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centering is featured by the manipulation arrangement. 
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ENHANCED RAPID THERMAL PROCESSING 
APPARATUS AND METHOD 

[0001] This application is a continuation application of 
copending US. patent application Ser. No. 11/228,964 ?led 
Sep. 17, 2005, the disclosure of Which is incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention is generally related to the ?eld 
of Rapid Thermal Processing and, more particularly, to tech 
niques and apparatus for enhancing uniformity in Rapid Ther 
mal Processing. 
[0003] The prior art has developed a number of approaches 
in the use of Rapid Thermal Processing (RTP) for purposes of 
producing state-of-the-art devices. Such devices include, for 
example, semiconductor chips, solar cells and nanoparticle 
materials. RTP has been found to be particularly useful fol 
loWing ion implantation processes applied to a substrate or 
Workpiece, in Which the implanted dopant atoms are left in 
interstitial sites Where they are electrically inactive. RTP is 
applied With the intention of repairing the damage to the 
crystal lattice structure and to move dopants to lattice sites to 
electrically activate these dopants. 
[0004] One form of RTP essentially uses isothermal heat 
ing in Which radiant energy is applied for a time duration and 
at a cooperating intensity so as to cause the temperature of the 
Workpiece to rise at least approximately uniformly through 
out the bulk of the Workpiece thickness. Thus, this form of 
isothermal RTP may be referred to as “isothermal RTP” and 
is generally characterized by treatment time durations on the 
order of seconds. 
[0005] As device siZes and junction depths have progres 
sively decreased With successive generations, di?iculties 
have come to light With respect to the use of isothermal RTP. 
In particular, at the high temperatures that cause the desired 
dopant activation, it has been found that diffusion mecha 
nisms come into play Which cause the dopant impurities and 
other species to diffuse from their intended positions Within 
the overall device structure. Such diffusion can result in 
impaired functionality of the device, in vieW of reduced fea 
ture siZes. 
[0006] Concern With respect to undesired diffusion effects 
has motivated the development of What may be referred to as 
millisecond or ?ash RTP. This more recent approach to RTP 
is characteriZed by heating the Workpiece in a Way that delib 
erately produces a temperature gradient through the thickness 
of the Wafer or Workpiece. One highly advantageous 
approach is described in US. Pat. No. 6,594,446 entitled 
HEAT TREATING METHODS AND SYSTEMS, Which is 
incorporated herein by reference in its entirety. The time 
duration, for purposes of millisecond RTP, is from 0.1 ms to 
20 ms. The premise of millisecond RTP resides in ?ash heat 
ing the device side of the Workpiece brie?y so that the bulk of 
the Workpiece remains cooler. In this Way, the bulk of the 
Workpieces acts as a heat sink, folloWing ?ash heating of the 
device side of the Workpiece. Such an implementation is 
effective When the time period of the ?ash heating is consid 
erably faster than the thermal conduction time of the Work 
piece. 
[0007] Thus, millisecond RTP reduces dopant diffusion by 
limiting both the time at Which temperature is suf?ciently 
high to enable diffusion, in conjunction With limiting the 
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volume of Workpiece that is heated to such high temperature. 
Of course, pulsed RTP may be used in What may be consid 
ered as a hybrid form With isothermal RTP, for example, by 
heating the Workpiece to an intermediate temperature and 
then applying pulsed energy as is taught in US. Pat. No. 
6,849,831 Which is incorporated herein by reference. 
[0008] In addition to the aforedescribed difference With 
respect to diffusion effects, each form of RTP introduces 
other unique problems and opportunities With respect to its 
application. For example, With respect to isothermal RTP, 
heating uniformity is a concern, particularly for the reason 
that peripheral edges of the Workpiece tend to lose energy 
more rapidly than the central portion of the Workpiece. The 
edge region, therefore, tends to remain cooler than the center 
of the Workpiece. As an example With respect to millisecond 
RTP, surface heating is intended to be essentially instanta 
neous. Therefore, pulse parameters must be carefully deter 
mined in advance to produce an intended result and there is 
generally no opportunity to in?uence the process result, once 
the pulse has been initiated. In contrast, it is recogniZed that 
edge cooling, in millisecond RTP, is generally of limited 
concern, since heating rates are generally extremely high in 
comparison With the rates of radiative losses or conduction 
and convection heat losses from the Workpiece to the ambient 
gas in the treatment chamber. 

[0009] With the foregoing in mind, US. Pat. No. 4,981,815 
(hereinafter the ’ 815 patent) provides one example of isother 
mal RTP Which attempts to resolve the problem of edge 
cooling. In one approach, that is illustrated by FIG. 7 of the 
’815 patent, a heating arrangement is used that employs one 
heat source in a confronting relationship With a major surface 
of the Workpiece and another, separate heat source in a con 
fronting relationship With the peripheral edge of the Work 
piece. It is submitted that this approach may be unduly com 
plex in its need for an additional heat source that requires 
precision control. As one alternative, FIG. 6 of the ’8 1 5 patent 
illustrates a re?ector that is situated around the peripheral 
edge of the Workpiece for returning thermal energy that is 
radiated from the peripheral edge of the Workpiece. In this 
regard, it is of note that the prior art contains many examples 
based on re?ecting thermal energy that is radiated from the 
Workpiece back to its peripheral edge. It is considered that 
this approach is generally problematic for the reason that the 
radiated energy that is returned is simply not su?icient to 
compensate for the edge cooling effect caused by a combina 
tion of radiative, conductive and convective heat loss. 
[0010] Another isothermal RTP approach is illustrated by 
FIG. 10 of the ’8 1 5 patent, Which uses a heating arrangement 
in a confronting relationship With a major surface of the 
Workpiece, housed Within a re?ective box. The Workpiece is 
movably positioned on support pins relative to a bottom Wall 
of the re?ective box such that varying the height of the Work 
piece, relative to the bottom re?ective Wall, alloWs a varying 
amount of re?ected heat source energy to reach the bottom, 
peripheral edge region of the Workpiece. FIG. 1 1 of the ’815 
patent illustrates yet another approach to isothermal RTP 
Which is related to the approach of FIG. 10 of the patent at 
least to the extent that the Workpiece is supported for move 
ment on support posts. This movement is asser‘tedly used to 
vary heating of the Workpiece edges during the heating inter 
val. Applicants recogniZe that these support posts, unfortu 
nately, in isothermal RTP, Will generally produce cold spots 
on the opposing surface of the Workpiece. The patent, hoW 
ever, does not address this problem, as Will be further dis 
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cussed at an appropriate point below. Further, the re?ective 
surface extends under the Wafer and it is considered that this 
re?ector Would interfere With a double-sided heating imple 
mentation. 
[0011] Us. Pat. No. 4,560,420, issued to Lord, includes 
one embodiment that is deemed as suitable for rapid thermal 
annealing, illustrated in FIG. 5 of the Lord patent. This ?gure 
illustrates a raised re?ective ring that is formed in the oven 
?oor and situated directly under the peripheral edge of the 
Workpiece. The perimeter Wall of the re?ective ring is made 
diffusely re?ective While the interior, raised surface, that is 
surrounded by the re?ective ring, receives a heat-absorptive 
black coating. Assertedly, the interior raised region cools the 
central portion of the Workpiece With the intention of reduc 
ing temperature variations across the Wafer. Other embodi 
ments disclosed by Lord in FIGS. 2-4 of the patent are 
described as being prone to thermal cycling during heating. 
Hence, it is submitted that they are not Well-suited for use in 
RTP processes, since these con?gurations Will absorb energy 
from the heating arrangement and continue to reradiate ther 
mal energy onto the Workpiece edge, even after the heating 
arrangement is shut doWn. More particularly, the embodi 
ment of FIG. 2 relies exclusively on the mechanism of retum 
ing thermal energy, that is radiated therefrom, to the Work 
piece edge, in conjunction With the mechanism of reradiating 
heat source energy. The latter mechanism is performed by 
absorbing energy from the heating arrangement, using at least 
one surface that is parallel With the major surfaces of the 
Workpiece, and reradiating this energy from a surface that is 
in a confronting relationship With the peripheral edge of the 
Workpiece. That is, there is no mechanism for producing 
re?ection of the heat source energy onto the peripheral edge 
of the Workpiece. 
[0012] Still considering the Lord patent, it is of interest to 
note that the embodiments of FIGS. 3-5 are inherently limited 
to use in single sided Workpiece heating con?gurations. That 
is, the re?ector/radiator structures that are shoWn are opaque 
and located directly underneath the peripheral edge of the 
Workpiece. Such structures Would introduce problematic 
shadoWing if any attempt Were made to illuminate the bottom 
surface of the Workpiece, as illustrated in the vieWs of these 
?gures. 
[0013] The present invention is considered to resolve the 
foregoing di?iculties and concerns While providing still fur 
ther advantages. 

SUMMARY OF THE INVENTION 

[0014] An apparatus for processing at least one Workpiece 
and associated method are described. The Workpiece includes 
opposing ?rst and second major surfaces surrounded by a 
peripheral edge Which de?nes a Workpiece diameter such that 
the ?rst and second opposing surfaces cooperate With the 
peripheral edge to de?ne a peripheral edge region. In one 
aspect of the present invention, the Workpiece is received in a 
chamber interior of a processing chamber. A heating arrange 
ment is in thermal communication With the chamber interior 
and in a confronting relationship With the ?rst major surface 
for emitting an illumination energy such that a ?rst portion of 
the illumination energy is directly incident upon the ?rst 
major surface of the Workpiece and a second portion of the 
illumination energy is directed such that, at least initially, the 
second portion Would miss the ?rst major surface. A re?ector 
is supported in the chamber interior having an at least gener 
ally annular con?guration thereby de?ning a central opening 
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With an opening Width, for any given measurement thereof, 
that is greater than the Workpiece diameter, and the re?ector is 
arranged, at least generally, in a concentric relationship With 
the peripheral edge and con?gured for re?ecting at least some 
of the second portion of the illumination energy onto the 
peripheral edge region of the Workpiece. 
[0015] In another aspect of the present invention, an appa 
ratus and associated method are described for heat treating at 
least one generally planar Workpiece having opposing ?rst 
and second major surfaces surrounded by a peripheral edge 
con?guration such that the ?rst and second opposing surfaces 
cooperate With the peripheral edge con?guration to de?ne a 
peripheral edge region. The Workpiece is received in a cham 
ber interior that is de?ned by a processing chamber. A heating 
arrangement is in thermal communication With the chamber 
interior and in a confronting relationship With the ?rst major 
surface for emitting an illumination energy such that a ?rst 
portion of the illumination energy is directly incident upon 
the ?rst major surface of the Workpiece and a second portion 
of the illumination energy is directed such that, at least ini 
tially, the second portion Would miss the ?rst major surface. A 
re?ector arrangement, supported in the chamber interior, 
includes a shape that is complementary With respect to the 
peripheral edge con?guration of the Workpiece so as to de?ne 
a complementary re?ector con?guration With the re?ector 
arrangement, and the Workpiece being mutually supported in 
a Way Which aligns the complementary re?ector con?gura 
tion With the peripheral edge con?guration of the Workpiece 
in a spaced-apart relationship thereWith for causing at least 
part of the second portion of the illumination energy to be 
re?ected by the complementary re?ector con?guration and 
to, thereafter, be incident around and onto the peripheral edge 
region of the Workpiece and a projection, of at least the 
complementary re?ector con?guration onto a plane Which 
includes the ?rst major surface, is complementary to and 
outWardly spaced aWay from the peripheral edge con?gura 
tion by at least a predetermined distance. 

[0016] In still another aspect of the present invention, an 
apparatus and associated method are described for heat treat 
ing at least one Wafer-shaped Workpiece having opposing ?rst 
and second major surfaces delimited by a peripheral edge. 
The Workpiece is received in a chamber interior that is de?ned 
by a processing chamber. A ?rst heating arrangement is in 
thermal communication With the chamber interior in a con 
fronting relationship With the ?rst major surface for emitting 
a ?rst illumination energy during a ?rst heating mode, at least 
a ?rst portion of Which ?rst illumination energy is directly 
incident on the ?rst major surface. A second heating arrange 
ment is in thermal communication With the chamber interior 
in a confronting relationship With the second major surface 
and, in cooperation With emitting the ?rst illumination 
energy, for emitting a second illumination energy that is 
directly incident on the second major surface, during a second 
heating mode. A re?ector, supported in the chamber interior, 
includes an annular con?guration for re?ecting a second por 
tion of the ?rst illumination energy, that Would otherWise at 
least initially miss the ?rst major surface, so as to be surround 
ingly incident on a peripheral edge region of the Workpiece, 
proximate to the peripheral edge, and providing for a substan 
tially shadoW-free illumination of the second major surface 
by the second illumination energy at least during the second 
heating mode. 
[0017] In yet another aspect of the present invention, an 
apparatus and associated method are described for heat treat 
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ing at least one Wafer-shaped workpiece having opposing ?rst 
and second major surfaces surrounded by a peripheral edge. 
The workpiece is received in a chamber interior that is de?ned 
by a processing chamber. A ?rst heating arrangement is in 
thermal communication With the chamber interior for emit 
ting a ?rst illumination energy in a confronting relationship 
With the ?rst major surface during a ?rst heating mode, a ?rst 
portion of Which ?rst illumination energy is directly incident 
on the ?rst major surface and a second portion of Which, at 
least initially, Would miss the ?rst major surface. A second 
heating arrangement is in thermal communication With the 
chamber interior in a confronting relationship With the second 
major surface and, in cooperation With emitting the ?rst heat 
ing arrangement, for emitting a second illumination energy, 
during a second heating mode, that is directly incident on the 
second major surface. A re?ector arrangement is supported in 
the chamber interior, having an overall shape that is comple 
mentary With respect to the peripheral edge con?guration of 
the Workpiece so as to de?ne a complementary re?ector con 
?guration for re?ecting at least some of the ?rst illumination 
energy around and onto the peripheral edge region of the 
Workpiece With the re?ector arrangement and the Workpiece 
being mutually supported in a Way Which aligns the comple 
mentary re?ector con?guration With the peripheral edge con 
?guration of the Workpiece in a spaced-apart relationship 
thereWith and to cooperatively provide for substantially 
shadoW-free illumination of the second major surface by the 
second illumination energy, at least during the second heating 
mode. 

[0018] In a continuing aspect of the present invention, an 
apparatus and associated method are described for heat treat 
ing at least one substrate having opposing ?rst and second 
major surfaces Which de?ne a con?guration of lateral extents 
of the substrate that is delimited by a peripheral edge con 
?guration. The Workpiece is received in a chamber interior 
that is de?ned by a processing chamber. A ?rst heating con 
?guration is in thermal communication With the chamber 
interior for emitting a pre-heating irradiance for inducing a 
bulk temperature rise of the Workpiece progressively during a 
preheating interval such that changing a relative positional 
relationship, betWeen the substrate and the ?rst heating con 
?guration, changes an intensity pro?le of the pre-heating 
irradiance across the lateral extents of the substrate. A 
manipulation arrangement is provided for elevationally mov 
ing the substrate and/or re?ector during the preheating inter 
val to change the intensity pro?le of the pre-heating irradi 
ance across the lateral extents of the substrate in a Way Which 
enhances uniformity of the bulk temperature increase across 
the con?guration of lateral extents of the substrate and for 
moving the substrate to a treatment position at a treatment 
station for exposure to a ?ash irradiance. A second heating 
con?guration is in thermal communication With the chamber 
interior for emitting the ?ash irradiance to produce a substan 
tially instantaneous increase in a surface temperature of a 
selected one of the ?rst and second major surfaces of the 
substrate. 

[0019] In an additional aspect of the present invention, an 
apparatus and associated method are described for manipu 
lating a substrate that is to be exposed to a treatment process 
at a treatment station such that the substrate, at least poten 
tially and responsive to the treatment process, can move to an 
offset position from a desired, treatment position at the treat 
ment station. The substrate includes a peripheral edge con 
?guration. A manipulation arrangement is con?gured and 
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used for movement (i) in a centering mode, With the substrate 
located on the treatment station, betWeen a disengaged posi 
tion, that is WithdraWn from the substrate, and an engaged 
position for use in contacting the substrate such that move 
ment from the disengaged position to the engaged position 
causes the substrate to move from the offset position to Within 
a centering tolerance from the treatment position and (ii) for 
movement in a lifting mode to elevationally move the sub 
strate betWeen the treatment station and at least one elevated 
position above the treatment station. In one feature, the sub 
strate includes a peripheral edge con?guration and the 
manipulation arrangement, in the disengaged position, is 
WithdraWn from the peripheral edge con?guration by a pre 
determined distance and, in the engaged position, the 
manipulation arrangement engages the peripheral edge con 
?guration of the substrate to move the substrate from the 
offset position to Within the centering tolerance of the treat 
ment position. 
[0020] In another aspect of the present invention, an appa 
ratus and method are described for manipulating a substrate 
that is to be exposed to a treatment process at a treatment 
station such that the substrate, at least potentially and respon 
sive to the treatment process, can move to an offset position 
from a desired, treatment position at the treatment station. 
The substrate includes a peripheral edge con?guration. A 
manipulation arrangement is con?gured and used for move 
ment, With the substrate located on the treatment station, 
betWeen a disengaged position, that is WithdraWn from the 
peripheral edge con?guration of the substrate by a predeter 
mined distance, and an engaged position for use in engaging 
the peripheral edge con?guration such that movement from 
the disengaged position to the engaged position causes the 
substrate to move from the position to Within a centering 
tolerance from the treatment position. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] The present invention may be understood by refer 
ence to the folloWing detailed description taken in conjunc 
tion With the draWings brie?y described beloW. 
[0022] FIG. 1 is a diagrammatic vieW, in elevation, of a 
thermal treatment system that is produced in accordance With 
the present invention. 
[0023] FIG. 2a is a partial diagrammatic cut-aWay vieW, in 
elevation, of a re?ector arrangement that is usable in the 
treatment system of FIG. 1. 
[0024] FIG. 2b is a diagrammatic elevational vieW of a 
frustoconical re?ector con?guration, that is usable in the 
re?ector arrangement of FIG. 2a, shoWn in relation to a Work 
piece. 
[0025] FIG. 20 is a diagrammatic plan vieW of an upper 
compensator, Which forms part of the re?ector arrangement 
of FIGS. 1 and 2a, shoWn here to illustrate details With respect 
to its positional relationship With a Workpiece. 
[0026] FIG. 2d is a diagrammatic vieW, in perspective, 
shoWing a rectangular-shaped Workpiece and a complemen 
tary con?gured re?ector surface. 
[0027] FIG. 3 is a partially cut-aWay vieW, in perspective, of 
a segmented compensator that is usable in the re?ector 
arrangement of FIG. 1. 
[0028] FIG. 4 is a diagrammatic plan vieW of a manipula 
tion arrangement, that is used in the system of FIG. 1, shoWn 
here to illustrate further details With respect to its relationship 
to a Workpiece. 
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[0029] FIG. 5 is a perspective vieW of a manipulation mod 
ule, a number of Which are spaced around the periphery of a 
workpiece, to form the manipulation arrangement of FIGS. 1 
and 4. 
[0030] FIG. 6 is another perspective vieW of the manipula 
tion module of FIG. 5, shoWn here to illustrate further details 
With respect to its structure. 
[0031] FIG. 7 is a diagrammatic vieW, in elevation, of the 
manipulation module of FIGS. 5 and 6, shoWn here to illus 
trate the manipulation module in a retracted or WithdraWn 
position With respect to a Workpiece. 
[0032] FIG. 8a is another diagrammatic vieW, in elevation, 
of the manipulation module of FIGS. 5 and 6, shoWn here to 
illustrate the manipulation module in a centering, limit posi 
tion for purposes of returning the Workpiece to Within a cen 
tering tolerance of a centered position from an offset position. 
[0033] FIG. 8b is a further enlarged partial vieW of a region 
of FIG. 8a, shoWn here to illustrate details With respect to the 
relationship betWeen a centering ?nger and lifting arm, Which 
form parts of the manipulation module, and the Workpiece 
during centering operations. 
[0034] FIG. 9 is still another diagrammatic vieW, in eleva 
tion, of the manipulation module of FIGS. 5 and 6, shoWn 
here to illustrate the manipulation module in a lifting and 
dynamic movement mode for purposes of varying a heating 
pro?le across the lateral extents of a Workpiece. 
[0035] FIG. 10 is a ?oW diagram Which illustrates a highly 
advantageous technique for thermally treating a Workpiece in 
accordance With the present invention. 

DETAILED DESCRIPTION 

[0036] The folloWing description is presented to enable one 
of ordinary skill in the art to make and use the invention and 
is provided in the context of a patent application and its 
requirements. Various modi?cations to the described embodi 
ments Will be readily apparent to those skilled in the art and 
the generic principles herein may be applied to other embodi 
ments. Thus, the present invention is not intended to be lim 
ited to the embodiment shoWn but is to be accorded the Widest 
scope consistent With the principles and features described 
herein including alternatives, modi?cations and equivalents, 
as de?ned Within the scope of the appended claims. It is noted 
that the draWings are not to scale and are diagrammatic in 
nature in a Way that is thought to best illustrate features of 
interest. Further, like reference numbers are applied to like 
components, Whenever practical, throughout the present dis 
closure. Descriptive terminology such as, for example, upper 
most/loWermost, right/ left, front/rear and the like has been 
adopted for purposes of enhancing the reader’s understand 
ing, With respect to the various vieWs provided in the ?gures, 
and is in no Way intended as being limiting. 
[0037] Referring to FIG. 1, an enhanced Rapid Thermal 
Processing system is diagrammatically illustrated and gener 
ally indicated by the reference numeral 10. System 10 
includes an upper chamber portion 12a and a loWer chamber 
portion 12b, Which may be referred to collectively as chamber 
12, such that at least one Workpiece 14 is supported therebe 
tWeen, as Will be further described. Workpiece 14 includes a 
device side 16, facing upWard in the vieW of the ?gure and a 
backside 18, facing doWnWard in the vieW of the ?gure. It is 
to be understood that, While Workpiece 14 is represented as a 
semiconductor substrate or Wafer, any suitable type of Work 
piece may be utiliZed, so long as the teachings herein remain 
applicable. Examples of alternative Workpieces include, but 
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are not limited to display panels and solar cell substrates. 
Moreover, the peripheral edge con?guration of the substrate 
is not required to be circular, but may be rectangular or any 
other useful shape. Upper and loWer chamber portions 12a 
and 12b may include any desirable con?guration of interior 
surfaces such as, re?ective regions, absorptive regions, either 
of Which can be made Wavelength selective, as Well as any 
useful combinations thereof. In the present example, chamber 
interior surfaces, aside from WindoWs and other apertures, are 
all con?gured as being re?ective and, hence, the upper and 
loWer chambers may be referred to as re?ector boxes, 
although any suitable interior chamber surface con?guration 
can be used. 

[0038] A preheating arrangement 20 is disposed beloW 
Workpiece 14, generally in a confronting relationship With 
backside 18 of the Workpiece, While a ?ash heating arrange 
ment 22 is disposed in a confronting relationship With device 
side 16 of the Workpiece. Preheating arrangement 20 may be 
comprised of any suitable heating source for emitting a pre 
heating irradiance 24 that is capable of inducing a rapid, but 
uniform bulk temperature rise of Workpiece 14, in vieW of the 
thermal characteristics of the Workpiece, to heat the Work 
piece to an intermediate temperature. That is, the Workpiece is 
preheated at a rate, and during a corresponding time interval, 
that is sloWer than a thermal conduction time through the 
Workpiece. The heating rate to the intermediate temperature 
may be in the range from approximately 100° C. per second to 
4000 C. per second to achieve an intermediate temperature in 
a range from approximately 4000 C. to 1250° C. It is noted 
that preheating irradiance 24 passes through a WindoW 26, 
described in further detail beloW, to enter chamber 1211. In the 
present example, preheating lamps are used, one of Which is 
indicated by the reference number 28, to provide preheating 
irradiance 24, as Will be further described. 

[0039] Flash heating arrangement 22 is con?gured for 
exposing device side 16 of the Workpiece to an irradiance 
?ash 30 having a duration that is substantially less than a 
thermal conduction time of the Workpiece using, for example, 
a plurality of ?ash lamps, one of Which is indicated by the 
reference number 32. Any suitable ?ash heating arrangement 
may be used for purposes of providing irradiance ?ash 30. 
Irradiance ?ash 30 enters chamber 12 through a WindoW 34, 
Which Will be described in further detail beloW. The device 
side temperature, responsive to irradiance ?ash 30, may reach 
a temperature in a range from approximately 10500 C. to a 
temperature that is close to the melting temperature of silicon, 
for example, on the order of 14100 C. It is noted that the 
preheating and ?ash heating arrangements may use, for 
example, arc lamps such as those described in Us. Pat. No. 
6,621,199 or in Us. patent application Ser. No. l0/777,995, 
both of Which are commonly oWned With the present appli 
cation and are incorporated herein by reference. It is noted 
that such lamps are available from Mattson Technology 
Canada, Inc. of Vancouver, Canada. As one example of an 
alternative con?guration, With respect to the ?ash heating 
arrangement, a microWave pulse generator can be used to 
produce the irradiance ?ash in the form of microWave energy. 
Irrespective of the speci?c details With respect to the type of 
energy source that is employed, preheating arrangement 20 
and ?ash heating arrangement 22 are cooperatively operated 
to modify the device structure. This may move dopant atoms 
in the Workpiece to substitutional sites in the crystal lattice 
structure, in order to render the dopant atoms electrically 
active, While avoiding signi?cant diffusion of the dopant 
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atoms Within the device structure. In addition, this processing 
may be used to modify defect densities, crystal structure or 
many other properties. 
[0040] WindoWs 26 and 34 may comprise Water cooled 
WindoWs as described, for example, in US. Patent Applica 
tion Publication no. 2002/0102098, entitled HEAT-TREAT 
ING METHODS AND SYSTEM, Which is incorporated 
herein by reference. The use of any suitable WindoW con?gu 
ration is contemplated, so long as it is su?iciently transparent 
With respect to the Wavelengths that are of interest. 

[0041] Still referring to FIG. 1, Workpiece 14 is supported 
using a WindoW 100 Which receives at least three support pins 
102. Both WindoW 100 and pins 102 are generally formed 
from fused silica. In this regard, it is noted that fused silica has 
been selected by virtue of an at least approximate transpar 
ency to the Wavelengths of interest, that comprise preheating 
irradiance 24, although any suitable material may be used. 
WindoW 100 is, in turn, supported by a support plate 104 
Which can be formed, for example, from Water cooled alumi 
num. A manipulation mechanism 120 is disposed surround 
ing Workpiece 14 at least for purposes of placing the Work 
piece on support pins 102 and lifting the Workpiece 
therefrom. It is noted that manipulation mechanism 120 may 
be con?gured to cooperate With a robot, or other such mecha 
nism (not shoWn), for purposes of moving the Workpiece into 
and out of chamber 12. A number of highly advantageous 
arrangements for use as manipulation mechanism 120 are 
described in copending, commonly oWned US. patent appli 
cation Ser. No. 11/018,388, entitled APPARATUS AND 
METHODS FOR SUPPRESSING THERMALLY-IN 
DUCED MOTION OF A WORKPIECE, Which is incorpo 
rated herein in its entirety by reference. In the present imple 
mentation, hoWever, manipulation mechanism 120 serves an 
additional function that is yet to be described. For the 
moment, it is su?icient to note that external actuators 122 are 
used to operate manipulation mechanism 120, corresponding 
to at least three stations or modules that are spaced apart 
around the periphery of Workpiece 14. In doing so, each 
actuator 122 moves a shaft 124 in a linear manner, as Will be 
described at an appropriate point beloW. 

[0042] Referring noW to FIG. 2a, in conjunction With FIG. 
1, a re?ector arrangement, produced in accordance With the 
present invention, is generally indicated by the reference 
number 140. In this regard, it should be appreciated that the 
re?ector arrangement is best illustrated in the enlarged, par 
tial vieW provided by FIG. 2a, as compared to the overall 
system vieW of FIG. 1, as a result of illustrative constraints 
With respect to FIG. 1. In the diagrammatic vieW of FIG. 2a, 
preheating irradiance 24 is indicated using a plurality of par 
allel arroWs, several of Which are labeled. It is noted that 
preheating irradiance 24 has been illustrated as collimated 
light for illustrative purposes, although it is to be understood 
that the preheating irradiance contains light having a Wide 
variety of angular orientations. In the region directly beloW 
Workpiece 14, preheating irradiance 24 passes through sup 
port/Window 100 and is, thereafter, incident on backside 18 of 
Workpiece 14. As Will be seen, re?ector arrangement 140 
serves in a highly advantageous Way so as to redirect a portion 
of preheating irradiance 24, Which Would otherWise initially 
miss Workpiece 14, onto a peripheral edge region 142 of the 
Workpiece. The peripheral edge region is considered to 
include portions of both major surfaces of the Workpiece as 
Well as its outermost edge. 
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[0043] Re?ector arrangement 140 includes an upper com 
pensator 146 and a loWer compensator 148 Which de?ne an 
upper compensator re?ector surface 150 and a loWer com 
pensator re?ector surface 152, respectively. It is noted that 
FIG. 1 illustrates only upper compensator 146 due to the 
aforementioned illustrative constraints, although it is to be 
understood that re?ector arrangement 140 can be present in 
any form described herein. The upper and loWer compensa 
tors can be formed using any suitable materials such as, for 
example, aluminum. A cooling arrangement may be used to 
actively cool the compensators, for example, by de?ning 
cooling channels 153 Within the compensators Which may 
support a ?oW of a suitable cooling liquid such as, for 
instance, Water. Re?ector surfaces may be formed, for 
example, using single-point diamond turning to ensure appro 
priate optical qualities. 
[0044] It should be appreciated that each of re?ector sur 
faces 150 and 152 can be provided in a Wide variety of 
con?gurations. In the present example, the compensator 
re?ector surfaces are vertically curved, as can be seen in the 
vieW of the ?gure, in the form of a second order curve, 
although curvature is not a requirement. That is, a vertical 
cross-section that is taken through the re?ector surfaces can 
de?ne a straight line 156, as is illustrated in the diagrammatic 
elevational vieW of FIG. 2b, Wherein a frustoconical re?ector 
surface 157 is shoWn in relation to Workpiece 14. This cross 
sectional sideWall shape may be referred to hereinafter as the 
“sidecut” of the re?ectors. Each re?ector surface is con?g 
ured so as to surround the peripheral edge con?guration of the 
Workpiece in a spaced apart relationship thereWith. The gen 
eral shape of the re?ector, in this sense, may be referred to 
herein as the plan vieW of the re?ector con?guration. Since 
the present example contemplates a circular semiconductor 
Wafer as Workpiece 14, each re?ector surface can be con?g 
ured as a surface of rotation Which surrounds the circular 
periphery or edge 154 of the Workpiece, thereby creating an 
annular re?ector con?guration in plan vieW. It should be 
appreciated, hoWever, that, even though a Wafer is circular, 
one or both of the re?ectors can be noncircular in plan vieW, 
for example, for purposes of compensating for nonuniform 
heating. In this regard, one or both re?ectors may have an 
elliptical or other suitable shape in plan vieW. With this in 
mind, it should be appreciated that that the shape of the 
re?ector arrangement can be changed in any suitable manner, 
irrespective of the fact that the peripheral edge con?guration 
is a multi-sided polygon. Moreover, heating compensation 
can also be provided by varying the sidecut of one or both of 
the re?ectors at different points around the periphery of the 
Wafer. 

[0045] Referring to FIGS. 2a and 2c, the con?guration of 
re?ector arrangement 140 is highly advantageous With 
respect to the use of ?ash heating arrangement 22. In particu 
lar, the peripheral con?guration of re?ector arrangement 140 
provides for shadoW free illumination of Workpiece 14 by 
?ash heating arrangement 22. The re?ector arrangement, in 
order to insure this provision, can be at least someWhat later 
ally spaced aWay from peripheral edge 154 of the Workpiece. 
That is, in the plan vieW of FIG. 20, upper compensator 146 is 
shoWn having its complementary re?ector surface 150 out 
Ward of the peripheral edge of Workpiece 14, particularly With 
respect to portions of the re?ector arrangement that are closer 
to ?ash heating arrangement 22 (see FIG. 1) than the Work 
piece. Accordingly, a projection of either the complementary 
re?ector con?guration, as represented by re?ector surface 
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150, or overall upper compensator 146 onto a plane that 
includes upper, device surface 16 of Workpiece 14 is out 
Wardly spaced aWay from the periphery of the Workpiece by 
at least a minimum distance 160 Which may be approximately 
3 mm. Although loWer compensator 148, likewise, satis?es 
these requirements, it should be appreciated that it is so posi 
tioned for purposes of providing for shadoW free illumination 
by preheating irradiance 24. Further, an angle [3 is illustrated 
in FIG. 2a, de?ned betWeen a vertical direction and an upper 
most edge of re?ector arrangement 146. Maintaining a value 
of [3 in excess of 45° has been found to be useful in maintain 
ing shadoW free illumination from ?ash heating arrangement 
22. More preferably, [3 may be at least 60°. It is again noted 
that the ?gures are not to scale so that the illustrated angle 
may appear horiZontally compressed. The concepts taught 
With respect to [3 are equally applicable With respect to the 
relationship betWeen Workpiece 14, loWer compensator 148 
and pre-heating arrangement 20. Further, it is noted that the 
aforementioned minimum spacing may alternatively be set 
forth as a minimum distance betWeen any given position on 
the re?ector con?guration and a nearest position on the Work 
piece such as, for example, approximately 15 mm. Such a 
minimum spacing is best illustrated in FIG. 211 as a distance 
betWeen Workpiece edge 154 and the uppermost, inner edge 
of upper compensator 146. It should further be appreciated 
that complementary con?gured re?ector surface 150 of upper 
compensator 146 is the only portion of the compensator that 
faces or is in a confronting relationship With Workpiece 14. 
Another expedient, that may be used in avoiding shadoWing 
on Workpiece 14 by re?ector arrangement 140 resides in 
loWering the re?ector arrangement, relative to the Workpiece, 
before the latter is exposed to ?ash irradiance 30. Such loW 
ering, in effect, causes the relative positioning of the Work 
piece, ?ash heating arrangement 22 and re?ector arrange 
ment 140 to conform With the foregoing descriptions, in terms 
of angle [3, at least for the limited duration of the irradiance 
?ash. 

[0046] FIG. 2d illustrates an alternative con?gurationusing 
a modi?ed re?ector surface 150' shoWn diagrammatically in 
relation to a rectangular Workpiece 14'. Modi?ed re?ector 
surface 150' takes on the shape of a truncated rectangular 
based pyramid. In this regard, it should be appreciated that a 
Wide variety of alternative Workpiece and re?ector con?gu 
rations are possible, all of Which are considered to fall Within 
the scope of the present invention. 
[0047] Having described the structure of re?ector arrange 
ment 140 and its position With respect to other components of 
system 10, attention is noW directed to details With respect to 
the manner in Which the re?ector arrangement redirects a 
portion of preheating energy 24 onto peripheral edge region 
142 of the Workpiece. This description Will again be framed as 
if preheating energy 24 Were collimated, although this is 
understood not to be the case, for purposes of enhancing the 
reader’s understanding. More particularly, the description 
Will consider speci?c rays that are illustrated in FIG. 2a in 
traveling from the preheating arrangement to the Workpiece. 
Initially directing the discussion to upper compensator 146, a 
?rst ray 170 is incident upon upper compensator re?ector 
surface 150, at substantially its furthest point from the pre 
heating arrangement. Accordingly, ray 170 is re?ected and, 
thereafter, incident at a point 172 on device side 16 of the 
Workpiece. It is noted that point 172 is spaced inWard some 
What from edge 154 of the Workpiece. A second ray 174 is 
incident at a point 176 on the upper compensator re?ector 
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surface and is re?ected so as to be incident substantially on 
edge 154 of the Workpiece. Hence, at least With respect to the 
described “collimated” rays, a vertical band or region 180, of 
the upper compensator re?ector surface, redirects preheating 
energy that Would otherWise miss the Workpiece, to an annu 
lar region of the Workpiece including and betWeen points 172 
and 176 on device side 16. 

[0048] Still considering the operation of upper compensa 
tor re?ector surface 150, a ray 190 is incident on the re?ector 
surface at a point 192, beloW aforedescribed point 176, in the 
vieW of FIG. 2a. Ray 190 re?ects from the upper compensator 
and is then re?ected by WindoW/ support member 100 at a 
point 194, to then be incident on a point 196 of backside 18 of 
the Workpiece. Thus, ray 190 undergoes tWo re?ections. 
Similarly, a ray 200 is incident upon a loWermost point 202 of 
upper compensator re?ector surface 150 and is re?ected so as 
to then be incident on a point 204 that is de?ned by the upper 
surface of WindoW 100. Ray 200 is then incident on a point 
206 very near edge 154, but on backside 18 of the Workpiece. 
Again, at least With respect to the described “collimated” 
rays, a vertical band or region 210, of the upper compensator 
re?ector surface, redirects preheating energy that Would, at 
least initially, otherWise miss the Workpiece, to an annular 
region of the Workpiece including and betWeen points 196 
and 206 on backside 18. In vieW of the foregoing, upper 
compensator 146 is considered to be remarkably advanta 
geous in its ability to simultaneously illuminate device side 
16, peripheral edge 154 and backside 18 of the Workpiece in 
cooperation With WindoW 100. At the same time, hoWever, it 
should be appreciated that upper compensator 146 can be 
con?gured With a sidecut that excludes one of regions 180 or 
210. Moreover, edge 154 can be excluded from illumination, 
independent of Whether one of regions 180 or 210 is excluded 
With respect to light 24. 

[0049] Still referring to FIG. 2a, attention is noW directed to 
the operation of loWer compensator 148, again based on the 
illustrated collimated preheating energy 24 that is incident on 
loWer re?ector surface 152. In particular, a ray 220 is incident 
on an uppermost portion of re?ector surface 152 at a point 
222. Ray 222 is then re?ected from loWer compensator re?ec 
tor surface 152 and is refracted as it passes through WindoW 
100. Thereafter, ray 220 emerges from WindoW 100 and is 
incident upon edge 154 of the Workpiece. Similarly, a ray 230 
is incident upon re?ector surface 152 proximate to its loWer 
most edge and is re?ected therefrom. Ray 230 is then 
refracted as it passes through WindoW 100 and is then incident 
upon Workpiece 14, but at a point 232 that is spaced periph 
erally inWard With respect to Workpiece edge 14. Thus, region 
234 corresponds to the entire vertical sidecut of loWer com 
pensator re?ector surface 152 by redirecting preheating 
energy primarily from edge 154 peripherally inWard, onto 
backside surface 18 of the Workpiece. Like upper compensa 
tor 146, loWer compensator 148 serves to redirect preheating 
energy onto the peripheral edge region of Workpiece 14, 
Which preheating energy Would, at least initially, otherWise 
miss the Workpiece. 
[0050] Having described the operation of upper and loWer 
compensators 146 and 148, respectively, With regard to col 
limated energy that is at least approximately normal to the 
major surfaces of the Workpiece, it is considered that rays 
having many other orientations Will be directed from these 
compensators onto the peripheral edge region of the Work 
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piece, depending upon their speci?c angle of incidence on the 
compensator re?ector surface in conjunction With their spe 
ci?c point of incidence. 
[0051] At this juncture, it is appropriate to note that differ 
ent Wafers or Workpieces can have different optical absorp 
tion and emission properties that can affect net energy loss 
from the Wafer edge. Thus, adjustments in the con?guration 
of the re?ector arrangement can be made on the basis of 
Workpiece characteristics. Moreover, adjustment of the 
re?ector arrangement can be necessary on the basis of chang 
ing the heating protocol. For example, if the preheating ramp 
rate is increased, the incident poWer is increased and, thus, the 
irradiance from re?ector arrangement 140, correspondingly 
increases. At the same time, a faster preheating ramp rate 
reduces the time the Workpiece has to radiate energy, so that 
edge losses occur over a shorter time interval. The net result 
can lead to the peripheral edge region being too hot for a given 
con?guration of the re?ector arrangement. Conversely, 
reducing the ramp rate can cause the peripheral edge region to 
be too cool. Replacing the re?ector arrangement With one 
designed speci?cally for a modi?ed ramp rate is one approach 
With respect to correction for the “hot” or “cool” edge, hoW 
ever, one highly advantageous approach Will be described 
immediately hereinafter. 
[0052] Continuing to refer to FIG. 2a, it should be under 
stood that upper compensator 146 and loWer compensator 
148 can be used either individually or in combination to 
achieve a desired level of edge heating compensation. Fur 
ther, it is apparent from this ?gure that each of upper com 
pensator 146 and loWer compensator 148 produces a re?ected 
energy pattern that changes responsive to changes in a relative 
vertical positional relationship betWeen the Workpiece and 
each of the compensators. Changing the relative positional 
relationship canbe accomplished by moving the Workpiece or 
the re?ector or both. For example, if Workpiece 14 is moved 
upWard in the vieW of the ?gure, upper compensator 146 Will 
re?ect preheating energy 24 onto a narroWer portion or band 
of the Workpiece peripheral edge region. That is, point 172 
Will move toWard the left, in the vieW of the ?gure, toWard 
edge 154. Preheating characteristics, therefore, can be 
adjusted by adjusting the vertical positional relationship 
betWeen the Workpiece and the compensator or compensators 
that are in use. Thus, for a given Workpiece, the vertical 
positional relationship betWeen the re?ector arrangement and 
Workpiece can be adjusted in order to compensate for speci?c 
characteristics of that Workpiece. Similarly, the vertical posi 
tional relationship is adjustable in vieW of changing the ramp 
preheating rate or preheating interval duration, in order to 
reduce or enhance edge heating, based on a particular set of 
circumstances. Thus, in this Way, the aforedescribed hot or 
cool edge problem is resolved. In one implementation, using 
an infrared digital camera, as described in Us. Pat. No. 
6,303,41 1, Which is commonly oWned With the present appli 
cation and incorporated herein by reference, the Workpiece 
edge temperature canbe monitored, although it is to be under 
stood that any suitable temperature sensing con?guration can 
be used. This monitored temperature can then be used for 
process feedback control to establish the Wafer/re?ector rela 
tive positional relationship. FIG. 1 illustrates an infrared cam 
era 236 foruse in such temperature monitoring. Alternatively, 
multiple radiometers can be used to measure the edge tem 
perature, compared to the Wafer center for feedback control. 

[0053] In this regard, it is noted that such compensation can 
be dynamic by changing the relative vertical positional rela 
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tionship during the preheating cycle. Thus, as an example, a 
linear actuator arrangement 240, can be used to move loWer 
compensator 148 as indicated by a double-headed arroW 241, 
Where the loWer compensator is used individually. Accord 
ingly, one having ordinary skill in the art Will recogniZe that 
this linear actuator could just as readily be applied for pur 
poses of moving upper compensator 146 or for moving the 
entire re?ector arrangement by appropriately con?guring 
support plate 1 00 to cooperate With the re?ector arrangement. 
As another alternative, the upper and loWer compensator can 
be moved simultaneously or independently in opposing 
directions; that is, either toWard or aWay from one another. It 
should further be appreciated that an embodiment is contem 
plated Wherein a movement mechanism provides for preheat 
ing using re?ector arrangement 140, as described above, and 
then serving to change the positional relationship betWeen the 
?ash heating arrangement, re?ector arrangement and Work 
piece to provide for shadoW-free illumination of the device 
side of the Workpiece by the irradiance ?ash, using ?ash 
heating arrangement 22. For example, re?ector arrangement 
140 can be loWered during the irradiance ?ash. 

[0054] With respect to the upper and loWer compensators 
described above, it should be appreciated that the re?ective 
performance that is produced by the re?ective surface of 
either compensator can be ?ne tuned, for example, by modi 
fying the shape of the sidecut of the de?ned re?ective sur 
faces, as Well as by changing the area of the re?ective surface. 
Other techniques, hoWever, are also recogniZed for use in ?ne 
tuning the performance of either of the compensators, Which 
do not necessitate actually changing spatial relationships or 
geometry in a particular implementation. For example, the 
re?ective surface of a compensator can be coated to increase 
or decrease heating e?iciency With respect to the spectral 
content of the incoming radiation, in conjunction With Work 
piece radiation absorptivity by modifying its re?ectivity at 
certain Wavelength regions. As another example, the spectral 
response of the re?ective surface can be changed in a desired 
Way. As still another example, the diffusivity of the re?ective 
surface can be changed. Increasing the diffusivity, for 
instance, Will tend to blur or Widen the illuminated area, 
thereby reducing intensity. Another technique for ?ne tuning 
the response of one of the compensators relies on segmenting 
the re?ective surface of the compensator, as Will be described 
immediately hereinafter. 
[0055] Referring to FIG. 3, a segmented compensator, pro 
duced in accordance With the present invention, is generally 
indicated by the reference number 300 and is partially shoWn 
in a cut-aWay, perspective vieW. Again, operation of this com 
pensator Will initially be presented With respect to collimated 
rays 24 of FIG. 2a, in order to enhance the reader’s under 
standing, although it is to be understood that a Wide variety 
angles of incidence are possible. More speci?cally, rays 
24a-d are illustrated. Segmented compensator 300 includes a 
plurality of cutouts 302, a number of Which are indicated, 
spaced apart around the periphery of the compensator. A 
plurality of re?ector segments, indicated by the reference 
numbers 304a-d, are illustrated betWeen cutouts 302. While 
rays 2411, 24c and 24d are incident on re?ector segments 
304a, 3040 and 304d, respectively, ray 24b passes through 
one of cutouts 302, unaffected by compensator 300. In this 
regard, one alternative to the use of cutouts 302 resides in 
coating What Would be a corresponding portion of the re?ec 
tive surface With an absorber 306 (represented by hatching), 
such that ray 24b Would be absorbed, rather than passing 
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through compensator 300 unaffected. It must be borne in 
mind, With respect to such use of “absorber” segments, that 
the compensator temperature Will rise, corresponding to the 
amount of additional energy that is absorbed. Alternatively, 
the surface corresponding to absorber 306 can be treated so as 
to increase its diffusivity so as to act less effectively than the 
untreated regions of re?ector surface. Suitable materials for 
use in forming compensator 300 include, for example, alu 
minum. Techniques for producing the desired, segmented 
con?guration are Well-knoWn in the art. Details With respect 
to the design of compensator 300 Will be provided immedi 
ately hereinafter. 
[0056] Still referring to FIG. 3, cutouts 302 may be vieWed, 
in effect, as changing the average re?ectivity of the compen 
sator, as compared to an unmodi?ed compensator having a 
re?ector surface Without cutouts. With respect to uniformity, 
it should be appreciated that the re?ector segments generally 
do not form a sharp image on the Workpiece. If the objective 
is a high degree of uniformity of exposure, the number of 
cutouts can be increased, With a corresponding increase in the 
number of re?ector segments. In this regard, response of 
compensator 300 can be customiZed, based on the period and 
Width of slots 302, in consideration of a uniform distribution 
about the periphery of compensator 300. For purposes of this 
analysis, R is the radius of compensator 300, as indicated, and 
k is a desired attenuation ratio, 1, is the length of the re?ective 
portion of the arc, as measured about the generally circular 
periphery of the compensator, 1c is the length of the removed 
portion of an arc that corresponds to each slot 302, andn is the 
number of cutouts. Initially, the segmented compensator can 
be characterized by: 

Z, (1) 
k = Z 

n(lc + 1,) = 27rR (2) 

Which yields: 

[c = klr (3) 

27rRk (4) 
n = — 

[,(k + 1 ) 

[0057] It is recogniZed that the greater the number of cut 
outs, n, the smoother the spatial attenuation about the periph 
ery of compensator 300, resulting in increased uniformity on 
the peripheral edge of the Workpiece. Further, under high 
density irradiation conditions, 1, (length of re?ective portion 
of arc) should be limited to its smallest practical value, but of 
suf?cient siZe to avoid deterioration resulting from a reduced 
volume, Which produces less e?icient cooling and increased 
risk of radiation damage. 
[0058] Having described the highly advantageous re?ector 
arrangement of the present invention in detail above, is appro 
priate at this juncture to brie?y consider the prior art. In 
particular, Applicants are unaWare of any re?ector arrange 
ment in the prior art Which provides effective compensation 
for edge cooling of a Workpiece during a preheating interval 
When one side of the Workpiece confronts a preheating 
arrangement and Wherein this re?ector arrangement cooper 
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ates With a ?ash heating arrangement for illuminating the 
opposite side of the Workpiece in a substantially shadoW free 
manner. 

[0059] Referring to FIGS. 1 and 4, attention is noW directed 
to details With respect to manipulation arrangement 120. FIG. 
4 provides a diagrammatic plan vieW of Workpiece 14 and 
manipulation arrangement 120. In this regard, the manipula 
tion arrangement includes at least three manipulation mod 
ules 400 that are spaced about around the periphery of the 
Workpiece. Although a Workpiece has been illustrated in FIG. 
4 having a circular peripheral edge con?guration, it is to be 
understood that the concepts that are about to be brought to 
light are readily applicable With respect to Workpieces having 
alternative peripheral edge con?gurations, for example, by 
adjusting the position and number of manipulation modules. 
[0060] Referring to FIG. 5, attention is noW directed to 
details With respect to the structure of manipulation module 
400, Which is further enlarged in this perspective vieW. Mod 
ule 400 includes a baseplate 402 Which supports ?rst and 
second spaced apart, parallel rails 404a and 4041). Rail 404a 
slidingly receives a ?rst carriage 408a and a second carriage 
408b, While a third carriage 4080 is slidingly received by 
second rail 40419. First carriage 408a supports a centering 
?nger mount 410 that is connected to the ?rst carriage using 
fasteners 412. A laterally extending centering ?nger 420 
extends in the direction of the Workpiece, Which is shoWn in 
phantom adjacent to the centering ?nger. The centering ?nger 
may be formed from any suitable material such as, for 
example, quartz. A Wedge member 421 is used With a fastener 
to adjustably hold centering ?nger 420 in place. A guide 
member 422 extends rearWardly from an opposing side of 
centering ?nger mount 410 and concentrically receives a 
biasing spring 424. Guide member 422 passes through a 
guide block 428 and includes a free end supporting a stop 
piece 430. Guide block 428 forms an integral part of a sec 
ondary movement platform 432 Which is attached to carriage 
40819 and 4080 such that the secondary movement platform 
can move slidingly on rails 404a and 404b, independent of the 
sliding movement of centering ?nger mount 410. 
[0061] Referring to FIG. 6 in conjunction With FIG. 5, the 
former is a perspective vieW that has been taken from a 
direction that better illustrates certain details With respect to 
the Way in Which linear actuator arm 124 (shoWn in phantom 
in FIG. 6) engages the lifting module and With respect to the 
mechanism that is used to support and move a lifting arm 440. 
It is noted that some components have been rendered trans 
parent (e. g., a base plate Which forms part of secondary move 
ment platform 432) in order to better reveal the mechanics 
that support the lifting arm and engage linear actuator shaft 
124. In particular, a lifting arm support link 442 supports 
lifting arm 440, for example, using a clamping arrangement 
having a clamping plate 444 and fastener 446 to adjustably 
mount lifting arm 440 to link 442. As seen in FIG. 6, hinges 
450 hingedly connect lifting arm support link 442 to platform 
432. At an opposing end of the lifting arm link, proximate to 
lifting arm 440, hinges 452 hingedly connect lifting arm link 
442 to a pair of pivot links 454a (best seen in FIG. 6) and 4541) 
(best seen in FIG. 7). Hinges 456 hingedly connect pivot links 
454a and 45419 to centering ?nger mount 410. Accordingly, 
this arrangement hingedly supports lifting arm support link 
442 betWeen platform 432 and centering ?nger mount 410. It 
is noted that lifting arm 440 is shoWn in FIG. 5 holding the 
Workpiece in a raised position. Speci?c details With respect to 
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the highly advantageous operation of manipulation module 
400 Will be provided immediately hereinafter. 
[0062] Still referring to FIGS. 5 and 6, linear actuator shaft 
124 moves in a direction indicated by an arroW 460 for pur 
poses of moving secondary movement platform 432 in a 
direction at least generally toWard Workpiece 14. Speci?cally, 
manipulation module 400 is advantageously con?gured such 
that the linear actuator shaft is not required to move in a 
direction that is parallel to the direction of movement of 
secondary movement platform 432. In order to accomplish 
this translation, best seen in FIG. 6, a slider 462 is received in 
a dovetail groove 464 for sliding movement therein. Slider 
462 includes a clamping arrangement de?ning an opening 
466 for receiving a free end of linear actuator arm 124. A 
threaded fastener 470 is tightened to clamp the free end of the 
linear actuator into opening 466. Fastener 470 also supports a 
bearing 472 that is positioned Within a slot 474 (best seen in 
FIG. 5). In this Way, lateral movement of bearing 472 occurs 
as linear actuator 124 is advanced and retracted in a Way 
Which causes secondary movement platform 432, in turn, to 
advance and retract along rails 404a and 40419 in a direction 
that is indicated by a double-headed arroW 480. Accordingly, 
an angular approach of linear actuator shaft 124 is accommo 
dated. 

[0063] Referring to FIG. 7 in conjunction With FIGS. 5 and 
6, the former illustrates manipulation module 400 With lifting 
arm 440 in its fully loWered position and With centering ?nger 
420 in its fully WithdraWn or retracted position With respect to 
Wafer 14. As linear actuator shaft 124 moves in direction 460 
in FIGS. 5 and 6, centering ?nger mount 410 moves in a 
direction 475 in unison With secondary movement platform 
432. Movement of centering ?nger mount 410 occurs as a 
result of biasing force that is applied from the secondary 
movement platform through spring 424. It should be appre 
ciated that a lifting end 490 of the lifting arm moves laterally 
in unison With centering ?nger 420, as seen in FIG. 7. At the 
same time, lifting end 490 is con?gured to move beneath 
Workpiece 14, as Will be further described. 
[0064] Referring to FIG. 8a, the mechanism of the manipu 
lation module is illustrated after having moved secondary 
movement platform 432 and centering ?nger mount 410 to a 
limit position in the direction of arroW 460 (see FIGS. 5 and 
6). In doing so, centering ?nger mount 410 encounters a stop 
492. It is noted that stop 492 is de?ned by a stop plate 494 that 
is best seen in FIG. 6. This stop plate is held in position by a 
pair of fasteners and can be adjusted using these fasteners. 
Centering ?nger 420, in the vieW of this ?gure, has engaged 
the peripheral edge of Workpiece 14 and caused the Work 
piece to move to a centered position. 

[0065] Referring to FIG. 8b in conjunction With FIGS. 4 
and 8a, the former provides an enlarged vieW of a region R, 
that is indicated Within a dashed circle. It is important to 
understand that manipulation modules 400 are spaced about 
the periphery of Workpiece 14, as illustrated by FIG. 4 such 
that the centering ?ngers cooperate to simultaneously, resil 
iently bias the Workpiece to the centered position. The cen 
tering ?ngers are adjusted to provide some acceptable, but 
limited centering tolerance, 493 that is indicated betWeen a 
pair of arroWs 494, from a centered position such that a 
centering radius 495, shoWn in FIG. 4, is slightly greater than 
the radius of the Workpiece, although this has been greatly 
exaggerated in the vieW of FIG. 4. In this Way, the Workpiece 
is readily lifted from betWeen the extended centering ?ngers 
and then returned to a position betWeen the centering ?ngers. 
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This latter action is assisted by a bevel 496 (best seen in FIG. 
5) that is formed at an upper corner of centering ?nger 420. 
No further movement of centering ?nger 420 is obtained With 
additional movement of linear actuator shaft 124 in the direc 
tion of arroW 460, folloWing engagement With stop 492. From 
the position of FIGS. 8a and 8b, further linear actuator move 
ment in the direction of arroW 460 (FIG. 6), causes manipu 
lation module 400 to enter a lifting mode in Which secondary 
movement platform 432 moves toWard centering ?nger 
mount 410, thereby compressing spring 424, as seen in FIGS. 
5 and 6. 

[0066] Referring again to FIG. 8b, attention is directed to 
details With respect to the relationship betWeen lifting arm 
440, fully extended under Workpiece 14, as limited by cen 
tering ?nger 420 and With respect to a cross-hatched region 
497 of the peripheral edge region of the Workpiece, Which 
represents a margin orband of the Workpiece that is outside of 
What is generally considered as the device area of the Work 
piece, for reasons Which relate to processing constraints that 
are outside the scope of the present disclosure. What is of 
interest, hoWever, is that lifting end 490 cooperates With cen 
tering ?nger 420 in a Way Which causes the lifting end to 
extend beneath Workpiece 14 by an amount that is less than a 
Width of margin 497. The signi?cance of this arrangement 
Will be further discussed at an appropriate point beloW. More 
over, a potential lateral movement range 499 of the Work 
piece, responsive to thermally induced movement by ?ash 
heating, is represented betWeen a pair of arroWs 498. Potential 
lateral movement range 499 is far greater than centering tol 
erance 493, as Will be further discussed at an appropriate 
point beloW. 
[0067] Attention is noW directed to FIG. 9 in conjunction 
With FIG. 8a. The former illustrates manipulation module 
400 after having lifted Workpiece 400 to a maximum lift 
position. Comparison of FIGS. 8a and 9 reveals that lifting 
end 490 of lifting arm 440 has moved, at least generally, 
straight up so as to signi?cantly avoid rubbing against the 
backside of the Workpiece. This movement is accomplished 
through the use of a Daniel’s linkage, Which is Well knoWn in 
the art and described in detail, for example, in Mechanisms 
and Mechanical Devices Sourcebook by Nicholas P Chironis 
& Neil Sclater, McGraW-Hill, 1991. Speci?cally, lifting arm 
support link 442 and pivot links 45411, b, cooperate to form a 
Daniel’s linkage as secondary movement platform 432 moves 
toWard centering ?nger mount 410. The maximum lifting 
height is de?ned by the speci?c con?guration of the Daniels 
linkage. While Workpiece 14 is shoWn at a maximum height 
in FIG. 9, it is important to understand that the Workpiece can 
be moved to any desired position betWeen the fully raised 
position of FIG. 9 and the fully loWered position of FIG. 7. 
Moreover, this movement can be performed dynamically, for 
example, during a preheating interval, as discussed above. 
LoWering the Workpiece, from a raised position, proceeds in 
reverse order through FIGS. 7, 8a and 9, resulting in release of 
the Workpiece Within the centering tolerance from the cen 
tered position. It should also be appreciated that manipulation 
modules 400 can be used to re-center the Workpiece at any 
desired time by moving centering ?ngers 420 from the With 
draWn position of FIG. 7 to engage the Workpiece in the 
centering mode of operation that is illustrated by FIG. 8 and 
then returning to the WithdraWn position of FIG. 7. This 
feature is considered as highly advantageous in and by itself. 
[0068] Having described FIGS. 1-9 in detail above, atten 
tion is noW directed to a highly advantageous Workpiece 
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thermal processing technique that is shown in FIG. 10 and 
generally indicated by the reference number 500. At 502, a 
workpiece is moved into chamber 12a ofFIG. 1 andplaced on 
lifting ?ngers 440. The workpiece is then lowered at 504 and 
centered between centering ?ngers 420. In this regard, it is not 
required to fully withdraw centering ?ngers 420, once the 
workpiece has been positioned therebetween, since the work 
piece can thereafter be lifted directly from the centered posi 
tion. 

[0069] At 506, a preheating mode is entered by initially 
raising the workpiece from its centered position using 
manipulation modules 400. In this regard, it is important to 
understand that process uniformity is enhanced, through the 
use of manipulation modules 400, since the workpiece is 
always centered prior to lifting. Thus, components such as, 
for example, re?ector arrangement 140 can be optimiZed on 
the basis of the workpiece being within some quite limited 
lateral tolerance from a centered position. It is thereby 
assured that energy that is re?ected by re?ector arrangement 
140 is incident in a desired way on the peripheral edge con 
?guration of the workpiece. 
[0070] At 508, the workpiece is moved dynamically by 
manipulation modules 400, during a preheating interval, so as 
to achieve uniform heating of the workpiece across its lateral 
extents. That is, workpiece 14 is moved in a way which 
dynamically changes the relative positional relationship 
between it and re?ector arrangement 140 of FIG. 2a, so as to 
selectively heat the peripheral edge con?guration of the 
workpiece in relation to the rest of the workpiece. In this 
regard, it should be appreciated that there must be a variation 
in the width of the peripheral edge region of the workpiece 
that is heated (in the present example, a radial variation) as a 
function of the positional relationship. It is recognized, as part 
of this highly advantageous technique, that dynamic adjust 
ment of the positional relationship is appropriate, since the 
thermal conduction time of the workpiece is generally short in 
comparison to the duration of the heating interval. Tempera 
ture variation across the lateral extents of the workpiece can 
be monitored as described above. FIG. 9 diagrammatically 
illustrates an overall lateral preheating irradiance pro?le 510, 
shown as array of arrows having a length that corresponds to 
the total irradiance intensity at a given radial position on the 
workpiece such that the peripheral edge region receives an 
increased intensity. The irradiance intensity arrows are illus 
trated as normal to and directed toward backside 18 of the 
workpiece for purposes of illustrative simplicity, although 
this is understoodnot to be the case in view of the descriptions 
above. Further, workpiece 14 is shown in phantom, using 
dashed lines, at a ?ash heating position, supported by support 
pins 102 (one of which can be seen). It is noted that support 
pin 102 can be positioned to best accommodate bowing of the 
workpiece responsive to ?ash movement, as described in 
above incorporated US. patent application Ser. No. 11/018, 
388, since pre-heating is performed without a need to support 
the workpiece on support pins 102. The workpiece can be 
positioned above support pins 102 so there is no thermal 
contact between the pins and work piece during preheating. 
Therefore, support pins 102 do not create a thermal shadow 
which would affect the device area of the workpiece. The 
?ash heating position is adjacent to a vertical range of posi 
tions 512, indicated by an double-headed arrow, such that 
movement of the workpiece within positional range 512 pro 
duces a varying peripheral edge region irradiance 514 that is 
indicated using another double-headed arrow. 
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[0071] The highly advantageous dynamic preheating tech 
nique disclosed herein can readily account for gradual heat 
ing of system components over a production run. One such 
component, discussed in relation to FIG. 2a, is window 100. 
For example, considering this window in the form of a fused 
silica plate, conductive and radiative transfer from the bottom 
and edge of a hot workpiece to the cold window will heat the 
window. During a production run, many workpieces will be 
processed and a radial temperature gradient will be created in 
the window, with the center hotter than the edge. This gradient 
will likely increase during the production run, as the window 
continues to heat up. Accordingly, effective compensation for 
this alternative source of radial temperature gradient is also 
provided by the present invention. That is, the aforedescribed 
dynamic, real-time temperature measurement and feedback 
will detect the edge cooling and the relative vertical positional 
relationship can be adjusted, irrespective of the speci?c 
mechanism that causes the radial temperature gradient, even 
during the course of a production run, to vary edge irradiance 
and heat the workpiece edge to obtain more uniform process 
results from one workpiece to the next. 

[0072] Still considering preheating step 508, it should be 
mentioned that preheating while the workpiece is raised and 
supported by lifting end 490 of lifting arms 440 is advanta 
geous for other reasons. For example, when workpiece 14 is 
supported by support pins 102 of FIG. 211 during preheating, 
a “cold spot” is produced proximate to the support pins. 
Heating while the workpiece is raised avoids the creation of a 
cold spot proximate to support pins 102. 
[0073] At the same time, lifting end 490 of lifting arms 440 
can advantageously be con?gured to project under the work 
piece in a very limited way, as illustrated by FIG. 8b, since the 
centered position of the workpiece is readily maintained 
using manipulation modules 400 to within centering toler 
ance 493. That is, with the advent of an automated centering 
arrangement, there is no need to elongate lifting ends 490, in 
order to compensate for potential thermally induced or other 
movement of the workpiece responsive to processing. Limit 
ing the length of lifting ends 490 is also advantageous with 
respect to the fact that they also can create a cold spot, proxi 
mate to the peripheral edge of the workpiece. Since there is 
never a need to lift an off-center workpiece, lifting ends 490 
can have a length that is based on centering tolerance 493, 
rather than anticipated and unpredictable process induced 
movement within or even greater than lateral movement 
range 499. Further, any cold spot that is produced by lifting 
ends 490 is generally not of concern, since it becomes part of 
margin 497, outside of the useful device area, that is already 
discarded as a result of other, overriding process concerns. In 
the present example, lifting ends 490 include a length of 
approximately 1.5 mm, projecting beyond centering ?nger 
420 in the illustration of FIG. 8b, while centering tolerance 
493 is approximately 1 mm so as to insure lifting the work 
piece reliably. Thus, lifting ends 490 extend no more than 
approximately 0.5 mm beneath the workpiece. In contrast, 
Applicants have observed lateral movements of a workpiece, 
responsive to ?ash heating, of 5 mm or more. Accordingly, 
without the use of the centering feature of manipulation mod 
ules 400, lifting ends 490 would have to extend more than 5 
mm underneath the workpiece. Since the device area may be 
approximately 3 mm from the edge of the workpiece, 5 mm is 
well within the lateral extents of the device area on the oppo 
site side of the workpiece and is likely to create a correspond 
ing cold spot which will adversely in?uence device charac 


























