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FIG. 2

(57) Abstract: Techniques herein include systems and methods for fine control of temperature distribution across a substrate. Such
techniques can be used to provide uniform spatial temperature distribution, or a biased spatial temperature distribution to improve
plasma processing of substrates and/or correct characteristics of a given substrate. Embodiments include a plasma processing system
with temperature control. Temperature control systems herein include a primary heating mechanism to heat a substrate, and a sec-
ondary heating mechanism that precisely modifies spatial temperature distribution across a substrate being processed. At least one
heating mechanism includes a digital projection system configured to project a pattern of electromagnetic radiation onto or into a
substrate, or through the substrate and onto a substrate support assembly. The digital projection system is configured to spatially and
dynamically adjust the pattern of electromagnetic radiation and selectively augment heating of the substrate by each projected point
location.
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System and Method for Temperature Control in Plasma Processing System

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of U.8. Provisional Patent
Application No. 62/311,571, filed on March 22, 20186, entitled “System and Method
for Temperature Control in Plasma Processing System,” which is incorporated herein

by reference in its entirety.

BACKGROUND OF THE INVENTION

100023 This disclosure relates to plasma processing systems.

10003} Fabrication of integrated circuits (IC) in the semiconductor industry
typically employs plasma processing to create and assist surface chemistry
necessary to remove material from and deposit material o a substrate within a
plasma processing chamber. Examples of plasma processing apparatus include a
plasma CVD {Chemical Vapor Deposition) apparatus configured to deposit a thin film
on a substrate, and a plasma etching apparatus configured to remove material from
a substrate, which can include using an etch mask to defing locations for removing
material. In general, such plasma processing apparatus form plasma under vacuum
conditions by flowing a process gas into a processing chamber and heating electrons
to energies sufficient 1o sustain ionizing collisions. Moreover, the heated electrons
can have energy sufficient to sustain dissociative collisions and, therefore, a specific
set of gases under predetermined conditions {(e.g., chamber pressure, gas flow rate,
gtc.) are chosen to produce a population of charged species and/or chemically
reactive species suitable to a particular process being performed within the chamber
(e.g., elching processes where materials are removed from the substrate or

deposition processes where materials are added to the subsirate).

SUMMARY

[0004] Temperature control of a substrate being processing within a plasma
processing system affects the uniformity of a given plasma process being performed

on the substrate. For example, local differences in temperature of the substrate can
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create local differences in etch rate or deposition rate across the substrate, which
resuits in non-uniform etching or deposition. Being able 1o accurately control
temperature distribution during plasma processing can result in high precision
processing on the working surface of the substrate, thereby successfully completing
steps {efching holes, forming films, etc.) for fabricating semiconductor devices.
10005} Substrates are typically clamped to a subsirate holder using an
electrostatic chuck (ESC). The electrostatic chuck electrostatically attracts the
subsirate by applying a voltage to a chuck electrode. Some electrostatic chucks
have embedded heaters so that the surface temperature of the electrostatic chuck
may be rapidly changed through heat generation by the heaters. For example,
muiltiple heaters can be embedded within the substrate holder and divided into two or
more zones that are independently controliable. Temperature control can then be
implemented using these heating zones. Nevertheless, even with dozens of
individual heaters, temperature conirol can be difficult, especially since features
being eiched are many orders of magnitude smaller than areas of individual heaters
on or embedded within the electrostatic chuck.

10006} Technigues herein include systems and methods for fine control of
temperature distribution across a substrate in a plasma processing system. One
embodiment includes a plasma processing system with temperature control. This
plasma processing system includes a processing chamber, a gas delivery system
configured to deliver one or more process gasseas to a substrate processing region of
the processing chamber, and a substrate support assembly configured to support a
substrate in the substrate processing region during plasma processing. A plasma
generator is coupled 1o the processing chamber and configured to generate plasma
in the substrate processing region. A first heating mechanism is positioned within
the substrate support assembly and configured to heat a substrate when supported
on the substrate support assembly. A second heating mechanism comprises a
digital projection system configured to project a patiern of eleciromagnetic radiation
through the substrate and onto the substrate support assembly. The digital
projection sysiem is configured to spatially and dynamically adjust the pattern of
glectromagnetic radiation. The digital projection system is configured 1o project the
pattern of electromagnetic radiation within a predetermined wavelength range of
electromagnetic radiation that passes through semiconductor material as transparent.

The substrate support assembly comprises an absorption material that absorbs
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electromagnetic radiation within the predetermined wavelength range to spatially and
selectively augment heating of the substrate by each projected point location.

(00077 Another embodiment includes a method for processing a substrate.
This method includes identifying a critical dimension signature of a substrate,
positioning the substrate on a support assaembly within a plasma processing
chamber, heating the subsirate using a first heating mechanism positioned within the
substrate support assembly during a plasma etching or deposition process, and
modifying a spatial temperature profile of the subsirate support assembly by
projecting a patiern of infrared light through the substrate and onto the substrate
support assembly. The pattern of infrared light is projected by a digital projection
system configured to spatially and dynamically adjust the pattern of infrared hight
based on the critical dimension signature.

[0008] Accordingly, such temperature control can provide uniform temperature
control or provide a bias temperature profile such as to correct non-uniform critical
dimensions during an eich or deposition process.

[0009] Of course, the order of discussion of the different steps as described
herein has been presented for clarity sake. In general, these steps can be
parformed in any suitable order. Additionally, although each of the different features,
technigues, configurations, efc. herein may be discussed in different places of this
disclosure, it is intended that each of the concepts can be executed independently of
gach other or in combination with each other. Accordingly, the present invention can
be embodied and viewed in many different ways.

100107 Note that this summary section does not specify every embodiment
and/or incrementally novel aspect of the present disclosure or claimed invention.
instead, this summary only provides a preliminary discussion of different
embodiments and corresponding points of novelty over conventional technigues.

For additional details and/or possible perspactives of the invention and embodiments,
the reader is directed {o the Detailed Description section and corresponding figures

of the present disclosure as further discussed below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] A more complete appreciation of various embodiments of the invention

and many of the altendant advantages thereof will become readily apparent with
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reference to the foliowing detailed description considerad in conjunction with the
accompanying drawings. The drawings are not necessarily {0 scale, with emphasis
instead being placed upon illustrating the features, principles and concepts.
10012} FIG. 1 is a cross-sectional schematic view of an example plasma
processing system as described herein.

10013} FIG. 2 is a cross-sectional schematic view of a substrate segment
showing temperature control according to embodiments disclosed herein.
10014} FiG. 3 is a cross-sectional schematic view of a substraie segment
showing temperature conitrol according to embodiments disclosad herein.
[0015] FIG. 4 is a cross-sectional schematic view of a plasma processing
system according to embodiments disclosed herein,

[0016] FIG. 5 is a top view of a subsirate showing temperature control
according to embodiments disclosed herein.

(00177 FIG. B is a cross-sectional schematic view of a plasma processing
system according to embodiments disclosed herein,

(0018} FIG. 7 is a cross-sactional schematic view of a plasma processing
system according to embodiments disclosed herein.

10019} FIG. 8 is a cross-sectional schematic view of a plasma processing
system according to embodiments disclosed herein,

(00207 FIG. 9 is a cross-sactional schematic view of a plasma processing
system according to embodiments disclosed herein.

10021} FIG. 10 is flow chart showing an example process according to

embodiments disclosed herein.

DETAILED DESCRIPTION

[0022] Technigues herein include systems and methods for fine control of
temperature distribution across a substrate. Such technigues can be used {o provide
uniform spatial temperature distribulion, or a biased spatial temperature distribution
to improve plasma processing of substraies, such as semiconductor wafers, and/or
to correct characteristics of a given substrate. One embodiment includes a plasma
processing system with temperature control.  Temperature control systems herein

inciude a primary heating mechanism to heat a substrate, and a secondary heating

mechanism that precisely modifies spatial temperature distribution across a
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substrate being processed. This temperature modification can include indirectly
modifying substrate temperatures by modifying spatial temperature of a substrate
support assembly, or directly modifying an internal temperature or surface
temperature of a substrate.

100237 Referring now to FIG. 1, a schematic cross-sectional view of a
microwave plasma processing apparatus with temperaiure control is iliustrated in
accordance with embaodiments herein. Note that for convenience in describing
embodiments, reference will primarily be made {0 a microwave plasma processing
system. Techniques herein, however, can be similarly embodied in any other type of
plasma processing system, such as inductively-coupled plasma systems,
capacitively-coupled plasma systems, and other conventional plasma processing
systems. in other words, the heating and heat modification technigues herein can be
applied to any of these plasma processing systems.

[0024] Plasma processing systems herein include a proceassing chamber 101,
The processing chamber 101 defines a processing vessel providing a process space
PS for plasma generation. Typical plasma processes in semiconductor
manufacturing benefit from low pressures or vacuum conditions. Thus, processing
chamber 101 can provide a procass space sufficient to support atmospheric or
vacuum conditions. A gas delivery system is configured o deliver one or more
procass gasses to a substrate processing region of the processing chamber 101,
For example, process gas supply system 180 can deliver one or more gasses {0
process space PS. A plasma generator is coupled to the processing chamber 101
and configured to generate plasma in the substrate processing region. For example,
plasma can be generated by coupling radio frequency power {0 process gases
delivered to the process space PS.

[0025] A substrate support assembly 140 is configured to support a substrate
in the substrate processing region during plasma processing. A substrate support
assembly can include any of support ping, an electrostatic chuck, a susceptor, efc. A
first heating mechanism is positioned within the substrate support assembly 140 and
configured to heat the substrate W when supported on the substrate support
assembly 140. For example, one or more resistive heaters or heating elements can
be included within susceptor 112 to provide heat electrically. In some embodiments,
heating elemenis can be arranged in Zones such as concentric zones or grid-based

zones. The first heating mechanism can also include a fluid circulator that circulates
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fluid within the substrate support assembly {0 help maintain a desired temperature.
The first heating mechanism supplies heat to the substrate by contact with the
subsirate support assembly 140, and/or by a heat transfer gas. Some plasma
processing systems maintain a gap between a given substrate and a support
assembly and rely on gas (such as helium) flowed within the gap to transfer heat
from the substrate support assembly 140 to substrate W.

[0028] The plasma processing system herein includes a second heating
mechanism. The second heating mechanism comprises a digital projection system
190 configured to project a pattern of slectromagnetic radiation through the substrate
W and onto the substrate support assembly 140. The digital projection system is
configured o spatially and dynamically adjust the pattern of electromagnetic
radiation being projected. The digital projection system 190 is configured to project
the pattern of electromagnetic radiation within a predetermined wavelength range of
electromagnetic radiation that passes through semiconductor material as transparent.
The substrate support assembly 140 can include an absorption material that absorbs
glectromagnetic radiation within the predetermined wavelength range to spatially and
selectively augment healing of the substrate W by each projected point location.
Alternatively, the substrate support assembly 140 is selected of a material that
absorbs such electromagnetic radiation. For example, the digital projection system
190 can project an image through the substrate W using a laser galvanometer,
grating light vaive, digital light process (DLP) chip, and so forth. The image can be
projected line-by-line with scanning type projections, or all at once with DLP type
image projections. The digital projection system 190 can access substrate Wvia
window 126. Note that any optical steering device can be used that is configurad {o
deliver location-specific intensities from a given light source, and be able to
dynamically change light intensities at any given location within a projectable area.
To name a few examples, such additional devices can include an acoustic optical
modulator, a microelectromechanical (MEM) mirror, pneumatically controlied
systems or piezoelectric systems.

[0027] The predetermined wavelength range of electromagnetic radiation can
be infrared (IR) radiation. For example, an infrared range can be light of 1080
nanometers wavelengths to 3 micron wavelengths. This particular range can be
referred to as long wave IR, As can be appreciated, such digital projections {image

projections) can create more than one hundred temperature adjustment regions per
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centimeter squared of the substrate support assembly. A given number of
adjustment regions per unit area is based on a resolution of a given DLP chip or
width/diameter of a given laser beam and galvanometer combination. Accordingly,
as higher resolution projection systems are selecled, finer temperature control is
achieved,

10028} Referring now to FIG. 2, a cross-sectional schematic view of a
substrate segment illustrates the digital projection system 190 heating the substrate
support assembly 140. Note that digital projection system 190 projects light pattern
191 through the substrate W and onto the substrate support assembly 140.
Accordingly, energy carried by light pattern 191 passes through substrate W as
transparent (or largely transparent) in that the substrate W is transparent to particular
wavelengths being projected (or transparent to a majority of wavelengths being
projected). Projected energy, after passing through the substrate W, is then
transferred into the substrate support assembly 140 as heat. Certain wavelengths
can pass through certain materials as transparent. For example, substrates {(wafers)
in semiconductor manufacturing are typically made of silicon. Silicon is largely
fransparent to long wave IR, In other words, IR having wavelengths greater than a
predatermined length will guantum mechanically tunnel through silicon material of
the subsirate and then dump its energy into a substrate support (such as a chuck)
positioned beneath the substrate. In other words, some IR will travel at a same
angle through silicon material as its projection angle, and then dissipate its energy
into a chuck beneath the substrate in a cascade of vibration transitions

100291 Typical semiconductor substrates are primarily comprised of silicon,
with devices 106 on a working surface of substrate W. Devices 106 can include
fransistors, capacitors, etc., that are in various stages of fabrication. For substrate
and systems configuration in which some heat is absorbed by the substrate W or
devices 106 on the wafer, projected IR light can be modulated and demodulated by
location. For exampie, if a given substrate patiern is particularly dense at a given
tocation on the substrate and thus absorbing more light than at other locations on the
wafer, then light intensity at that location can be dropped to compensate for heat
signature. Then the heat signature can be adjusied after making calibrations that
address pattern density. The pattern of projected radiation then becomes a

calibration systematic.
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100307 Using IR radiation is compatible with plasma processing systems
because IR is not energatic encugh to interact with {(or significantly interact with)
plasma and plasma products. If heat is absorbed by the wafer or devices on the
wafer in a particular setup, then the system can modulate and demodulate by
ocation. I the pattern is particularly dense at a given location on the substrate and
absorbing more light than at other locations on the wafer, then light intensity at that
tocation can be lessened to compensate for heat signature. Note that the system
can still adjust a given heat signature when done making elected calibrations.
Accordingly, a projected pattern then becomes a calibration systematic.

[0031] As wavelengths of project light get shorter, the probably of interaction
with the substrate increases until most of the projected light is absorbed within the
substrate W. FIG. 3 illustrates this result. Then as wavelengths continue to shorten,
projected light is absorbed by devices 106 of subsirate W. When devices 106 are
relatively thin (such as an initial layer of transistors prior to any metallization) IR can
easily pass through devices 106. As device thickness increases then the amount of
IR that passes through the substrate lessens. Thus, technigques herein can interact
with the chuck, substrate, or devices (wafer surface). i if is desired {o transfer heat
to the substrate directly, then a shorter IR wavelength is used. If itis desired to
transfer heat {0 the substrate support assembly or chuck, then a sufficiently long
wavelength is select so that incident angle is not a concern because projected light
will tunnel through the substrate. For example, using far infrared of about 1080
nanometers to 3 microns will tunnel past silicon. Selecting wavelengths of about
750-800 nanometers can transfer heat into silicon, and then light wavelengths of
approximately 750 nanometers to around 250 nanometers can be used to transfer
heat into devices on a working surface of the substrate.

00323 Thus, the digital projection system 190 can be configured to project a
pattern of electromagnetic radiation through micro-fabricated structures on a working
surface of the substrate and into silicon material of the substrate. Accordingly, the
digital projection system can be configurad to project the pattemn of electromagnaetic
radiation within a predetermined wavelength range of eleciromagnetic radiation that
passes through micro-fabricated structures {such as devices 106) on the substrate
as transparent. The substrate—having silicon below the micro-fabricated
structures—ithen absorbs electromagnetic radiation within the predetermined

wavelength range to spatially and selectively augment heating of the substrate by
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each projected point location. Such a range can include 750-800 nanometers of IR
fight.

(0033} As can be seen in FIGS. 2 and 3, light pattern 191 is not necessarily
projected uniformly, but more or less light is projected at various locations across the
substrate support assembly 140. Such projection control—including which point
locations receive projected light and how much light each point location receives—
enables precise temperature control. One challenge with temperature control is
providing uniform temperature. Conventional systems may provide multiple heating
zones, but such conventional system typically provide only a hundred or so
temperature zones. This means that for each chip or die, there can nevertheless
axist substantial temperature variations within each die.

[0034] Ancther challenge is addressing non-uniform critical dimensions (CDs)
of incoming substrates {0 be processed. A given substrate may have already
experienced multiple different fabrication processes resulting in a pattern to be
transferred that has CD values that vary across the working surface of the substrate.
During a given etching (or deposition) process, such non-uniform CD values can be
corrected by spatially controlied temperature variations o affect more or less
etching/deposition at different locations across the subsirate because a given etch
rate can increase or decrease with temperature changes. This can include creating
hundraeds or thousands of temperature variations per die or chip. Thus, the digital
projection system can be configured to project the pattern of electromagnetic
radiation, based on a critical dimension signature of the substrate. Such a projection
can create or continue a CD bias, or correct non-uniform CD values.

[0035] {Other embodiments include configurations for projecting light into or
within a plasma processing chamber. Different types of plasma reactors can have
different heights of process spaces. For example, some plasma reactors may have
80 milimeters or less of clearance, while other plasma reactors can have 150
miilimeters of clearance or more. This clearance refers to a vertical distance
between a given substrate being processed and an upper electrode or showerhead
surface. For plasma systems with limited clearance, various embodiments can be
used to project through an entire surface of a substrate.

10036} For example, FIG. 4 is a cross-sectional schematic view of a plasma
processing system that includes two digital projection systems. The plasma

proceassing system of FIG. 4 includes window 126-1 and window 126-2. Many
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conventional plasma processing chambers include one or more windows. Such
windows are often used for diagnostic purposes and/or to measure light properties
emitted by plasma within. Such windows can be used herein for the second heating
mechanism. One embodiment includes a digital projection system 180-1 on one
side of the processing chamber 101 and configured o project through window 126-1,
while a digital projection system 190-2 on another side of the processing chamber
101 is configured to project through window 126-2. Note that process space celling
141 can prevent full projection or prevent a desired minimum angle of projection
towards substrate support assembly 140, Accordingly, each digital projection
system 190 is configured to project to only a portion of the substrate through
corresponding windows. FIG. 5 is a top view of substrate W {(without processing
chamber 101 or process space ceiling 141) that shows digital projection system 190-
1 and digital projection system 190-2 each providing spatially-selective heat
modification for one half of substrate W. Thus, light can be projected through two or
more windows. Accordingly, through each window the digital projection system is
configurad {0 have a line-of-sight of at least half of the substrate or a portion of the
substrate.

[0037] in other embodiments, a single window can be used for muitiple
projection origins. For example, in FIG. 6, digital projection system 180-1 is
configured {o directly project through substrate W onto substrate support assembly
140 via window 126. Digital projection system 190-2 is configured to project light
toward process space ceiling 141, which functions as a reflection surface (being
positioned opposite the substrate) that reflects electromagnetic radiation onto a
remaining portion of the subsirate support assembly. In other embodiments,
windows can be placed on a celling of a given processing chamber. Windows herein
do not need to be transparent to visibie light, but can be made of materials that are
at least transparent to IR, For example, ytirium oxide can be used as a window
material.

[0038] in other embodiments, the digital projection system 190, or
components thereof, can be mounted within the processing chamber 101, as shown
in FIG. 7. Positioning can be sufficient for one digital projection system to project
onto an entire surface of the substrate support assembly, or a portion of the
substrate support assembly. in other embodiments, the digital projection system can

project iR from within the process space ceiling 141, such as within a showerhead

10



10

15

20

25

30

WO 2017/165550 PCT/US2017/023635

assembly, as shown in FIG. 8. Such an assembly can permit placement of a
projection point at a central location within the processing chamber 101, Note that
the digital projection system 180 is not required to be mounted within the processing
chamber 101, but one or more fold mirrors or other small optical components within
a shower head can be used {o direct IR from a remote IR source.

10039} Another embodiment shown in FIG. 8 can include projecting IR from
beneath substrate support assembly 140, For such a configuration, it is beneficial to
have an IR fransparent material for most of the subsirate support assembly 140 and
then an IR absorption material on a surface close to the substrate W. Thus, a
window or cavity can be positioned below or within a lower electrode o enable
projected IR o reach an absorption surface. In other embodiments, most of a given
chuck can be comprised of silicon, but with a fluorescent coating on an upper
surface of the chuck to absorb IR, Other materiais such as caicium fluoride, high-
grade quartz, and various ceramics can be transparent to IR. Materials can be
selecied to help conirol thermal expansion.

(00407 Other embodiments herein include methods for plasma processing a
subsirate with precise temperature control. FiG. 10 is a flow chart that illustrates one
such example flow. In step 310, a critical dimension signature of a substrate is
identified. This critical dimension signature can be identified while a substraie is
within a given plasma processing system, or prior to transporting the substrate into
the plasma processing system. The critical dimension signature can be identified by
measuring the substrate itself, or from measurements of a coliection of substrates.
The critical dimension signature can represent CD values across the substrate. For
axample, identifying the critical dimension signature can include creating a map that
spatially identifies critical dimension values on a working surface of the substrate.
The critical dimension values can include absolute measurements, or relative
differences or deviations of CD values or compared to an average CD value.

10041} in step 320, a spatial temperature adjustment map is calculated that
indicates substrate temperatures (o maintain (target temperatures) that result in a
maodified critical dimension signature of the subsirate after the plasma eiching (or
deposition) process. For example, if a given substrate o be processed has a critical
dimension signature with non-uniform CD values. The spatial temperature
adjiustment map can then indicate locations and target temperatures of the substrate

support assembly or substrate to maintain to result in more or less etching at point
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locations so that the subsirate (after plasma processing) has uniform CDs. in other
embodiments, the spatial temperature adjustment map can indicate temperature
maodifications necessary to create uniform heating across the substrate. Typically it
is difficult for heaters within the substrate support assembly {0 maintain accurate
temperatures across the substrate. With high resolution adjustment herein, however,
substrate femperatures can be made uniform with relatively little variance across the
substrate.

00423 in step 330, the substrate is positioned on a support assembly within a
plasma processing chamber. In other words, a wafer can be mounted on a chuck so
that it is held securely. In step 340, the substrate is heated using a first heating
mechanism positioned within the substrate support assembly. This heating of the
substrate occcurs during a plasma eiching or deposition process. This heating can
include resistive heating using multiple zones and/or heaters, which can be
independently controlled.

10043] in step 350, a spatial temperature profile of the substrate support
assembly is modified by projecting a pattern of infrared light through the substrate
and onto the substrate support assembly. The substrate support assembly can be
comprised of an absorption material that absorbs infrared light. The pattern of
infrared light is projected by a digital projection system configured o spatially and
dynamically adjust the pattern of infrared light. The pattern of infrared light being
based on the critical dimension signature. In other words, in contrast to a photomask
type of patterned light projection, the projection herein is dynamicaily adjusiable or
configurable by instructions. For example, a laser galvanometer or BLP chip can be
used to project IR, The projecied pattern can be configured prior to a plasma
proceass and be essentially a static projection (same amount of IR and intensity at
gach point location), or the projection can dynamically change in response to
temperatures fluctuations due to changing properties of a given plasma.

10044] In some embodiments, basing the patiern of infrared light on the critical
dimension signature can include modifying the spatial temperature profile using the
spatial temperature adjustment map. The modified critical dimension signature can
have less differences in critical dimension values as compared {o the critical
dimension signature of the substrate prior to the plasma etching or deposition
process. Modifying the spatial temperature profile can include modifying the spatial

temperature profile by each projected point location. Each projected point location
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corresponding {0 an image resolution of the digital projection system. In other words,
for a given unit area of the substrate support assembly (such as a square
centimeter), there can be hundreds of projected point locations. Thus, modifying the
spatial temperature profile can include creating local temperature differences at point
locations having an area less than a square centimeter, or having an area less than
a square milimeter. A given area or resolution of creating local femperature
differences depends on where electromagnetic radiation is received.

[0045] For embodiments in which heat is transferred into the chuck or
substrate holder, temperature differences can be created having a width or diameter
that is about the thickness of a given substrate being processed. Although radiation
projected into the chuck can have a high resolution {(such as a micron width laser
beam), because of thermal diffusion or thermal blurring, point locations of
controllable temperature change can be limited to a larger area, such as about a
square millimeter or a thickness of a given substrate being processed. For
embodiments in which heat is transferred directly into a substraie itself (instead of
into the chuck to be diffused back to the substirate) or directly into devices on a
substrate, iemperature point locations can be controlled to less than a thickness of
the substrate and thus have a higher resolution. Likewise, for embodiments in which
projected radiation is targeted at plasma itself to spatially modify plasma temperature
and/or radical production, heat control in such an embodiment can have a higher
resolution.

[0046] in other embodiments, projecting the pattern of infrared light through
the subsirate and onto the substrate support assembly can inciude projecting the
pattern of infrared light through a window of the plasma processing chamber. This
window is transparent to infrared light or transparent {0 a particular type of light being
projected. Projection can be executed from two or more projection locations such as
by using two laser galvanometers at different locations.

10047 in another embodiment, modifying the spatial temperature profile of the
substrate includes projecting the patiern of infrared light through the micro-fabricated
devices and into an interior region of the substrate comprised of silicon such that the
silicon absorbs heat energy from the infrared light. Thus, heating the substrate can
be augmented by directly modifying temperatures within a substrate being processed.

in other words, a substrate material (such as silicon) becomes the target for
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delivering heat energy, with a wavelength of projected electromagnetic radiation
selected to be absorbed by, for example, a substrate lattice structure.

(00438} Another embodiment includes a method for processing a substrate by
manipulating plasma characteristics directly. A substrate is positioned on a support
assembly within a plasma processing chamber. The substrate is heated either by
using a first or second heating mechanism. The first heating mechanism is
positioned within the substrate support assembly and configured to heat the
substrate during a plasma eiching or deposition process. A second heating
mechanism is a digital projection system configured {o project a pattern of
electromagnetic radiation into or through the substrate with dynamic control of the
projected pattern. Plasma is generated within the plasma processing chamber. The
plasma is spatially modified by projecting a pattern of electromagnetic radiation into
the plasma. The pattern of electromagnetic radiation is projected by a digital
projection system configured to spatially and dynamically adjust the pattern of
electromagnetic radiation. In other words, a given light steering device herein can be
used to provide additional heat into the plasma itself, such as to affect equilibrium
rates. Plasma is an equilibrium reaction, and so technigues herein increase radical
products from one specias to another spacies as a function of an equilibrium state of
the plasma. Such techniques can, for example, generate more energetic radicals of
a specific type. Projected electromagnetic radiation can be tuned to react with
specific gasses supplied to the processing chamber as part of a process gas mixiure.
Tuning electromagnetic radiation for plasma interaction involves selecting, in general,
radiation of shorter wavelengths because longer wavelength radiation typically
passes through plasma without significant interaction.

[0049] This selective plasma augmentation technique enables plasma
modification control by location for spatial plasma adjustment. Such spatial plasma
adjustment (either for radical generation or plasma temperature modification) can
provide plasma uniformity or a particular plasma signature that benefits a substraie
being processed. For example, plasma properties can be adjusted by location such
as to assist with aspect ratio etching or deposition, cross substrate uniformity, iso-
dense loading, etc. The patlern of electromagnetic radiation can be based on a
critical dimension signature, a plasma uniformity signature, or other plasma

parameters to create or correct.
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100507 Another embodiment includes a substrate heating system for plasma
processing that uses a light-steering device for sole or primary heating of a substrate
being processes. This system includes a processing chamber, a gas delivery
system configured to deliver one or more process gasses o a substrate processing
region of the proceassing chamber, a substrate support assembly configured {o
support a substrate in the substrate processing region during plasma processing,
and a plasma generator coupled to the processing chamber and configured to
generate plasma in the substrate processing region. Also included is a healing
mechanism comprising a digital projection system configured to project a patiern of
electromagnetic radigtion through the substrate and onto the substrate support
assembly. The digital projection system is configured to spatially and dynamically
adjust the pattern of electromagnetic radiation. The digital projection system
configured to project the pattern of electromagnetic radiation within a predetermined
wavelength range of electromagnetic radiation that passes through semiconductor
material as transparent. The substrate support assembly comprises an absorption
material that absorbs electromagnetic radiation within the predetermined wavelength
range of electromagnetic radiation {0 spatially and selectively heat the substrate by
each projected point location. In other words, a high-energy radiation projection
source (or multiple radiation projection sources) can be used as a sole or primary
heating mechanism. For heat augmentation, an electromagnetic radiation source,
such as a laser can provide up to about 5 degrees of temperature augmentation.
For primary heating, however, a high-powered laser can be used sufficient to provide
about 100 degrees Celsius of heating.

[0051] As described above, the digital projection system can be configured to
project electromagnetic radiation onto a substrate support assembly, or directly into
{or onto) the substrate itself and heat the substrate as the primary heating
mechanism. Some embodiments can include multiple digital projection systems.
One projections system can be relative high-powered to provide primary heat {0 a
substrate, while a second digital projection system i1s comparatively lower-powerad
and can be used to modify heating. Note that a position of a given digital projection
system or sysiems can result in electromagnetic radiation projections having a
particular reflectance angle. A given digital projection system can compensate for
this by calibration by changing a projection angle and/or increasing energy output to

deliver sufficient heat.
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[0052] Note that with embodiments herein, various radiative sources of energy
can be used. For example, electromagnetic radiation including all different
wavelengths of light, electron emission, alpha particles, etc. For light projection,
embodiments can selectively use white light, UV, multiband, broadband tuned, or
combinations thereof. For example, three colors or wavelengths of light can be
spatially projected into a given plasma to react with certain species therein.
Wavelengths of infrared can be selected that balance energy deliver potential with
tunneling potential. For example, far-infrared light generally tunnels through silicon
better than near-infrared, but near-infrared can more efficiently transfer heat into the
substrate support assembly or the substrate. Thus, selecting short, medium or fong
infrared wavelengths can be based on a corresponding plasma and substrate
through which to tunnel.

10053} Returning now to FIG. 1, a more detailed description of an exemplary
plasma processing system is described. The microwave plasma processing
apparatus can be configured to perform plasma processing such as plasma eiching,
plasma enhanced chemical vapor deposition (PECVD), plasma enhanced atomic
layer deposition (ALD), etc., via surface wave plasma excitation at microwave
frequencies using, for example, plate-type slot antenna. Plasma processing can be
execuied within processing chamber 101, which can be a cylindrical vacuum
chamber comprised of a machined or case meatal, such as aluminum or stainless
steel. The processing chamber 101 is electrically grounded using, for example,
ground wire 102. The processing chamber 101 defines a processing vessel
providing a process space PS for plasma generation. An inner wall of the
processing vessel can be coated with a protective barrier, such as alumina, yitria, or
other protectant.

[0054] At a lower, central area within the processing chamber 101, a
susceptor 112 {(which can be disc-shaped) can serve as a mounting table on which,
for example, a subsirate W to be processed (such as a semiconductor wafer) can be
maounted. Substrate W can be moved into the processing chamber 101 through
loading/unioading port 137 and gate valve 127. An elecirostatic chuck 136 is
provided on a top surface of the susceptor 112. Clamp electrode 135 is electrically
connected to DC (direct current) power source 139, The electrostatic chuck 136

attracts the substrate W thereto via an electrostatic force generated when a DC
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voltage from the DC power source 139 is applied to the clamp electrode 135 so that
substrate W is securely mounted on the susceptor 112,

[0055] A high-frequency power source 129 for applying a RF (radio frequency)
bias is electrically connected to the susceptor 112, or bias electrode through an
impedance matching unit 128 (to match impedance or minimize reflected power) and
a power feeding rod 124. The high-frequency power source 129 can output a high-
frequency voltage in a range from, for example, 0.2 MHz to 20 MHz, e.g., 13.56 MHz.
Applving a high frequency bias power attracts ions, generated by the plasma in the
processing chamber 101, to substrate W. High-frequency power source 129 can
nclude a signal generator and amplifier for modulating the amplitude and power
output from the high-frequency power source 129 according to the modulation cycle
described above. A focus ring 138 is provided radially outside the electrostatic
chuck 136 o surround the substrate W.

[00586] A coolant flow path 144 can extend, for example, in a circumferential
direction, within susceptor 112 and can be configured {o receive circulated coolant to
assist with controlling a processing temperature of substrate W on the electrostatic
chuck 136. Additionally, a heat iransfer gas from a heat transfer gas supply unit {(not
Hlustrated)} can be supplied to a space between a top surface of the electrostatic
chuck 136 and a rear surface of the substrate W through a gas supply line 145,
(00577 An exhaust path 133 can be formed along an outer periphery of
support unit 114 and/or conductive support unit 116 and an inner wall of the
processing chamber 101 in which an annular baffle plate 134 is attached {o the top
or intet of the exhaust path 133 and an exhaust port 132 (or multiple exhaust ports),
which is provided in a bottom portion of the exhaust path 133, A gas exhaust unit
130 is connected to each exhaust port 132 through gas exhaust line 131, which can
have multiple exhaust iines. The gas exhaust unit 130 can include a vacuum pump
such as a turbo molecular pump configured to decompress the plasma processing
space within the processing chamber 101 {0 a desired vacuum condition.

[0058] An upper portion of the example microwave plasma processing
apparatus will now be described. A dielectric window 157 is arranged o seal an
upper portion of the processing chamber 101, through which electromagnetic
radiation at microwave frequencies can propagate to the process space PS. A
space just below the dielectric window 157 within the processing chamber 101

serves as a plasma generation space as process space PS. The dielectric window
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157 can be made of a microwave-permeable dielectric material, such as quartz or
ceramic, including aluminum oxide, and can have a thickness of, for example, about
20 mm {(millimeters) or sufficient thickness to mechanically resist the pressure
difference between an interior of the processing chamber 101 and the ambient
environment. The dielectric window 157 can be provided with a slot plate 154 which
can be a conductor attached to, or disposed on, a top surface of the dielectric
window 157. The slot plate 154 can have a plurality of siot pairs that are configured
o irradiate microwaves distributed concentrically in a rotationally symmetric
arrangement, though other geometric configurations can be used. On the slot plate
154, a dielectric plate 156 can shorten the wavelength of microwaves propagated
inside the slot plate 154. The slot plate 154 is electromagnetically coupled to a
microwave transmission line 158. A slot antenna 155, which can be a flat plate-type
slot antenna, for example, or a disc-shaped, radial line slot antenna, can include the
siot plate 154, the dislectric plate 156, and an antenna rear plate (not shown)
provided {0 be opposite o the slot plate 154.

(00597 The microwave transmission line 158 is a line configurad {o propagate
or transmit electromagnetic waves al microwave frequencies or other frequencies,
for example, microwaves of 2.45 GHz, which are output from a microwave generator
160 at a predetermined power level, {0 the slot antenna 155, The microwave
transmission line 158 can include a waveguide 162, a waveguide-coaxial ling
converter 164, and a coaxial line 166. The waveguide 162 can be, for example, a
rectangular waveguide configured to transmit microwaves from the microwave
generator 160 to the waveguide-coaxial line converter 164, The coaxial line 166
axtends from the waveguide-coaxial line converter 164 {0 the central portion of the
top of the processing chamber 101 and a terminal end of the coaxial line 166 is
coupled to the siot antenna 155 through the dielectric plate 156. An outer conductor
169 and an inner conductor 168 can define a space for wave transmission. A
connector unit 179 is connecled to the lower end of the inner conductor 168.

(00607 in addition, as slectromagnetic waves propagate radially through the
dielectric plate 156, the wavelength shortens, and the wave mode transitions {o
plane waves of circular polarization having two orthogonal polarization components
from each slot pair of the slot antenna 155 that are radiated toward the inside of the
processing chamber 101, Process gas in the vicinity ¢f the surface of the dielectric

window 157 is then ionized by the electric fields of surface waveas (microwave
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electric fields) propagated in the radial direction along the surface of the diglectric
window 157 and, as a result, high-density and low-electronic temperature plasma is
generated.

[0061] The diglectric plate 156 can include a cooling jacket plate 142, which
can serve as an antenna rear plate {o cover a top of the processing chamber 101,
The cooling jacket plate 142 can be configured to absorb heat (radiating) of dielectric
toss, which is generated from the dielectric window 157 and the dielectric plate 156,
To provide cooling, a coolant can be circulated in a flow path 143, and fed and
removed through conduit 146 and conduit 148,

[0062] The microwave plasma processing apparatus can include two routes
for process gas introduction. Upper gas introduction section 181 includes a gas Tlow
path provided in the dielectric window 157, and a side gas introduction section 187
that includes a gas flow path provided in a side wall of the processing chamber 101,
as a gas introduction mechanism configured to introduce a processing gas into the
processing chamber 101,

[0063] in the upper gas introduction section 181, a gas flow path 188 1s
provided in the inner conductor 168 of the coaxial line 166 to extend in an axial
direction through the inside of the inner conductor 168, Additionally, a first gas
supply line 184 from a process gas supply system 180 is connected to the upper end
of the inner conductor 168 and the gas flow path 188 of the first gas supply line 184.
The connector unit 179 can have a plurality of internal flow paths which are bored
and radially branched from a common inlel. The connector unit 179 can be made of
a conductor, and can be electrically grounded. The dislectric window 157 can be
formed with inner flow paths connecied to the terminal ends of a branched gas
supply paths such as for process gas to vertically pass through the dielectric window
157 1o face the plasma generation space within the processing chamber 101

[0064] in the upper gas introduction section 181, a processing gas, which s
communicated from the process gas supply sysiem 180 at a predetermined pressure
(for example, an etching gas or a film-forming gas), flows through the first gas supply
line 184, the gas flow path 188 of the coaxial line 166, and is gjecied from each gas
jet port 153 at the terminal end. A mass flow controller (MFC) 186 and
corresponding valve can be used for opening/closing and metering process gas flow

in first gas supply line 184.
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[0065] The side gas introduction section 187 is placed at a position lower than
a bottom surface of the dielectric window 157, and can include a buffer chamber 189
(manifold), sidewall gas jet ports 159, and a second gas supply line 185 extending
from the process gas supply system 180 to the buffer chamber 189. A mass flow
controller 183 and corresponding valve can be used for opening/closing and
metering process gas flow in second gas supply line 185. Process gas from side
gas introduction section 187 can be jelied in a substantially horizontal flow from the
respective sidewall gas jet ports 159 {0 be diffused in the process space PS.

100686} Components of the plasma processing apparatus can be connectad {o,
and controlled by, a control unit 150, which in turn can be connected to a
corresponding storage unit 152 and user interface 151. Conirol unit 150 can include
a microcomputer cordigured to control operation of each of the components within
the microwave plasma processing apparatus such as, for example, the gas exhaust
urit 130, the high-frequency power source 129, DC power source 139 for the
electrostatic chuck 136, microwave generator 160, the upper gas introduction section
181, the side gas introduction section 187, the process gas supply system 180, a
heat transfer gas supply unit (not lllustrated), and the digital projection system 180,
or the operations of the entire apparatus. Various plasma processing operations can
be executed via the user interface 151, and various plasma processing recipes and
operations can be stored in the storage unit 152, Accordingly, a given substrate can
be processed within the plasma processing chamber with various microfabrication
techniques.

[0067] Accordingly, such temperature control can provide uniform temperature
control or provide a bias temperature profile such as to correct non-uniform critical
dimensions during an etch process. Moreover, with digital light projection technigues,
independently addressable heating control can be enabled for point locations having
widths as small as a millimeter or substrate thickness,

10068] in the preceding description, specific details have been set forth, such
as a particular geometry of a processing system and descriptions of various
components and processes used therein. It should be understood, however, that
techniques herein may be practiced in other embodiments that depart from these
specific details, and that such details are for purposes of explanation and not
hmitation. Embodiments disclosed herein have been described with reference to the

accompanying drawings. Similarly, for purposes of explanation, specific numbers,
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materials, and configurations have been set forth in order to provide a thorough
understanding. Nevertheless, embodiments may be practiced without such specific
details. Components having substantially the same functional constructions are
denoted by like reference characters, and thus any redundant descriptions may be
omitted.

10069] Various techniques have been described as multiple discrete
operations {o assist in understanding the various embodiments. The order of
description should not be construed as to imply that these operations are necessarily
order dependent. Indeed, these operations nead not be performed in the order of
presentation. Operations described may be performed in a different order than the
described embodiment. Various additional operations may be performed and/or
described operations may be omitted in additional embodiments.

10070} “Substrate” or "target substrate” as used herein generically refers to an
object being processed in accordance with the invention. The substrate may include
any material portion or structure of a device, particularly a semiconductor or other
glectronics device, and may, for example, be a base substirate structure, such as a
semiconductor wafer, reticle, or a layer on or overlying a base substrate struciure
such as a thin film. Thus, substrate is not iimited {0 any particular base structure,
underlying layer or overlying layer, patierned or un-patterned, but rather, is
contemplated to include any such layer or base structure, and any combination of
layers and/or base structures. The description may reference particular types of
substrates, but this is for illustrative purposes only.

100713 Those skilied in the art will also understand that there can be many
variations made {o the operations of the technigues explained above while still
achieving the same objectives of the invention. Such variations are intended to be
covered by the scope of this disclosure. As such, the foregoing descriptions of
embodimeants of the invention are not intended {0 be limiting. Rather, any imitations

to embodiments of the invention are presented in the following claims.
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CLAIMS

1. A plasma processing system with temperature control, the plasma processing
system comprising:

a processing chamber;

a gas delivery system configured {o deliver one or more process gasses to a
substrate processing region of the processing chamber;

a substrate support assembly configured to support a substraie in the
substrate processing region during plasma processing;

a plasma generator coupled to the processing chamber and configured to
generate plasma in the substrate processing region;

a first heating mechanism positioned within the substrate support assembly
and configured to heat the substrate when supported on the substrate support
assembly; and

a second heating mechanism comprising a digital projection system
configurad {o project a pattern of electromagnetic radiation through the substrate and
onto the substrate support assembly, the digital projection system configured to
spatially and dynamically adjust the pattern of electromagnetic radiation, the digital
projection system configured to project the pattern of electromagnetic radiation within
a predetermined wavelength range of electromagnetic radiation that passes through
semiconductor material as transparent, the substrate support assembly comprising
an absorption material that absorbs electromagnetic radiation within the
predetermined wavelength range of electromagnetic radiation o spatially and

selectively augment heating of the substrate by each projected point location.

2. The plasma processing system of claim 1, wherein the predetermined wavelength

range of electromagnetic radiation s infrared.
3. The plasma processing system of claim 2, wherein the predetermined wavelength

range of electromagnetic radiation is an infrared range of 1080 nanometers {0 3

microns.
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4. The plasma processing system of claim 1, wherein the digital projection system is
configured o create more than one hundred temperature adjustment regions per

centimeter squared of the substrate support assembly.

5. The plasma processing system of claim 1, wharein the pattern of electromagnetic

radiation is projected through a window of the processing chamber.

6. The plasma processing system of claim 5, wherein the pattern of electromagnetic

radiation is projected through two or more windows of the processing chamber.

7. The plasma processing system of claim 6, wherein the digital projection system is
configured to have a line-of-sight of at least half of the substrate through the two or

more windows.

8. The plasma processing system of claim 6, wherein the digital projection system is
configurad (o project the pattern of electromagnetic radiation through a shower head

assembly positioned facing the substrate support assembly.

9. The plasma processing system of claim &, wherein the window is positioned on a

ceailing of the procassing chamber.

10. The plasma processing system of claim 1, wherein the digital projection system
is configured {o project the patiern of eleciromagnetic radiation towards a reflection
surface in the processing chamber opposiie the substrate that reflects

glectromagnetic radiation onto the substrate support assembly.
11.  The plasma processing system of claim 1, wherein the digital projection systemn
is configured to project the patiern of electromagnetic radiation, based on a critical

dimension signature of the substrate.

12. The plasma processing system of claim 1, wherein the first heating mechanism

includes a fluid circulator that circulates fluid within the substrate support assembly.
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13. The plasma processing system of claim 1, wherein the first heating mechanism
includes one or more heaters configured 1o heat the substrate support assembly via

electrical resistance.

14.  The plasma processing system of claim 1, wherein the digital projection systemn

includes a laser galvanometer scanner.

15. A plasma processing system with temperature control, the plasma processing
system comprising:

a processing chamber;

a gas delivery system configured o deliver one or more process gasses to a
substrate processing region of the processing chamber,

a substrate support assembly configured to support a substrate in the
substrate processing region during plasma processing;

a plasma generator coupled to the processing chamber and configured to
generate plasma in the substrate processing region;

a first heating mechanism positioned within the substrate support assembly
and configured to heat the substrate when supported on the substrate support
assembly; and

a second heating mechanism comprising a digital projection system
configured to project a patiern of electromagnetic radiation through micro-fabricated
structures on a working surface of the substrate and into silicon material of the
substrate, the digital projection system configured o spatially and dynamically adjust
the pattern of electromagnetic radiation, the digital projection system configured to
project the pattern of electromagnetic radiation within a predetermined wavelength
range of electromagnetic radiation that passes through the micro-fabricated
structures on the substrate as transparent, the substrate having the silicon material
below the micro-fabricated structures that absorbs electromagnetic radiation within
the predetermined wavelength range of electromagnetic radiation {o spatially and

selectively augment healing of the substrate by each projected point location.

18. The plasma processing system of claim 15, wherein the predetermined

wavelength range of electromagnetic radiation is infrared.
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17. The plasma processing system of claim 16, wherein the predetermined
wavelength range of electromagnetic radiation is an infrared range of 750-800

nanometers.

18. A method for processing a substrate, the method comprising:

identifying a critical dimension signature of a substrate;

positioning the substrate on a substrate support assembly within a plasma
processing chamber;

heating the substrate using a first heating mechanism positioned within the
substrate support assembly, heating the substrate occcurring during a plasma etching
or deposition process;

modifying a spatial temperature profile of the substrate support assembly by
projecting a pattern of infrared light through the substrate and onto the substrate
support assembly, the pattern of infrared light being projected by a digital projection
system configured to spatially and dynamically adjust the pattern of infrared light, the

pattern of infrared light being based on the critical dimension signature.

19. The method of claim 18, further comprising calculating a spatial temperature
adjiustment map that indicates substrate temperatures to maintain that result in a
maodified critical dimension signature of the substrate after the plasma etching or

deposition process.

20. The method of claim 19, wherein the pattern of infrared light being based on the
critical dimension signature includes modifying the spatial temperature profile using

the spatial temperature adjustment map.

21. The method of claim 19, wherein the modified critical dimension signature has
less differences in critical dimension values as compared to the critical dimension

signature of the substrate prior to the plasma elching or deposition process.

22. The method of claim 18, wherein the substrate support assembly comprises an

absorption material that absorbs infrared light.
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23. The method of claim 18, wherein modifying the spatial temperature profile
includes modifying the spatial temperature profile by each projected point location,
gach projected point location corresponding to an image resolution of the digital

projection sysien.

24. The method of claim 18, wherein identifying the critical dimension signature
includes creating a map that spatially identifies critical dimension values on a

working surface of the subsirate.

25. The method of claim 18, wherein the first heating mechanism is configured to

heat the substrate using two or more independently controiled heating zones.

26. The method of claim 18, wherein modifying the spatial temperature profile
includes creating local temperature differences at point locations having an area less

than a square centimeter.

27. The method of claim 26, wherein modifying the spatial temperature profile
includes creating local temperature differences at point locations having an area less

than a square millimeter.

28. The method of claim 18, wherein projecting the pattern of infrared light through
the substrate and onto the substrate support assembly includes projecting the
pattern of infrared light through a window of the plasma processing chamber, the

window being transparent 1o infrared light.

29. The method of claim 18, wherein projecting the pattern of infrared light through
the substrate and onto the substrate support assembly includes projecting the

pattern of infrared hight from two or more projection locations.

30. A method for processing a subsirate, the method comprising:

identifying a critical dimension signature of a substrate;

positioning the substrate on a substrate support assembly within a plasma
processing chamber, the substrate comprised of silicon material and having micro-

fabricated devices on a working surface of the substrate;
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heating the substrate using a first heating mechanism positioned within the
substrate support assembly, heating the substrate occurring during a plasma etching
or deposition process;

modifying a spatial temperaiure profile of the substrate by projecting a pattern
of infrared light through the micro-fabricated devices and into an interior region of the
substrate such that the silicon maierial absorbs heat energy from infrared light, the
pattern of infrared light being projected by a digital projection system configured to
spatiaily and dynamically adjust the pattern of infrared light, the pattern of infrared

tight being based on the critical dimension signature.

31. A method for processing a substrate, the method comprising:

positioning a substrate on a substrate support assembiy within a plasma
processing chamber;

heating the substrate using a first heating mechanism positioned within the
substrate support assembly, heating the subsirate occcurring during a plasma etching
or deposition process,

generating plasma within the plasma processing chamber;

spatially modifying a plasma reaction by projecting a pattern of
electromagnetic radiation into the plasma, the paitern of electromagnetic radiation
being projected by a digital projection system configured to spatially and dynamically

adjust the pattern of electromagnetic radiation.

32. The method of claim 31, wherein the pattern of electromagnetic radiation is

based on a critical dimension signature.

33. The method of claim 31, wherein the pattern of electromagnetic radiation is

based on a plasma uniformity signature.

34, A plasma processing system with temperature control, the plasma processing
system comprising:

a processing chamber,

a gas delivery system configured {o deliver one or more process gasses to a

substrate processing region of the processing chamber,;
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a substrate support assembly configured to support a substrate in the
substrate processing region during plasma processing;

a plasma generator coupled {o the processing chamber and configured to
generate plasma in the substrate processing region; and

a heating mechanism comprising a digital projection system configured to
project a pattern of electromagnetic radiation through the substrate and onto the
substrate support assembly, the digital projection system configured to spatially and
dyvnamically adjust the pattern of electromagnetic radiation, the digital projection
system configured to project the pattern of electromagneatic radiation within a
predetermined wavelength range of electromagnetic radiation that passes through
semiconductor material as transparent, the substrate support assembly comprising
an absorption material that absorbs electromagnetic radiation within the
predetermined wavelength range of electromagnetic radiation to spatially and

selectively heat the substrate by each projected point location.

35, A plasma processing system with temperature control, the plasma processing
system comprising:

a processing chamber;

a gas delivery system configured {o deliver one or more process gasses to a
substrate processing region of the processing chamber;

a substrate support assembly configured to support a substrate in the
substrate processing region during plasma processing;

a plasma generator coupled to the processing chamber and configured to
generate plasma in the substrate processing region; and

a heating mechanism comprising a digital projection system configured to
project a pattern of electromagnetic radiation through micro-fabricated structures on
a working surface of the substrate and into silicon material of the substrate, the
digital projection system configured to spatially and dynamically adjust the patiern of
glectromagnetic radiation, the digital projection system configured to project the
pattern of electromagnetic radiation within a predetermined wavelength range of
glectromagnetic radiation that passes through the micro-fabricated structures on the
substrate as transparent, the substrate having the silicon material below the micro-

fabricated structures that absorbs electromagnetic radiation within the predetermined
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wavelength range of electromagnetic radiation o spatially and selectively heat the

substrate by each projected point location.
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PROCESSING CHAMBER
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