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(57) ABSTRACT

Apparatuses and methods are provided for processing a sub-
strate having an upper surface that includes a central region, a
peripheral region, and an edge adjacent to the peripheral
region. An image having an intensity suificient to effect ther-
mal processing of the substrate 1s scanned across the upper
surface of the substrate. The image scanning geometry allows
processing the central region ol the substrate at a substantially
uniform temperature without damaging the outer edge. In
some 1nstances, the 1mage may be formed from a beam trav-
cling over at least a portion of the central region so that no
portion thereol directly i1lluminates any portion of the edge
when the 1image 1s scanned across the periphery region. The
substrate may be rotated 180° or the beam direction may be
switched after part of the scanning operation has been com-
pleted.
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APPARATUSES AND METHODS FOR
IRRADIATING A SUBSTRATE TO AVOID
SUBSTRATE EDGE DAMAGE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This patent application 1s a continuation-in-part of
to U.S. patent application Ser. No. 11/236,271, entitled
“METHODS AND APPARATUS FOR IRRADIATING A
SUBSTRATE TO AVOID SUBSTRATE EDGE DAMAGE,”

(hereinatter, “the 271 patent application™), filed Sep. 26,
2003, the disclosure of which 1s incorporated by reference
herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to the thermal process-
ing of a substrate, and 1n particular relates to methods and
apparatus for 1rradiating a substrate in a manner that avoids
damaging an edge of the substrate.

[0004] 2. Description of Background Art

[0005] Laser thermal processing (L'TP), also known more
generally as rapid thermal processing (R1TP), 1s a technique
for manufacturing semiconductor devices such as integrated
circuits (IC). LTP mvolves irradiating a substrate with a local-
1zed beam of itense radiation to bring the substrate surface
from a relatively low temperature (e.g., 400° C) to a relatively
high temperature (e.g., 1,200° C.) quickly so that the substrate
bulk can pull the temperature down quickly.

[0006] LTP may be usedto activate dopants 1n source/drain
regions of transistors formed 1n a silicon water. The source/
drain regions are typically formed by exposing areas of a
silicon waler to an electrostatically accelerated 1on beam
containing boron, phosphorous or arsenic 10ons. After implan-
tation, the dopant atoms are largely interstitial, do not form
part of the silicon crystal lattice, and are electrically 1nactive.
Activation of these dopant atoms may be achieved by raising
the substrate temperature high enough and for a period of time
long enough for the crystal lattice to incorporate the impurity
atoms. The optimum length of time depends on the maximum
temperature. However, during the activation thermal cycle,
the impurities tend to diffuse throughout the lattice causing,
the distribution to change from one approximating an 1deal
step profile achieved during implant to a profile having a
shallow exponential fall-off after a long annealing cycle.

[0007] By employing higher annealing temperatures and
shorter annealing times, 1t 1s possible to reduce dopant diffu-
sion and retain the abrupt step-shaped dopant distribution
achieved after the implant step. The continuous reduction 1n
transistor feature sizes has lead to a process called Laser
Spike Annealing (LLSA), which employs a CO, laser beam
formed 1nto a long, thin image that 1s raster scanned across the
waler. In a typical configuration, a 0.1 mm wide beam 1s
scanned at 100 mm/s over the water surface to produce a 1
millisecond dwell time for the annealing cycle. A typical
maximum temperature during this annealing cycle might be
~1350° C. Inthe 1 millisecond time 1t takes to bring the watfer
surface up to the annealing temperature, only about 100-200
micrometers of material nearest the upper surface 1s heated.
Consequently, the bulk of the 800 micrometer thick wafer
serves to cool the irradiated surface almost as quickly as it was
heated once the laser beam moves past.
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[0008] A water that has been processed to the point where
it 1s ready for the annealing step typically contains a number
of thin film structures such as gates, poly-silicon runners and
pads, and oxide 1solation trenches. These structures may be
superimposed. The distribution of these structures varies
from region to region across a circuit, depending on the func-
tion of a particular area of the circuit. Typically, the reflectiv-
ity of the circuit varies depending on the proportion of the
various structures present in a given region. This leads to
substantial variations in the proportion of the laser beam
energy absorbed in any area and thus uneven heating.

[0009] In some cases, even a 5° C. variation 1n the maxi-
mum annealing temperature can lead to observable perfor-
mance differences for the circuits being annealed. This tem-
perature variation may correspond to a variation of less than
0.5% 1n the absorption coellicient of the product water sur-
face. A mimimum variation 1n absorption can be achieved by
using P-polarized radiation incident on the substrate at or near
the Brewster angle. P-polarized radiation incident on an
undoped silicon surface 1s completely absorbed at the Brew-
ster angle. In the case of a patterned water, the Brewster angle
refers to the angle of minimum or near-minimum reflectivity
of P-polarized light averaged over a surface. Strictly speak-
ing, films on the surface of an object such as silicon wafer, or
clectrically active dopants 1n the silicon prevent it from hav-
ing a true Brewster angle. Accordingly, the Brewster angle as
used herein for a specular surface formed from a variety of
different films stacked on a substrate (as 1s the case for a
product IC water) can be thought of as an effective Brewster
angle, or the angle at which the reflectivity of P-polarized
radiation 1s at a minimum on average. This minimum angle
typically coimncides with or 1s near the angle of the true Brew-
ster angle for the (bare) substrate.

[0010] A further reduction 1n reflectivity variation can be
achieved by using wavelengths that are large compared to the
device structures on the water. This condition may be met
with the 10.6 micrometer, CO, laser. The Brewster angle for
bare silicon at 10.6 micrometers 1s about 75° from normal
incidence.

[0011] FIG.11saschematic side view of an exemplary LTP
geometry mvolving a substrate 10 with an upper surface 12
with an associated surface normal N12. Substrate 10 includes
an outer edge 14 with an associated edge normal N14. Unlike
surface normal N12, whose direction 1s the same for points on
the upper surface, the edge normal N14 varies in direction as
a function of the polar angle (p (see FIG. 4) in the X-Y plane.

[0012] Substrate 10 includes a narrow annular peripheral
region 18 of width W .. (FIG. 4) that runs around the upper
surface 12 adjacent outer edge 14. Region 18 1s located
between the substrate edge and the central region 19. In some
instances, the central region represents a portion of the sub-
strate where full yield 1s expected when producing semicon-
ductor devices such as integrated circuits and the peripheral
region represents an edge exclusion region, a portion of the
substrate 1n which yield 1s not expected and sometimes where
no device or portion thereof lies. Substrate 10 1s shown being
irradiated with a radiation beam 20 that performs LTP of the
substrate by scanning the beam over the upper surface. Radia-
tion beam 20 1s incident upon substrate upper surface 12 at a
surface incident angle 0 with respect to surface normal N12.
Surface incident angle 0 may be, for example the (effective)
Brewster angle for the substrate. The intensity 1(0) of radia-
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tion beam 20 at substrate surface 12 1s given by I1(0)=I,Cos
(0), wherein I, 1s the baseline radiation intensity measured
normal to the radiation beam.

[0013] When 1rradiating the substrate at a high incident
angle 0 (e.g., ~75°) with scanned radiation beam 20, distal
substrate edge 14 on the far side FS (relative to the incident
direction of the radiation beam) never sees the incident radia-
tion beam, even when the beam moves from position A to
position B. However, proximal substrate edge 14 on side NS
1s prone to exposure by radiation beam 20 when the beam 1s
in position A. Further, radiation beam 20 makes an incident
angle 1 with respect to edge normal N14, wherein 1p=90°-0
when ¢=0°. Thus, 1 0=75° then =15°. Accordingly, i
radiation beam 1s 1n position A, the imntensity I at the near side
substrate edge 14 1s approximately 3.73 times greater than the
intensity at surface 12. This can raise the near-side substrate
edge temperature to a level suificient to damage (e.g., form
fractures 30) 1n the substrate at the substrate edge.

[0014] At first glance, 1t might appear that this problem 1s
casily solved—itor example, by simply blocking the portion
of radiation beam 20 that strikes water edge 14. However,
when radiation beam 20 1s coherent, as 1s typically the case for
LTP or other wrradiative processes requiring a high-power
beam, a baillle that blocks a portion of the radiation beam
before 1t reaches substrate edge 14 on near side NS, also
diffracts the radiation beam. The diffracted radiation inter-
feres constructively or destructively with the portion of the
beam directly incident on the substrate, depending on the
position. This causes some portions of the regions on sub-
strate surface 12 to be overexposed while other regions are
underexposed. The varnation in exposure caused by diffrac-
tion can be as high as 20% or more. Thus, any attempt to block
the beam from striking the substrate edge results 1n an unac-
ceptable non-uniformity at the substrate surface that extends
well beyond region 18, making this shielding approach an
untenable solution. Simply turning the radiation beam off and
on as 1t approaches and recedes from the waler edge may not
be particularly effective either. Typically the edge exclusion
region 18 1s narrower than the length of the radiation beam, so
at some positions along the waler edge the laser beam
straddles the exclusion zone extending from the edge to the
high yield region on the wafer. Typically the exclusion zone
might be 3 mm wide, while the radiation beam 20 has a typical
length of 6 to 10 mm. Thus, a linear scan of substrate surface
12 near edge 14 results 1n either some of the edge being
directly exposed by the beam, or the beam being turned off
betore all of the desired area of the substrate surface has been
exposed.

[0015] A number of approaches may be employed to over-
come the edge exposure problem. U.S. patent application Ser.

No. 11/040,739, entitled “METHODS AND APPARATUS
FOR TRUNCATING AN IMAGE FORMED WITH
COHERENT RADIATION”, (hereinafter, “the *739 patent
application”), filed Jan. 21, 2005, for example, describes a
solution to the edge exposure problem. The 739 patent appli-
cation describes an optical system that includes, 1n place of a
battle as discussed above, an anamorphic relay, an apodized
aperture, and a vignetting edge. The edge moves in synchro-
nism with a scanned beam scan so as to truncate the beam and
the beam 1mage formed thereby. This approach 1s generally
considered complex 1n nature and may be difficult to imple-
ment.

[0016] Similarly, the 271 patent application describes
another solution to the edge exposure problem. Instead of
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being truncated, the radiation beam 1s scanned over a scan
path so that any intersection of the radiation beam with the
substrate edge meets or exceeds a scan path critical (SPC)
angle. The SPC angle corresponds to an edge position where
the scanned beam would produce a substrate edge tempera-
ture that 1s substantially the same as a substrate surface tem-
perature when the substrate 1s wrradiated. This solution
requires that the beam 1image intensity profile along the length
of the image make a transition from an intensity that does no
edge damage to an 1intensity useful for annealing 1n a distance
corresponding to something less than the edge exclusion
width. This avoids any need to modulate the laser power,
which 1s not recommended for high power CO,, lasers, but the
constraints on the beam profile can prove to be onerous.
[0017] Thus, there exist opportunities to provide alternative
and/or improved solutions to the edge exposure problem. In
particular, there 1s a need to provide alternative and/or
improved solutions to the edge exposure problem that do not
require an exclusion zone to be defined on the substrate sur-
face and/or an arcuate scan.

SUMMARY OF THE INVENTION

[0018] In a first aspect, an apparatus 1s provided for pro-
cessing a substrate having an upper surface that includes a
central region, a peripheral region and an edge adjacent to the
peripheral region. The apparatus includes a radiation source
adapted to emit radiation and an optical system adapted to
receive the emitted radiation and create therefrom a radiation
beam that 1s imaged on the upper surtace of the substrate at an
incident angle. The apparatus also includes a stage adapted to
support the substrate and a controller operably coupled to the
radiation source and the stage. The controller 1s programmed
to scan the image across at least the substrate surface in
manner elfective to process the substrate at a substantially
uniform temperature without overheating the edge, 1.e., heat-
ing the edge to a temperature that damages the edge.

[0019] To providerelative movement between the stage and
the beam to eflect scanning, the stage 1s typically movable
while the radiation source and the optical system remain
immobile. The stage may be constructed for rotational and
translational motion. Optionally, the wafer can remain 1immo-
bile and the beam 1image can be scanned across the substrate.
[0020] In another aspect, a method for processing a sub-
strate as described above 1s provided. The method 1nvolves
forming an 1mage from a radiation beam incident the upper
surface of the substrate with an intensity sufficient to effect
thermal processing of the substrate. The 1image 1s scanned
across at least the central region of the substrate periphery
region 1n a manner elfective to process the substrate at a
substantially uniform temperature without overheating the
outer edge to a temperature that damages the edge.

[0021] Whentheedge 1s perpendicular to the upper surface,
the 1invention 1s particularly useful 1n instances wherein the
beam 1rradiates the substrate surface at an incident angle
greater than 45°. Often, the incident angle 1s at or near the
Brewster angle of the upper surface of substrate. The Brew-
ster angle for S1 substrates, for example, 1s about 75°.
[0022] The mvention may be carried out using any of a
number of scan paths and/or geometries. For example, the
image may be scanned so no portion thereof directly 1llumi-
nates any portion of the edge. In the alternative, 11 the image
does illuminate an edge, the incidence angle 1s suificiently
high to avoid edge damage. This condition may occur, for
example, when the portion of the substrate having an edge
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facing away from the beam direction 1s scanned. Once this
portion has been processed, the substrate may be rotated 180°
about an axis normal to the upper surface thereol and the
scanning repeated to process the remaining portion. Such
rotation may occur during thermal processing of the substrate
surface and/or after a substantial portion of the upper surface
of the substrate 1s thermally processed. In any case, substan-
tially all of the substrate surface may be processed thermally,
without any edges being exposed to a nearly normal incident
beam.

[0023] Thus, 1n another aspect, the ivention provides a
method for processing a substrate having an upper surface, an
edge adjacent to the upper surface, and a beam incident on the
upper surface at an angle. The method involves forming an
image at an intensity suificient to effect thermal processing of
the substrate from a radiation beam and scanning the image
across the portion of the surface having an edge that faces
away from the beam direction. After the substrate 1s rotated so
the relative positions of the portions of the surface having
edges facing the beam and facing away from the beam are
transposed, the scanning is repeated on the portion of the
substrate having an edge facing away from the incident beam.
As a result, the scanned regions can be made to include
substantially all of the upper surface of the substrate, which
may be processed at a substantially uniform temperature
without overheating any point along the entire edge.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 1s a side view of a substrate, such as a semi-
conductor wafer, being 1rradiated by a radiation beam at an
incident angle relative to the surface normal while performing
LTP, illustrating how the radiation beam 1rradiates and dam-
ages the near side substrate edge while 1n position A due to the
intense heating of the substrate edge with no edge damage
occuring at position B where the edge 1s facing away from the
beam direction.

[0025] FIG. 2 1s a schematic side view of an example
embodiment of an L'TP system adapted to carry out the meth-
ods of the present invention.

[0026] FIG. 3 1s a close-up side view of the substrate edge
of FI1G. 1, illustrating how the radiation beam 1s incident upon
the substrate edge at an edge incident angle 1, and also
showing damaged regions created in the substrate edge sur-
face.

[0027] FIG. 4 1s aplan view of the substrate surface and the
initial section ol an arcuate scan path for the line image
created by the LTP apparatus ol FI1G. 2, showing the transition
points where the line 1image first crosses the substrate edge
(point P0), where the line image 1s just fully within the sub-
strate edge (point P1), and where the end of the line 1mage
begins to follow the exclusion zone boundary (point P2).

[0028] FIG. S 1s aplot of the radiation beam incident angle
) on the watfer edge as a function of the polar ¢.

[0029] FIG. 615 aplotshowing both the relative intensity of
the P-polarization component on the water edge and the
absorption coellicient of the P-polarization component as a
function of the polar angle ¢.

[0030] FIG.71saplotshowing both the relative intensity of
the S-polarization component on the wafter edge and the
absorption coellicient of the S-polarization component as a
function of the polar angle ¢.

[0031] FIG.81saplotofthe fractional absorbed intensity of
both the S- and the P-polarization components of the radia-
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tion beam incident upon the substrate edge, along with the
total absorbed 1ntensity, all as a function of the polar angle ¢.
[0032] FIG.91saplotoftherelative temperature change T,
(the ratio of the substrate edge temperature change T, as
compared to the substrate surface temperature change T'.) due
to irradiation of the substrate by the radiation beam, as a
function of the polar angle ¢, showing the SPC angle ¢
where T ,=1.

[0033] FIG. 10 1s aplan view of the substrate illustrating an
example embodiment of a scan path for a line 1mage being
scanned over the substrate surface, wherein the scan path
includes a plurality of arcuate scan path segments coupled by
respective transition segments that bring the line image oif of
and onto the substrate surface at polar angles that equal or
exceed the SPC angle ¢ - so that the substrate edge tempera-
ture remains substantially at or below the substrate surface
temperature.

[0034] FIG. 11 1s a close-up view of the scan path of FIG.
10, showing two transition scan path segments connected to a
turn-around scan path segment near the edge of the substrate.
[0035] FIGS.12A-12D, collectively referred to as FI1G. 12,
depicts a scanning geometry and path for an image scanned
across a substrate surface in a manner that ensures that no
portion of a substrate’s edge 1s directly 1lluminated by any
portion of the image.

[0036] FIG. 13 depicts an scanning geometry similar to that
shown 1n FIG. 12A with the relative position of the beam and
the substrate having been changed to alter the direction of
beam’s approach relative to the substrate.

[0037] The various elements depicted 1n the drawings are
merely representational and are not necessarily drawn to
scale. Certain proportions thereof may be exaggerated, while
others may be minimized for clanty of presentation. The
drawings are intended to illustrate various implementations
of the invention, which can be understood and appropnately
carried out by those of ordinary skill in the art.

DETAILED DESCRIPTION OF THE INVENTION

Definitions and Overview

[0038] Before describing the present invention 1n detail, 1t
1s to be understood that this invention, unless otherwise noted,
1s not limited to specific substrates, temperature measuring
means, or materials, as such may vary. It 1s also to be under-
stood that the terminology used herein 1s for the purpose of
describing particular embodiments only, and 1s not intended
to be limiting.

[0039] It must be noted that, as used 1n this specification
and the appended claims, the singular forms *“a”, “an” and
“the” include both singular and plural referents unless the
context clearly dictates otherwise. Thus, for example, refer-
ence to “beam” includes a plurality of beams as well as a
single beam, reference to “a wavelength” includes a range or
plurality of wavelengths as well as a single wavelength, ref-
erence to “aregion’” includes a combination of regions as well
as single region, and the like.

[0040] Indescribing and claiming the present invention, the
following terminology will be used 1n accordance with the

following definitions.

[0041] The terms “Brewster’s angle” or Brewster angle” 1s
used to refer to the angle of incidence between a radiation
beam and a dielectric surface that corresponds to the mini-
mum or near-minimum reflectivity of the P-polarized com-
ponent of the beam. Films on the surface of an object, such as
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a silicon water, may prevent 1t from exhibiting zero retlectiv-
ity at any angle. If, however, the films are dielectric in nature,
then there generally will be an angle of minimum reflectivity
for P-polarized radiation. Accordingly, the Brewster’s angle
as used herein for a specular surface formed from a variety of
different dielectric films stacked on a substrate can be thought
of as an effective Brewster’s angle, or the angle at which the
reflectivity of P-polarized radiation 1s at a minimum. This
mimmum angle typically coincides with or 1s near the angle
of the Brewster’s angle for the substrate material.

[0042] The term “intensity profile” in reference to an image
or a beam refers to the distribution of radiation intensity along
one or more dimensions. For example, an 1mage may have a
usetul portion and a non-usetul portion. The usetul portion of
an 1mage 1s that portion having a “uniform™ intensity profile
near the peak intensity. In other words, the intensity profile
integrated 1n the scan direction throughout the usetful portion
of the image may be substantially constant. Accordingly, any
point on a substrate surface region that 1s scanned by a usetul
portion of an 1mage having a uniform intensity profile will be
heated to the same temperature. However, the intensity or
intensity profile ol the non-useful portion may differ from that
of the usetul portion. Thus, the 1image as a whole may have an
overall “non-uniform™ intensity profile even though a portion
of the image called the useful portion may exhibit an uniform
intensity profile.

[0043] As arelated matter, the term “peak intensity value™
ol an 1image or a beam refers to the point of highest intensity
in the image or beam. Typically, the entirety of the useful
portion of an 1mage will include the peak intensity.

[0044] The term “light emitting photodiode (LED)” refers
to a diode that1s typically made from semiconductor material,
and which converts an applied voltage to photonic radiation.
The terms “diode” and “LED” are generally interchangeably
used herein, however this 1s not to be confused with the term
“photodiode™, which may refer to a photo-detector that con-
verts incident radiation into an electrical current. The term
“laser diode” refers to a type of LED that emits coherent light
when forward biased.

[0045] The term “semiconductor” 1s used to refer to any of
various solid substances having electrical conductivity
greater than insulators but less than good conductors, and that
may be used as a base material for computer chips and other
clectronic devices. Semiconductors include elements such as
silicon and germanium and compounds such as silicon car-
bide, aluminum phosphide, gallium arsenide, and indium
antimonide. Unless otherwise noted, the term *“semiconduc-
tor” includes any one or a combination of elemental and
compound semiconductors, as well as strained semiconduc-
tors, e.g., semiconductors under tension or compression.
Exemplary indirect bandgap semiconductors suitable for use
with the 1nvention include Si1, Ge, and S1C. Direct bandgap
semiconductors suitable for use with the invention include,

for example, GaAs, GalN, and InP.

[0046] The term “specular surface” refers to a surface that
1s either enftirely or substantially flat and reflecting, as
opposed to one that 1s substantially rough and scattering. The
criteria imnvolved with specularity of a surface depend on the
wavelengths and angles used to measure the properties of the
surface.

[0047] Theterms “substantial” and “substantially” are used
in their ordinary sense and refer to matters that are consider-
able 1n 1importance, value, degree, amount, extent or the like.
For example, the phrase “substantially Gaussian in shape™
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refers to a shape that corresponds predominantly to the shape
of a Gaussian probability distribution curve. However, a
shape that 1s “substantially Gaussian” may exhibit some char-
acteristics of a non-Gaussian curve as well, e.g., the curve
may also include a component described by a polynomial.
Similarly, a “substantially uniform”™ intensity profile will con-
taimn a relatively flat portion where the intensity does not
deviate more than a few percent from the profile’s peak inten-
sity. Preferably, the intensity deviation 1s less than about 2%.
Optimally, the intensity deviation is no more than about 1% or
no more than about 0.8%. Other uses of the term “substan-
tially” ivolve an analogous definition.

[0048] The term “substrate” as used herein refers to any
material having a surface, which 1s intended for processing.
The substrate may be constructed in any of a number of forms,
for example, such as a semiconductor waler containing an
array of chips, etc.

[0049] Thepresentinvention includes apparatuses, systems
and methods for processing a substrate, €.g., a substrate hav-
ing a circular specular surface bounded by an edge, 1n a
manner that avoids damaging the substrate edge. The appa-
ratus and system of the present invention 1s described 1n an
example embodiment of an LTP system. Methods of the
invention are then described in connection with processing of
the substrate using the LTP system by scanning the line image
formed by the L'TP system over a scan path that satisfies a
“safe scan” condition, as described below.

LIP System

[0050] FIG. 2 1s a schematic diagram of an example
embodiment of an LTP system 100. LTP system 100 includes
a radiation source 110 that emits radiation 112 along an
optical axis Al. An optical system 120 1s arranged along
optical axis A1l downstream from radiation source 110. Opti-
cal system 120 1s adapted to receive radiation 112 and form
therefrom an LTP radiation beam 20 that travels along optical
axis Al. In an example embodiment, radiation source 110 1s
a laser, such as a CO, laser. However, LEDs and laser diodes
may beused as well. LTP system 100 also includes a substrate
chuck unit 150 with an upper surface 152 adapted to support
circular substrate 10 with upper surface 12, a center 13 and an
edge 14 (FI1G. 1). In an example embodiment, substrate 10 1s
a silicon water with doped source and drain regions 182 and
184 (FIG. 3) that need to be thermally activated as part of a
process ol forming transistors. In addition, substrate 10
includes a narrow annular peripheral region 18 that serves as
an exclusion zone which 1s not expected to yield a device. In
an example embodiment, chuck unit 150 1s adapted to be
heated to 400° C. and 1s also water cooled so a constant
background substrate temperature can be maintained whether
or not the laser beam 1s contributing large amounts of power
(e.g., 3000 W) to the substrate and the chuck. Chuck unit 150
1s supported by a movable stage 180. Optionally, the chuck
and stage may be an integrated piece of equipment. However,
the chuck umt does not have to be heated when activation
radiation technologies such as those described 1n U.S. patent
application Ser. No. 11/403,704, enftitled “APPARATUS
AND METHOD FOR PROCESSING A SEMICONDUC-
TOR SUBSTRATE WITH TEMPERATURE FEEDBACK.,”
inventors Bakeman and Markle, filed on Apr. 13, 2006 are

used.

[0051] Typically, the stage 180 provides at least transla-
tional movement 1n the X-Y plane. In addition, the stage 180
may provide movement along the Z axis for focusing. Option-
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ally, the stage 180 may provide rotational movement as well.
For example, the stage may serve to rotate any substrate
supported thereby about the X, Y, and/or Z axes to a degree
significantly greater than that required for alignment and/or
calibration purposes. In particular, the stage 180 may serve to
rotate any substrate about an axis perpendicular to the upper
surface 12 of substrate 10. Such rotational movement repre-
sents a significant departure from the capability of ordinary
L TP systems, and, as discussed below, may be useful 1n pre-
venting an edge of a substrate from damage during processing,
as a result of overheating.

[0052] A controller 190 1s operably coupled to radiation
source 110 via an electrical line 192. Controller 190 controls
the amount of radiation 112 (and thus the power) emitted by
radiation source 110 via a control signal 5110 provided to the
radiation source by the controller. Controller 190 1s also oper-
ably coupled to stage 180 and controls the movement of the
stage via a stage control signal S180. In an example embodi-
ment, controller 190 1s also coupled to chuck 150 and 1s in
operable communication therewith via signals S150 to main-
tain control of the substrate background temperature.

[0053] In an example embodiment, controller 190 1s a pro-
grammable computer having a processor, such as a field-
programmable gate array (FPGA), adaptable to carry out
logic operations and cause TP system 100 to carry out the
scanning methods described below.

LTP Method of Operation

[0054] With continuing reference to FI1G. 2, in the operation
of LTP system 100, controller 190 generates control signal
S110 and sends 1t to radiation source 110. In response thereto,
radiation source 110 generates radiation 112, which 1s formed
into radiation beam 20 by optical system 120. In an example
embodiment, radiation beam 20 has a substantially Gaussian
profile and 1s formed into a long, narrow 1mage 200 that may
be substantially uniform 1n intensity. This image has a Gaus-
s1an proiile 1n the narrow direction and a flat topped intensity
profile in the long direction, 1.e., the intensity measured along,
the long direction of the image 1s essentially flat in the center
(1.e., at and around the vicinity of optical axis Al) and then
drops off sharply at some distance from the optical axis Al.
The P- and S-polarization directions are indicated by “P”” and
“S”, respectively.

[0055] Radiation beam 20 1rradiates substrate surface 12 by
forming thereon a long narrow 1image 200. Axis Al forms an
Incident angle O relative to surface normal N12. In a preferred
embodiment, surface incidence angle 0 1s at or near the Brew-
ster angle for the substrate. For a silicon substrate and a 10.6
micron wavelength, the Brewster angle 1s about 75°. In an
example embodiment, 1mage 200 1s 1n the form of a line
image having opposite ends 202. For optimum performance,
the length of such an 1image may be aligned with the beam
direction. Movement of stage 180 via the programmed direc-
tion of controller 190 via signals S180 causes substrate sur-
face 12 to be scanned under image 200 along a scan path 210
(introduced and discussed below in connection with FIGS.
4-7).

[0056] Notably, FIG. 3 depicts a scan geometry in which an
image 1s generated on region of surface 12 that includes an
edge 14. This location will be arbitrarily called the near edge.
It should be evident, however, that image 200 may easily be
repositioned to the far side of surface 12 by moving the
substrate 1n the —X direction or by moving beam 20 and/or
substrate 10 1n the +X direction and 1n this case the beam
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would not be directly incident on the edge. Thus the near side
edge 1s prone to direct exposure by radiation beam 20 and not
the far side edge. It 1s possible to arrange the scan path and/or
geometry of image 200 1n such a way to avoid damaging the
substrate edge with powertul radiation beam 20.

[0057] Line image 200 has an intensity profile that drops
from a relatively constant value of 100% intensity at the ends
of the useful length of the line 1image (e.g., ends 202 1n FIG.
2), down to an intensity value that will not damage the edge 1n
a distance corresponding to the width of edge exclusion zone
18. In the specific case of a silicon waler annealed with 10.6
micrometer radiation, radiation beam 20 1s formed so the
intensity of line image 200 falls to about 37% of its maximum
intensity 1 a distance, d, that 1s equal to or less than the width
W . of the edge exclusion zone 18.

[0058] The portion of substrate surface 12 being irradiated
at any given time during the image scanning 1s rapidly heated
to a high temperature (e.g. 1350° C.) and then rapidly cooled
to a background temperature (e.g., 400° C.) as the image 100
moves away. The amount of time that image 200 spends over
any given point on substrate surface 12 1s called the “dwell
time” denoted herein as t,, and is typically on the order of
milliseconds or less.

Analysis of Substrate Edge Damage from Radiation Beam
Scanning

[0059] As discussed above, radiation beam 20 1s incident
upon substrate surface 12 at an incident angle 0. If radiation
beam 20 has an intensity I=I, measured at normal incidence to
the radiation beam, then the intensity of radiation beam at a
given incident angle 0 1s given by 1(0)=I1,Cos 0. Thus, for an
incident angle O at or near the Brewster angle for silicon of
about 75°, the intensity of radiation beam 20 at substrate
surface 12 1s ~(0.26)1,, or about 74% less than that associated
with a normally incident radiation beam. Accordingly, when
performing L'TP, this reduction in intensity 1s taken into
account and the radiation beam 1s provided with a suificiently
high baseline intensity I, so 1rradiation of the substrate at an
incident angle 0 yields an intensity I1(0) suificient to thermally
process the wafer.

[0060] FIG. 3 1s a close-up side view of substrate 10 1llus-
trating radiation beam 20 incident on substrate edge 14 at an
edge incident angle 1, defined as the angle between axis Al
and the normal N14 to edge 14. Usually the angle 1 1s a
compound angle with respect to the X-Y-Z coordinate sys-
tem, however under the special circumstance where ¢ 1s 0°,
then p=90°-0, assuming the angle between surface 12 and
edge 14 1s aright angle. In the case of a silicon substrate where
the Brewster angle 1s 75°, the incident angle 1 on the edge 1s
15° for the special case ¢=0°. At this incident angle and polar
angle, the mtensity mncident upon substrate edge 14 as com-
pared to the mtensity incident the substrate surface 1s:

T(WYI(0)=I,Cos(15°)/I,Cos(75°)=0.966/0.256=3.73 (1)

Experiments have shown that this increased intensity level
damages the substrate atedge 14. e.g., forms fractures 30. The
ratio of the edge temperature to the surface temperature not
only depends on the intensity ratio defined 1n equation (1), but
also on the proportion of the incident energy that 1s absorbed
in both cases. Assuming the incident beam 1s P-polarized with
respect to the top surface of the substrate and incident at the
Brewster angle then virtually all of the radiation incident on
the top surface 1s absorbed. However, only about 71% of the
P-polarized radiation incident on the edge 1s transmitted into
the substrate, since the beam 1s incident at 15°. Thus the ratio
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between the absorbed intensity at the edge and at the top
surface 1s about 2.66 for the case ¢=0. Clearly this ratio will
vary depending on the polar angle ¢ have shown that edge
damage can be eliminated by keeping the temperature pro-
duced by the radiation beam incident upon on the substrate
edge at or below the temperature produced by the beam upon
the substrate surface.

Scan Path Geometry

[0061] FIG.41s aplanview of substrate 10 being irradiated
by radiation beam 20 using a scan geometry similar to that
shown 1n FIGS. 2 and 3 over a scan path 210 traversed by
image 200. In this view the scan path starts below PO off of
surface 12 and progresses to the position PO where the edge
of the line 1mage just intercepts the substrate edge and then
progresses along a linear path to positions P1 and P2. X-Y-Z
coordinates are shown 1n FIG. 4 for reference. Line image 200
formed by radiation beam 20 1s first incident upon substrate
edge 14 at an 1nmitial point PO via a first scan path transition
segment 220, which 1n an example embodiment 1s linear. Line
image 200 continues along (linear) scan path transition seg-
ment 220 and transitions from the edge 14 to completely
within the substrate upper surface at a first transition point P1.
Transition point P1 defines a polar angle ¢, which 1s measured
relative to reference line 232, which 1s parallel to axis Al
projected on the X-Y plane, and passes through center 13 of
substrate 10, and a line 233 connecting center 13 to line image
edge 202 at point P1. When image end 202 transitions across
the exclusion zone and first falls entirely within process area
within central region 19 at a second transition point P2, then
scan path 200 starts to follow a new (e.g., arcuate) scan path
segment 222 that 1s collinear with or tangential to the linear
scan path segment 220 at point P2. Thus, the point P2 1s where
the scan path transition from the edge exclusion zone 18 1nto
the process area within central region 19 of substrate surface
12 1s complete and where the path changes to an arcuate path
having a radius equal to the exclusion edge boundary.
[0062] To prevent edge damage during irradiation of the
substrate, 1t 1s necessary that the polar angle ¢ associated with
the transition of line 1mage 200 over substrate edge 14 be
greater than or equal to a critical angle ¢ _, which 1s defined as
the angle where the edge temperature and the top surface
temperature due to wrradiating the substrate with line 1image
200 are equal.

[0063] In an example embodiment, transition scan path
segment 220 that connects to the arcuate portion 222 1s linear
up to point P2 and then transitions into an arcuate scan path
220 that has a radius equal to the exclusion zone radius. The
transition scan path segment 220 and the arcuate scan paths
222 are colinear at the transition point P2. Also, in this
example embodiment, 1t 1s assumed that the laser power 1s
held constant over the entire scan path 210 and that the Y-di-
rection component of the scan velocity 1s constant. This
yields a fixed dwell time and a constant maximum annealing,
temperature. Under these conditions the point where edge
damage 1s most likely to occur along the scan path 1s at point
P1, which corresponds to scan path angle ¢.

[0064] The analysis set forth below, 1s an example of how
the critical scan path angle (p might be calculated for a sub-
strate 10 of silicon, and for a wavelength of radiation beam 20
of 10.6 micrometers. This calculation yields a SPC angle
¢~57° If scan path 210 1s arranged so the edge crossing
position ¢ 1s equal to or larger than the SPC angle ¢ of 57°,
then the temperature of substrate edge 14 will be maintained
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at a temperature equal to or less than that of substrate upper
surface 12. This, 1n turn, will greatly reduce the chances of
radiation beam 20 causing substrate edge damage 30. Other
substrate materials have different indices of refraction, and
therefore a different Brewster angle and a different SPC angle

Pc-
Edge Temperature Analysis
[0065] To estimate the maximum temperature produced on

substrate edge 14 relative to that produced on substrate sur-
face 12, 1t 1s necessary to estimate the proportion of energy

absorbed per unit image length in the direction of the line
image on the edge versus that on the surface.

[0066] The incident angle 1 of radiation beam 20 with
respect to substrate edge normal N14 (FIG. 2) varies with
polar angle ¢ and may be calculated by calculating an angle 5
defined as the apparent angle between the radiation beam and
the upper surface viewed 1n the direction of the edge normal:

p=Arctan(1/Tan O Sin ¢) (2)

Having computed the intermediate angle {3, then the com-
pound angle 1 between the edge normal and the radiation

beam 1s given by:
y=Arctan(Tan ¢/Cos ) (3)

[0067] Equation (3) 1s plotted 1n FIG. 5, with surface inci-
dent angle 0 1s assumed to be a constant at 75°, which 1s
approximately the Brewster angle for a silicon substrate. Note
that in the plot of FIG. 5, as the polar angle ¢ approaches 90°,
the compound angle 1 between the edge normal and the
radiation beam approaches ¢.

[0068] Radiation beam 20 will typically have S and P polar-
1zation components with respect to the edge geometry, which
are a function of the polar angle ¢. Accordingly, 1t 1s necessary
to compute the relative amplitude of the electric field in the
planes corresponding to the P and S polarization planes for
radiation beam 20 as a function of polar angle ¢. Next the
absorption coeflicients corresponding to the S and P direc-
tions for the angle of incidence corresponding to a specific
edge location are computed. Finally, the relative radiation
beam powers and the absorption coelficients in the P and S
planes are combined to yield the absorbed power.

[0069] FIGS. 6 and 7 are plots of the relative P and S power
levels and the corresponding absorption coetficients for the P
and S polarnization directions, respectively, as a function of
polar angle ¢ for radiation beam 20, according to equations
(4) and (5) below.

[0070] Assuming the radiation beam incident on the upper
surface 1s P-polarized, then the amplitude of the electric field
vector in the P-plane, 1.e. the plane containing the beam
direction vector and the normal to the water edge correspond-
ing to polar angle, ¢

[0071] O 1s given by:

Ep=Cos 0 Cos ¢/Sin ¢ (4)

Similarly, the amplitude of the electric vector in the S-plane,
1.€. the plane containing the beam direction vector and which
1s normal to the p-plane, E 1s given by:

E~(1-E,2)? (5)

The relative intensity corresponds to the square of the ampli-
tude of the electric vector, thus the relative intensity 1, and the

relative mtensity I are given by:

IP:EP2 (6)

IS:E52 (7)
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[0072] The absorption coelficients of the P- and S polariza-
tion components are best defined by reference to an angle 1,

defined as:

P =Arcsin((Sin )/n) (8)

where n 1s the index of refraction at the wavelength employed
in the radiation beam. In the case of undoped silicon radiated
at a wavelength of 10.6 micrometers the index of refraction 1s

about 3.421.

[0073] The absorption/transmission coelficients for the p
and s polarized components, A , and A crespectively, are given
by:

Ap=1-(Tan(p—, )/ Tan(ryp+y D))2 (9)

A=1=-(Sin(yp—1po)/Sin(p+1,))* (10)

[0074] FIG. 8 15 a plot of the relative amounts of absorbed
intensities for the two polarization directions, P, and P and
the combined total P, all as a function of polar angle ¢. These
plots were made by multiplying the relative P and S 1intensi-
ties (equations 6 and 7) by their respective absorption coetli-
cients (equations 9 and 10) and then adding the relative P and
S absorbed intensities together to get a total.

Po=I,Ap (11)
P ~IcAc (12)
P, =Pp+Ps (13)
[0075] As 1s evident from the plot in FIG. 8, the energy

absorbed in the P-polarization component drops off rapidly as
the polar angle ¢ increases however the energy absorbed in
the S-polarization component compensates for 1t, so the total
absorbed power declines slowly as a function of ¢ until ¢
approaches 90°.

[0076] Themaximum temperature produced on the edge or
on the surface 1s simply proportional to the product of the
incident intensity, the dwell time and the absorption coefli-
cient. Image 200 1s wider on substrate edge 14 than on the
surface by a factor of 1/Cos(¢). Also, the scanming speed
relative to substrate edge 14 increases by a similar amount.
Thus, the dwell time of image 200 1s exactly the same for
substrate edge 14 as it 1s for substrate surface 12. Thus to
calculate the temperature ratio between the edge and the
surface, we only need to multiply the ratio of their respective
intensities times the ratio of their absorption coetficients P...
Since the incident intensity 1s proportional to the cosine of the
incidence angle, the ratio of the edge temperature to the
surface temperature T, 1s given by:

1'=P Cos(1)/Cos(0) (14)

[0077] FIG. 9 1s a plot of the relative temperature T, as a
function of the polar angle ¢ as given by equation 14. Note
that from the plot of FIG. 9 as shown by the dashed lines
therein, the temperature of substrate edge 14 matches that of
substrate upper surface 12 at ¢ =57°. This angle applies to an
undoped silicon waler radiated at a wavelength of 10.6
micrometers. Other substrate materials and other laser wave-
lengths would result 1n a different value for ¢.. If the polar
angle ¢ associated with the scan path meets or exceeds the
SPC angle ¢, then T, will be 1 or less, and the risk of
damaging the substrate edge 1s minimized.
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Example Scan Path

[0078] One way 1n which substrate edge breakage may be
avolded 1s by selecting the scan path 210 of image 200 so that
radiation beam 20 1s never incident on substrate edge 14 1n a
manner that produces a temperature greater than the tempera-
ture produced on substrate upper surface 12. This may be
accomplished by making sure scan path 210 intersects the
substrate edge 14 at points corresponding to a polar angle that
meets or exceeds the SPC angle ¢-.

[0079] FIG. 10 1s a plan view of substrate surface 12 show-
ing a first example embodiment of multiple scan paths 210
that all satisty the safe scan condition. Example scan path 210
includes 1nitial linear scan path segment 220 that brings line
image 200 1mitially 1nto contact with substrate 10 at point PO,
and then completely onto substrate 10 at point P1, which
should correspond to an angle ¢ that 1s equal to or larger than
the SPC angle ¢,.. Once 1mage 200 falls completely within
substrate edge exclusion boundary 18 at transition point P2,
the linear scan path segment 220 transitions to the first of a
number of arcuate scan path segments 222 that follow the
curvature of the inner substrate exclusion zone boundary.
Adjacent arcuate scan path segments 222 have a similar shape
but are laterally displaced by the length of line image 200. In
this example embodiment, arcuate segments 222 each have a
radius equal to the substrate radius minus the exclusion zone
width W .

[0080] Arcuate scan path segments 222 are connected to
transition scan path segments 210 where the image travels off
of and back onto the substrate. Adjacent transition scan path
segments 220 are connected via a turn-around segment 266.
FIG. 11 1s a close-up view of a portion of scan path 220 near
the edge of the substrate illustrating two transition segments
connected by a turn-around segment. Turn-around segments
266 are located away from the substrate edge and off of
surface 12 so image 200 does not fall on the substrate surface
during the transition between adjacent scan segments when
the scanning velocity changes substantially. The turn-around
segments 266 have to be long enough so that the stage veloc-
ity can be reversed and brought up to the required speed
betore the line 1image touches the substrate edge.

[0081] In an example embodiment, controller 190 1s pro-
grammed to move stage 180 via control signals 5180 to cause
substrate 10 to follow scan path 210, such as the example scan
path 210 1llustrated 1n FIG. 10. The result 1s that the entire
substrate surface 12 1s thermally processed with radiation
beam 20 with the exception of the portion of wafer lying
between the edge and the mnner exclusion boundary and
between the polar angle extremes of +¢. This procedure
requires, among other things, coordinated motion in the X
and Y scanning axis of stage 180 to produce an arcuate scan
path. The positions where transition path segments 220 cross
substrate edge 14 are chosen so that the corresponding mini-
mum polar angle at which radiation beam 20 strikes substrate
edge 14 satisfies the safe scan condition and no damage
occurs to the substrate edge.

Substrate Rotation

[0082] Another way in which substrate edge breakage may
be avoided 1s by selecting a scanning geometry providing a
scan path 210 of image 200 that does not allow radiation beam
20 to 1lluminate directly any portion of the edge 14. This may
be achieved, for example, by ensuring that the scan path
crosses the substrate edge only where the edge normal 1s
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pointing 1n the beam direction or is normal to the beam
direction or somewhere 1n between. This assures that the
beam 1s not directly incident on an edge. Such a scan path may
be used to process a substrate surface in 1ts substantial entirety
by exposing as much of the substrate as possible 1n one
orientation and then rotating the substrate relative to the beam
betfore exposing the remainder of the substrate.

[0083] FIG. 12 shows a scanning geometry and path for an
image scanned across a substrate surface 1n a manner that
ensures that no portion of a substrate’s edge 1s directly 1llu-
minated by any portion of the image. As shown in FIGS. 12A
and 12C, a LTP system 100 similar to that shown in FIG. 2
may be used to process substrate 10. Optionally, as shown in
FIG. 12B the substrate may have a surface 12 that i1s separated
by dotted line H into arbitrarily named far side region 12D
and near side region 12P. In FI1G. 12B, aradiation beam image
200 1s raster scanned over the far side F'S of the substrate at an
incident angle 0 relative to surface normal N12 to expose this
half of the substrate. As shown, the incident angle 0 1s at or
near about 75°. However, the any incident angle greater than
45° may be employed where the incident angle 1s contained 1n
a plane normal to the substrate and containing the lengthwise
axis of the image.

[0084] Movement of stage 180 via the programmed direc-
tion of controller 190 via signals S180 causes the far side 12D
ol substrate surface 12 to be scanned under image 200 along
a scan path 210. The image 200 scanned across the distal
region 12D may be formed from a beam 200 traveling over at
least a portion of the central region 19. As shown in FI1G. 12B,
linear scan path segments 220 are connected to turnaround
scan path segments 266. The turn-around segments 266 are
located away from the substrate edge and off of surface 12 so
image 200 does not fall on the substrate surface during the
transition between adjacent scan segments when the scanning,
velocity changes substantially. Further optionally, the near
side region 12P of substrate surface 1s not scanned while the
beam approaches from a direction that corresponds to the
near side NS of the substrate.

[0085] TTypically, the image 200 1s scanned across at least
the periphery region 18 located in the far side region 12D of
the substrate surface 12 1n a manner effective to process the
substrate 10 at a substantially uniform temperature without
overheating the outer edge to a temperature that damages the
edge. As shown 1n FIG. 12B, the scan path covers the far side
region 12D in a manner so as to allow the image 200 to be
scanned across substantially the entirety of distal surface
region 12D so as to allow for thermal processing any desired
region (e.g., source or drain) of the substrate. Once the far side
region has been scanned, either the beam direction with
respect to the substrate or the orientation of the substrate 10
with respect to the beam 20 may be altered.

[0086] In FIG. 12C, the radiation beam 20 conftinues to
irradiate substrate surface 12 from at a 75° mcident angle O
relative to surface normal N12. However, the substrate has
been rotated 180° about surface normal N12. Accordingly,
the relative positions ol the near surface region 12P and the far
surface region 12D are interchanged. As a result, an 1image
200 1s formed on the formerly near region 12P of surface 12
adjacent to edge 14 now on the far side F'S of the substrate 10.

[0087] Movement of stage 180 via the programmed direc-
tion of controller 190 via signals S180 continues to cause
substrate surface 12 to be scanned under 1image 200 along a
scan path 210. Again, the image 200 scanned across the
formerly near region 12P may be formed from a beam 200
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traveling over at least a portion of the central region 19. As
shown 1n FI1G. 12D, the scan path on the formerly near region
12P Is similar to that shown in FIG. 12B. As a result, substan-
tially the entire substrate surface 12 may be thermally pro-
cessed with radiation beam 20.

[0088] Substantially the entire substrate may be thermally
processed without water rotation as well. Instead of rotating
the water, the beam may be repositioned to alter its direction.
That 1s, the beam may be redirected, as shown 1n FIG. 13, so
it approaches the substrate from the far side FS of the sub-
strate.

[0089] In the foregoing description of the invention, vari-
ous features are grouped together 1n various example embodi-
ments for ease of understanding. The many features and
advantages of the present invention are apparent from the
detailed specification, and, thus, it i1s intended by the
appended claims to cover all such features and advantages of
the described apparatus that follow the true spirit and scope of
the invention. Furthermore, since numerous modifications
and changes will readily occur to those of skill in the art, 1t 1s
not desired to limit the invention to the exact construction and
operation described herein. Any aspects of the invention dis-
cussed herein may be included or excluded as appropriate.
Accordingly, other embodiments are within the scope of the
appended claims.

[0090] All patent applications referred to herein are incor-
porated by reference in their entireties to the extent consistent
with the above.

What 1s claimed 1s:

1. An apparatus for processing a substrate having an upper
surface that includes a central region, a peripheral region, and
an edge adjacent to the peripheral region and perpendicular to
the upper surface, said apparatus comprising:

a radiation source adapted to emit radiation;

an optical system adapted to receive the emitted radiation

and create therefrom a beam that forms an 1image that 1s
incident the upper surface of the substrate at an incident
angle greater than 45°;

a stage adapted to support the substrate; and

a controller operably coupled to the radiation source and

the stage, wherein the controller 1s programmed to pro-
vide relative movement between the stage and the beam
to scan the 1image across the substrate surface in manner
clfective to process the substrate over at least the central
region at a substantially uniform temperature without
overheating the edge to a temperature that damages the
edge.

2. The apparatus of claim 1, further comprising a substrate
supported by the stage, wherein the incident angle between
the beam and the upper surface of substrate 1s at or near the
Brewster angle.

3. The apparatus of claim 2, wherein the substrate com-
prises Si.

4. The apparatus of claim 2, wherein the edge 1s curved.

5. The apparatus of claim 2, wherein the stage 1s movable.

6. The apparatus of claim 5, wherein the stage is rotably
movable by at least 180°.

7. The apparatus of claim 2, wherein the controller 1s pro-
grammed to move the stage 1n a manner effective to ensure
that no portion of the image directly 1lluminates any portion
of the edge.

8. The apparatus of claim 7, wherein the controller 1s pro-
grammed to orient the stage such that the substrate 1s rotated
about an axis normal to the upper surface thereof.
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9. The apparatus of claim 8, wherein the controller 1s pro-
grammed to ensure that the image 1s scanned across the
peripheral region of the surface.

10. The apparatus of claim 2, wherein the controller is
programmed to ensure that substantially all of the upper sur-
face of the substrate 1s thermally processed.

11. A method for processing a substrate having an upper
surface that includes a central region, a peripheral region, and
an edge adjacent to the peripheral region and perpendicular to
the upper surface, said method comprising the steps of:

(a) forming an 1mage from a radiation beam that 1s incident
to the upper surface of the substrate at an incident angle
greater than 45°; and

(b) scanming the 1image across the substrate in a manner
cifective to process at least the central region of the

substrate surface at a substantially uniform temperature
without heating the edge to a temperature that damages
the edge.

12. The method of claim 11, wherein step (b) 1s carried out
in a manner effective to ensure that no portion of the image
directly 1lluminates any portion of the edge.

13. The method of claim 11, further comprising the step of:

(c) rotating the substrate about an axis normal to the upper
surface thereof.

14. The method of claim 13, wherein step (c) 1s carried out
alter a substantial portion of the upper surface of the substrate
1s thermally processed.

15. The method of claim 13, wherein step (¢) 1s carried out
while step (b) 1s carried out.
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16. The method of claim 11, wherein step (b) scans the
image across substantially all of the upper surface of the
substrate.

17. A method for processing a substrate having an upper
surface divided into first and second regions and an edge
adjacent to the upper surface, said method comprising the
steps of:

(a) forming an 1mage on the first region from a radiation
beam that first travels over the second region and 1s then
incident the upper surface of the substrate at an incident
angle;

(b) scanning the 1mage across the first region;

(¢) orienting the substrate and/or the beam such that the
relative positions of the first and the second regions are
transposed relative to the beam; and

(d) scanning the 1image across the second region,

wherein steps (b) and (d) are carried out 1n a manner effec-
tive to process the substrate at a substantially uniform
temperature without heating the edge to a temperature
that damages the edge.

18. The method of claim 17, wherein the incident angle 1s

greater than 45°

19. The method of claim 17, wherein the incident angle 1s
about 75°.

20. The method of claim 17, wherein steps (b) and (d) scan
the 1mage across substantially all of the upper surface of the
substrate.




	Front Page
	Drawings
	Specification
	Claims

