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(57) Abstract: Embodiments of the present invention provide apparatus and methods for performing UV treatment and chemical
treatment and/or deposition in the same chamber. One embodiment of the present invention provides a processing chamber including
a UV transparent gas distribution showerhead disposed above a substrate support located in an inner volume of the processing cham-
ber, a UV transparent window disposed above the UV transparent gas distribution showerhead, and a UV unit disposed outside the
inner volume. The UV unit is contigured to direct UV lights towards the substrate support through the UV transparent window and
the UV transparent gas distribution showerhead.
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APPARATUS AND METHOD FOR UV TREATMENT, CHEMICAL
TREATMENT, AND DEPOSITION

BACKGROUND

Field

[0001] Embodiment of the present invention generally relates to a method
and apparatus for fabricating devices on a semiconductor substrate. More
particularly, embodiments of the present invention provide apparatus and
methods for performing UV treatment and chemical treatment and/or
deposition in the same chamber.

Description of the Related Art

[0002] As the size of the electronic devices is reduced, new materials with
a low dielectric constant (k), such as materials with dielectric value as low as

2.2, are used in forming the electronic devices.

[0003] Plasma-deposited porous low k films are one class of materials that
is able to satisfy such a requirement. The presence of pores and carbon,
which contributes to low dielectric value, creates significant process
integration challenges since the pores are susceptible to etching, ashing, and
plasma damages. Therefore, a k-restoration process is usually needed to
restore the porous low-k films after formation and/or after integration.

[0004] Traditionally, two different chambers are needed for k-restoration.
One chamber for chemical treatment of the low-k films, such as silylation, or
deposition of a thin film for surface treatment of the low-k films. A different
chamber is used for pore sealing using UV (ultra violet) curing. Traditional k-
restoration is performed in separate chambers because the chemical surface
treatment uses a showerhead to supply a processing gas including halogen or
ozone while the UV chamber uses a quartz window which usually is not
compatible with halogen and ozone. However, the two chamber k-restoration
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process increases cost of ownership by requiring two chambers and
additional time for substrate transfer.

[0005] Therefore, there is a need for an improved apparatus and method

for k-restoration processes.

SUMMARY

[0006] Embodiments of the present invention generally provide apparatus
and methods for processing a substrate. Particularly, embodiments of the
present inventions provide a processing chamber that is capable of
performing UV treatment as well as chemical or surface treatment.

[0007] One embodiment of the present invention provides a processing
chamber. The processing chamber comprises a chamber body defining an
inner volume, a substrate support disposed in the inner volume, and a UV
transparent gas distribution showerhead disposed above the substrate
support. The processing chamber further comprises a UV transparent
window disposed above the UV transparent gas distribution showerhead. A
gas volume is formed between the UV transparent gas distribution
showerhead and the UV transparent window. The gas volume and the inner
volume are in fluid communication through a plurality of through holes formed
through the UV transparent gas distribution showerhead. The processing
chamber further comprises a UV unit disposed outside the inner volume. The
UV unit is configured to direct UV lights towards the substrate support through
the UV transparent window and the UV transparent gas distribution
showerhead.

[0008] Another embodiment of the present invention provides a
processing system. The processing system comprises a transfer chamber
defining a transfer volume, a substrate transfer robot disposed in the transfer
volume, and processing chamber coupled to the transfer chamber. The
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processing chamber comprises a chamber body defining an inner volume, a
substrate support disposed in the inner volume, and a UV transparent gas
distribution showerhead disposed above the substrate support. The
processing chamber further comprises a UV transparent window disposed
above the UV transparent gas distribution showerhead. A gas volume is
formed between the UV transparent gas distribution showerhead and the UV
transparent window. The gas volume and the inner volume are in fluid
communication through a plurality of through holes formed through the UV
transparent gas distribution showerhead. The processing chamber further
comprises a UV unit disposed outside the UV transparent window. The UV
unit is configured to direct UV lights towards the substrate support through the

UV transparent window and the UV transparent gas distribution showerhead.

[0009] Yet another embodiment of the present invention provides a
method for processing a substrate. The method comprises receiving a
substrate on a substrate support disposed in a processing chamber. The
processing chamber comprises a UV transparent gas distribution showerhead
disposed above the substrate support, a UV transparent window disposed
above the UV transparent gas distribution showerhead, and a UV unit
disposed outside the UV transparent window. The UV unit is configured to
direct UV lights towards the substrate support through the UV transparent
window and the UV transparent gas distribution showerhead. The method
further comprises chemically treating the substrate by flowing one or more
processing gas through the UV transparent gas distribution showerhead from
a gas volume defined between the UV transparent window and the UV
transparent gas distribution showerhead, and curing the substrate by directing
a UV energy towards the substrate from the UV unit through the UV
transparent gas distribution showerhead and the UV transparent window.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] 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. Itis 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.

[0011] Figure 1 is a schematic sectional view of a processing chamber

according to one embodiment of the present invention.

[0012] Figure 2 is a schematic top view of the processing chamber of
Figure 1 with a UV unit and a window removed.

[0013] Figure 3A is a schematic partial perspective view of a clamping
member showing gas channel according to one embodiment of the present

invention.

[0014] Figure 3B is a schematic partial section view of the clamping

member of Figure 3A.

[0015] Figure 4 is a partial sectional view of a showerhead clamping
assembly including a plenum for gas flow.

[0016] Figure 5A is a partial sectional view of a UV transparent

showerhead according to one embodiment of the present invention.

[0017] Figure 5B is a partial sectional view of a UV transparent window

according to one embodiment of the present invention.

[0018] Figure 6 is a sectional view of a twin volume processing chamber

according to one embodiment of the present invention.
4
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[0019] Figure 7 is a top view of the twin volume processing chambers of

Figure 6.

[0020] Figure 8 is a schematic plan view of a processing system according

to one embodiment of the present invention.

[0021] Figure 9 is a diagram showing a method for processing a substrate

according to one embodiment of the present invention.

[0022] 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

[0023] Embodiment of the present invention generally relates to apparatus
and for processing a substrate. More particularly, embodiments of the
present invention provide apparatus and methods for performing UV
treatment and chemical treatment and/or deposition in the same chamber.

[0024] Figure 1 is a schematic sectional view of a processing chamber 100
according to one embodiment of the present invention. The processing
chamber 100 is configured to processing a substrate using UV energy, one or

more processing gases, and remotely generated plasma.

[0025] The processing chamber 100 includes a chamber body 102 and a
chamber lid 104 disposed over the chamber body. The chamber body 102
and the chamber lid 104 form an inner volume 106. A substrate support
assembly 108 is disposed in the inner volume 106. The substrate support
assembly 108 receives and supports a substrate 110 thereon for processing.

[0026] A UV transparent gas distribution showerhead 116 is hung in the

inner volume 106 through a central opening 112 of the chamber 104 by an
5
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upper clamping member 118 and a lower clamping member 120. The UV
transparent gas distribution showerhead 116 is positioned facing the substrate
support assembly 108 to distribute one or more processing gases across a
processing volume 122 which is below the UV transparent gas distribution
showerhead 116 and above the substrate support assembly 108.

[0027] A UV transparent window 114 is disposed above the UV
transparent gas distribution showerhead 116. In one embodiment, the UV
transparent window 114 is supported by the upper clamping member 118 and
secured by a window clamping member 124. The window UV transparent
114 is positioned at a distance 126 above the UV transparent gas distribution
showerhead 116 forming a gas volume 128 between the UV transparent

window 114 and the UV transparent gas distribution showerhead 116.

[0028] The UV transparent window 114 and the UV transparent gas
distribution showerhead 116 are at least partially transparent to thermal
energy within the UV wavelengths.

[0029] A UV source 130 is disposed above the UV transparent window 114.
The UV source 130 is configured to generate UV energy and project the UV
energy towards the processing volume 122 through the UV transparent
window 114 and the UV transparent gas distribution showerhead 116. A
cover 132 may be disposed above the UV source 130. In one embodiment,
the inner surface 134 of the cover 132 may be shaped to assist projection of
the UV energy from the UV source 130 towards the processing volume 122.

[0030] In one embodiment, the UV source 130 includes one or more UV
lights 136 to generate UV radiation. More detailed descriptions of suitable
UV sources can be found in United States Patent No. 7,777,198, and United
States Patent Publication 2006/0249175.
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[0031] The processing chamber 100 includes flow channels configured to
supply one or more processing gases across the substrate 110 disposed over
the substrate support assembly 108.

[0032] In one embodiment, one or more processing gases are delivered to
the processing volume 122 through flow channels formed in the upper
clamping member 118 and the UV transparent gas distribution showerhead
116.

[0033] The processing chamber 100 includes a gas panel 140 configured
to generate and/or mix processing gases from one or more liquid sources
138a, 138b, 138c. The gas panel 140 is coupled to an input manifold 144 via
one or more gas lines 142a, 142b, 142c. In one embodiment, the one or
more gas lines 142a, 142b, 142c are heated to prevent any condensation of
the processing gas therein during transfer. In one embodiment, the gas panel
140 is configured to provide one or more processing gases for chemical
treatments of the substrate 110 disposed in the processing volume 122.

[0034] The processing chamber 100 also include a remote plasma source
154 connected to the input manifold 144 via a plasma channel 156. In one
embodiment, the remote plasma source 154 may be used to supply plasma
for cleaning inner surfaces of the processing chamber 100.

[0035] The input manifold 144 has internal channels 146 connecting one or
more feedthroughs 148 to an outlet 150. In one embodiment, each gas line
142a, 142b, 142c and the plasma channel 156 is coupled to one of the
feedthroughs 148. The input manifold 144 may be disposed over the
chamber lid 104 and coupled to the upper clamping member 118 so that the
outlet 150 connects to a feeding slot 152 formed in the upper clamping
member 118. The input manifold 144 may be machined from a suitable
material, such as metals. In one embodiment, the input manifold 144 is

machined from aluminum.
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[0036] In one embodiment, flow channels are formed in the upper
clamping member 118 so that the processing gas from the input manifold 144
enters the gas volume 128 above the UV transparent gas distribution
showerhead 116 in a substantially even manner. The processing gas can
then flow through the UV transparent gas distribution showerhead 116 to the
processing volume 122.

[0037] In one embodiment, the flow channels in the upper clamping
member 118 include an inlet plenum 160, a vertical slot 158 connecting the
inlet plenum 160 to the feeding slot 152, and a plurality of spoke apertures
162 connecting the inlet plenum 160 to the gas volume 128. In one
embodiment, the plurality of spoke apertures 162 are evenly distributed along
the inlet plenum 160 to achieve even gas distribution within the gas volume
128. In one embodiment, the inlet plenum 160 is formed by a groove 176 of
the upper clamping member 118 and a groove 178 of the lower clamping
member 120. By combining volumes from the grooves 176 and 178, the
volume of the inlet plenum 160 is increased without changing dimensions of
the upper clamping member 118 and lower clamping member 120. By
increasing the volume of the inlet plenum 160, embodiments of the present
invention reduce the pressure drop of the incoming gas flow.

[0038] The UV transparent gas distribution showerhead 116 includes a
plurality of through holes 164 that allow processing gas to flow from the gas
volume 128 to the processing volume 122. In one embodiment, the plurality
of through holes 164 are evenly distributed across the UV transparent gas

distribution showerhead 116.

[0039] The processing chamber 100 also includes an inner liner 166 and
an outer liner 168 disposed in the inner volume 106 around the substrate
support assembly 108. The inner liner 166 and the outer liner 168 shield the
chamber body 102 from processing chemistry in the inner volume 106. The

inner liner 166 and outer liner 168 also form an exhaust path for the
8
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processing chamber 100. In one embodiment, an exhaust plenum 170 is
formed between the inner liner 166 and the outer liner 168. The exhaust
plenum 170 radially surrounds the processing volume 122. A plurality of
apertures 172 are formed through the inner liner 166 connecting the exhaust
plenum 170 and the processing volume 122. A vacuum pump 174 is in fluid
communication with the exhaust plenum 170 so that the processing volume
122 can be pumped out through the plurality apertures 172 and the exhaust
plenum 170.

[0040] Figure 2 is a schematic top view of the processing chamber 100
with the UV source 130 and the UV transparent window 114 removed. The
arrows illustrate the flow path from the input manifold 144 to the gas volume
128.

[0041] Figure 3A is a schematic partial perspective view of the upper
clamping member 118 showing gas channels in dotted lines. Figure 3B is a
schematic partial perspective view of the upper clamping member 118 from a
different angel. The upper clamping member 118 includes a ring shaped
body 304, a flange 302 extending radially outward from an upper portion 304u
of the ring shaped body 304, and a lower step 306 extending radially inward
from a lower portion 304L of the ring shaped body 304. The flange 302 allows
the upper clamping member 118 to mount on a chamber body with a circular
top opening. The step 306 has a top surface 308 for supporting a window

therein.

[0042] The feeding slot 152 is formed in the flange 302 and opens to an
outer surface 312 of the flange 302. The groove 176 is formed from a bottom
surface 310 of the step 306. The vertical slot 158 connects the feeding slot
152 to the groove 176. The plurality of spoke apertures 162 are formed in the
step 306 between an inner surface 314 of the step 306 and an inner wall 316
of the groove 176. During processing, the processing gas enters the feed slot

152, passes through the vertical slot 158, expands in the groove 176, and
9
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then flows through the plurality of spoke apertures 162. In one embodiment,
the feeding slot 152 and the vertical slot 158 are elongated in the direction
perpendicular to the flow to increase the size of the flow channel within the
upper clamping member 118. By increasing the size of the feeding slot 152
and the vertical slot 158, pressure drop in the gas flow can be reduced.

[0043] In one embodiment, two or more columns 318 may be formed in the
groove 176. The columns 318 are used to attach the lower clamping member
120.

[0044] Figure 4 is a schematic partial sectional view of showing that the
lower clamping member 120 is attached to the upper clamping member 118 at
the column 318 by one or more screws 402. Figure 4 also illustrates that the
inlet plenum 160 are formed by matching grooves 176, 178 of the upper
clamping member 118 and lower clamping member 120. By including
volumes from both the upper and lower clamping members 118, 120, volume
of the inlet plenum 160 is increased without changing other dimensions of the
chamber components. The increased volume of the inlet plenum 160 further
reduces pressure drop in the flow path during processing.

[0045] As discussed above, the processing chamber 100 is capable of
performing both chemical or surface treatment and UV treatment. For
example, in the embodiment shown in Figure 1, a UV treatment to the
substrate 110 disposed on the processing volume 122 can be performed by
delivering UV energy from the UV source 130 through the UV transparent
window 114 and the UV transparent gas distribution showerhead 116.

[0046] A chemical treatment to the substrate 110 disposed in the
processing volume 122 can be performed by supplying one or more
processing gases from the gas panel 140 to the processing volume 122
through a flow path including the UV transparent gas distribution showerhead

116. In the embodiment shown in Figure 1, the flow path include the plasma

10
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channel 156, the internal channels 146 in the input manifold 144, the feeding
slot 152, the vertical slot 158, the inlet plenum 160, the plurality of spoke
apertures 162, the gas volume 128, and the plurality of through holes 164 in
the UV transparent gas distribution showerhead 116. The UV transparent gas
distribution showerhead 116 and the UV transparent window 114 are not only
substantially transparent to lights within the UV wavelength but also resistive
to the chemistry in the processing gas.

[0047] Figure 5A is a partial sectional view of a UV transparent gas
distribution showerhead 500 according to one embodiment of the present
invention.  The UV transparent gas distribution showerhead 500 is
substantially transparent to lights within the UV wavelength and resistive
against processing chemistry including halogen, such as fluorine, or ozone.
The UV transparent gas distribution showerhead 500 may be used in place of
the UV transparent gas distribution showerhead 116 in the processing
chamber 100.

[0048] The UV transparent gas distribution showerhead 500 includes a
body 502. The body 502 may shape substantially like a disk having an upper
surface 508 and a lower surface 510 substantially parallel to each other. A
plurality of through holes 506 are formed through the body 502. The through
holes 506 open to the upper surface 508 and the lower surface 510 and are
configured to allow a processing gas evenly distributed through the body 502.
The body 502 is formed from a material that is substantially transparent to
lights within the UV wavelength. In one embodiment, the body 502 is formed

from quartz.

[0049] The UV transparent gas distribution showerhead 500 also includes
a coating 504 covering the upper surface 508, the lower surface 510, and
inner surface 512 forming the plurality of through holes 506. The coating 504
protects the body 502 from being damaged by processing gas passing

through the through holes 506 without blocking the UV wavelengths. In one
11
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embodiment, the coating 504 is resistant against processing chemistry
including halogen, such as fluorine, or ozone. The coating 504 may comprise
aluminum oxynitride, sapphire, or other suitable materials. The coating 504
may be deposited on the body 502 using common deposition technologies,
such as chemical vapor deposition, physical vapor deposition, spraying
coating. The thickness of the coating 504 may be selected to be thick enough
to provide protection to the body 502 without affecting UV transparency of the
body 502. In one embodiment, the coating 504 is an aluminum oxynitride film
of a thickness up to about 500 micro meters formed by chemical vapor
deposition or physical vapor deposition.

[0050] Figure 5B is a partial sectional view of a UV transparent window
520 according to one embodiment of the present invention. Similar to the UV
transparent gas distribution showerhead 500, the UV transparent window 520
is also substantially transparent to lights within the UV wavelength and
resistive against processing chemistry including halogen, such as fluorine, or
ozone. The UV transparent gas distribution showerhead 500 may be used in
place of the UV transparent gas distribution showerhead 116 in the
processing chamber 100.

[0051] The UV transparent window 520 includes a body 522 formed from a
UV transparent material and a coating 524 formed at least on a lower surface
526 of the body 522. The body 522 may be formed from any UV transparent
material. In one embodiment, the body 522 is formed from quartz. The
coating 524 protects the body 522 from being damaged when exposed to a
processing gas. In one embodiment, the coating 524 is resistant against
processing chemistry including halogen, such as fluorine, or ozone. The
coating 524 include aluminum oxynitride, sapphire, or other suitable materials.
The coating 524 may be deposited on the body 522 using common deposition
technologies, such as chemical vapor deposition, physical vapor deposition,
spraying coating. The thickness of the coating 524 may be selected to be

12
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thick enough to provide protection to the body 522 without affecting UV
transparency of the body 522. In one embodiment, the coating 524 is an
aluminum oxynitride film of a thickness up to about 500 micro meters formed

by chemical vapor deposition or physical vapor deposition.

[0052] Figure 6 is a sectional view of a twin volume processing chamber
600 according to one embodiment of the present invention. Figure 7 is a top
view of the twin volume processing chamber 600. The twin volume processing
chamber 600 includes two processing chambers 600a, 600b that are
substantially similar to the processing chamber 100 of Figure 1.

[0053] The processing chambers 600a, 600b share a chamber body 602
and a chamber lid 604. The processing chambers 600a, 600b are mirror

images of one another about a central plane 628.

[0054] The processing chamber 600a defines a processing volume 624 for
processing a single substrate. The processing chamber 600a includes a UV
transparent window 616 and a UV transparent gas distribution showerhead
620 disposed above the processing volume 624. The processing chamber
600b defines a processing volume 626 for processing a single substrate. The
processing chamber 600b includes a UV transparent window 618 and a UV
transparent gas distribution showerhead 622 disposed above the processing

volume 626.

[0055] The processing chambers 600a, 600b share a remote plasma
source 606, a gas panel 608, and a vacuum pump 610. The processing
chamber 600a is coupled to the remote plasma source 606 and the gas panel
608 via an input manifold 612 and the processing chamber 600b is coupled to
the remote plasma source 606 and the gas panel 608 via an input manifold
614. The input manifolds 612, 614 may be positioned so that the distances
between the input manifolds 612, 614 to the remote plasma source 606 are

minimized to reduce radicals in the plasma from recombination while flowing

13
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to the processing volumes 624, 626. In one embodiment, the input manifolds
612, 614 are positioned at locations that are at an angle a from a horizontal
line 630. In one embodiment, the angle a is about 45 degrees.

[0056] Figure 8 is a schematic plan view of a processing system 800
according to one embodiment of the present invention. The processing
system 800 includes one or more twin volume processing chambers 600.

[0057] The processing system 800 includes a vacuum-tight processing
platiorm 804, a factory interface 812, and a system controller 810. The
platform 804 includes a plurality of twin volume processing chambers 822,
824, 826 and a load-lock chamber 816 that are coupled to a transfer chamber
802. In one embodiment, the transfer chamber 802 may have four sides 806.
Each side 806 is configured to connect with a twin volume processing
chamber 600 or load-lock chamber 816. Three twin volume processing
chambers 822, 824, 826 are coupled to three sides 806 of the transfer
chamber 802 as shown in Figure 8.

[0058] The factory interface 812 is coupled to the transfer chamber 802
through the dual load-lock chamber 816. In one embodiment, the factory
interface 812 includes at least one docking station 814 and at least one
factory interface robot 820 to facilitate transfer of substrates. The docking
station 814 is configured to accept one or more front opening unified pod
(FOUP) 818.

[0059] Each of the twin volume processing chambers 822, 824, 826
includes two processing volumes processing volumes 822a, 822b, 824a, 824D,
826a, 826b respectively positioned side by side. Each of the twin volume
processing chambers 822, 824, 826 is configured to process two substrates
simultaneously. The substrate transfer robot 808 includes two robot blades
808a, 808b arranged side-by-side for transfer two substrates among the twin

volume processing chambers 822, 824, 826 and the load-lock chamber 816.

14
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This twin volume configuration increases productivity without increasing
resources, such as substrate transfer robot, and gas panels for each
processing chamber.

[0060] In one embodiment, the twin volume processing chambers 822, 824,
826 may have different configurations to perform different processing steps in
a processing recipe. Alternatively, the twin volume processing chambers 822,
824, 826 may have the same configuration to perform the same treatments to

the substrates.

[0061] In one embodiment, at least one of the twin volume processing
chambers 822, 824, 826 is substantially similar to the twin volume processing
chamber 600 and configured to process two substrates simultaneously in two
processing volumes by performing UV treatment and chemical treatment to
the substrates, consecutively, alternatively or simultaneously.

[0062] Figure 9 is a diagram showing a method 900 for processing a
substrate according to one embodiment of the present invention. The method
900 may be performed in a standalone processing chamber, such as the
processing chamber 100 of Figure 1, the twin volume process chamber 600 of
Figure 6, or in a processing chamber coupled to a processing system, such as
the processing system 800 of Figure 8 or a processing system including a

single volume processing chamber 100 of Figure 1.

[0063] The method 900 is configured to recover low k dielectric material
using UV treatment and chemical treatment within the same processing
chamber.

[0064] For example, the method 900 may be used to perform a one stop
recovery for a low k dielectric film based on SiCOH material formed by a
plasma-enhanced chemical vapor deposition. Particularly, vapor phase
silylation and cure are combined to recover the low k film properties and

repair side wall damage. In vapor phase silylation, methyl or phenyl
15
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containing silylation compounds react with the Si—OH groups in low k fiims to
convert hydrophilic Si—-OH groups into hydrophobic Si—O-Si(CHs)s groups
against moisture uptake, thus decreasing dielectric constant. In UV cure,

pores in the low k film are sealed by curing.

[0065] In box 910 of method 900, a substrate is received on a substrate
support disposed in a processing volume of a processing chamber. In one
embodiment, the processing volume is disposed under a UV transparent gas
distribution showerhead that is substantially transparent to lights within UV
wavelength. The UV transparent gas distribution showerhead allows
processing gas for chemical treatment to be distributed across the substrate
in a substantially even manner. The UV transparent gas distribution
showerhead also allows passages of UV light to enable UV curing of the

substrate in the processing volume.

[0066] In box 920 of method 900, a chemical treatment is performed by
flowing one or more processing gas from the UV transparent gas distribution
showerhead above the substrate. In one embodiment, the one or more
processing gas is delivered towards the substrate through the UV transparent
gas distribution showerhead from a region between a UV transparent window
and the UV transparent gas distribution showerhead.

[0067] In one embodiment, the chemical treatment is vapor silylation using
a silylation agent selected from a group comprising hexamethyldisilazane
(HMDS), tetramethyldisilazane (TMDS), trimethylchlorosilane (TMCS),
dimethyldichlorosilane (DMDCS), methyltrichlorosilane (MTCS),
methyltrichlorosilane (MTCS), trimethylmethoxysilane (TMMS),
phenyltrimethoxysilane (PTMOS), phenyldimethylchlorsilane (PDMCS),
dimethylaminotrimethylsilane (DMATMS), bis(dimethylamino)dimethylsilane
(BDMADMS), or combinations thereof. In one embodiment, the time during
for the vapor silylation may be from about 1 min to about 10 min. The

silylation temperature may be from about 100C to about 400C. The flow rate
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of the silylation agent may be between about 0.5g to about 5g/min and the
chamber pressure may be between about 2mTorr and about 500Torr.

[0068] In box 930 of the method 900, the substrate is cured in the same
processing chamber using UV energy from a UV unit disposed above the UV
transparent gas distribution showerhead and the UV transparent window. In
one embodiment, the UV cure temperature may be from room temperature to
about 400C. The UV cure time may be from about 10 sec to about 180 sec. A
UV cure gas may be flown to the processing chamber through the UV
transparent gas distribution showerhead. In one embodiment, an inert cure
gas, such as He and Ar, may be flown to the processing chamber at a flow
rate between about 8 sIm to about 24 sim.

[0069] In another embodiment, the silylation in box 920 and UV curing in
box 930 can be performed simultaneously. The UV unit turns on/off at the
same time with the silylation process. The silylation agent flow rate, UV
power, wafer temperature, chamber pressure of silylation and UV cure

process, silylation time and UV on time are adjustable.

[0070] In another embodiment, the UV cure in box 930 may be performed
before silylation treatment in box 920.

[0071] In another embodiment, the UV cure in box 930 and the silylation in
box 920 can be performed alternately. First, the UV cure is performed to
remove some water from surface/side wall. The silylation is performed to
recover surface hydrophobicity. The UV cure is then performed to further
recover low k film damage. The silylation agent flow rate, UV power, wafer
temperature, chamber pressure of silylation and UV cure process, silylation
time and UV on time are adjustable.

[0072] In yet another embodiment, the silylation in box 920 and the UV
cure in box 930 are performed in a pulsed in-situ manner. The silylation
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treatment is performed in a pulse of about 5-10 seconds followed by a pulse
of UV cure for about 5-10 seconds.

[0073] Embodiments of the present invention provide apparatus and
methods for performing chemical treatment and UV curing for low-k film
recovery in a single chamber. Embodiments of the present invention also
enable plasma cleaning of the UV curing chamber by including a remote
plasma source. As a result, costs of production are reduced by reducing the
number of chambers used. Efficiency of the product is increased by
eliminating substrate transfer and additional chamber pump outs. Additionally,
embodiments of the present invention also enables incorporating various
treatment features and functions within a minimum space, thereby, enabling

cost-effective implementation of k-recovery in a manufacturing environment.

[0074] 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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What is Claimed is:

1. A processing chamber, comprising:

a chamber body defining an inner volume;

a substrate support disposed in the inner volume;

a UV transparent gas distribution showerhead disposed above the substrate
support;

a UV transparent window disposed above the UV transparent gas distribution
showerhead, wherein a gas volume is formed between the UV transparent gas
distribution showerhead and the UV transparent window, and the gas volume and
the inner volume are in fluid communication through the UV transparent gas
distribution showerhead; and

a UV unit disposed outside the UV transparent window, wherein the UV unit
is configured to direct UV lights towards the substrate support through the UV
transparent window and the UV transparent gas distribution showerhead.

2. The processing chamber of claim 1, wherein the UV transparent gas
distribution showerhead comprises:

a body formed from a substantially UV transparent material; and

a coating configured to protect the body from exposing to processing gases
flowing through the UV transparent gas distribution showerhead.

3. The processing chamber of claim 2, wherein the body is formed from quartz.

4. The processing chamber of claim 3, wherein the coating comprises an

aluminum oxynitride film or sapphire.

5. The processing chamber of claim 1, wherein the UV transparent window
comprises:

a body formed from quartz; and
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a coating configured to protect the body from exposure to processing gases

in the gas volume.

6. The processing chamber of claim 1, further comprising:

a clamping member disposed in an upper opening of the chamber body,
wherein the clamping member is disposed between the UV transparent gas
distribution showerhead and the UV transparent window, and a gas flow path is

formed within the clamping member.

7. The processing chamber of claim 6, wherein the clamping member has:

a ring shaped body;

a flange extending radially outwards from an upper portion of the ring shaped
body, wherein the flange is coupled to the chamber body; and

a step extending radially inwards from a lower portion of the ring shaped body,
wherein the UV transparent gas distribution showerhead is disposed on a top

surface of the step.

8. The processing chamber of claim 7, wherein the gas flow path includes:

a horizontal slot formed in the flange, wherein the horizontal slot opens at an
outer surface of the flange;

a vertical slot formed in the ring shaped body, wherein the vertical slot is
connected to the horizontal slot at an upper end;

an plenum formed in the lower portion of the ring shaped body, wherein a
lower end of the vertical slot opens to the plenum; and

a plurality of spoke apertures formed through the step, wherein each of the
plurality of apertures has a first end opening to the plenum and a second end
opening to an inner surface of the step.

9. The processing chamber of claim 7, further comprising:
an input manifold coupled to the clamping member, wherein an outlet of the

input manifold is connected to the gas flow path formed in the clamping member;
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a remote plasma source connected to the input manifold; and

a gas panel connected to the input manifold.

10. A processing system, comprising:
a transfer chamber defining a transfer volume;
a substrate transfer robot disposed in the transfer volume; and
a twin volume processing chamber coupled to the transfer chamber, wherein
the twin volume processing chamber comprises:
a first processing chamber according to any one of claims 1-9; and

a second processing chamber according to any one of claims 1 -9.

11.  The system of claim 10, wherein flow paths in the first processing chamber

and second processing chamber are mirror images of one another.

12. A method for processing a substrate, comprising:

receiving a substrate on a substrate support disposed in an inner volume of a
processing chamber according to any one of claims 1-9;

chemically treating the substrate by flowing one or more processing gas
through the UV transparent gas distribution showerhead from a gas volume defined
between the UV transparent window and the UV transparent gas distribution
showerhead; and

curing the substrate by directing a UV energy towards the substrate from the
UV unit through the UV transparent gas distribution showerhead and the UV

transparent window.

13. The method of claim 12, wherein chemically treating the substrate comprises
flowing one or more processing gas comprising a silylation agent for chemically
treating a low k film formed on the substrate.

14. The method of claim 13, wherein the chemical treating and the curing are

performed simultaneously.
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15. The method of claim 13, wherein the chemical treating is performed before
the curing.
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RECEIVING A SUBSTRATE ON A SUBSTRATE 910
SUPPORT, WHEREIN THE SUBSTRATE SUPPORT
IS DISPOSED IN A PROCESSING VOLUME BELOW

A SHOWERHEAD

TREATING THE SUBSTRATE WITH A PROCESSING | 920
GAS, WHEREIN THE PROCESSING GAS
ARRIVES AT THE PROCESSING VOLUME THROUGH
A SHOWERHEAD FROM A REGION BETWEEN
A UV TRANSPARENT WINDOW
AND THE SHOWERHEAD

CURING THE SUBSTRATE USING UV ENERGY | 930
FROM A UV UNIT DISPOSED ABOVE THE
SHOWERHEAD AND THE UV TRANSPARENT
WINDOW

FIG. 9
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