740, a second group llI-nitride layer is formed over the pretreated
surface of the first group lllI-nitride layer.

[0084] As discussed above, the methods described according to embodiments of the
present disclosure may be performed in a single chamber, or performed in two or more

changes in a cluster tool.

[0085] In one embodiment, when processes of a method are performed in a single
chamber, ammonia and/or inert gas (e.g.,N2, Ar, He) may be flown to the process
chamber constantly during the process steps like temperature ramp-up, temperature
ramp-down, nitridation process . Ammonia is flow to the process chamber at a flow rate
between about 3000 sccm to about 9000 sccm during temperature ramp-up and

temperature ramp down.

[0086] It should be noted that active gases described above in association with
embodiments of the present disclosure, such as group lll-metal precursors, metal halide
gases, halogen gases, ammonia gas, chlorine gas, HCI gas, may be diluted by an inert
gas during processing. Suitable inert gas may be argon (Ar), helium (He), nitrogen (N2),
or combinations thereof. The pressure in the processing chamber during the above
cleaning, pretreating, nitridation and deposition may be between about 10 Torr to about
760 Torr.

[0087] In another embodiment, one or more substrates may be treated in a chamber
first, then move to a different chamber within a tool for subsequent processing. Figure 7
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is a cluster tool 900 that may be used in a process according to one embodiment of the
present disclosure. The cluster tool 900 is configured to form nitride compound

structures.

[0088] In one embodiment, the cluster tool 900 includes one HVPE chamber 902 and
multiple MOCVD chambers 903a and 903b connected to a transfer chamber 906 for
fabricating compound nitride semiconductor devices according to embodiments
described herein. Although one HVPE chamber 902 and two MOCVD chambers 903a
and 903b are shown, it should be understood that any combination of one or more
MOCVD chambers with one or more HVPE chambers may also be coupled with the
transfer chamber 906. For example, in one embodiment, the cluster tool 900 may
include 3 MOCVD chambers. In another embodiment, the processes described herein
may be performed in a single MOCVD chamber. It should also be understood that
although a cluster tool is shown, the embodiments described herein may also be
performed using a linear processing system.

[0089] In one embodiment, an additional chamber 904 is coupled with the transfer
chamber 906. The additional chamber 904 may be an MOCVD chamber, an HVPE
chamber, a metrology chamber, a degassing chamber, an orientation chamber, a cool
down chamber, a pretreatment/preclean chamber, a post-anneal chamber, or the like. In
one embodiment, the transfer chamber 906 is six-sided and hexagonal in shape with six
positions for process chamber mounting. In another embodiment, the transfer chamber
906 may have other shapes and have five, seven, eight, or more sides with a
corresponding number of process chamber mounting positions.

[0090] The HVPE chamber 902 is adapted to perform HVPE processes in which
gaseous metal halides are used to epitaxially grow thick layers of compound nitride
semiconductor materials on heated substrates. The HVPE chamber 902 includes a
chamber body 914 where a substrate is placed to undergo processing, a chemical
delivery module 918 from which gas precursors are delivered to the chamber body 914,
and an electrical module 922 that includes the electrical system for the HVPE chamber
of the cluster tool 900. In one embodiment, the HVPE chamber 902 may be similar to
the HVPE apparatus 600 described in Figure 8.

[0091] Each MOCVD chamber 903a, 903b includes a chamber body 912a, 912b
forming a processing region where a substrate is placed to undergo processing, a
chemical delivery module 916a, 916b from which gases such as precursors, purge
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gases, and cleaning gases are delivered to the chamber body 912a, 912b and an
electrical module 920a, 920b for each MOCVD chamber 903a, 903b that includes the
electrical system for each MOCVD chamber of the cluster tool 900. Each MOCVD
chamber 903a, 903b is adapted to perform CVD processes in which metalorganic
precursors (e.g., TMG, TMA) react with metal hydride elements to form thin layers of

compound nitride semiconductor materials.

[0092] The cluster tool 900 further includes a robot assembly 907 housed in the transfer
chamber 906, a load lock chamber 908 coupled with the transfer chamber 906, a batch
load lock chamber 909, for storing substrates, coupled with the transfer chamber 906.
The cluster tool 900 further includes a load station 910, for loading substrates, coupled
with the load lock chamber 908. The robot assembly 907 is operable to pick up and
transfer substrates between the load lock chamber 908, the batch load lock chamber
909, the HVPE chamber 902, and the MOCVD chambers 903a, 903b. In one
embodiment, the load station 910 is an automatic loading station configured to load
substrates from cassettes to substrate carriers or to the load lock chamber 908 directly,
and to unload the substrates from substrate carriers or from the load lock chamber 908
to cassettes.

[0093] The transfer chamber 906 may remain under vacuum and/or at a pressure below
atmosphere during the process. The vacuum level of the transfer chamber 906 may be
adjusted to match the vacuum level of corresponding processing chambers. In one
embodiment, the transfer chamber 906 maintains an environment having greater than
90% N2 for substrate transfer. In another embodiment, the transfer chamber 906
maintains an environment of high purity NH3 for substrate transfer. In one embodiment,
the substrate is transferred in an environment having greater than 90% NH3. In another
embodiment, the transfer chamber 906 maintains an environment of high purity H2 for
substrate transfer. In one embodiment, the substrate is transferred in an environment

having greater than 90% H2.

[0094] The cluster tool 900 further includes a system controller 960 which controls
activities and operating parameters. The system controller 960 includes a computer
processor and a computer-readable memory coupled to the processor. The processor

executes system control software, such as a computer program stored in memory.

[0095] In one embodiment, one of the processing chamber 902, 903a, 903b, or 904 is
configured to clean and pretreat the substrates according to methods described above
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prior to forming device structures. The cleaned and treated substrates are then
transferred to one or more deposition chambers to deposit the layers used to form the
LED or LD structures. In one embodiment, the substrates may be cleaned, pretreated,
nitridation, and/or covered with a IlI-Nitride layers (e.g., AIN buffer layer, undoped GaN
layer, n-doped GaN layer) in the HVPE processing chamber 902, then moved to
MOCVD processing chambers 903a or/and 903b for forming group llI-nitride layers for
the device structure (n-doped GaN layer, AlGaN layer, MQW structure, p-doped AlGaN
layer, p-doped GaN layer). In another embodiment, the substrates may be pretreated in
the HVPE processing chamber 902, then moved to MOCVD processing chambers 903a
or/and 903bfor forming subsequent layers for the device structure.

[0096] Figure 9 illustrates a cross-sectional view of a power electronics device in
accordance with one embodiment. The power electronic device 1200 may include an N
type region 1210 (e.g., electrode), ion implanted regions 1212 and 1214, an epitaxial
layer 1216 (e.g., n- type GaN epilayer with a thickness of 4 microns), a buffer layer 1218
that may be pretreated, a substrate 1220 (e.g., substrate having an aluminum
containing surface that can be pretreated, bulk GaN substrate, silicon substrate,
pretreated substrate), and an ohmic contact 1230 (e.g., Ti/Al/Ni/Au). In one
embodiment, a surface of the substrate is pretreated. In another embodiment, a surface
of the buffer layer 1218 is pretreated. Any of the pretreatment methods described
herein can be implemented to form the power electronic device 1200. The device 1200
may include one or more layers of GaN or group Il nitride layers disposed on an AlGaN
substrate or a GaN substrate or a silicon substrate or a substrate having an aluminum
containing surface. The device (e.g., power IC, power diode, power thyristor, power
MOSFET, IGBT, GaN HEMT transistor, etc.) may be used for switches or rectifiers in

power electronics circuits and modules.

[0097] While the foregoing is directed to embodiments of the present disclosure, 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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What is claimed is:

1. A method, comprising:

providing one or more substrates having an aluminum containing surface in a
processing chamber; and

exposing a surface of each of the one or more substrates to a first pretreatment
gas mixture to form a pretreated surface by flowing an ammonia gas and a hydrogen
halide gas to a processing region of the processing chamber and flowing an aluminum
halide gas to the processing region to allow independent control of etching and
deposition during the pretreatment.

2. The method of claim 1, further comprising:

forming a group lll-nitride layer over the pretreated surface, wherein the group IlI-
nitride layer comprises at least one of a gallium nitride (GaN) layer and an aluminum
nitride (AIN) layer.

3. The method of claim 1, wherein the aluminum halide gas added during the
pretreatment accelerates the deposition rate of AIN.

4. The method of claim 1, wherein the aluminum halide gas is an aluminum chloride
gas, wherein the aluminum chloride gas is formed by exposing an aluminum metal
source to a processing gas comprising chlorine (CI2) gas or hydrogen chloride (HCI)
gas.

5. The method of claim 1, wherein the hydrogen halide gas comprises a hydrogen
chloride (HCI) gas, wherein the substrates having an aluminum containing surface are
sapphire substrates.

6. The method of claim 2, further comprising:

exposing a surface of the group llI-nitride layer of the one or more substrates to a
second pretreatment gas mixture to form a second pretreated surface, wherein the
second pretreatment gas mixture comprises ammonia (NHs) gas, an etchant containing

gas, and an aluminum halide gas.
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7. The method of claim 6, wherein the etchant containing gas is a hydrogen halide gas
or a halogen gas.

8. A method, comprising:

providing one or more substrates having an aluminum containing surface in a
processing chamber; and

exposing a surface of each of the one or more substrates to a first pretreatment
gas mixture to form a first pretreated surface, wherein the pretreatment gas mixture
comprises an ammonia (NH3) gas, a first etchant containing gas, and an aluminum
halide gas; and

exposing the first pretreated surface of the one or more substrates to the second
pretreatment gas mixture to form a second pretreated surface, wherein the second
pretreatment gas mixture comprises the ammonia (NHs) gas, a second etchant

containing gas, and the aluminum halide gas.

9. The method of claim 8, further comprising:

forming a group llI-nitride layer over the second pretreated surface, wherein the
group llI-nitride layer comprises at least one of a gallium nitride (GaN) layer and an
aluminum nitride (AIN) layer.

10. The method of claim 8, wherein the first and second etchant containing gases
comprise a hydrogen halide gas.

11. The method of claim 8, wherein the first and second etchant containing gases
comprise a halogen gas.

12. A method, comprising:

providing one or more substrates in a processing chamber;

forming a first group llI-nitride layer having an aluminum containing surface over
the one or more substrates; and

exposing a surface of the first group lll-nitride layer to a pretreatment gas mixture
to form a pretreated surface, wherein the pretreatment gas mixture comprises ammonia

(NH3) gas, an etchant containing gas, and an aluminum halide gas.
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13. The method of claim 12, wherein the etchant containing gas comprises at least one

of a hydrogen halide gas and a halogen gas.

14. The method of claim 12, wherein the first group Ill-nitride layer comprises at least
one of an aluminum nitride (AIN) layer and a group llI-nitride buffer layer for subsequent

group lll-nitride deposition.
15. The method of claim 12, further comprising:

forming a second group lll-nitride layer over the pretreated surface of the first

group lll-nitride layer.
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