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BACKGROUND OF THE | NVENTI ON [ 0001] The field of

WO noensizon rel ates generally to inprint |ithograpiig2004/031408
More particularly, the present invention is directed
to reducing pattern distortions during inprint
I'ithography processes by reduqing, if not elimnating,
the presence of gases in inprinting |layers. [0002]
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and the like. [0003] An exenplary mcro-fabrication
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t&%&i&%%i%a %%'i;gggrated circuits. As the semiconductor
processing industry continues to strive for larger
production yields while increasing the circuits per unit
area formed on a substrate, micro-fabrication becomes
increasingly important. Micro-fabrication provides
greater process control while reducing the minimum
feature dimension of the structures formed. Other areas
of development in which micro-fabrication has been
employed include biotechnology, optical technology,
mechanical systemg and the like.
[0003] An exemplary micro-fabrication technique is
shown in United States patent number 6,334,960 to Willson
et al. Willson et al. disclose a method of forming a
relief image in a structure. The method includes
providing a substrate having a transfer layer. The
transfer layer is covered with a polymerizable fluid
composition. A mold makes mechanical contact with the
polymerizable fluid. The mold includes a relief

structure, and the polymerizable fluid composition fills

the relief structure. The polymerizable fluid



transfer layer is covered with a polynerizable fluid
conposition. A nold makes nechanical contact with the
w@eilognsa7pzabl e fl uid. The nol d includes a reliBET/US2004/031408
structure, and the pol ynerizable fluid conposition
fills the relief structure. The pol ynerizabl e
fluidconposition is then subjected to conditions to
solidify and polynerize the sane, formng a solidified
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[0004] United States patent number 5,772,905 to Chou
discloses a lithographic method and apparatus for
creating ultra-fine (sub-25 nm) patterns in a thin film
coated on a substrate in which a mold having at least one
protruding feature is pressed into a thin film carried on
a substrate. The protruding feature in the mold creates
a recess of the thin film. The mold is removed from the
film. The thin film then is processed such that the thin
film in the recess is removed, exposing the underlying
substrate. Thus, patterns in the mold are replicated in
the thin film, completing the lithography. The patterns
in the thin film will be, in subsequent processes,
reproduced in the substrate or in another material which
is added onto the substrate.
[0005] Yet another imprint lithography technique is

disclosed by Chou et al. in Ultrafast and Direct Imprint

of Nanostructures in Silicon, Nature, Col. 417, pp. 835-




substrate. Thus, patterns in the nold are replicated
inthe thin film conpleting the |ithography. The
w@2i05083137 in the thin filmw |l be, in subsequeeit/US2004/031408
processes, reproduced in the substrate or in another
material which is added onto the substrate. [0005] Yet
another inprint |ithography technique is disclosed by
Chou et a . in Utrafast and Direct Inprint of
Napost Tueicun@® 2i, N wiildhcas rellatued, t60ks 41Taspp. assisted
835-837, June 2002, which is referred to_as a | aser
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SUMMARY OF THE INVENTION
[0007] The present invention is directed to a method
to reduce pattern distortions by substantially reducing
gas pockets present in a layer of viscous liquid
deposited on a substrate; To that end, the method
includes dispensing gases, proximate to the mold, with
varied transport properties in the viscous liquid.
Specifically, the atmosphere proximate to the substrate
is saturated with gases that are either highly soluble,
highly diffusive, or both with respect to the viscous
liquid being deposited. Additionally, or in lieu of
providing the atmosphere described above, the pressure of
the atmosphere may be reduced. Use of these methods
facilitates the rapid fabrication of distortion-free

imprints. These and other embodiments are described more

fully below.



Specifically, the atnosphere proximte to the
substrate is saturated with gases that are either

whe@hkios37spl ubl e, highly diffusive, or both w tPCT/ESPeE031408

to the viscous |iquid being deposited. Additionally,
or in lieu of providing the atnosphere descri bed
above, the pressure of the atrosphere may be reduced.
Use of these nethods facilitates the rapid fabrication
of distortion-drR¥Eer IDHPARIEEIOM eEFe THHI DRAWENGS
enmbodi ments are described nore fully bel ow BRI EF .
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ordance wt e present 1 nvention; [0009] Fig. 2
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stem sho . 5. [.0010] Ei.g. 3 is a sinplified
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pol ymeri zed and cross-1|inked,; 0011£ Fig. 4is a
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rinting |layer positioned_atop the substrate shown
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Haﬁter patterning of the imprinting layer;

[0013] Fig. 6 is a simplified elevation view of an

additional imprinting layer positioned atop the substrate
shown in Fig. 5 after the pattern in the first imprinting
layer is transferred therein;

[0014] Fig. 7 is a detailed perspective view of a

print head shown in Fig. 1;

[0015] Fig. 8 is a cross-sectional view of a chucking

system in accordance with the present invention;

[0016] Fig. 9 is detailed cross-sectional view of an

imprint head shown in Fig. 7; and

[0017] Fig. 10 is a bottom-up perspective view of the

imprint head shown in Fig. 9.

DETAILED DESCRIPTION OF THE INVENTION
[o018] Fig. 1 depicts a lithographic system 10 in
accordance with one embodiment of the present invention
that includes a pair of spaced-apart bridge supports 12
having a bridge 14 and a stage support 16 extending

therebetween. Bridge 14 and stage support 16 are spaced-



[0015] Fig. 8 is a cross-sectional view of a chucking
systemin accordance with the present invention;

WO 03633791 g. 9 is detail ed cross-sectional vi eRCDUSAN/031408
i mprint head shown in Fig. 7; and [0017] Fig. 10 is a
bottom up perspective view of the inprint head shown
in Fig . . DETAILED DESCRI PTI & OF THE | NVENTI ON
[0018] Fig. 1 depicts a lithographic system 10 in
aepardanceouplbdone babddé nkest iefah hempr&senbtead 18, which
i nvention_that_ includes a g%a gf Spaced-apart bri
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are spacedapart. Coupled to bridge 14 is an inprint

heudp®8L Whi th &acendwptinm beadghs 14s tdWBPHI QR agfeage 20.
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MRY oREO¥ hdexUDYaAeRL 1 2LANTa L hGe2a 28; Y- @Sz - 281 ¥eldng
as in“the Z-axis, and notion stage 20 nmay provide
noesfent stagehd0Zmayi prousdeendvesenty imethe ahdaxis, as
axes, A1 exeERLapy ARt Lon, slage,devlce i s disglosed ile
UArted8t at'es paten app?lcation nunoer - 10Y 192° 71972, g
f gkedcduby dlsc2082d ent Uhledd" St epeansafepeaipp IPsation
Li t hogr aphy Systens, " assigned to the assignee of the
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aespapgoeradfathenpupsanhoinvensiage 20d wgich is
incorporated by reference herein in its entirety. A
radiation source 22 is coupled to lithographic system 10
to impinge actinic radiation upon motion stage 20. As
shown, radiation source 22 is coupled to bridge 14 and
includes a power generator 23 connected to radiation
source 22. Operation of lithographic system 10 is
typically controlled by a processor 25 that is in data
communication therewith.
[0019] Referring to both Figs. 1 and 2, connected to
imprint head 18 is a template 26 having a mold 28
thereon. Mold 28 includes a plurality of features
defined by a plurality of spaced-apart recessions 28a and
protrusions 28b. The plurality of features defines an
original pattern that is to be transferred into a
substrate 30 positioned on motion stage 20. To that end,
imprint head 18 and/or motion stage 20 may vary a
distance “d” between mold 28 and substrate 30. 1In this

manner, the features on mold 28 may be imprinted into a



shown, radiation source 22 is coupled to bridge 14 and

i ncl udes a power generator 23 connected to radiation
wGeous083722. Operation of |ithographic system 1BCT/B8S2004/031408

typically controlled by a processor 25 that is in data

conmuni cation therewith. [0019] Referring to both

Figs. 1 and 2 connected to inm@int head 18 is a

tenpl ate 26 having a nold 28 thereon. Ml d 28 includes
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arfii I@Aed dehiingred St egs Patrat @HES‘S’§§| Rg'PPo88s “which
diseloRed ddiduid %gr ?egte rpat ent &%ngﬁfcl%eZ?Zh%Qém or a
which 1S iI'ncor por ate y reference inits entiret
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pr%%%?%hégcgf%ed by Chou et al. in Ultrafast and Direct

Imprint of Nanostructures in Silicon, Nature, Col. 417,

pPp. 835-837, June 2002. Further, the flowable region may
also comprise a spin-coated film of viscous fluid that
may be molded and cured to form a rigid replica. In the
present embodiment, however, a flowable region consists
of imprinting layer 34 being deposited as a plurality of
spaced-apart discrete droplets 36 of a material 36a on
substrate 30, discussed more fully below. An exemplary
system for depositing droplets 36 is disclosed in United
States patent application number 10/191,749, filed July
9, 2002, entitled “System and Method for Dispensing
Liquids,” assigned to the assignee of the present
invention, and which is incorporated by reference herein
in its entirety. Imprinting layer 34 is formed from
material 36a that may be selectively polymerized and
cross-linked to record the original pattern therein,

defining a recorded pattern. An exemplary composition



type described by Chou et a . in Utrafast and D rect
I mprint of Nanostructures in Silicon , Nature, Col.

W@ 1005/0p3097 835- 837, June 2002. Further, the fl orebiis2004/031408
regi on may al so conprise a spin-coated film of viscous
fluid that may be nol ded and cured to forma rigid
replica. In the present enbodihent, however, a
fl owabl e regi on consists of inprinting | ayer 34 being
demsimaanb:ajsala Fgaurid idiyscdfosanhdeﬁ{mnaretd ditatrat patent

oIeIs 36 of a mater]j 36a on sfrate 30,
GAE AT TR TR SR i 7 Afen?08R - and

de&@@iél&ﬂ YU S SRdFul 3R Beldiced anc%tn%rmable
pat ent application nunber 10/191, 749, filed July 9,
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artr Btttk RP LS AHERHFE HGi nal pattern
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St e esrgrad eim Jammrdmngnriamma4 HGY md@@@d f|1|ned>art by
June 16 2 03 nd entltl ed " od Re uce on
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herein. Material 36a is shown in Fig. 4 as being
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poéé/r@c; FBET i il 38 nd 002y Ref &fifding tc%rﬁ 9 eou%

5, the pattern recorded in inprinting r 34 |s
prmﬁmaetoh,om mﬁ)amatt;elbga]neiﬂaamvmad soorfteaet 3.t h Irmoloahe28

di stance "d!, |s re to all.ow droplets.
SéﬂP%O%iWﬁp nt starnce dﬁce to allow su% por ions

34a of imprinting layer 34 to ingress into and fill
recessions 28a.

[0022] To facilitate filling of recessions 28a,
material 36a is provided with the requisite properties to
completely fill recessions 28a, while covering surface 32
with a contiguous formation of material 36a. In the
present embodiment, sub-portions 34b of imprinting layer
34 in superimposition with protrusions 28b remain after
the desired, usually minimum, distance “d” has been
reached, leaving sub-portions 34a with a thickness t,, and
sub-portions 34b with a thickness, t,. Thicknesses “t.”
and “t,” may be any thickness desired, dependent upon the
application. Typically, t; is selected so as to be no
greater than twice the width u of sub-portions 34a, i.e.,
t: < 2u, shown more clearly in Fig. 5.

[0023] Referring to Figs. 2, 3 and 4, after a desgired

distance “d” has been reached, radiation source 22



mechani cal contact with nold 28, spreading droplets 36
so as to forminprinting layer 34 with a conti guous

wo oocosmsizon of material 36a over surface 32. | nPONES2004/031408
enbodi nent, distance "d" is reduced to allow
sub-portions 34a of inprinting layer 34 to ingress
into and fill recessions 28a. §0022] To facilitate
filling of recessions 28a, material 36a is provided

wigdbdte d et isiile ripidapefitnesha® pelpetekksf ahl cross-
recessions 28a, while covering surface 32 with a
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be34rﬂ3 ofr daparintiay thaives e Wiltdt B ghebesgbnermisgsto a
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ety i al, 38priAtS Héardesﬂél t ash‘b‘%"l M.t boni@f moved to
imprinti'ng layer 34 transforns frommiterial 36a to

criosyrdd stk el greingeer dfatser itilat3ge l dwRisc Bnds iapgsntdng

SRR B e LR e S s
:dn:m]shapezemmfmrr@ n® Fia shapedifiansar baeee28angf may

lﬂ%éﬂéﬁ%léygnggngg%ﬁ¥é%gﬂ€£e patterning of substrate 30.
For example, imprinting layer 34 and substrate 30 may be
etched to transfer the pattern of imprinting layer 34
into substrate 30, providing a patterned surface 32a,
shown in Fig. 6. To facilitate etching, the material
from which imprinting layer 34 is formed may be varied to
define a relative etch rate with respect to substrate 30,
as desired. The relative etch rate of imprinting layer -
34 and substrate 30 may be between about 1.5:1 to about
100:1.
[0025] Alternatively, or additionally, imprinting
layer 34 may be provided with an etch differential with
respect to photo-resist material (not shown) selectively
disposed thereon. The photo-resist material (not shown)
may be provided to further pattern imprinting layer 34,
using known techniques. Any etch process may be

employed, dependent upon the etch rate desired and the

underlying constituents that form substrate 30 and



Fig. 5. After inprinting layer 34 is transforned to
consi st of cross-linked polyner material 36c, shown in
wo-2@5/083797 i nprint head 18, shown in Fig. 2 , iBCTOS®04/031408

to increase distance "d" so that nold 28 and
inmprinting |ayer 34 are spaced-apart . [0024]
Referring to Fig. 5, additiormal processing nay be
enpl oyed to conplete the patterning of substrate 30.

Fampaxaitphey liajfeid nli.ng Ekayel a2 afdnsphsteakbes3fapay
be etched to transfer the pattern of inprinting |ayer
34nalisies ssmat €tIB10Fr o¥FArRGVE PpaPt BFRBANSUr FheBical

3 in_Eig. a4 facilitate etching, the
m%feetr %21% rﬂ ma\ﬂ%ggﬁl%l %ﬁ}%ﬁti ng layer 34 is formed may
be[owsiled t Redefriniaga toelFabisve 7etiod Bat eemplihteegpectipon

t ubstrate 30,, desired. Th | ati tch rat f
| IR 3 or S PR Eabdfy A0LPL6onty B8 GEPRaB, head

abiis ihop 1B @idbUIcnlRihg kQ82ah Abt enaat hvehude8r a
additionally, inprinting layer 34 may be provided with
arrhatch beidyf ddent iCliucli Piedyedpeds péaphedotpespsain

teriial. ( sel ectively . di h . The
oS IAs &F WBREY it P 20y 18 SERREHeh EhGTRy A
f wdderm patdherimuespr i Mo ngataged, 34¢hueki bgdikgnadnincludes
techn%es. Any etch procesz1 may be,engblggﬁd, , _
AP R Uort e 565 2Pat82de ST FedNand Ut e Communicat ion
uRdert W RE-Rstd et 1t Rt cbar Mssebstsater30id supply
andi nprinting |ayer 34. Exéenplary etch processes may
i i M0as i latichiswgpp lye gosites i76nmeychingdudehentcar
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) , _upon | nmol'd 28 1's present, is

Cuydsadirtey @i wgll ris Beadpply of fluid to facilitate
reducing, if not preventing, trapping of gases, such as
air, in imprinting layer 34, shown in Fig. 5. An
exemplary chucking system is disclosed in United States
patent application number 10/293,224, entitled “Chucking
System For Modulating Shapes of Substrates,” assigned to
the assignee of the present invention, and which is
incorporated by reference in its entirety herein.
[0027] As discussed above, during imprinting template
26 and, therefore, mold 28 are brought into proximity
with substrate 30 before patterning imprinting material
36a, disposed on a region 77. Specifically, template 26
is brought within tens of microns of substrate 30, e.g.,
15 microns more or less. It has been found desirable to
perform localized control of the atmosphere 78 that is
proximate to both template 26 and region 77. For
example, to avoid the deleterious effects of gases and/or
gas pockets present in imprinting material 36a and/or

subsequently trapped in the patterned imprinting layer



housi ng 18a via a chucking system 40 that includes a
chuck body 4 . Chuck body 42 is adapted to retain

WO 200phza7e7 26 upon which nold 28 is attached enpdDy$§2004/031408
vacuum techni ques. To that end, chuck body 42 includes
one or nore recesses 42a that are in fluid
comrmuni cation with a pressureleontrol system such as
a fluid supply system 70. Fluid supply system 70 nay

i nal,ude Bae BechADEEuUAUNPEntOipiaVvi g6 behbrpDsthéve and
negative pressure, as well as a supply of fluid to
f&@WPPFéFéOPe@écﬁﬁg}di#nnéFmE?EU%ﬁ?iﬁé,a??éﬁﬁiﬁ@GOQressure

J3%eStmd %ﬁegg gir, ininprinting layer 34, shown in
Fig. 5. exenpl ary chucking systemis disclosed in
Urlion881 St at Bsfpatrényg appFigat Pontaufbeil104283¢c@2drol of

it " Chucki For Modyl ati S .
SaboprEress. 1hesPaRER PEIYheals: HRasoBfa  he Fretbhrate
| RHeNbbeBagand fWa GRdESprBgOMAE at 80mbBYdT 28 eseACEMbRint

its entirety herein. [0027] As discussed above,_ durin

i grcniBngncénprat @ Pefing, 1P RePBFEPBNAdEBEJtoBPhREE 26.
br, Ny praxiceh Ly Wht r 3
SRS BEE BAEELLY ! AR G Bt e 10

r egronnafingpeai ki nabliy, 102nphatel 26si $nbaopbyanhe with hwimich

tens of. m craons.of substrate 3 .0., 15.m ons. nore
o FUSERE 2RBs 1hesn 1 SUnaruBSFPABLER oI OF nPXtends
|Q%@bhaeﬁa69&tﬂ©b eb EE@i@EHﬁ@@h§6ﬁtZ§tth@£hl§egion 77.
proxi mte to both tenplate 26 and region 77. For

examgkebody 4¢oiactlHeegePeeeProusref FBEPYIBVayasetWo of
SOBSh 933 BICKR! AoPIBacahy PObTPT Mg U-IE! 048 a8 0ce
I yfr ithtconghivayer 108 34d Loéhasebpeativeahd, benefdtspbsed in
t% %%Q%ggg %?echuck body 42 disposed between template 26
and baffle 100, referred to as a peripheral surface 100a.
Throughways 104 and 106 place apertures 104a and 106a in
fluid communication with fluid supply system 70. Baffle
100 functions to slow the movement of fluid exiting
apertures 104a and 106a away from mold 28. To that end,
baffle 100 includes first and second opposed surfaces
102a and 102b. First opposed surface 102a extends from
nadir 102 away from substrate 30 and faces template 26.
Second opposed surface 102b extends from nadir 102 away
from substrate 30 and faces away from mold 28. Although
it is not necessary, first opposed surface 102a is shown
extending obliquely with respect to second opposing
surface 102b. With this configuration, atmosphere 78 may
be controlled by introduction or evacuation of fluid
through apertures 104a and 106a. However, first and

second opposed surfaces 102a and 102b may extend parallel

to one another from nadir 102.



conposition of fluid in atnosphere 78 and/or the
pressure of atnosphere 78. [0028] Referring to Fig. 9,
wo eoosmasi7bit ate control of atnosphere 78, chuckr@nDug204£2031408
is designed to facilitate the passage of fluids
proximate to nold 28 and inprint head 18 includes a
baffl e 100 surrounding tenpl até 26. Specifically,
baffl e 100 extends frominprint head 18, termninating
i nfeen2sddi r ReXetrhding ites Figsa pl and on whi ocheaesboliament,

26a lie In this fashion, d 28. extends beyo

na?d:i“iosi%frteo T8 dis ieched &&Htregctgovmtpﬁtré Ieoﬁr‘?%‘Sp@ﬁEch the
bofs 42 ﬁﬂé@e&h@e%h%&%lw tRE8ghh H ApghwRY Sig h\é@e&l&awﬂb@ﬁ in
are shown as 104 and 106. Apértures 104a and 106a of

t memg:m/\dWs 11904nam¢a15@61 nedSevEi ol fraaspodicspesedinned
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10Rashabirsau giways ct04 hangripboptace afesteees thzéagand
106a in fluid communication with fl UI d supply system
70- MR 109 O teFE oS 6 dPGRePREdnpfelent 1BFTERERE

e t yr, a
SR iy s e, nd 0Sp e LTI 54

swnfchctdrse 10X# .andol@Xat Eindst fdptpdseuppdwf ayetmzao may

ext ends. from nadi.r f.roms bst 0 _and
FAEe s APy LoctRi BppboeiSbahate F2B o xPERARSCS

f riorarfeadd rinl Q2 ppay drim Skhdet ab@taalaad baeessavay 25,
fromnmold 28. Although it is not necessary, first
oryﬁﬁé@a 1§ i G LEO TG 166 O e ﬁéue,eh EYRELY #¥ERe™
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i rpeadhutesonl Odia e@ralc Uftdiaorrcofsatthugiate atmosphere 78 with
imprinting material 36a. This was found to reduce, if
not completely eliminate, the quantity of gases, such as
air, trapped in the imprinting layer 34 during imprint
processes. This is beneficial as it was found that the
presence of air in imprinting layer 34 creates
undesirable voids. Alternatively, it was found that by
saturating atmosphere 78 with carbon dioxide and/or
helium, the quantity of air trapped in imprinting layer
34, shown in Fig. 5, was substantially reduced if not
avoided, thereby reducing, if not eliminating, formation
of undesirable voids therein. Further, it was found that
by employing the atmosphere 78 described above, not only
were the number of undesirable voids reduced or
eliminated, but the time required to achieve an
acceptable minimum level of pattern defects was found to
be substantially shorter. It should be understood that a
mixture of imprinting material 36a, shown in Fig. 3,

carbon dioxide and/or helium may be introduced into



t hrough apertures 104a and 106a. However, first and

second opposed surfaces 102a and 102b nay extend
w@2008/0838b7 t 0 one another fromnadir 102.1 1 [ OB2B1S2004/031408

Referring to Figs. 3 and 9, in one enbodi nent,

at nosphere 78 is established so that the transport of

the gases present therein thrddgh inprinting materi al

36a in region 77 is increased relative to transport

asstosdsgitet-aM 1), ailrawrlhen tRegm tor ams:pmdddcﬁ déki gedntaty of

mean any nechanismb Whl ch the rpréczl i on ,of ases

t Ht'du %Rﬁﬁq At gt éﬂ’§’e&n RCAN

i negERPed Saldiidiit adnq;r e@%lfdf 49,0, JiFGHeAIe
pe[r:dneabl lity and tlﬁ]\eér l'ike. g o that end, fl wld éuppl ?7

SYSN@EYHITE Ry Witdl u:cﬁismﬂ%wm yrm‘mdmmm |fr1g11n3§t eisalt o
36§‘ns°15ré3°c'¥Pa°c”§g¥ S molactl! esl A ey £1953 %%Ensc% %0'
of rocessor VW] eh comTun cat 1 on

f|w6b Semniashgsxeqie&mu?&s umalra riridg oGat, emealpe&ﬁav@ay be
i ntroduced through apertures 104a and 106a to saturate
atm\fﬂﬂe% &8 idFiFhahttihey aRfcsabere3 PR LtHraegadet ween

fopcly 105 TR Ghod ife 2013 6 ORI L 1R 26, Ia@nr&%fc% tfheroplets
quantity of gases, such as air, trapped in

| niﬁlwrttlmgndlaile% 34 ﬂﬂurs n@gm ioft a;tmms@é@e?; 78h|1§ i's
bene i cla i f ound t hat t.he &resen:;% J alr in
S.

‘?ﬁ‘?%‘% ;f‘esr 23 Ceeastselé‘% ndesi¥a oWt

AI at;eéftaue@l W44 tarkBsl deang d Retsgyseshtalicatti R@ripheral
at nosphere 78 with carbon di oxi de and/ or helium the
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undesiorabl e Midas theereider Br rherond, whe fiogrestshan of
the aforementioned molecules into processing region 78a
is difficult to achieve.
[0031] One manner in which to overcome the
aforementioned difficulty is to have fluid supply system
70 under control of processor 25 programmed with suitable
control software (not shown) to pulse fluid streams 104b
and 106b into atmosphere 78 having a desired mixture of
molecules, discussed above. In this manner, laminar flow
of fluid streamg 104b and 106b may be avoided. It is
believed that by providing fluid streams 104b and 106b
with turbulent flow, the probability will be increased
that a sufficient quantity of the molecules contained
therein will reach processing region 78a to reduce, if
not avoid, the presence of gases being trapped in
imprinting layer 34 (not shown). To that end, fluid may
be pulsed through both apertures 104a and 106a,
concurrently, or sequentially pulsed through the same,

i.e., first fluid is introduced through aperture 104a and



by enpl oyi ng the atnosphere 78 descri bed above, not

only were the nunber of undesirable voids reduced or
we@bdosiosebed, but the tine required to achi eve BEIT/US2004/031408

acceptable mninmum | evel of pattern defects was found

to be substantially shorter. It should be understood

that a m xture of inprinting Asgterial 36a, shown in

Fig. 3, carbon dioxide and/or helium may be

i nduleekpesh i g chebwhegphena e/ 8,06sheand itheli g@galn through
reduce the quantity of air trapped in jnprinting.layer
34 0%howkt ith Y P qeﬁ%mn%%@@ﬁﬁf ?érpiagé.e%@rgﬁd time

10yr agehif:d GUld Ye RNGRUNGIEIG WiH gresReet. t Furthermore,
introducing fluids was to ensure that the nolecules in

t hehd | wirefing refartshe (diovamf BF6h iata Dy caseingr sgiona 78a

and, 1003, s espactively.; fraveled Lo q,l60ton of the

14 t
atlrr%slﬁ%?lé posi Sonec Bet ey o and “droplets ,

angudef e €O niclcd cife o raafl el ihedb tiddre imDIréa28. pticessing
regi on of_ atnosphere 78 is referred to as a processin

r SFDIPTT 82 &Efgﬂcﬁmfor&ﬁé‘rtt drednef pefgerogylsr €8 an

di ghosed abayt peripheral surface 100a, which is

spaced- apart from processing region 78a. G ven that

t hE0@BPhr at i it exfnatol k128 filomd ewgivodre? pulsegh thirough one
order_of mcrons, the ingression of the af nti oned
OB CH ST G e e G g TR 7894 et (FRery Srgcuated
actthemegh [ €S Lerfdith ian@fedttund)i Gh 4.0 eyereaire tea. In
aforementioned difficulty is to have fluid supply .

syt e margidert Lokt rmulst 45 sEesEoroness BgesRTEd I

(e sl pollum sdosksha S0 e e

a Uesid echmuvghurkodf apertures 104a and 106a, concurrently,
then evacuate through both apertures 104a and 106a
concurrently. It is desired, however, that the flow rate
of fluid be established to minimize, if not avoid,
movement of droplets 36.
[0033] To ensure that the fluids exiting apertures
104a and 1l06a crosses through processing region 78a, it
may be advantageous to concurrently pulse fluid through
both apertures 104a and 106a concurrently and then
alternatingly evacuate through one of apertures 104a or
106a. Concurrently introducing the fluid through both
apertures 104a and 106a minimizes the time required to
saturate atmosphere 78. Alternatingly evacuating the
fluid through one of apertures 104a and 106a ensures that
the fluid travels through processing region 78a. For
example, a first step would include introducing fluid
into atmosphere 78 through both apertures 104a and 106a.
A second step would include evacuating the fluid through

one of apertures 104a and 106a, e.g., aperture 1l04a.



nol ecul es, discussed above. In this manner, |am nar
flow of fluid streans 104b and 106b may be avoided. It

WO s00b@eBizeved that by providing fluid streans 1Pdbusaud4/031408
106b with turbulent flow, the probability wll be
increased that a sufficient quantity of the nol ecul es
contained therein will reach pBocessing region 78a to
reduce, if not avoid, the presence of gases being
t repped fited MRId Rt kg ddagerep34 flndd sadd) be Tattbaticed
end, fluid may be pul sed through both apertures 104a

andi R0 G MAsE RS Gt IBRTogIhs & QmaiP&FHﬂrﬁé‘n 4842t RPughca;

theRaredr1§ . A St et b%e?ntEQ@E@e@ohﬂBOBQhevacuated
aperture 104 ‘andl 3 subsequently through aperture

106wrcrgh tdren csfgaprertthlrr@@glioﬂmandwltoﬁat héapr veessot

be|Q%nre ate%_for deS|re%§ ne or du %l lpe entlre
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because it is desired that a sufficient quantity of
mﬂ‘aé{: lﬂ%m:dmraméu e i RDCEASH S é@é§s PRE ﬂ@éﬁonwhlle

il o g o e SR ok et e
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acrgss W@(&éﬁﬁﬂrﬁﬁi RGAR 48Athslt mayidl segkession into
adva eous to pulse the fluid through both apertures

eIFed 8 Edct drlivdsst IQ)’aCﬂJﬁ'éﬁoé\/é é@érpﬁ‘r eGgHLrs SO
P S e
esf@A4]Ished ro amatihrz embdd imentav el qb,lurallty of apertures
may be disposed about peripheral surface 100a so that
each of the apertures of a pair is disposed opposite one
another on opposite sides of template 26. This is shown
by aperture pair 104a and 106a being disposed opposite
one another on opposite sides of template 26. A gecond
aperture pair is shown as 108a and 110a. Apertures 108a
and 110a are disposed opposite one another on opposite
sides of template 26.
[0035] As shown, each of apertures 104a, 106a, 108a
and 110a, are arranged to lie on a common circle with
adjacent apertures being spaced-apart therefrom by 90°.
In this manner, each of apertures 104a, 106a, 108a and
110a are arranged to facilitate fluid flow in/out of a
different quadrant of chuck body 42. Specifically,
aperture 104a facilitates fluid flow in/out of quadrant
I; aperture 106a facilitates fluid flow in/out of
quadrant II; aperture 108a facilitates fluid flow in/out

of quadrant III; and aperture 110a facilitates fluid flow



novenment of droplets 36. [0033] To ensure that the

fluids exiting apertures 104a and 106a crosses through
w@emse3¥HINg region 78a, it may be advant ageousPa@DUS2004/031408

concurrently pulse fluid through both apertures 104a

and 106a concurrently and then alternatingly evacuate

t hrough one of apertures 104a1br 106a. Concurrently

i ntroducing the fluid through both apertures 104a and

1069 otithiofl Zesdrlatt Ive r gguweked, t angahumBée of apertures
at nosphere 78. Alternatingly evacuating the fluid
t RPYugs 6@ lovedpefrt GresMPH2athAR 206aPBRsEFRSr ARt With
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|@md.amn@@ghdren?&nyhspaghaboahrapgemanesdieﬂaednd Each of

A second st e, evacuatin e flui
Breh retgranee, ouldoagealicbac Bk ERdutESah) fhd/or
1@47@clla%1mebezatat elurall idyt bier @d1swepoff Euidawestdake into
I ntroduced into atnosphere 78 through bothiggertures
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104a and 106a. Alternatlvely, evacuati on may occur in
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t Ftuitthe ldesiintd aomoespheati 8 ohrbhghdeashpoésehe.
apertures 104a, 1l06a, 108a and 110a and evacuation of
fluid from atmosphere 78 therethrough may occur in any
manner discussed above.
[0036] Referring to Figs. 9, 10 and 11, in another
embodiment, a fluid stream may be introduced through each
of apertures 104a, 106a, 108a and 11l0a sequentially so
that a flow cell 112 may be created between template 26
and region 77. Flow cell 112 would facilitate ingression
of molecules in the fluid streams into processing region
78a to provide the benefits mentioned above. For
example, first a fluid flow may be introduced through
aperture 104a and then terminated. After termination of
fluid flow through aperture 104a, fluid flow through
aperture 106a is commenced to introduce fluid into
atmosphere 78. Subsequently, fluid flow through aperture
106a is terminated. After termination of fluid flow
through aperture 106a, fluid flow through aperture 108a

is commenced to introduce fluid into atmosphere 78.



[0034] In another enbodinment, a plurality of apertures

may be di sposed about peripheral surface 100a so that
we@2mh/088791 he apertures of a pair is di sposed OpEPDEF1084/031408

one anot her on opposite sides of tenplate 26. This is

shown by aperture pair 104a and 106a bei ng di sposed

opposi te one anot her on opposiike sides of tenplate 26.

A second aperture pair is shown as 108a and 110a.

Arerdid &S ckP8a a-clbiR ajed tdirePa9Re ARPeTbseRBatly
anot her on opposite sides of tenplate 26.f50035 As
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irgdﬁggﬁﬁéﬁ% ;ﬁ éé&iéﬂgféﬂ”éiéydggiSﬂ:may occur through
each of apertures 104a, 106a, 108a and 1l10a to create
flow cell 112. For example, fluid may be introduced
through all apertures in chuck body 42, concurrently.
Thereafter, fluid may be evacuated from each of apertures
104a, 106a, 108a and 11l0a, one at a time. Before, the
concentration in atmosphere 78 of fluid introduced
through apertures 104a, 106a, 108a and 110a went below a
desired level due to evacuation. The fluid may then be
reintroduced through one or all of apertures 104a, 1l06a,
108a and 110a again and the process repeated to create
and/or maintain flow cell 112.
[0038] The embodiments of the present invention
described above are exemplary. Many changes and
modifications 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



fluid streans provides a turbulent flow of fluid in
at nosphere 78. This, it is believed, increases the
w@embakizbity that nolecules in the fluid streapeT/vebd031408
reach processing region 78a, shown in Fig. 9 .
However, fluid flow into atnosphere 78 through each of
the apertures 104a, 106a, 10847and 110a and evacuation
of fluid from atnosphere 78 therethrough may occur in
anie tEmrigle Jinvaals yed cakove. tp0B8BE] aBekenednglhembi g3ong
9, 10 and 11, in another .enbodinent, a fluid stream
mi§ S Ghetiro fded SCRPSUGh ESRAVBLCRESrt ures 104a,
106a, 108a and 110a sequentially so that a flow cell
112 may be created between tenplate 26 and region 77.
Flow cell 112 would facilitate ingression of nolecules
inthe fluid streans into processing region 78a to
provi de the benefits mentioned above. For exanpl e,
first a fluid flow may be introduced through aperture
104a and then term nated. After term nation of fluid
flow through aperture 104a, fluid flow through
aperture 106a is comenced to introduce fluid into
at nosphere 78. Subsequently, fluid flow through
aperture 106a is termnated. After term nation of
fluid flow through aperture 106a, fluid flow through
aperture 108a is comenced to introduce fluid into
at nosphere 78.1 6 Fluid flow in through aperture 108a
i s subsequently termnated. After termnation of fluid
flow through aperture 108a, fluid flow through
aperture 110a is comenced to introduce fluid into
at nrosphere 78. In this manner, fluid is introduced
into atnosphere 78 through a



singl e quadrant at any given tinme. However, it may be

desirable to introduce fluid into nore than one
wa@e@dnzat? . Al though this may frustrate creatiPCT/082004/031408

flowcell 112, it is within confines of the present

i nvention. [0037] Alternatively, sequentia

i ntroduction and evacuati on ti% ough apertures 104a,

106a, 108a and 110a nay be undertaken to create flow

CEHAT 112 . COAIMEIOLS d i ncl ude introducing fluid through

one or nore of apertures 104a, 106a, 108a and 110a,

concurrentlly. Subseetizrd | §or serfiahitnih|Jasat RtdEN ey a
occur through each of aperture 4 0 and .
1?"6%63? o° r‘ég‘? 71T 03\7\}%%#) Cieﬁg.s %oer]&eo%n%l Sg@%%a% ’nargsald
bget RbH OdbESHi & hough all apertures in chuck body 42,
concurrently. Thereafter, fluid my be evacuated from

each of apefalifiers WALPGEE 1St SRFFLEXOINRtE 8
t ncen j [ . Of
R S S e 1 S i 1 W
antl 3304 weatobel bivyaidesi red | evel due to evacuati on.
The fluid nay then be reintroduced through one or al
of apertures 104a, 106a, 108a and 110a again and the
process repgat edThe REERLE AW &1 ted il dldimvi cfldrein
112. [0038] The enbodi ments of the present invention ,
duscyinadfabbher ai BCERSEP| WRGTCMHYI chadReedP Bhify of said
LiLcai the disclosure recited
gg%éé% aﬁi?§§?gﬁ%5§§%gagf?%?%'the scope of the
i nvention. Therefore, the scope of the invention

should not be linjted he above descri i on, . but .
i nst ead shoﬂ@d b e7m8g¥8$n?ﬁeﬁeﬁ}Y% r%?e?%%%% %c&%ﬁﬁsln
appendad eliatABrakfB%udes increasing diffusion of said

gases in said viscous liquid.

4. The method as recited in claim 1, wherein
varying further includes increasing permeability of said

gases in said viscous liquid.

5. The method as recited in claim 1 wherein
varying further includes controlling an atmosphere
proximate to said substrate by introducing a fluid,

therein, saturated with said viscous liquid.

6. The method as recited in claim 1 further
including reducing a pressure of an atmosphere proximate

to said substrate.

7. The method as recited in claim 1 wherein
varying further includes controlling an atmosphere

proximate to said substrate by introducing a fluid,



with their full scope of equivalents.18 WHAT IS
CLAIMED IS : 1 . A nethod for reducing gases present

WO nooa/oBxyer of viscous |iquid deposited on a SPOFUSZN€()31408
said nmethod conprising: varying a conposition of gases
proxi mte to said viscous liquid to increase transport
of said gases in said viscousi$iquid. . The nethod as
recited in claim1l wherein varying further includes

| ReeeashnNdtd $abvbhbbt ¥a08 62hHsH8SESoE N8Pl g¥ESEOUS said
l'i quid. 3 . The method as recited in claim 1 wherein

vHAPCAYSt 4igH&A i ncl udes i ncreasing diffusion of said
gases in said viscous liquid. 4 . The nethod as

recited in claim1, wherein varying further includes
increasing per me@hel meyholl sai degased in shaimvé seloesein

i qu The _net hod as ited in ¢claim1l wherein
g&Fﬁ&uF&PEhéPrF EFuaﬁgﬁBéﬁ?erFFﬂ Uah1Gt ADS hgi%ld
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therein, saturated with said viscous liquid. 6 . The

metihesd das andcheddumn claim 1 furt her i ncl udi ng
reduci ng a pressure of an atnosphere proxinate to said
substrate. . The nethod as recited in claim1 wherein
varying further includes controlling an atnosphere
proxinate te.sai 8 sebbbdabvé byttoduoﬂngiagfhuidubﬂtﬂeéh a
the gln to in rease sai d transgort of { gases
dispose a template, and a substra sail
method comprising:
introducing a flow of said fluid proximate said to
template to produce a turbulent flow of said fluid
between said substrate and said template to move a
portion of said fluid in said flow between said mold and

said substrate.

10. The method as recited in claim 9 wherein
introducing further includes pulsing said flow of said
fluid into a region adjacent to said template and in

superimposition with said substrate.

11. The method as recited in claim 9 wherein
introducing further includes pulsing said flow of said
fluid, with pulsing further including injecting said
fluid sequentially through multiple regions at differing
positions about a periphery of said template to create a
flow cell in an atmosphere located between said mold and

said substrate.



viscous liquid. 8 . The nethod as recited in claim®6
wherein introducing further includes introducing said
wo baosd3xet ected froma set of fluids consisti npCDiS2004/031408

carbon di oxide and helium . A nethod of introducing a
fluid between a nold, disposed on a tenplate, and a
substrate, said nethod conpri3%®ng: introducing a flow

of said fluid proximate said to tenplate to produce a
turbul ent fhowyetesaifdrf intdodetirgnasaldwsabsaraleid

and said tenplate to nove a portion_of said fluid in

sREGWEEBWADBPMEen L §PASRBI B aRdCSEPHRSEbsE Rt 8. Sypstrate,

The ;aeLhadeas chrpiktigdngn claim 9 wherein introduci ng
further includes pul sing said flow of said fluid into

a reglanfédFQCénppﬂU §asdemenﬁndte and in

superlnpo 0 sald su e 1 net hod as
recite |% ck BOQ' 3%8 n® |n %c?%é ¥1J$ﬁ grid second
l@@b@ﬁ&&epulsamg SarétfhﬁdlQéc6ﬁddaﬁéﬂtdremnﬁhsp@béﬂHQM a

further including injecting said fluid, sequenti al _
t BredkgRenttt Spie F@BFBngogy BeFVeEPng2 posPetf bhs %%%u%ald

af hQQ%ryWQEhsédet?HPE@tSn&0s€&8ﬁ&ea§e££9¥é§eiﬁ Fhuid
an atnosphere | ocated between said nold and sa

s@bgruat gadon w1AhsysnénfﬂundlﬁUPBHMCSﬂgtamftgmpn¢d@ce a
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13. The system as recited in claim 12 wherein said
chuck body further includes a plurality of apertures
disposed on said surface of said chuck body between said

baffle and said template.

14. The system as recited in claim 12 wherein said
chuck body further includes a plurality of apertures
disposed on said surface of said chuck body between said
baffle and said template, with said plurality of
apertures including a pair of apertures disposed opposite

one another.

15. The system as recited in claim 12 wherein said
chuck body further includes a plurality of apertures
disposed on said surface of said chuck body between said
baffle and said template, with said plurality of
apertures lying in a common circle having a plurality of
quadrants, with a quadrant of said plurality of quadrants
comprising a set of apertures of said plurality of

apertures, with differing quadrants of said plurality of



a chuck body having a baffle and first and second
apertures, said first and second apertures di sposed on
wa@2®ansaee of said chuck body between sai d baf P¢BUSIU04/031408
said tenplate, with said first and second apertures in
fluid conmmunication with said fluid supply systemto

produce a turbulent flow of said fluid between said
nol d and said substrate . 1 . The systemas recited in
Claadirh2 tehebebrisang aidckrbadyséust bérapaetudes af said
plurality of apertures disposed on said surface of
s&Yredder Séd?PSéF%ééﬁ -said baffle and said tenpl ate.
1 . The systemas recited in claim12 wherein said
chuck body further includes a plurality of apertures
di sposed on said surface of said chuck body between
said baffle and said tenplate, with said plurality of
apertures including a pair of apertures disposed
opposite one another. 15. The systemas recited in
claim 12 wherein said chuck body further includes a
plurality of apertures disposed on said surface of
said chuck body between said baffle and said tenplate,
with said plurality of apertures lying in a comon
circle having a plurality of quadrants, wth a
guadrant of said plurality of quadrants conprising a
set of apertures of said plurality of apertures, with
differing quadrants of said plurality of2 1 quadrants
conprising differing sets of apertures of said
plurality of apertures.



