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(57) ABSTRACT 

The present invention is directed to a method that attenuates, 
if not avoids, heating of a substrate undergoing imprint 
lithography process and the deleterious e?cects associated 
thereWith. To that end, the present invention includes a 
method of patterning a ?eld of a substrate With a polymeric 
material that solidi?es in response to actinic energy in Which 
a sub-portion of the ?eld is exposed suf?cient to cure the 
polymeric material is said sub-portion followed by a blanket 
exposure of all of the polymeric material associated With the 
entire ?eld to cure/solidify the same. 
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METHODS OF EXPOSURE FOR THE PURPOSE 
OF THERMAL MANAGEMENT FOR IMPRINT 

LITHOGRAPHY PROCESSES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application claims priority to US. 
Provisional Application No. 60/632,125, ?led on Dec. 1, 
2004, entitled “Methods of Exposure for the Purpose of 
Thermal Management for Imprint Lithography Processes,” 
listing Sidlgata V. Sreenivasan and Byung-Jin Choi as 
inventors, the entirety of Which is incorporated herein by 
reference. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] The United States government has a paid-up 
license in this invention and the right in limited circum 
stance to require the patent oWner to license other on 
reasonable terms as provided by the terms of 
70NANB4H3012 aWarded by National Institute of Stan 
dards (NIST) ATP AWard. 

BACKGROUND OF THE INVENTION 

[0003] The ?eld of the invention relates generally to 
nano-fabrication of structures. More particularly, the present 
invention is directed to a technique to achieve overlay 
alignment of patterns formed during nano-scale fabrication. 

[0004] Nano-fabrication involves the fabrication of very 
small structures, e.g., having features on the order of nano 
meters or smaller. One area in Which nano-fabrication has 
had a siZeable impact is in the processing of integrated 
circuits. As the semiconductor processing industry continues 
to strive for larger production yields While increasing the 
circuits per unit area formed on a substrate, nano-fabrication 
becomes increasingly important. Nano-fabrication provides 
greater process control While alloWing increased reduction 
of the minimum feature dimension of the structures formed. 
Other areas of development in Which nano-fabrication has 
been employed include biotechnology, optical technology, 
mechanical systems and the like. 

[0005] An exemplary nano-fabrication technique is com 
monly referred to as imprint lithography. Exemplary imprint 
lithography processes are described in detail in numerous 
publications, such as United States patent application pub 
lication 2004/0065976 ?led as US. patent application Ser. 
No. 10/264,960, entitled, “Method and a Mold to Arrange 
Features on a Substrate to Replicate Features having Mini 
mal Dimensional Variability”; United States patent applica 
tion publication 2004/0065252 ?led as US. patent applica 
tion Ser. No. 10/264,926, entitled “Method of Forming a 
Layer on a Substrate to Facilitate Fabrication of Metrology 
Standards”; and US. Pat. No. 6,936,194, entitled “Func 
tional Patterning Material for Imprint Lithography Pro 
cesses,” all of Which are assigned to the assignee of the 
present invention. 

[0006] The fundamental imprint lithography technique 
disclosed in each of the aforementioned United States patent 
application publications and United States patent includes 
formation of a relief pattern in a polymeriZable layer and 
transferring a pattern corresponding to the relief pattern into 
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an underlying substrate. The substrate may be positioned 
upon a motion stage to obtain a desired position to facilitate 
patterning thereof. To that end, a template is employed 
spaced-apart from the substrate With a formable liquid 
present betWeen the template and the substrate. The liquid is 
solidi?ed to form a solidi?ed layer that has a pattern 
recorded therein that is conforming to a shape of the surface 
of the template in contact With the liquid. The template is 
then separated from the solidi?ed layer such that the tem 
plate and the substrate are spaced-apart. The substrate and 
the solidi?ed layer are then subjected to processes to trans 
fer, into the substrate, a relief image that corresponds to the 
pattern in the solidi?ed layer. 

[0007] A need exists, therefore, to provide improved align 
ment techniques for imprint lithographic processes. 

SUMMARY OF THE INVENTION 

[0008] The present invention is directed to a method that 
attenuates, if not avoids, heating of a substrate undergoing 
imprint lithography process and the deleterious effects asso 
ciated thereWith. To that end, the present invention includes 
a method of patterning a ?eld of a substrate With a polymeric 
material that solidi?es in response to actinic energy in Which 
a sub-portion of the ?eld is exposed suf?cient to cure the 
polymeric material in said sub-portion folloWed by a blanket 
exposure of all of the polymeric material associated With the 
entire ?eld to cure/ solidify the same. These and other 
embodiments are discussed beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a simpli?ed plan vieW of an imprint 
lithography system having a mold spaced-apart from a 
substrate; 
[0010] FIG. 2 is a cross-sectional vieW of a patterned 
substrate having a plurality of layers disposed thereon With 
a mold, shoWn in FIG. 1, in superimposition thereWith; 

[0011] FIG. 3 is a simpli?ed side vieW of a portion of the 
system shoWn in FIG. 1, With the mold in contact With a 
polymeric layer on the substrate; 

[0012] FIG. 4 is a top-doWn vieW of a portion of the 
substrate shoWn in FIG. 1, the substrate having a plurality 
of regions associated thereWith; 

[0013] FIGS. 5 and 6 are side vieWs of portions of the 
mold and the polymeric layer, shoWn in FIG. 3, With a 
portion of the polymeric layer solidi?ed and/or cross-linked; 

[0014] FIG. 7 is a top doWn vieW of a polymeric material 
positioned on the substrate, shoWn in FIG. 1, With an outer 
region of the polymeric material being solidi?ed and/or 
cross-linked; 
[0015] FIG. 8 is a top doWn vieW of a polymeric material 
positioned on the substrate, shoWn in FIG. 1, With a grating 
region of the polymeric material being solidi?ed and/or 
cross-linked; 
[0016] FIG. 9 is a top doWn vieW of a polymeric material 
positioned on the substrate, shoWn in FIG. 1, With isolated 
regions of the polymeric material being solidi?ed and/or 
cross-linked; and 

[0017] FIG. 10 is a top doWn vieW of a polymeric material 
positioned on the substrate, shoWn in FIG. 1, With a scan 
ning beam exposing portions of the polymeric material. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] Referring to FIG. 1, a system 8 to form a relief 
pattern on a substrate 12 includes a stage 10 upon Which 
substrate 12 is supported and a template 14, having a mold 
16 With a patterning surface 18 thereon. In a further embodi 
ment, substrate 12 may be coupled to a substrate chuck (not 
shoWn), the substrate chuck (not shoWn) being any chuck 
including, but not limited to, vacuum and electromagnetic. 

[0019] Template 14 and/or mold 16 may be formed from 
such materials including but not limited to, fused-silica, 
quartz, silicon, organic polymers, siloxane polymers, boro 
silicate glass, ?uorocarbon polymers, metal, and hardened 
sapphire. As shoWn, patterning surface 18 comprises fea 
tures de?ned by a plurality of spaced-apart recesses 17 and 
protrusions 19. However, in a further embodiment, pattem 
ing surface 18 may be substantially smooth and/or planar. 
Patterning surface 18 may de?ne an original pattern that 
forms the basis of a pattern to be formed on substrate 12. 

[0020] Template 14 may be coupled to an imprint head 20 
to facilitate movement of template 14, and therefore, mold 
16. In a further embodiment, template 14 may be coupled to 
a template chuck (not shoWn), the template chuck (not 
shoWn) being any chuck including, but not limited to, 
vacuum and electromagnetic. A ?uid dispense system 22 is 
coupled to be selectively placed in ?uid communication With 
substrate 12 so as to deposit polymeric material 24 thereon. 
It should be understood that polymeric material 24 may be 
deposited using any knoWn technique, e.g., drop dispense, 
spin-coating, dip coating, chemical vapor deposition (CVD), 
physical vapor deposition (PVD), and the like. 

[0021] A source 26 of energy 28 is coupled to direct 
energy 28 along a path 30. Imprint head 20 and stage 10 are 
con?gured to arrange mold 16 and substrate 12, respectively, 
to be in superimposition and disposed in path 30. Either 
imprint head 20, stage 10, or both vary a distance betWeen 
mold 16 and substrate 12 to de?ne a desired volume ther 
ebetWeen that is ?lled by polymeric material 24. 

[0022] Typically, polymeric material 24 is disposed upon 
substrate 12 before the desired volume is de?ned betWeen 
mold 16 and substrate 12. HoWever, polymeric material 24 
may ?ll the volume after the desired volume has been 
obtained. After the desired volume is ?lled With polymeric 
material 24, source 26 produces energy 28, e.g., broadband 
ultraviolet radiation that causes polymeric material 24 to 
solidify and/or cross-link conforming to the shape of a 
surface 25 of substrate 12 and patterning surface 18. Control 
of this process is regulated by processor 32 that is in data 
communication With stage 10, imprint head 20, ?uid dis 
pense system 22, source 26, operating on a computer read 
able program stored in memory 34. 

[0023] To alloW energy 28 to impinge upon polymeric 
material 24, it is desired that mold 16 be substantially 
transparent to the Wavelength of energy 28 so that the same 
may propagate therethrough. Additionally, to maximiZe a 
?ux of energy 28 propagating through mold 16, energy 28 
may have a su?icient cross-section to cover the entire area 
of mold 16 With no obstructions being present in path 30. 

[0024] Referring to FIGS. 1 and 2, often a pattern gen 
erated by mold 16 is disposed upon a substrate 112 in Which 
a preexisting pattern in present. To that end, a primer layer 
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36 is typically deposited upon patterned features, shoWn as 
recesses 38 and protrusions 40, formed into substrate 112 to 
provide a smooth, if not planar, surface 42 upon Which to 
form a patterned imprint layer (not shoWn) from polymeric 
material 24 disposed upon surface 42. To that end, mold 16 
and substrate 112 include alignment marks, Which may 
include sub-portions of the patterned features. For example, 
mold 16 may have alignment marks, referred to as mold 
alignment marks, Which are de?ned by features 44 and 46. 
Substrate 112 may include alignment marks, referred to as 
substrate alignment marks, Which are de?ned by features 48 
and 50. 

[0025] To ensure proper alignment betWeen the pattern on 
substrate 112 With the pattern generated by mold 16, it is 
desired to ensure proper alignment betWeen the mold and 
substrate alignment marks. This has typically been achieved 
employing the aided eye, e.g., an alignment system 53 
selectively placed in optical communication With both mold 
16 and substrate 12, concurrently. Exemplary alignment 
systems have included ocular microscopes or other imaging 
systems. Alignment system 53 typically obtains information 
parallel to path 30. Alignment is then achieved manually by 
an operator or automatically using a vision system. 

[0026] Referring to FIG. 1, as mentioned above, source 26 
produces energy 28 that causes polymeric material 24 to 
solidify and/or cross-link conforming to the shape of surface 
25 of substrate 12 and patterning surface 18. To that end, 
often it is desired to complete solidi?cation and/or cross 
linking of polymeric material 24 prior to separation of mold 
16 from polymeric material 24. A time required to complete 
solidi?cation and/or cross-linking of polymeric material 24 
may depend upon, inter alia, a magnitude of energy 28 
impinging upon polymeric material 24 and chemical and/or 
optical properties of polymeric material 24 and/or substrate 
12. To that end, in the absence of any amplifying agents, i.e., 
chemically-ampli?ed photoresist of optical lithography 
progresses, the magnitude of energy 28 required to solidify 
and/or cross-link polymeric material 24 may be substantially 
greater in imprint lithography processes as compared to 
optical lithography processes. As a result, during solidi?ca 
tion and cross-linking of polymeric material 24, energy 28 
may impinge upon substrate 12, template 14, and mold 16, 
and thus, heat substrate 12, template 14, and mold 16. A 
substantially uniform magnitude of energy 28 may result in 
substantially uniform heating of substrate 12, template 14, 
and mold 16. HoWever, a differential magnitude of energy 28 
and/or a differential CTE (coe?icient of thermal expansion) 
associated With substrate 12, template 14, and mold 16 may 
result in misalignment betWeen substrate 12 and mold 16 
during solidi?cation and/ or cross-linking of polymeric mate 
rial 24, Which may be undesirable. To that end, a method to 
minimiZe, if not prevent, thermal effects upon substrate 12, 
template 14, and mold 16 is described beloW. 

[0027] Referring to FIG. 3, a portion of system 8 is 
shoWn. More speci?cally, patterning surface 18 of mold 16 
is shoWn in contact With polymeric layer 24. Exposure of an 
entirety of surface 25 of substrate 12 to energy 28 may 
increase a temperature thereof, and thus, a linearly increase 
in siZe of substrate 12, Which may be undesirable. To that 
end, a portion of substrate 12 may be exposed to energy 28, 
described beloW. 

[0028] Referring to FIG. 4, a portion of substrate 12 is 
shoWn having a plurality of regions a-p. As shoWn, substrate 
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12 comprises sixteen regions; however, substrate 12 may 
comprise any number of regions. To that end, to minimize, 
if not prevent, the aforementioned linearly increase in size of 
substrate 12, a subset of the regions a-p of substrate 12 may 
be exposed to energy 28, shoWn in FIG. 1. More speci? 
cally, regions f, g, j, and k of substrate 12 may be exposed 
to energy 28, With regions a-d, e, h, i, and l-p of substrate 12 
being substantially absent of exposure to energy 28. As a 
result, region a-d, e, h, i, and l-p of substrate 12 may 
minimize, if not prevent, region f, g, j, and k of substrate 12 
from linearly increasing in size, i.e., region a-d, e, h, i, and 
l-p of substrate 12 may act as a physical constraint to prevent 
region f, g, j, and k of substrate 12 from increasing in size. 
Regions f, g, j, and k of substrate 12 may each be exposed 
to energy 28 sequentially or concurrently. 

[0029] To that end, after exposure of regions f, g, j, and k 
of substrate 12 to energy 28, in a ?rst embodiment, regions 
a-d, e, h, i, and l-p of substrate 12 may be exposed to energy 
28 to solidify and/or cross-link the same. In a further 
embodiment, after exposure of regions f, g, j, and k of 
substrate 12 to energy 28, all regions (a-p) of substrate 12 
may be exposed to energy 28, i.e., a blanket exposure to 
complete solidi?cation and/or cross-linking of polymeric 
material 24. 

[0030] Referring to FIG. 3, in a further embodiment, it 
may be desired to expose a portion of substrate 12, and 
therefore, polymeric material 24, to energy 28 such that a 
position betWeen substrate 12 and mold 16 prior to exposure 
to energy 28 is substantially the same as a position betWeen 
substrate 12 and mold 16 subsequent to exposure of energy 
28. More speci?cally, an interface betWeen substrate 12 and 
mold 16 via polymeric material 24 may be maintained 
before and after exposure of substrate 12, mold 16, and 
polymeric material 24 to energy 28. As a result, an increase 
in size of substrate 12, template 14, and mold 16 resulting 
from thermal-induced scaling may be minimized, if not 
prevented. 

[0031] Referring to FIGS. 3, 5, and 6, in a ?rst example 
of the above-mentioned, an outer portion 62 of polymeric 
material 24 may be exposed to energy 28 prior to inner 
portion 64 of polymeric material 24, With outer portion 62 
of polymeric material 24 being solidi?ed and/ or cross-linked 
in response to energy 28. As a result, outer portion 62 may 
maintain an interface betWeen substrate 12 and mold 18, and 
thus, minimize, if not prevent substrate 12 from increasing 
in size, as desired. In a further embodiment, after exposure 
of outer portion 62 of polymeric material 24 to energy 28, 
inner portion 64 of polymeric material 24 may be subse 
quently exposed to energy 28 to solidify and/or cross-link 
the same. In still a further embodiment, after exposure of 
outer portion 62 of polymeric material 24 to energy 28, inner 
and outer portions 62 and 64 of polymeric material 24 may 
be exposed to energy 28, i.e., a blanket exposure to complete 
solidi?cation and/ or cross-linking of polymeric material 24. 

[0032] Referring to FIGS. 7-9, further examples are 
shoWn of exposing desired regions of polymeric material 24 
to minimize, if not prevent, substrate 12 from increasing in 
size, as desired. FIG. 7 shoWs an outer region 66 being 
exposed to energy 28, shoWn in FIG. 1, prior to inner region 
68 being exposed to energy 28, shoWn in FIG. 1. FIG. 8 
shoWs a grating type exposure of polymeric material 24, 
With region 70 being exposed to energy 28, shoWn in FIG. 
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1, prior to regions 72 being exposed to energy 28, shoWn in 
FIG. 1. FIG. 9 shoWs an isolated region exposure of 
polymeric material 24, With regions 76 being exposed to 
energy 28, shoWn in FIG. 1, prior to region 7 is exposed to 
energy 28, shoWn in FIG. 1. 

[0033] Referring to FIG. 1, energy 28 may have a cross 
sectional area associated thereWith that may be greater in 
dimension that a desired region that is to be exposed to 
energy 28, i.e. a region a-p of substrate 12, as shoWn in FIG. 
4. To that end, to expose desired regions of substrate 12 to 
energy 28, a mask (not shoWn) may be positioned Within 
path 30 such that energy 28 may propagate therethrough and 
comprise dimensions commensurate With said desired 
regions of substrate 12 to expose the same to energy 28. 
Further, the mask (not shoWn) may be removed from path 30 
such that substantially all regions of substrate 12 are 
exposed to energy 28. In a further embodiment, analogous to 
the above-mentioned, a ?rst mask (not shoWn) may be 
positioned Within path 30 such that energy 28 may propagate 
therethrough to expose a ?rst subset of substrate 12; and a 
second mask (not shoWn) may be positioned Within path 30 
such that energy 28 may propagate therethrough to expose 
a second subset of substrate 12. 

[0034] Furthermore, as described With respect to FIG. 4, 
a desired subset of the plurality of regions a-p of substrate 
12 may be processed to minimize, if not prevent, linearly 
increasing a size of substrate 12[hereinafter small ?eld]. 
HoWever, the above-mentioned methods may be applicable 
to imprinting of large substrates, i.e., Whole Wafer imprint 
ing or display substrate imprinting [hereinafter large ?eld]. 
More speci?cally, an overlay error associated With large 
?elds may be greater that that as compared to an overlay 
error associated With small ?elds; hoWever, an error toler 
ance associated With the large ?elds may be comparable or 
less than that associated With the small ?elds. In an example 
of minimizing a size increase of substrate 12 employing 
imprinting of large substrates, substrate 12 and polymeric 
material 24 may be exposed to energy 28, shoWn in FIG. 1, 
employing a multi-ring type exposure to maintain a desired 
position betWeen substrate 12 and mold 16, similar to that as 
mentioned above With respect to FIGS. 3, 5, and 6. Portions 
of substrate 12 not previously exposed to energy 28, shoWn 
in FIG. 1, may be subsequently exposed to energy 28 to 
complete solidi?cation and/or cross-linking of polymeric 
material 24. 

[0035] In a further embodiment, energy 28 may comprise 
a scanning beam, as shoWn in FIG. 10, such that desired 
regions of substrate 12 may be exposed to energy 28. As 
shoWn, region 78 of substrate 12 is exposed to energy 28 
prior to region 80 of substrate 12 is exposed to energy 28. In 
still a further embodiment, contact betWeen mold 16, shoWn 
in FIG. 1, and polymeric material 24 and a path of the 
scanning beam may both travel across substrate 12 and 
polymeric material 28 in substantially the same direction. 

[0036] Referring to FIG. 1, in still a further embodiment, 
as mentioned above substrate 12 may be coupled to a 
substrate chuck (not shoWn). To that end, Were the substrate 
chuck (not shoWn) able to absorb energy 28, it may be 
desired to expose substrate 12 and polymeric material 24 to 
energy 24 having a reduced magnitude for a longer period of 
time as compared to the methods mentioned above. As a 
result, a thermal variation of substrate 12 may be minimized, 
if not prevented, as desired. 
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[0037] The embodiments of the present invention 
described above are exemplary. Many changes and modi? 
cations may be made to the disclosure recited above, While 
remaining Within the scope of the invention. Therefore, the 
scope of the invention should not be limited by the above 
description, but instead should be determined With reference 
to the appended claims along With their full scope of 
equivalents. 
What is claimed is: 

1. A method of patterning a ?eld of a substrate With a 
polymeric material that solidi?es in response to actinic 
energy: 

exposing a sub-portion of said ?eld to said actinic energy; 
and 

exposing all of said ?eld to said actinic radiation, Whereby 
overlay misalignment due to heating of said substrate 
by said actinic radiation is reduced. 

2. The method as recited in claim 1 Wherein exposing all 
further includes exposing, concurrently, all of said ?eld to 
said actinic radiation. 

3. The method as recited in claim 1 Wherein said substrate 
is a semiconductor Wafer and said ?eld is coextensive With 
an entire area of one side of said Wafer. 

4. The method as recited in claim 1 Wherein said substrate 
is a semiconductor Wafer and said ?eld is a sub-part of an 
entire area of one side of said Wafer. 

5. The method as recited in claim 1 Wherein exposing said 
sub-portion further includes propagating a ?ux of said 
actinic radiation along a path, With said ?ux having a 
cross-section that is greater in dimensions than said sub 
portion and further including placing a spatial ?lter in said 
path to reduce said ?ux, impinging upon said region, to 
dimensions commensurate With said sub-portion. 

6. The method as recited in claim 1 Wherein exposing said 
sub-portion further includes propagating a ?ux of said 
actinic radiation along a path, With said ?ux having a 
cross-section that is greater in dimensions than said sub 
portion and further including placing a spatial ?lter in said 
path to reduce said ?ux, impinging upon said region, to 
dimensions commensurate With said sub-portion, With 
exposing all of said ?eld further including removing said 
spatial ?lter from said path. 

7. The method of claim 1 further including transferring 
thermal energy, accumulating in said substrate, aWay from 
said substrate by placing said substrate in thermal commu 
nication With a support. 

8. A method of patterning a ?eld of a substrate With a 
polymeric material that solidi?es in response to actinic 
energy: 

exposing a ?rst sub-portion of said ?eld to said actinic 
energy; and 

exposing a second sub-portion of said ?eld to said actinic 
radiation, With regions of said ?eld associated With said 
?rst sub-portion differing from the regions of said ?eld 
associated With said second-sub-portion to reduce over 
lay misalignment due to heating of said substrate by 
said actinic radiation. 

9. The method as recited in claim 8 further including 
establishing said ?rst and second sub-portions so that aggre 
gate dimensions thereof are coextensive With said ?eld. 
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10. The method as recited in claim 8 Wherein said 
substrate is a semiconductor Wafer and said ?eld is coex 

tensive With an entire area of one side of said Wafer. 

11. The method as recited in claim 8 Wherein said 
substrate is a semiconductor Wafer and said ?eld is a 

sub-part of an entire area of one side of said Wafer. 

12. The method as recited in claim 8 further including 
establishing said ?rst and second sub-portions so that aggre 
gate dimensions thereof are coextensive With said ?eld, 
propagating a ?ux of said actinic radiation along a path, With 
said ?ux having a cross-section that is greater than said ?eld, 
Wherein exposing said ?rst sub-portion further includes 
placing a ?rst spatial ?lter in said path to reduce said ?ux, 
impinging upon said region, to dimensions commensurate 
With said ?rst sub-portion and exposing said second sub 
portion further includes placing a second spatial ?lter in said 
path to reduce said ?ux, impinging upon said region, to 
dimensions commensurate With said second sub-portion. 

13. The method as recited in claim 8 further including 
establishing said ?rst and second sub-portions so that aggre 
gate dimensions thereof are coextensive With said ?eld, 
propagating a ?ux of said actinic radiation along a path, With 
said ?ux having a cross-section that is coextensive With said 
?eld, Wherein exposing said ?rst sub-portion further 
includes placing a ?rst spatial ?lter in said path to reduce 
said ?ux, impinging upon said region, to dimensions com 
mensurate With said ?rst sub-portion and exposing said 
second sub-portion further includes placing a second spatial 
?lter in said path to reduce said ?ux, impinging upon said 
region, to dimensions commensurate With said second sub 
portion. 

14. The method of claim 8 further including transferring 
thermal energy, accumulating in said substrate, aWay from 
said substrate by placing said substrate in thermal commu 
nication With a support. 

15. A method of patterning a ?eld of a substrate With a 
polymeric material that solidi?es in response to actinic 
energy: 

sequentially exposing a sub-portion of a plurality of 
sub-portions of said ?eld to said actinic energy until an 
entire area of said ?eld has been exposed to said actinic 
radiation, Whereby overlay misalignment due to heat 
ing of said substrate by said actinic radiation is reduced. 

16. The method as recited in claim 15 Wherein each of 
said plurality of sub-portions include a plurality of sub 
regions, With the sequentially exposing further including 
sequentially exposing said plurality of sub-regions to said 
actinic radiation. 

17. The method as recited in claim 15 Wherein said 
plurality of said sub-portions are exposed to actinic radiation 
concurrently. 

18. The method of claim 15 further including transferring 
thermal energy, accumulating in said substrate, aWay from 
said substrate by placing said substrate in thermal commu 
nication With a support. 


