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(57) Abstract: The various embodiments of the invention provide for relative movement of the substrate and a process head to
access the entire wafer in a minimal space to conduct combinatorial processing on various regions of the substrate. The heads enable
site isolated processing within the chamber described and method of using the same are described.
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MULTI-REGION PROCESSING SYSTEM AND HEADS

BACKGROUND

[0001] Semiconductor processing operations include forming layers through deposition
processes as well as removing layers, defining features (e.g., etch), preparing layers (e.g.,
cleans), doping or other processes that do not require the formation of a layer on the substrate.
In addition, similar processing techniques apply to the manufacture of integrated circuits (IC)
semiconductor devices, flat panel displays, optoelectronics devices, data storage devices,
magneto electronic devices, magneto optic devices, packaged devices, and the like. As feature
sizes continue to shrink, improvements, whether in materials, umit processes, or process
sequences, are continually being sought for the deposition processes. However, semiconductor
companies conduct R&D on full wafer processing through the use of split lots, as the deposition
systems are designed to support this processing scheme. This approach has resulted in ever
escalating R&D costs and the inability to conduct extensive experimentation in a timely and
cost effective manner.

[0002] While gradient processing has attempted to provide additional information, the
gradient processing suffers from a number of shortcomings. Gradient processing relies on
defined non-uniformity which is not indicative of a conventional processing operation and
therefore cannot mimic the conventional processing. In addition, under gradient processing, a
moving mask or shutter is generally used to deposit different amounts of material (or dopant)
across the entire substrate or a portion of the substrate. This approach is also used for a
deposition system having a carousel of targets which may or may not be used for co-sputtering
purposes. In each of these systems, the uniformity of the region being deposited, as well as
cross contamination issues when performing more than one deposition process render these
techniques relatively ineffective for combinatorial processing.

{0003} Thus, an improved technique for accommodating the evaluation of multiple
different process variations on a single substrate is provided to more efficiently evaluate the

viability of different materials, unit processes, or process sequences.
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SUMMARY
[0004] Embodiments of the present invention provide a deposition system and method
for combinatorial processing. Several inventive embodiments of the present invention are
described below.
[0005] In one aspect of the invention, a deposition system having a radially articulating
process head disposed within the deposition system is provided. The radially articulating
process head is capable of depositing a layer of material onto regions of a substrate. In one
embodiment, the regions are site isolated regions of the substrate. The deposition system may
include multiple radially articulating deposition heads disposed over a substrate surface. In
order to have access to the entire substrate surface, the support on which the substrate rests is
configured to rotate or linearly move the substrate. The process head is capable of being used
for cold plasma operations where a base of the depositions head acts as a cathode and a shield
surrounding a sidewall extending from the base acts as an anode. In another embodiment, a
showerhead of the deposition head is adjustable relative to a distance from a substrate surface.
That is, the showerhead is adjustable in a z-direction independent of the movement of the
deposition head in order to adjust a process volume.
[0006] In another aspect of the invention, a process head has concentrically placed
conduits configured to deliver a deposition fluid to a surface of a substrate through an inner
conduit and provide exhaust for the deposition fluid through a cavity defined between an outer
wall of the first conduit and an inner wall of the second conduit. In one embodiment, the
bottom surface of the inner conduit and the bottom surface of the second conduit are co-planar.
The process head optionally includes a third conduit surrounding the second conduit. The third
conduit provides a fluid barrier preventing the deposition fluid from flowing outside a perimeter
of the third conduit. In one embodiment, the fluid acting as the fluid barrier is exhausted
through the second conduit. The first, second and third conduits may be concentric around a
common axis.
[0007] In yet another aspect of the invention, methods for site isolated deposition are
provided. The methods deposit regions of material onto a substrate through the process heads
described herein. In one embodiment, a gaseous deposition fluid flows through an inner
conduit disposed over a portion of a substrate. Contemporaneously, a vacuum may be applied
to a defined cavity surrounding the inner conduit to withdraw fluid across a bottom surface of
the inner conduit and into the defined cavity. A containment fluid may optionally flow through

an outer conduit surrounding both the inner conduit and the region encompassing the inner
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conduit in one embodiment. A film is deposited onto the portion or region of the substrate and
this may be repeated for another portion or region of the substrate, In another embodiment, a
method for depositing a film on a site isolated region of a substrate is provided. In this
embodiment, a showerhead within a showerhead assembly is moveable so as to adjust a volume
of a processing region defined between the showerhead assembly and the site isolated region of
the substrate. A deposition fluid flows through the adjusted showerhead to deposit a film on the
site isolated region of the substrate. In one embodiment, excess deposition fluid and deposition
by-products are removed by providing vacuum to a confined arca surrounding the showerhead
assembly. Accordingly, through the embodiments described herein multiple sites on a substrate
may be combinatorially processed, either in parallel, serially, or a combination of parallel and
serially, to provide data on alternative process sequences, material, process parameters, etc.
[0008] Other aspects of the invention will become apparent from the following detailed
description, taken in conjunction with the accompanying drawings, illustrating by way of
example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The present invention will be readily understood by the following detailed
description in conjunction with the accompanying drawings, and like reference numerals
designate like structural elements.

[0010] Figure 1 is a simplified schematic diagram illustrating a processing chamber in
accordance with one embodiment of the invention.

[0011] Figure 2 is a simplified schematic diagram showing additional details for
movement of the articulating head in accordance with one embodiment of the invention.

[0012] Figure 3 is a top view of the chamber of Figure 2 in accordance with one
embodiment of the invention.

[0013] Figure 4A is a simplified schematic diagram of a system having a rotatable
processing head and a moveable substrate support in accordance with one embodiment of the
invention.

[0014] Figure 4B is a simplified schematic diagram illustrating one exemplary

combinatorial region pattern enabled through the embodiment of Figure 4A.
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[0015] Figure 5A is a simplified schematic diagram illustrating a process head
configured for combinatorial processing in accordance with one embodiment of the invention.
[0016] Figure 5B illustrates a processing head that may be utilized for a physical vapor
deposition (PVD) process in accordance with one embodiment of the invention.

[0017] Figure 6 is a top view of a process/deposition head for combinatorial processing
in accordance with one embodiment of the invention.
[0018] Figure 7 is a simplified schematic diagram illustrating a cross sectional view of

the process head of Figure 6.

[0019] Figure 7-1 is a simplified schematic diagram illustrating a bottom surface of an
outer ring of the process head of Figure 7 in more detail.

[0020] Figure 8 is a simplified schematic diagram of a substrate that has been
combinatorially processed with isolated regions in accordance with one embodiment of the
invention.

[0021] Figure 9 a simplified schematic diagram illustrating an integrated high
productivity combinatorial (HPC) system having a process head configured for combinatorial

processing in a process chamber of the system in accordance with one embodiment of the

invention.

DETAILED DESCRIPTION

[0022] The embodiments described herein provide a method and system for processing
of a substrate in a combinatorial manner. It will be apparent, however, to one skilled in the art,
that the present invention may be practiced without some or all of these specific details. In
other instances, well known process operations have not been described in detail in order not to
unnecessarily obscure the present invention.

[0023] The embodiments described below provide details for a multi-region processing
system and associated process heads that enable processing a substrate in a combinatorial
fashion. Thus, different regions of the substrate may have different properties, which may be
due to variations of the materials, unit processes (e.g., processing conditions or parameters) and
process sequences, etc. Within each region the conditions are preferably substantially uniform
so as to mimic conventional full wafer processing within each region, however, valid results
can be obtained for certain experiments without this requirement. In one embodiment, the

different regions are isolated so that there is no inter-diffusion between the different regions.
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[0024] In addition, the combinatorial processing for a substrate may be combined with
conventional processing techniques where substantially the entire substrate is uniformly
processed (e.g., subjected to the same materials, unit processes and process sequences). Thus,
the embodiments described herein can pull a substrate from a manufacturing process flow,
perform combinatorial deposition processing and return the substrate to the manufacturing
process flow for further processing. Alternatively, the substrate can be processed in an
integrated tool, e.g., a cluster tool, that allows both combinatorial and conventional processing
in various chambers attached around a central chamber. Consequently, in one substrate
information concerning the varied processes and the interaction of the varied processes with
conventional processes can be evaluated. Accordingly, a multitude of data is available from a
single substrate for a desired process.

[0025] The embodiments described herein are directed to various applications,
including deposition, which includes physical vapor deposition (PVD), chemical vapor
deposition (CVD), atomic layer deposition (ALD), reactive ion etching (RIE), cold plasma
depositions, as well as other applications, such as etch, doping, surface modification or
preparation (e.g., cleaning processes or monolayer depositing), etc. It should be further
appreciated that the embodiments described below are techniques optimized for combinatorial
processing of a substrate. The movement of a relatively small (as compared to the overall area
of the substrate) region defined through a processing head, along with the rotation of the
substrate enables access to the entire surface of the substrate. Alternatively, the processing
head may be rotated in a circular fashion and the substrate may be moved in a relative x-y
direction to enable access to the entire surface by the processing head. In other embodiments,
both the processing head and the substrate may be rotated around an axis, where the axis may or
may not be a common axis, or the processing head and the substrate may both move in a lincar
(XY plane) manner. A single head or multiple heads may be included on a moveable arm that
can radially scan across a surface of the substrate to enable serial (one head at a time), serial-
parallel or fast serial (multiple heads at once that repeat processing to cover the various regions
on the substrate) or parallel (using sufficient heads to process all of the regions at once)
processing. In the parallel processing embodiment, the rotation enables different processing by
region through the rotation wherein each processing head implements a different process over a
different region, or as another alternative, the same process is implemented in each processing

head with reliance on the rotation of the substrate to create differently processed regions on the

substrate.
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[0026] In one embodiment, a moveable head is configured to create a plasma in an
isolated region, which may be referred to as a processing region, above the substrate thereby
avoiding the need for masking. While masking is generally not required, the various aspects of
the invention also work with masks and may in some situations improve the isolation capability
and tolerances mentioned below. In another embodiment, a moveable head configured to
enable site isolated ALD for a substrate is provided. One skilled in the art will appreciate that
ALD, CVD, and PVD are not limited to deposition processes. For example, ALD can be used
to perform a doping process in one embodiment. More particularly, by depositing one
monolayer or less per deposition cycle, the ALD process can be used as a form of doping. In
another embodiment, the PVD and/or ALD processes can “etch”. One skilled in the art will
appreciate that by changing process gases, e.g., where a process gas reacts with the substrate, an
etch process may be performed, as compared to a process gas that deposits material onto the
substrate

[0027] Figure 1 is a simplified schematic diagram illustrating a reaction chamber in
accordance with one embodiment of the invention. Reaction chamber 100 includes substrate
support 102 and process head 104. Substrate support 102, which may be an electrostatic chuck
or other chuck, is configured to rotate. In another embodiment, substrate support 102 may
move linearly within chamber 100. Process head 104 is configured to articulate in a linear
direction radially above a surface of substrate 112, which is disposed on substrate support 102.
In one embodiment, processing head 104 may move in two dimensions in the plane above
substrate 112. In another embodiment, bellows 106 provides a seal to maintain the integrity of
the chamber as process head 104 articulates. One skilled in the art will appreciate that by
configuring substrate support 102 to rotate at least 180 degrees and having process head 104
capable of moving across a radius of substrate 112, all positions over substrate 112 are
accessible to process head 104 for combinatorial processing. In one embodiment, substrate
support 102 rotates at least 185 degrees to ensure complete coverage. In another embodiment,
substrate support 112 rotates 360 degrees. In addition to moving in a linear direction parallel to
a surface of substrate 112, deposition head 104 can move in a Z direction orthogonal to the
surface of a substrate resting on substrate support 102 in order to place the head over the region
to be processed and/or vary the height of the process head to the substrate, which in turn vares
a volume of the processing region, as described further below. In this manner process head 104

may be used to adjust a process volume defined between a process head and a surface of the

substrate.
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[0028] Fluid supply 108 is configured to deliver fluids to process head 104. In essence, fluid
supply 108 delivers process gases suitable for any deposition process executed through process
head 104. Of course, to accommodate the movement of process head 104, the delivery lines
from fluid supply 108 may be flexible. Drive 114 provides for the linear (X Y) and orthogonal
(Z) movement of process head 104 within reaction chamber 100. One skilled in the art will
appreciate that drive 114 may be any suitable drive, such as a linear drive, worm gear, etc. In
addition, drive 114 or a separate drive may control the orthogonal movement, which is
independent of the linear movement. Exemplary drives may include linear slides driven by
stepper motors on lead screws, pneumatics drives, servo drives, rack and pinions assemblies,
cte. In order to create a plasma, power source 116, e.g., radio frequency (RF), DC pulsed,
microwave, etc., is coupled to process head 104. Controller 110, which includes a central
processing unit (CPU), memory, and input/output capability, controls the processing within
chamber 100. In one embodiment, a recipe contained within the memory of controller 110 will
be executed by the CPU for processing within chamber 100. Controller 110 is configured to
control power supply 116, drive 114, fluid supply 108, and other aspects of the reaction
chamber for the combinatorial processing operations. In another embodiment, separate
controllers may be utilized for each component and a general purpose computer can control the
operation of the separate controllers through a processing recipe.

[0029] Figure 2 is a simplified schematic diagram showing additional details for movement of
the articulating process head in accordance with one embodiment of the invention. In Figure 2,
an alternative sealing mechanism from the bellows of Figure 1 is provided. Within Figure 2
process head 104 is supported by arm 120 (also referred to as a post) which is affixed to
moveable top plate 124. In one embodiment, arm 120 extends through top plate 124 and an end
of the arm is connected to a drive that provides Z-direction movement. A scal is maintained
between arm 120 and moveable top plate 124 to maintain the integrity of the processing
chamber as the arm lifts and lowers relative to a surface of the substrate and otherwise moves.
Moveable top plate 124 may be slideably disposed over bearing support surface 128 and o-rings
126. Bearing support surface 128 is a surface disposed on chamber top 122 which guides
moveable top plate 124 so as not to cause excessive pressure on o-rings 126. While one bearing
surface is illustrated in Figure 2, another bearing surface may be provided across the opening of
chamber top 122 in order to support moveable top plate 124 on both sides of the opening. The
bearing surface may consist of ball bearings, pneumatics, hydraulics, etc. In one embodiment,

the chamber is at an ultra high vacuum, ¢.g., 108 or 107 torr, while the region between o-rings
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126 is pumped down to a milliTorr vacuum range. The pumping of the space between o-rings
126 can be accomplished through channel 130 that enables access for a pump to the space
defined between o-rings 126. For example, channel 130 may be drilled through the upper plate
of the chamber to enable access to pump the space defined between o-rings 126.

[0030] Figure 3 is a top view of the chamber of Figure 2 in accordance with one embodiment
of the invention. In Figure 3, top movable plate 124 includes posts 120 for supporting a process
head within the chamber. While there are two posts 120 for slideable moveable plate 124 in
Figure 3, it should be appreciated that any number of posts and corresponding process heads
may be disposed on the slideable plate. O-rings 126 provide a seal between the vacuum of the
chamber and the outside atmosphere. Drive 114 for moveable plate 124 may include any
suitable linear drive, worm gear, etc. in order to articulate the posts 120 and corresponding
deposition head for movement above a surface of a wafer for the combinatorial processing.
Additional drives connected to the top of posts 120 for the Z-direction movement are not shown
for ease of illustration. The process head 104 can be any number of different process heads
directed to various applications, including deposition operations, which includes physical vapor
deposition (PVD), chemical vapor deposition (CVD), atomic layer deposition (ALD), and other
applications, such as etch, doping, surface modification or preparation (e.g., cleaning processes
or monolayers depositing), etc. Several different embodiments of the process head are
described in more detail below.

[0031] Figure 4A is a simplified schematic diagram of a system having a rotatable processing
head and a moveable substrate support in accordance with one embodiment of the invention.
Process head 104 is supported by arm 120 within clamber 100. Arm 120 is configured to move
in a vertical direction (Z articulation) and rotate about an axis. An axis of process head 104 is
offset from the axis of rotation around which process head 104 rotates. Substrate 112 is
disposed on substrate support 102. Substrate support 102 is configured to move in a vertical
direction (Z articulation) as well as linear articulation in an XY plane. In this manner, isolated
regions of substrate 112 may be combinatorially processed. In one embodiment, multiple
process heads may be attached to arm 120. In another embodiment, multiple arms may be
provided within chamber 100.

[0032] Figure 4B is a simplified schematic diagram illustrating one exemplary combinatorial
region pattern enabled through the embodiment of Figure 4A. Substrate 112 has isolated
regions 109 defined thereon. Isolated regions 109 may be regions that are combinatorially

processed where one of or a combination of materials, unit processes or a process sequence is
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varied across the regions. As illustrated in Figure 4B track 111 is one exemplary path followed
by process head 104 of Figure 4A. However, one skilled in the art will appreciate that the
embodiments described herein will enable numerous other patterns through the rotational
movement of process head 104 and planar movement of substrate support 102, such as the
exemplary pattern shown in Fig. 8.

[0033] Figures 5A and 5B illustrate simplified schematic diagrams of a process head
configured for combinatorial processing in accordance with embodiments of the invention.
Process head 104 can enable several dry processes, including plasma based systems (e.g., PVD,
its variants, or cold plasma) as illustrated in Figure 5B or other gaseous fluid based systems
(e.g., ALD or CVD, or similar variants) as illustrated in Figure SA. While these types of heads
are explained in detail, other heads that support additional processing schemes can be adapted
from these heads or can replace these heads. Process head 104 is a cylindrical shape in
accordance with one embodiment, but can be any other geometric shapes, such as quadrilateral,
oval, pentagon, etc. The process region on the substrate, also referred to as a site isolated
region, can be defined by the reaction chamber, e.g., on a blanket or patterned substrate through
the process head, or the process region can be predefined on the substrate (e.g., through test
structures, die, multiple die or other techniques).

[0034] As shown in Fig. 5A, sidewall 152 defines an outer wall of the process or deposition
head and in a top region of process head 104, valves 154 provide fluid to plenum 156, which
distributes the fluid to showerhead 158. The combination of showerhead 156 and plenum 158
may be referred to as a showerhead assembly or process head assembly. A seal between the
showerhead assembly and sidewall 152 is provided by o-ring 160, which also enables
movement of the showerhead assembly without breaking the vacuum. The showerhead
assembly can also be permanently affixed to sidewall 152 1n one embodiment. In this
embodiment sidewall 152 can be moveably sealed with outer wall 170 at locations 171, e.g.,
through an o-ring or other suitable seal enabling slideable translation to allow for movement in
the z-direction. Vacuum may be applied through outer region 168 in order to remove process
by-products from processing region 162. Plenum 158 and showerhead 156 may both be
moveable in a vertical direction relative to a surface of substrate 164 in order to change a
processing volume within process region 162. As the showerhead assembly moves, outer
shield 170 and sidewall 152 remain stationary so as to provide a barrier to isolate the plasma to
aregion of substrate 164. Of course, sidewall 152 may be moveable with the showerhead

assembly being cither stationary or moveable. In an alternative embodiment, inert gas, e.g.,



10

15

20

25

30

WO 2009/032960 PCT/US2008/075303

10

argon, nitrogen, etc. may be fed into an annular space 168 to help maintain isolation of the
processing to region 162, defined between sidewall 152, the showerhead assembly and a top
surface of the substrate. In this alternative embodiment, exhaust would be provided through
another mechanism, such as another opening, ¢.g., portals in the showerhead assembly, or other
suitable techniques.

[0035] Figure 5B illustrates a processing head that may be utilized for a PVD process in
accordance with one embodiment of the invention. Process head 104 includes similar features
as described with regard to Figure SA and for the sake of redundancy some of these features
will not be described again in detail. Process head assembly 157 may include a target for the
PVD process while gas inlet 149 delivers the process gas from gas source 151 for the PVD
processing. A plasma can be struck within region 162 in order to deposit material on a surface
of substrate 164, which is disposed over electrostatic chuck 166, or other known substrate
supports. One skilled in the art will appreciate that the plasma within region 162 may be
sustained by direct current (DC}, DC pulsed, radio frequency (RF), inductive coupling,
microwave, etc. A cavity, also referred to region 168, defined within outer shield 170 is
maintained at a lower pressure than the plasma region deposition chamber in the plasma to
entrap or collect the unused or reacted materials and gases.

[0036] In one embodiment, a center cathode is contained within process head 104, e.g., a base
of process head assembly 157 functions as a cathode, and outer shiecld 170 would function as an
anode, e.g., when performing a cold plasma processing operation, where a stable gas plasma jet
is generated near room temperature at atmospheric pressure. In this embodiment, a vacuum is
not necessary within the plasma region. In addition, it should be apparent that in one
embodiment, a vacuum need not be applied to cavity 168 within outer shield 170 as the entire
chamber 104 may be at an appropriate operating pressure and outer shield 170 prevents
processing materials from spreading outside of process head 104 into the main chamber to
avoid impacting other regions. Outer shield 170 may be electrically floating or grounded as
required by the combinatorial processing.

[0037] In yet another embodiment, outer shield 170 may be resting against a top surface of
substrate 164 in order to provide a seal against a top surface of the substrate to isolate a region
of the substrate for processing and prevent inter-diffusion of deposition materials between
regions. Of course, outer shield 170 may move orthogonally relative to the surface of substrate
164 so that a volume of region 162 may be modified. In addition, the substrate support may

move the substrate vertically, as well as rotate the substrate in one embodiment. Thus, the
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volume of region 162 is adjustable through numerous techniques under the embodiments
described herein.

[0038] Figure 6 is a top view of a process/deposition head for combinatorial processing in
accordance with one embodiment of the invention. Process head 104 includes two or optionally
three concentric rings. An optional outer ring 180 surrounds an intermediate ring 182 which in
turn surrounds inner ring 184, also referred to as a conduit. As will be described in more detail
with reference to Figure 7, the region defined within inner ring 184 flows a process gas over a
region of a substrate disposed below in order to deposit a layer on a portion of the substrate
during combinatorial processing operations. In one embodiment, the region within inner ring
184 is about 43 millimeters in diameter to accommodate typical test die sizes, but can be any
size based on known test dic or other design parameters. The region defined between
intermediate ring 182 and inner ring 184 is used to evacuate or pump gas out from the
deposition area defined within inner ring 184. That is, a vacuum source may be connected to
evacuate the arca between an inner surface of intermediate ring 182 and an outer wall of the
conduit for inner ring 184.

[0039] The region between optional outer ring 180 and intermediate ring 182 may be used to
flow inert gas, e.g., argon, in order to contain the products and prevent contamination to other
regions of the substrate disposed below the deposition head. Ifring 180 is not included, the
vacuum in the annular space defined by ring 182 and 184 prevents the process being performed
in the regions defined by process head 104 from impacting other regions on the wafer. While
some gases or other fluids may escape, the amount of gas escaping will not impact the
experimentation. If ring 180 is not included, then regions on the substrate may be spaced
further apart than if this additional layer of protection is provided within the process head itself.
In one embodiment, the region between an inner surface of intermediate ring 182 and an outer
surface of inner ring 184 is approximately between one and ten millimeters. In another
exemplary embodiment, the thickness of each of the concentric rings is approximately one to
five millimeters. However, these embodiments are not meant to be limiting as the thickness
and distances between the rings may be any suitable thickness dependent upon the application
and processing being performed. The material of construction may be any material suitable for
deposition processes, such as stainless steel and aluminum.

[0040] Figure 7 is a simplified schematic diagram illustrating a cross sectional view of the
process head of Figure 6. In Figure 7, outer ring 180 preferably has less separation with the
substrate than rings 182 or 184 and may contact the surface of substrate 164. As set forth
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above, optional outer ring 180 provides extra protection against leakage from the processing
region to other regions of the substrate than when only rings 182 and 184 are included. As
illustrated in Figure 7, a process gas would flow within inner ring 184 and be evacuated through
the intermediate space between intermediate ring 182 and inner ring 184. Thus, gas would flow
towards substrate 164 within area 175 defined by inner ring 184, under ring 184 and be
evacuated by a vacuum acting within the area defined by inner ring 184 and intermediate ring
182. The process region is defined by inner ring 184, while intermediate ring 182 and optional
outer ring 180 provide buffer zones. The process volumes defined below the bottom surfaces of
inner ring 184 and a top surface of the substrate is adjustable by moving the process head
vertically.

[0041] If outer ring 180 is not included, intermediate ring 182 may be closer to the substrate
than inner ring 184, however this is optional. Alternatively, the intermediate ring can be
touching substrate 164 in one embodiment. The spacing between ring 182 and substrate 164
may allow processing fluid (e.g., gases) to escape. To further protect against that, argon or
some other inert gas may be used to flow within the outer most cavity or annular space 179 in
order to further contain the processing byproducts. This inert gas would flow towards substrate
164 in the outer cavity 179, under ring 182 and be evacuated by the vacuum in area 177
between inner ring 184 and intermediate ring 182. The inert gas will not impact the processing
within inner ring 184 and the flow rate should be chosen to minimize any such diffusion into
that region. As mentioned above, the materials used for the process head can be stainless steel,
aluminum, or any other suitable metal compatible with the plasma and gases used for the
processing and deposition of layers on semiconductor wafers. Where the surfaces of the
deposition head contact a surface of the substrate, a polytetrafluoroethylene, such as
TEFLON™ coating or some other suitable non-reactive coating may be used on the surface of
the process head that contacts the surface of substrate 164. In one embodiment, the bottom
surface of outer ring 180 is a knife edge to minimize the contact area with substrate 164, Figure
7-1 illustrates a bottom surface of outer ring 180 where the bottom edge 181 is configured as a
knife edge.

[0042] Figure 8 is a simplified schematic diagram of a substrate that has been combinatorially
processed with isolated regions in accordance with one embodiment of the mvention. Substrate
200 includes a plurality of regions 202 disposed thereon. Each of regions 202 is processed with
one of the process heads in the chamber(s) described above. Through the use of a linearly,

radially articulating arm and the rotation provided by a substrate support (or rotation of the head
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and linear (x-y) movement of the substrate, or rotation of both the head and the substrate, or
linear movement of both the head and the substrate) any pattern of site isolated deposition areas
may be defined on the surface of substrate 200. The pattern shown is symmetric and enables
the greatest use of the substrate and easiest alignment of the heads, however, other patterns or
numbers of regions can also be implemented. It should be appreciated that on substrate 200 a
wealth of knowledge exists on a single substrate as each of regions 202 may have some
property or characteristic of the process altered. Thus, the information available for each region
as well as the interaction of each region with previous or subsequent process operations or
materials may be harvested to provide data on an optimum material, unit process and/or process
sequences in a highly efficient manner. While Figure 8 illustrates regions 202 as isolated and
not overlapping, the regions may overlap in one embodiment. In another embodiment a region
refers to a localized area on a substrate which is, was, or is intended to be used for processing or
formation of a selected material. The region can include one region and/or a series of regular or
periodic regions pre-formed on the substrate. The region may have any convenient shape, e.g.,
circular, rectangular, elliptical, wedge-shaped, etc. In one embodiment, the regions are
predefined on the substrate. However, the processing may define the regions in another
embodiment.

[0043] Figure 9 a simplified schematic diagram illustrating an integrated high productivity
combinatorial (HPC) system in accordance with one embodiment of the invention. HPC system
includes a frame 900 supporting a plurality of processing modules. It should be appreciated
that frame 900 may be a unitary frame in accordance with one embodiment. In one
embodiment, the environment within frame 900 is controlled. Load lock/factory interface 902
provides access into the plurality of modules of the HPC system. Robot 914 provides for the
movement of substrates (and masks) between the modules and for the movement into and out of
the load lock 902. Module 904 may be an orientation/degassing module in accordance with one
embodiment. Module 906 may be a clean module, either plasma or non-plasma based, in
accordance with one embodiment of the invention. Any type of chamber or combination of
chamber may be implemented and the description herein is merely illustrative of one possible
combination and not meant to limit the potential chamber or processes that can be supported to
combine combinatorial processing or combinatorial plus convention processing of a
substrate/wafer.

[0044] Module 908 is referred to as a library module in accordance with one embodiment of

the invention. In module 908, a plurality of masks, also referred to as processing masks, are
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stored. The masks may be used in the dry combinatorial processing modules in order to apply a
certain pattern to a substrate being processed in those modules. Module 910 includes a HPC
physical vapor deposition module in accordance with one embodiment of the invention.
Module 912 is a deposition module, e.g., an ALD or CVD module. Modules 910 and/or 912
may include the process heads described herein. It should be appreciated that modules 910 and
912 may be configured to include multiple process heads where the process heads are all
similar, such as the process heads of Figures 5A, 5B, or 6, or some combination of different
process heads described herein. In addition, the multiple process heads may be used to perform
the same or different process operations on a substrate being processed within the process
module. For example, where different process heads are within a process module, some process
heads may perform ALD operations, some process heads may perform PVD operations and so
on. In addition, process heads performing the same operation may vary the processing
conditions, parameters, materials, etc. These multiple different operations may be performed in
parallel or serially. Accordingly, numerous combinations of experiments may be performed on
site isolated regions of a single substrate through the combinatorial processing embodiments
with the moveable processing heads described herein. In one embodiment, a centralized
controller, i.e., computing device 911, may control the processes of the HPC system. Further
details of the HPC system are described in US Patent Application Serial Nos. 11/672,478, and
11/672,473. With HPC system, a plurality of methods may be employed to deposit material
upon a substrate employing combinatoric processes.

[0045] In summary, the embodiments described above may enable combinatorial processes to
be applied to a substrate in a site isolated manner either in parallel, serial-parallel or serial
manner. A process head is disposed within a chamber and opposing a substrate surface can
scan radially across the substrate surface. The head is preferably configured to process a
portion (¢.g., site isolated region) of the substrate in a substantially uniform manner without the
use of a mask or shutter, however, a mask may be used in certain embodiments. It should be
appreciated that where the substrate is not circular, e.g., a quadrilateral or other shape, the head
would preferably scan across a maximum width of the quadrilateral, while the substrate is
rotated to provide complete access, but need not be so set up. In addition, the head can move
linearly in combination with orthogonal movement of the substrate to minimize the overall the
chamber size. The movement of the head is performed in a manner that maintains the integrity
of the processing chamber. It should be appreciated that the deposition may occur on a blanket

substrate or a substrate having structures, patterns, devices or other features defined thereon. In
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addition the substrate may be further processed through full substrate conventional techniques
following the combinatorial deposition techniques described above.

[0046] Further embodiments described below include a reaction chamber with a radially
articulating process head disposed within the chamber, where the radially articulating
deposition head is capable of processing multiple regions of a substrate and where the regions
are substantially isolated from each other. The chamber may have multiple process heads and
multiple regions may be processed in a serial manner, a fast serial or a parallel manner. It
should be appreciated that the inner wall of the process heads may define the regions, while the
outer walls provide a seal to isolate the regions. In another embodiment, the regions may be
pre-defined on the substrate. The chamber may include a rotatable substrate support under the
process head and the substrate support may rotate over approximately half of the substrate, e.g.,
approximately 185 degrees. The radially articulating process head has a range of movement
over a radius of the substrate. In addition, the process head may move vertical relative to a base
of the deposition system. The process head is affixed to an arm driving both radial articulation
of the head over a top surface of a substrate in the reaction chamber and orthogonal movement
of the process head relative to a top surface of the substrate in one embodiment. A
differentially pumped seal is defined by a first o-ring surrounded by a second o-ring and a
cavity between the first and second o-rings is evacuated to a pressure greater than a pressure
within the deposition system and less than an external pressure in order to isolate the chamber
form an external surface. The process head includes a base opposing the substrate and a shield
surrounding a lower portion of a sidewall extending from the base. In one embodiment the base
functions as a cathode and the shield functions as an anode for a cold plasma operation. A
lower portion of the process head is encompassed by a containment wall configured to exhaust
deposition byproducts during a deposition operation in one embodiment.

[0047] In another aspect of the invention, a process head having a first conduit
configured to deliver a gas to a surface of a substrate and a second conduit defined partially by
an outer wall encompassing the first conduit is provided. The second conduit is configured to
provide exhaust for the gas wherein the outer wall of the second conduit acts as a barrier to
contain the gas within an inner area defined by the second conduit. The process head may
include a third conduit surrounding the second conduit, where the third conduit is configured to
provide a fluid barrier preventing the gas from flowing outside a perimeter of the third conduit.
The first, second, and third conduits are concentric around a common axis. A bottom surface of

the second conduit is closer to the surface of the substrate than a bottom surface of the first
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conduit i one embodiment. In another embodiment, the bottom surface may contact the
substrate. The process head is affixed to an articulating arm inside a reaction chamber where
the substrate rotates on a substrate support in one embodiment. A bottom surface of the third
conduit extends past bottom surfaces of the first and second conduits in another embodiment.
The bottom surface of the third conduit or the second conduit may contact the substrate and
may be configured as a knife edge. In one embodiment, the bottom surface of the third conduit
is coated with an inert film.

[0048] In another embodiment, a moveable process head for site isolated deposition is
provided. A moveable assembly that includes the moveable process head, includes an inner
wall defining a process region. In one embodiment, multiple processing regions are formed on
one substrate; and an outer wall surrounding a bottom portion of an outer surface of the inner
wall contains the processing components to the processing region. In one embodiment a
bottom surface of the outer wall extends past a bottom surface of the inner wall. In another
embodiment the outer wall contacts a surface of a substrate outside a perimeter of an active
deposition area during a deposition operation. In this embodiment the outer wall may contact a
mask disposed over a substrate. A vacuum source in fluid communication with an opening of
the outer wall is included where the opening enables access to a cavity defined between the
outer wall and the inner wall. In another embodiment, the assembly is moveable independent of
the process head. For example, the process head is moveable in one dimension and the
assembly is moveable in one or more dimension in one exemplary embodiment. The moveable
assembly may include one of a target, a showerhead or a cold plasma head. The outer wall and
the inner wall may move independently from each other in a Z direction. The outer wall
contacts a mask disposed over a surface of the substrate in one embodiment.

[0049] In another aspect of the invention a method for multi-region processing on a
substrate is provided. The method includes flowing a fluid through an inner conduit disposed
over a region of the substrate for processing that region and withdrawing fluid from a region
encompassing the inner conduit contemporaneously with the flowing. A containment fluid
flows through an outer conduit surrounding both the inner conduit and the region encompassing
the inner conduit while providing substantially uniform processing to the region on the
substrate defined by the inner conduit. The method includes repeating each above mentioned
method operations for a different region of the substrate in one of a senal, serial-parallel, or
parallel manner and subsequently processing the substrate through a conventional full wafer

process. The method can include moving a process head assembly including the inner conduit
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and the outer conduit so that the inner conduit is disposed over a next portion of the substrate as
well as radial articulation of the deposition head and rotation of the substrate. The method can
include contacting a surface of the substrate with a bottom surface of the outer conduit. The
moving mentioned above includes rotation of the process head and linear movement of the
substrate in one embodiment. The regions may be defined by the process head.

[0050] In another aspect of the invention, a method for processing a site isolated region
of a substrate is disclosed. The method includes modifying a volume of a processing region
defined between the showerhead assembly and the site isolated region of the substrate and
flowing a deposition fluid through the showerhead. A film is deposited on the site isolated
region of the substrate and excess deposition fluid and deposition by-products are removed
through an area surrounding the showerhead assembly contemporaneously with the depositing.
The volume of the processing region may be adjusted by moving the showerhead assembly
relative to a surface of the substrate in one embodiment. A plasma may be generated in the
processing region to generate material for depositing onto the surface of the substrate. A
vacuum to the area surrounding the showerhead may be applied to contain or remove fluids
from the processing region in one embodiment. Each method operation mentioned above may
be repeated for a next site isolated region. In one embodiment, the regions are processed
similarly or with different spacing between the showerhead and the substrate and wherein the
different spacing is determined by one of movement of the showerhead assembly or movement
of an inner wall supporting the showerhead assembly within an outer wall surrounding the inner
wall in one exemplary embodiment.

[0051] Tn yet another aspect of the invention a reaction chamber that includes a rotating
process head disposed within the reaction chamber is provided. The rotating process head
rotates about an axis that is different than an axis of the process head and a substrate support
configured to support a substrate under the rotating process head. The substrate support is
configured to move the substrate in a planar direction orthogonal to the axis of the processing
head.

[0052] In yet another embodiment, a semiconductor processing chamber capable of
processing multiple isolated regions of a substrate is provided. The chamber includes process
means for flowing a process fluid through an enclosure to one of the isolated regions and
containment means for flowing a containment fluid to provide a barrier to inhibit the process
fluid from escaping from an area defined between the process and containment means. Also

included is evacuation means for withdrawing fluid from the area contemporaneous with the
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flowing of the process and containment fluid, such that the one of the isolated region is subject
to substantially uniform processing. The chamber includes means for subsequently processing
the substrate through a conventional full wafer process. The semiconductor processing
chamber also includes means for moving the enclosure over a next one of the isolated regions.
In one embodiment, the means for moving includes means for radial articulation of the
enclosure and means for rotation of the substrate. The chamber includes means to modify a
processing volume defined between the enclosure and the one of the isolated regions. The
means for moving may include means for rotation of the enclosure and means for linear
movement of the substrate. In one embodiment, the semiconductor processing chamber
performs atomic layer deposition. The process means for flowing the process fluid,
containment means, and evacuation means, can have fluid channels that are concentrically
situated relative to each other.

[0053] In yet another embodiment, a semiconductor processing system is provided. The
system includes a plurality of processing modules clustered around a frame, wherein at least
one of the plurality of processing modules includes a moveable deposition head for site isolated
deposition, the moveable deposition head has an inner wall defining a processing region. The
moveable process head is affixed to a radially articulating arm. The moveable deposition head
includes a moveable assembly disposed within the inner wall and above the processing region,
defined such that multiple processing regions are formed on one substrate. The moveable
deposition head further includes an outer wall surrounding a lower portion of an outer surface
of the inner wall. The radially articulating arm is configured to translate the moveable
deposition head in a vertical direction relative to a surface of a substrate to be processed. The
system includes a substrate support configured to support a substrate under the moveable
deposition head. The substrate support is configured to move the substrate in a planar direction
orthogonal to the axis of the processing head. The moveable deposition head is configured to
rotate about an axis that is different than an axis of a substrate support configured to support a
substrate under the moveable deposition head. The system may include an additional
processing module having a process head for atomic layer deposition. The process head
includes a first conduit configured to deliver a gas to a surface of a substrate and a second
conduit defined partially by an outer wall encompassing the first conduit. The second conduit
is configured to provide exhaust for the gas wherein the outer wall acts as a barrier to contain
the gas within an inner area defined by the second conduit. The system may include a third

conduit surrounding the second conduit. The third conduit configured to provide a fluid barrier
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preventing the gas from flowing outside a perimeter of the third conduit, wherein the first
second and third conduits are concentric.

[0054) In still yet another embodiment, a method for combinatorially processing a
substrate 1s provided. The method includes isolating a first region of a substrate with a process
head assembly having an independently moveable process head and processing a portion of the
substrate within the first region. The method includes moving the process head assembly
within the process chamber to a second region of the substrate and processing a portion of the
substrate within the second region. Moving the process head assembly includes radially
transitioning the process head assembly over a surface of the substrate to the second region,
rotation of processes head assembly about an axis different from an axis of the process head
and/or moving the process head assembly includes adjusting a volume of a processing area
defined between the process head and the substrate. Linear or radial movement is provided for
the substrate between processing of portions of the substrate.

[0055] In another embodiment, a semiconductor processing chamber is provided. The
chamber includes means for moving a deposition head disposed within the processing chamber,
wherein the deposition head is capable of processing multiple regions of a substrate. The
means for moving provides radial movement over the substrate and the radial movement is
relative to an axis different than an axis of the deposition head. The chamber includes means
for one of rotating or linearly transitioning the substrate disposed under the deposition head. In
one embodiment, the radial movement has a range of movement over a radius of the substrate.
[0056] In yet another embodiment, a moveable process head for site isolated deposition
having an mner wall defining a processing region of a substrate, a moveable assembly disposed
within the inner wall and above the processing region, defined such that multiple processing
regions are formed on the substrate, and an outer wall spaced apart and surrounding a lower
portion of the inner wall. In one embodiment, a bottom surface of the outer wall extends past a
bottom surface of the inner wall and the system includes a vacuum source in fluid
communication with a cavity defined between the outer wall and the inner wall to provide one
or more exhaust outlets from the processing region. The assembly may be moveable
independent of a remainder of the process head and the process head is moveable in at least two
dimensions and the assembly is moveable in one dimension. The moveable assembly is one of
a target, a showerhead or a cold plasma head in on embodiment. The process head may be a
deposition head configured to deposit a layer within the processing region. The outer wall and

the inner wall move independently from each other in a vertical direction relative to a surface of
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the substrate and the bottom portion of the outer wall may be urged against a surface of the
substrate.

[0057] Any of the operattons described herein that form part of the invention are useful
machine operations. The invention also relates to a device or an apparatus for performing these
operations. The apparatus can be specially constructed for the required purpose, or the
apparatus can be a general-purpose computer selectively activated or configured by a computer
program stored in the computer. In particular, various general-purpose machines can be used
with computer programs written in accordance with the teachings herein, or it may be more
convenient to construct a more specialized apparatus to perform the required operations.

[0058] Although the foregoing invention has been described 1n some detail for purposes
of clarity of understanding, it will be apparent that certain changes and medifications can be
practiced within the scope of the appended claims. Accordingly, the present embodiments are
to be considered as illustrative and not restrictive, and the invention is not to be limited to the
details given herein, but may be modified within the scope and equivalents of the appended
claims. In the claims, elements and/or steps do not imply any particular order of operation,

unless explicitly stated in the claims.

What is claimed is:
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CLAIMS

| A method for processing a site isolated region of a substrate, comprising:

modifying a volume of a processing region defined between a deposition head and the

site isolated region of the substrate;
performing a dry process on the site isolated region of the substrate; and
evacuating the processing region through an area surrounding a perimeter of a deposition

head assembly contemporaneously with the processing.

2. The method of claim 1, wherein a uniform film is deposited on the site isolated region

within the processing region and wherein the deposition head is one of a target or a showerhead.

3. The method of claim 1, wherein the deposition head assembly includes an inner
wall defining a periphery of the processing region and the modifying moves the deposition head

while the inner wall is stationary.

4. The method of claim 1, further comprising:

positioning an outer wall defining the area surrounding the perimeter closer to the

substrate than a bottom portion of the inner wall.

5. The method of claim 1, wherein multiple site isolated regions are processed

similarly with different spacing between the deposition head and the substrate.

6. A semiconductor processing chamber, comprising:

a substrate support configured to support a substrate;

a process head disposed over the substrate support, the process head moveable in a
vertical direction relative to a surface of the substrate, the process head included within a process
head assembly defining a processing region over a portion of the substrate, wherein the process

head is moveable within the process head assembly.

7. The semiconductor processing chamber of claim 6, wherein the process head is
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disposed within an inner wall of the process head assembly and a shield is spaced apart and

surrounds at least a lower portion of the inner wall.

8. The semiconductor processing chamber of claim 7, wherein the inner wall is
moveable in the vertical direction in conjunction with the process head and relative to the shield

to modify a volume of the processing region.

9. The semiconductor processing chamber of claim 7, wherein the process head 1s

moveable relative to the inner wall to modify a volume of the processing region.

10. The semiconductor processing chamber of claim 6, wherein the process head is a
showerhead comprising concentric rings enabling deposition in an inner ring and removal of

fluids through an outer ring during processing of the portion of the substrate.

11.  The semiconductor processing chamber of claim 6, wherein the process head

assembly moves in a radial direction and the substrate support rotates about an axis.

12. The semiconductor chamber of claim 6, wherein the process head assembly rotates
about an axis that is different than a substrate support axis and the substrate support moves

linecarly within the chamber.

13.  The semiconductor processing chamber of claim 7, wherein the shicld and the

inner wall move independently from each other in the vertical direction.

14.  The semiconductor processing chamber of claim 6, wherein multiple process
heads are disposed over the substrate, and wherein one of the multiple process heads is
configured to perform a process operation different than another one of the multiple process

heads.

15. A process head for site isolated semiconductor manufacturing operations,
comprising:

means for defining a site isolated region on a surface of a substrate with a process head
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assembly including the process head;

means for adjusting a volume of a processing region defined between the process head,
the process head assembly and the site isolated region on the surface of the substrate;

means for performing a process on the site isolated region on the surface of the substrate;

and

means for evacuating the processing region while performing the process.

16.  The process head of claim 15, wherein the means for adjusting moves the process
head relative to the surface of the substrate and wherein the means for evacuating includes
means for applying a vacuum to an area proximate to the process head assembly and the site

isolated region.

17. The process head of claim 15, further comprising:
means for independently moving a wall enclosing a bottom portion of the process head

assembly relative to the process head assembly; and

means for processing multiple site isolated regions with different spacing between the

process head and the substrate for a plurality of site isolated regions.

18. The process head of claim 15, wherein the means for defining the site isolated
region on the surface of the substrate is an inner wall of the process head, and the means for
evacuating the processing region apply a vacuum through an outer wall spaced apart and

surrounding a lower portion of the inner wall.
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