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relate to methods and systens for inprint

l'i thography. More particularly, enbodinments relate to
nmet hods and systens for micro- and nano-inprint
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template and the substrate; filling the gap with light
activating light curable liquid substantially; and

~solidifying the light activating light curable liguid.

In an embodiment, the template is patterned and includes
a first surface and a plurality of recesses formed in the
template extending from the first surface toward an
opposing second surface. The recesses define a plurality
of features in the first surface of the patterned
template. A predetermined amount of activating light
curable liquid is applied to a portion of the gubstrate.
Activating light curable liquid is a low viscosity liquid
having a viscosity of less than about 30 centipoise. The
patterned template and the substrate are positioned in a
spaced relationship to each other sgo that a gap is

created between them. The template is positioned such
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are enhanced by the use of low viscosity liquids. In
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Janiarid, 2@ Bolidified material. The method may then be
repeated on a second portion of the substrate. In this
manner the substrate is imprinted in multiple "steps®
rather in a single step. Imprint lithography process are
enhanced by the use of low viscosity liquids. In one
embodiment, the viscosity of the activating light curable
liquid is less than about 30 centipoise. Control of the
liquid within the perimeter of the template may be
accomplished by a number of methods. In one embodiment,
the distance between the template and the substrate is
set such that the force applied by the template on the
liguid does not force it beyond the border of the
template. A template includes a plurality of recesses
that define a plurality of features on the template.

Liquid confinement is also controlled by forming one or
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than the depth of the recessed portions ofthe -

tenplate. [0005] In another odi nent, a

pl anari zation layer is forned by curing a curable
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ttgasﬁyg%ement system, coupled to the body, to provide
relative movement between the substrate and the template
and place the template in superimposition with a portion
of the substrate, defining a patterning portion; a liguid
disgpenser coupled to dispense an activating light curable
liguid onto a sub-portion of the patterning portion, with
said displacement system coupled to selectively place the
activating light curable ligquid in contact with the
template by reducing a distance between the substrate and
the template, a source to impinge light upon the

. patterning portion, with the light being selected to
solidify the activating light curable liquid; and a force
detector coupled to the imprint head to generate

information indicating a force applied to the template by
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O2&cond axes. The liquid dispenser is coupled to the body
to dispense an activating light curable liquid onto the
substrate. The source is connected to impinge light upon
the substrate, with the light being selected to solidify
the activating light curable liquid. In one embodiment,
a patterned layer is formed by curing a curable liguid
disposed on a substrate in the presence of a patterned
template. In an embodiment, a system for forming a
patterned layer on a substrate includes an imprint head
and a motion stage. The imprint head is configured to
hold a patterned template. The imprint head also includes
a fine orientation system. The fine orientation system
allows motion of the patterned template with respect to a

substrate to achieve a substantially parallel orientation
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enbodi nent, the fine orientation systemis a passive

systemthat allows the tenpl a%e to self-correct for

non-planarity when the tenplate contacts a liquid
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llt (%gzﬁé&/template and onto the curable liquid during
use. Imprint lithography systems for forming features
having a feature size below 100 nm are typically
sengitive to changes in temperature. As the temperature
of the system increases, the supports (i.e., components

. that support the template, substrate and other components
of the imprint lithography system) may expand. Expansion
of the supports may contribute to errors due to
misalignment of the template with the substrate. In one
embodiment, supports are formed from a material that has
a low coefficient of thermal expansion (e.g., less than
about 20 ppm/°C). In addition, the imprint lithography
gystem may be placed in an enclosure. The enclosure is

configured to inhibit temperature variations of greater
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in a fixed position duri ng use.” The other conponénts
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imprint head also includes a fine. orientation system. In
one embodiment, the fine orientation system is a passive
system that allows the template to self-correct for non-
planarity when the template contacts a liquid disposed on
the substrate. The imprint head is coupled to a motion
stage. The motion stage is configured to move the
imprint head in a plane substantially parallel to the
substrate. The substrate is coupled to a substrate
support. Substrate support is configured to hold the
substrate in a fixed position during use. The other
components of the imprint lithography system are
substantially the same as described previously for other
embodiments. In another embodiment, an imprint

lithography system includes an imprint head, a motion
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stage, a substrate support, a 4iquid dispenser, a
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The recesses: define a plurality of features that are

t ®rh@ isvpStaesde, the liquid will tend to expand to cover a
larger area of the substrate than the liquid originally
covered. In some processgses it is advantageous that the
liquid remains within an area defined by the template.
Proper design of a template will, in some embodiments,
inhibit flow of liquid substantially beyond a perimeter
of the template. A patterned template includes a first
surface and a plurality of recesses formed in one or more
patterning areas of the template extending from the first
gurface toward an opposed second surface. The recesses
define a plurality of features that are to be imprinted
onto the substrate. The template also includes a border
formed about the perimeter of the patterning areas. The

border is formed as a recess that extends from the first

surface toward the second surface. The depth of the
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the substrate,” wherein the electrically conductive
use or a fixed substrate support.

[o008] Another embodiment includes a method of
preparing patterned structures on a substrate, with the
comprising: applying an activating light curable liguid
to a surface of the substrate; positioning a template
proximate to the activating light curable liquid, wherein
the template comprises: a non-conductive layer; an
electrically conductive layer adjacent the non-conductive
layer and substantially between the non-conductive layer
and the substrate, wherein the electrically conductive
layer forms a contiguous pattern of structures
complementary to the patterned structures to be produced
on the substrate; applying an electric field between the
template and the substrate by passing a current through

the electrically conductive layer, wherein the applied
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el ectric static force tha attracts a portion of the .
ac?fg%%{f"fﬁﬁﬁ P BﬂFt&EiPaB%eti’?qﬁ?&“’%%ﬁ?dE%HE‘: curable liquid

el esivhil-gakhy eoBduetbMe1laysndabribe 1gyRlabe. thdhgemplate.
el ectrically conductive material is placed on non

coRbEceleetracel iyl condncthde whbesiabt iscalﬁyed on non
j , . o b 8! .
Coegﬂﬁﬁg¥§ven35€%%?51!§P8§§%ﬁégggﬁ%n%#%?ggaﬁ?ﬁ%g ﬁg%Quctlve

non- conducti ve eria .
Theattetsli tal bysitbodedt beewsahethal nonctud@scBive

pl uralitz}of recesses that define a plurality of

f eHRhFESAE 0?2 Be Fhpr FRFRE2DS FREINEWPF at eThBotheeheically

el gehah ity £QPEUELIVenARLELEE AL %mrai_b of recesses that
non- conductive material nay be substantially

t rdpSpae eatpteral ghy . of nfeakured otd nemt imphentedpbat the

nme [ Lu L0 oxi an used silica,..
"B LETE ok, De LAY L QXL £5y ANSe et S a8 AY ana
si Ziee whnlessdudaivabeated DL nay Ave edwisétdct faBl@d my

be, applied between the tenpl ate and_t he substrate.
THEFSBERTFERE | o DISthe olBCPRt CTPRAHIRAG, orlvat esmplate

stigh} Che f B6Red "ot BhdTaRtSiRlok£aStag PALSARNOf i dDE At
curable Iliquid toward the tenplate. The portions o

t hee?el ol ROTY Qi of t e Apeuchuresteal tathe tieplute size
1S Foab A Al 01805 A AL AR may be

inprinted on 't até." In"oné e
poappbiesd dbettsen cliabt @nplape daddathearaisditaod ed e

the tepplate co into contact, wth the tenpl ate, ,
PR TSR Gt i e phEtior T MR o Static

L et xhY tartaldvel ¥e 148 Nerpdhe & I8RGHRI cyrable
portions nor the remaining portions of the curakﬁ e

| i Al orawand choriemrlalia h tThe portions of the curable

liquid that are attracted to the template are
complementary to the pattern of structures imprinted on
the template. In one embodiment, the portions of the

- curable liquid that are attracted to the template come
into contact with the template, while the remaining
portions do not contact the template. Alternatively,
neither the attracted portions nor the remaining portions
of the curable liquid come into contact with the
template. The attracted portions, however, extend toward
the template while the un-attracted portions do not
extend to the same extent that the attracted portions
extend toward the template. The curable liguid is cured
by the application of activating light. After the curable

liquid is cured, the structures may be further defined by



tenpl ate. The attracted portions, however, extend

toward the tenplate while the un-attracted porti ons9 January 2007
woeonatis40ext end to the sanme extent that the atpepgkamsniisse

portions extend toward the tenplate. The curable

liquid is cured by the applicgiion of activating

light. After the curable liquid is cured, the

st evehimgsthaycheefiul L hatddef Ehedihy @ayatmaryv@00He aspect

WO 2004/ 013406 PCTI US2003/ 021556 1 et chi nr% the cured

| i §aF R EPEnFRG RBYUFHPFeTe tHBY aShethe FATRORLBIUERE

StEHERVHE St c AN i Qhied NBaF OBBOREY G USEHe1 84 £ Neactive ion

techni ques may bé used,  including reactive ion

et ehthgng Theteeandand hethenbedboeimentas canereotal fylly

de ' ' BRI EF DESCRI PTI ON OF THE DRAW NGS

[0%%%’]’913?%;96{18%%%3 an enbodi nent of a systemfor

i mprint lithography; [0010] FIG 2 depicts an inprint

l'i thography system encl osure; [0011% FIG 3 depicts

an enbodi ment BRIER PRSFRAETLIPNt RBgFEBhYRABANCGEOUpI ed

LO[@Gos"Pr i Nkl LN0gEZPBY s §ﬂséﬁ86diﬁgﬂg]ofqéas%%tem for
depicts a projection view of an inprint head; 10013]

Fl BopBigepl ttisograpkyt oded view of an inprint head;

[O I G epi c a projection.,view.of a first
A e e
vi emebbswrsgcond flexure nenber; [0016] FIG 8

deEi%cts a projection view of first_and second flexure
mefbRtL] coupltd- tHPREPLFES [0 19TOPI STt (i 3t stpTint
Proj eeddPaloly eNe i Solhea ©5 1 St Ao h S YL @B Lo ed

to a pre-cal’ibration systemof aninprint head,

system;

[0012] FIG. 4 depicts a projection view of an imprint
head;

[0013] FIG. 5 depicts an exploded view of an imprint
head; .

[0014] FIG. 6 depicts a projection view of a first

flexure member;

[0015] FIG. 7 depicts a projection view of a second
flexure membex;

[0016] FIG. 8 depicts a projection view of first and
gecond flexure members coupled together;

[0017] FIG. 9 depicts a projection view of a fine
orientation system coupled to a pre-calibration system of
an imprint head;

[0018] FIG., 10 depicts a cross-gectional view of a
pre-calibration system;

[001¢9] FIG. 11 depicts a schematic diagram of a

flexure systew;



[0018] FIG 10 depicts a cross-sectional view of a
pre-calibration system [0019] FIG 11 depicts a 9 January 2007

woeceheymsdoe di agram of a flexure system 9 JanpgiyiszR9d21556
WD 2004/ 016406 PCT/ US2003/ 021556 11 [0020] FIG 12

depicts a projection view of aqotion stage and an

i nprint head of an inprint Iltkography system [0021]

FI @028] depi EIS. alschephtis dipgogerdion vigwidf a motion
di spense s stem [0022]. FI 14 depicts roj ection

vi enP3F %ﬂ Apr +H rlﬂEalae t A 220 Srﬁvr%ﬁrﬁét Aegraphy

ca ggeﬁptlcally coupled to the inprint head; [0023]

FIGS. 15 and 16 depict side views of an interface

befl®e2hl a | i H§UEd ¥8opepichandaaspoenabic ofiiagramnf ad eliquid

picts a cross-sectional view of a
|02 boFLE bl - o

bf tenplate configured for liquid

colnt)om:]rem BIGt he4 paepheteraoprohect eopl diew 6H020] imprint
FIG 18 d ﬁICtS_a cross-sectional view of a _second
enBBH nEREL R %%ﬂ%Fa?%u%%%f?@@r%@m$6? ?PE&ﬁ%ﬂlY coupled to

CO@ﬁéh§£§fin@Ihé£§ perimeter of the tenplate; [0026]
FIGS. 19A-D depict cross-sectional views of a

- se§Ued2e of EI%%S bf andeh@l@@ma@bnsa@¢|V@pwslwfunw
di $R0Sed. 00 Booubshr 8Pl PO2TIH 6. RO B Sepi St 4eP

cT oSS Settona
teﬂ@hpl&t@aV|ng a pIurallty of patternlng ar eas;

28% FIG 21 depic ection view of a r|g|d
eh30E suphtet Ty ctenteliich coretP S arbLcaat oYty G 2
Syﬂﬁg& Oémﬁadirﬂ@ﬁt nds h@@fﬁplé@@?@&nﬂ&r&? ESP £ Hu L)

imprint head coupled to an X-Y notion system
confinement at the perimeter of the template;

[0025] FIG. 18 depicts a cross-sectional view of a
second embodiment of template configured for ligquid
confinement at the perimeter of the template;

[0026] FIGS. 19A-D depict crogs-sectional views of a
sequence of steps of a template contacting a liquid
disposed on a substrate.

[0027] FIGS. 20A-B depict top and cross-sectional
views, respectively, of a template having a plurality of
patterning areas;

[0028] FIG. 21 depicts a projection view of a rigid
template support system coupled to a pre-calibration
gsystem of an imprint head;

[0029] FIG. 22 depicts an imprint head coupled to an
X-Y motion system; )

[0030] FIGS. 23A-23F depict cross-gsectional views of a
negative imprint lithography process; ,

[0031] FIGS. 24A-24D depict cross-sectional views of a
negative imprint lithography process with a transfer

layer;



[0030] FIGS. 23A-23F depict cross-sectional views o
negative inprint lithography process; [0031] FIGS. E)fanuary 2007
w@46vadbloglepi ct cross-sectional views of a negaf/ip¥R03/021556
imprint |ithography process with a transfer |ayer;
January 2007 WO 2004/016406 RGT/ US2003/021556 12
[ 00321 FI GS. 25A- 25D depict cross-sectional views of a
popkdizke i npriams. | 230088 E MY RO CeESS s | 0330 551 36A of a
- 26C depict cross-sectional views of a positive
i RRFHEE TS t HoRF Hphyl PriedsaPh tiFeCFansfer | ayer;
[0 3F| CS.p2dd\ -2 F 08hh Gl bf 0SS RG6L | i dhEWS, s of
a conmbi'ned positive and negative inprint |ithography
praqesstt1093b6pEG RBthiegprapgly psotmsmtwitiofa diransfer
opfical alignment neasuring device positioned over a
t2%§¥ e and substrate; [0036] FIG 29 depicts a
scheyetf or det@s M Mig- ther @gigiireito e - fedieiiial riews of
W th respect to a substrate using alignnment marks by
SRUETP EHISY ReBhE HGE AP s BtisToh gt P03 A 1 thagragehy
d 'égésg,schene>for determning the alignnent of a
tgﬁ% ate With respect to a substrate using alignment
mafk@3Eind pdfBFi zZ&8l depiars;a [0088jath G oS hrdepicicala

top, view of an alignment mark that is. formed from
PGPS | TR 0 4TV RGOSR (e (P late and
Vievwsstofatpaiterns of curable liquid applied to a
substrate; [00407 FIGS. 33A-33C . depict a schene for
relRA%y a TEhpl A1 C9pigths & isdtang £ it emitiglo the

[ 00ALA LG 3¢ deplpis @b ermodidmnt-ofa 4 %Igi%ﬁtde using

posi t1oned over a substrate for el'ectric fie ase

| i aiagregriy ; md:004 Xy FRia@Rierds/aldsD wiepiioty arfd nstfocusing;

enfgﬁgﬂﬁent qglé{ 30 depictg a scheme for determining the
alignment of a template with respect to a substrate using

alignment marks and polarized filters;

[0038] - FIG. 31 depicts a top view oif an alignment mark
that ies formed from polarizing linesg;

[0039] FIGS. 32A-32C depict top wviews of patterns of
curable liquid applied to a substrate;

[00401] FIGS. 33A-33C depict a scheme for removing a
template from a substrate after curing;

[0041] FIG. 34 depicte an embodiment of a template
positioned over a substrate for electric field based
lithography;

[0042] FIGS. 35A-35D depict a first embodiment of a

process for forming nanoscale structures using contact
with a template;

[0043] FIGS. 36A-36C depict a first embodiment of a
process for forming nanoscale structures without

contacting a template;



process for form ng nanoscal e structures using contac
Wi ih a template: [0043] FIGS 36A 36C depl ot o firsg January 2007

wonbawhigmwat of a process for form ng nanoscal fcrus2003/021556
structures without contacting a tenplate; 9 January

2007 WD 2004/016406 PCT/ US2003/ 021556 13 [0044]

FIGS. 37A-37B depict a tenplate that includes a

copdo4pus pRItEr nerh coTR utép Mer | ayssmell sposEtkioniecludes a
non- conductive base; [0045‘1 FIG 38 depicts a potion

St HRANP Y BECERhet? af P IReh L Ho kAT [GoiR]SEE 1 3 non-

deph G S POt QB St age having a substrate tilt
nodul e; [0047] FIG 40 depicts a schematic draw ng of

a [&UhSL r at eFEGppdS tdemint § GDABIL FNG s gl dpircing &
sch tic dramng o n. inmprint |Iithography system
thSa1T(lejo %'.Tﬂﬁ%le%l a?]grp%%?f%t head di sposed bel ow a

supsi4el e suppe! t39 REA dfD DESGRIGRT | dgF Hdng a

| NVENTI ON [ 0049] Enbadi nents presented herein
geTiR 3t e cfhtle MY 585t ens, devices, and rel at ed

Pr PEEEPES Of praBnAg 3&&;&‘{&{}9 S Blhetli £CSraMi S of a

specifically, enbodinents presented herein relate to
sysilegisratieviuesort amnshd el at ed processes of inprint

li phy. r xanpl t he emhodi nent s, nay. be
usL@?‘?éof i rrp?rljll':‘%t i%g é%%bc?tl%di nérﬁ'fee“gq:uﬁ%s Shig's ot an
subsdradte, 1 Stlitbgasplty Sediaprchgd dmotaidds 4 ishotik head
be_understqod, that these enbodi nents may al so be used
t FIRpRISR (R OBt heF SRS TURRRAces i ncl udi ng, but
not limted to: patterned nagnetic nedia for data

~ storage, mcro-optical devices,
m cr o- el ect rBERBEhERI BESCRYBTEMY OF oTldgi EAVENBEPN ng

>df rfgf%fﬁo pf P g%nrffg & :'\L}]tleg% tss' rb%reasnedntr eecfml{eiroenizg %’érf:ee.tsall layn q:el ate
to systems, devices, and related processes of
manufacturing small devices. More gpecifically,
embodimentsrpresented herein relate to systemsg, devices,
and related processes of imprint lithography. For
example, these embodiments may be used for imprinting
gub-100 nm features on a substrate, such as a
semiconductor wafer. It should be understood that these
embodiments may also be used to manufacture other kinds
of devices including, but not limited to: patterned
magnetic media for data storage, micro-optical devices,
micro-electro-mechanical system, biological testing
devices, chemical testing and reaction devices, and X-ray
optical devices.
[0050] Imprint lithography processes have demonstrated
the ability to replicate high-resolution (e.g., sub-50
nm) images on substrates using templates that contain
images as topography on their surfaces. Imprint

lithography may be used in patterning substrates in the



[0050] Inprint Iithography processes have denonstrale
the ability to replicate high-resolution (e.qg., subgki%nanIZOOT

wOMo4i0iR®ES on substrates using tenpl ates that pepatoslozisse
i mages as topography on their surfaces. |nprint
l'ithography may be used. in pa%gerning substrates in
the 9 January 2007 WO 2004/ 016406 PCT/ US2003/ 021556
14 mammfiafcactoer efomimroedelceécbndni desdvieses ppagtiadaldevices,

deyices, MEMS_  opto-el ectronics atterned nmagneti

e ERS OPPUSY 67 856 SBYCFeabPoEE PEEC TaBRGT T At Tedia for
|ibh©@h§@hﬁpfﬂaéﬁﬁﬁ@ﬁg$ BRY: be TapRenhkorn i tAcerRhbeH
Iithogéaphy or making three-dinensional structures,
sutRchBiplero TpEn bes suprd iPrghreoptigedudéshography for

Co ent ap i is i s :
CoBPRIA, E bl BLRbLBhay, LEDOBERREY, YRRy pigro tenes
ot bed Wageteaksrukatresy atbepbnehes pliyahcatprint

r ties of the system _inc¢l udi but pot Ilinjted
?oREEﬁPgE@P ﬁéFé?Fe%ntéPF%EBéPgeFEggF@§P;?EﬁaCEE strate,
constanlis anMaBngebtWedl matbei 688, tuhecoalt ¥erdepstiy,

opacity, etc., are engineered to propgrlé accommodat e
a Phgpegrdbbropestass. of0bBe] sKetRBds inndudisgehutfoet

o, HITG80 Fo W rase shexpy” EAPRFrafiny spta gty dpmacker
- nponatabkshoyYeaphipt Waath'i Sorcasor posabsdither denshyy,

f nce. Additi I t. hod nd te for rint
| PRBGT iy SHPe  BFEnEPOUTSEbEdotor RYCDERLY paFERImodAte a

Apgkbeat bBs: pkoSesSerial No. 09/908,455 filed July
17, 2001 entitled "Method and System of Automatic

FI 4PA5SHI spen¥rRBofisr andppyatenst hoyr apayinpr biebeasaphy are
U 35 S 081 OGE S0 o, b YoAE, Loy oo .
anenBysleds"Boepl apdi Ala&ht hographyl thbraey t abhNeh is
05L 070, B4l LLLef Moty 1, 001, SNt 1L IBTOE 100,
Tr apspansntoteifbal Bt ANt RUBSLPRY CaF Ol FhPPhEAL i scugsed in
U.S. Patent Applications: U.S. Serial No. 09/908,455
filed July 17, 2001 entitled "Method and System of
Automatic Fluid Dispensing for Imprint Lithography
Processes®; U.S. Serial No. 09/907,512 filed July 16,
2001 entitled "High-Resolution Overlay Alignment Methods
and Systems for Imprint Lithography"; U.S. Serial No.
09/920,341 filed August 1, 2001 entitled "Methods for
High-Precision Gap Orientation Sensing Between a
Transparent Template and Substrate for Imprint
Lithography"; U.S. Serial No. 09/934,248 filed August 21,
2001 entitled "Flexure Based Macro Motion Translation
Stage®; U.S. Serial No. 09/698,317 filed October 27, 2000
| entitled "High-Precision Orientation Alignment and Gap
Control Stages for Imprint Lithography Processés“; U.s.
Serial No. 09/276,681 filed October 12, 2001 entitled



Li t hography"; U. S. Serial No. 09/934, 248 filed Augu§tJanuary 2007

21, 2001 entitled "Fl exure Based Macro Mdti on

wonenmiedson Stage”; U S. Serial No. 09/698, 3ddrikiossor1556
Cct ober 27, 2000 entitled "Hi gh-Precision Orientation

Alignment and Gap Control Stages for |nprint

Li t hogr aphy Processes"; U. S. erial No. 09/976, 681

f i ¥ Peftdiobebedlgn 20604 mmtT@anra]ialmr YLER Breshire
/016406 PCT/ US2003/ 02155 "Tenpl ate DeS| gn for

RO AR N2 - FRF P e Set SRR, | e - BerLal 1.

Nan@/ 1@ 188 £i1dpiaphy,’ ;2dhS. erel t Bdd Navet HOMJ 305 188
filed May 1, 2002 entitl ed "Methods of Manufacturi ng

a M@m@%@hynge@plm@gx@hw%@mlm“ S . Voimpentand U.S.

Fa %#%g\% %p%{;n%é:lé&? &%%%1?&?%&% %ﬂ%u%soﬁeem for

Ocﬁ’ﬁmictatoilsg USatgs il | B e xen -1 o di.lgmz Wb tasie et
al filed ré%/ 16, 2001, all of whjch are incarporated

heqcéTPPPSJOEIl? detre AEF e i Ui ane P st letrn fte al
di srussadhy i 16t heod o) 1 oM nge R&Mél?aéfémﬁic@ﬂﬁoﬁté@'kfé}:eln

are |ncorporat ed herein by reference, “Design of
oerrefenencs: agisrther Sehedsl mdstystams mre discussed

S.:ﬁ}j.ﬂqggég‘pfglfov%ng (Pukghoé%%c?ns%,gh e h:l'%ﬂ baur 0,

eenl vasan, 0 appear In
Pr:ﬁmd:csﬁ'pnmfaﬁngi neseréing by Lasferenteca "eghidoensi tqa:J.entatlon

ntized_Ma etlc D|s Fabrlcated |n |npr|nt
LI%%:I'&%% gS k'L &gh 1mpript dytho I%ﬁ’ang, .

Zhtie, @ndﬁms)émdwu,c&m@@ v T@ﬁm{u%sa}@ (c5) G
3825- 3829, Nov- Dec 1998; " L|thograph| cally- I nduced

Séilfll.twénﬂ;cy APt | iGUiE Rl ﬁmcwlarb@ngmeermg, "Large

SR i S e P S o e e

Alw@ir[gerNancman&nc&( Lﬁaﬂmgmmhﬁ W FlWLr;B EJSlcng X. Y. Sun,

s s i 1 40481 i Ve Ak tiiennon 3
Mg o) ecjéze§-3ﬂs329 3&%4}33&9%)998 1 0832 hJfghGp hllc%@ﬂ'YQt S

an enbodi ment” of a system for inprint I|thography

39TGUiuqevﬁarSerﬂtf1Assmi@Japmf fetigdic Polymer Micropillar
Arrays," S. Y. Chou, L. Zhuang, J. Vac. Sci. Technol. B

17 (6), 3197-3202, 1999; and "Large Area Domain Alignment
in Block Copolymer Thin Films Using Electric Fields, " P.
Mansky, J. DeRouchey, J. Mays, M. Pitsikalig, T. Morkved,
H. Jaeger and T. Russell, Macromolecules 13, 4399 (1998).
[0052] FIG. 1 depicts an embodiment of a gystem for
imprint lithography 39200. Imprint lithography system
3900 includes an imprint head 3100. Imprint head 3100 is
mounted to an imprint head support 3910. Imprint head
3100 is configured to hold a patterned template 3700.
Patterned template 3700 includes a plurality of recesses
that define a pattern of features to be imprinted into a
substrate. Imprint head 3100 or motion stage 3600 is

further configured to move patterned template 3700 toward



3900 includes an inprint head 3100. Inprint head 31@0J
is nounted to an inprint head support 3910. Inprint
woaad/1ebhp0 is configured to hold a patterned pepkabsozisss

3700. Patterned tenplate 3700 includes a plurality of

recesses that define a pattery of features to be
inprinted into a substrate. I'nprint head 3100 or
nodnd newdager36 0D substiftHtdaro Genfimpirbk4d diwing use.
patt er ned t.8£| ate 3700 toward 9 January 2007 WO

2059 6464 06 280 70788 6 A 49 motion

SUBSIEAt P54 @, DadiRIA NMethdWddW 18 noud B It8 motion stage
lithography system 3900 al so includes a notion stage

360QPNDL | DI &t agdiFB0DL | sLamririd €D tics menigigwtedeo hold a
support_ 3920, ion.sta 3600 .is confiqured I
2 PR o IR S Pt S (Rl s

anuary 2007

nove
plrdtaion oW mdoidn Mdadn AimgartS yEEr ! 3fkint
Imprint |ithography system 3900 further includes, an .

actHRRRITRPDY | GAICHFIE TRy i YRS At iaftt Haddng
3H0Qne AdiVad i 9hd | ARlpRAUNGS 3500 A wopf iguwed to

produce a curing |ight and direct the produced curing

| iyt ivvair gy hl it tssyurate 30 dte SRODigugs éb trroduce a

I npr.int ad ,3100. ..Curi.ng.light includes Jight, at

aRPOS of BV SR ot Mot KB D dtie Througn
| iysptt b r(ad | thgnp gt 3700 udeslad ttavingeing itghdd 3100.
visible light, infrared |ight, x-ray radiation and

el BBIYsh bisth r%%@%.l%ﬁ%ﬂt 1T rARRT R U Pl ength

3YYD digrs WRSH M- MRIHIAN 13FAE SURRSHG 334hdYi ncludes
bri dgi ng supports 3930. In this nanner 7 nprint head
310 Fav sttt | it abuviei it iloighdtadanfx3eael light .nx-ray
head. s t 10, I.on_stage ort 3920 and
b?'?ad%fl‘a#gf%ij paprgc?tes I:Lalrri)ee %me%ea}df]ilggcg scti vel y

refeo3Hd to mspditg dysicensuppedit '3 dfie icorqeeaRids wf motion
the system body may be faorned fromthernalglgy stabl e

et 19 BIPPHST M4 5t 4Bt TERROTA € °F A herifa this

expanslon waelld gl Afod 635 R HRRMoon stage

about roomtenperature (e.g. C ). In sone enbodi nments,
3600. Imprint head support 3910, motion stage support
3920 and bridging supports 3930 are herein collectively
referred to ags the system "body." The components of the
aystem body may be formed from thermally stable
materials. Thermally stable materials have a thermal

expangion coefficient of less than about 10ppm/°C at

about room temperature (e.g. °C.). In some embodiments,

the material of construction may have a thermal expansion
coefficient of less than about 10 ppm/°C, or less than 1

ppm/°C. Exampleg of such materials include silicon
carbide, certain alloys of iron, including but not
limited to: certain alloys of steel and nickel (e.g.,
alloys commercially available under the name INVAR’), and
certain alloys of steel, nickel aund cobalt (e.g., alloys

commercially available under the name SUPER INVAR™) .



the material of construction may have a thernal
expansi on coefficient of |ess than about 10 ppm C, 9January2007

woesmub@p 1 ppn C. Exanples of such material ﬁcmgiouﬁ@nsss
silicon carbide, certain alloys of iron, including

but not |imted to: certain %Hloys of steel and
ni ckel (e.g. al l oys commercially avail abl e under the

narm 1tNVAR D) ,e}@ﬁﬁbléé?rdfalsﬂlcﬁi lneptse a1 aelalutie kadrtarich
cobalt (e.g., alloys commercially avarlable under the

NSRFBIPER | INVARENING Pufamedr iitred e @@ﬁ%os@ramlc

Eﬁ%ﬁ%ﬁ’?{%%ﬁ%ﬁ& + Al T QRA SR E S oM 393 0 are

certain ceram cs, |nclu |ng but not
| icoupEced o ZERORPWR e takile 3 M. dvppicade tsuppo3040

3920a brrdrn parts_ 3930 ,are oupled to.a
SRS UG BRI G Gt prOHRIGE 4or the
S@%ﬁéﬁﬂéﬁﬂé)bﬁ”ﬂﬁﬁﬁﬂﬁﬂ1ﬁﬂﬁﬁbgﬂﬂﬁﬂyts visdent B®00. Support
conmponents of inprint Irtho raphy system 3900. Support
tatrﬂlfétes@zﬂﬁq sﬂeﬂca?taé'@a rrﬁmmtn M%g}%ﬁﬁﬁh&‘éy‘é‘é& SABGHPO from
(e. I
%ﬁrgrnery, e]iaﬂj)%?stl\/b@% stcglfest%;ngﬁ%ogjt‘cﬁlgﬁo%%mmry'

| @:ﬁca.t)r.on S\rlqrtpmxt sttagidlee aralt eridomteagi dldofl adiainl avipgport
Newpor t rporati.on of Jlrvine,. California.

[ e%¥?§ﬁnﬁPWﬂ§%ﬁ%?l%ru§ e&%§§¥?-ﬁF§FbF§ﬂ@%?ﬁ e axis

t hedrgdans: et Wween Briirdgi ey 1siuRpRerits. 3930. As used

herein the "Y-axis" refers to the axis that is
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3mﬂbtx}ﬁip1ane Generally an imprint process involves
moving the substrate, or the imprint head, along an X-Y
plane until the proper position of the substrate with
respect to patterned template 3700 is achieved. Movement

- of patterned template 3700, or motion stage 3600, along
the Z-axisg, will bring patterned template 3700 to a
position that allows contact between patterned template
3700 and a liquid disposed on a surface of the substrate.
[0055] Imprint lithography system 3900 may be placed
in an enclosure 3960, as depicted in FIG. 2. Enclosure
3960 encompasses imprint lithography system 3900 and
provides a thermal and air barrier to the lithography
components. Enclosure 3960 includes a movable access
panel 3962 that allows access to the imprint head 3100

and motion stage 3600 when moved to an "open" position,



position that allows contact between patterned
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may be placed in an enclosure 3960, as depicted in
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l'i t hography system 3900 and ovides a thermal and
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Syt 8H09.3960. A computer controlled user interface

3964 may be coupled to enclosure 3960. User interface
3964 may depict the operating parameters, diagnostic
information, job progress and other information related
to the functioning of the enclosed imprint system 3900.
User interface 3964 may also be configured to receive
operator commands to alter the operating parameters of
imprint lithography system 3900. A staging support 3966
may also be coupled to enclosure 3960. Staging support
3966 is used by an operator to support substrates,
templates and other equipment during an imprint
lithography process. In some embodiments, staging
gupport 3966 may include one or more indentations 3967
configured to hold a substrate (e.g., a circular

indentation for a semiconductor wafer). Staging support
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calibration system 3109 is coupled to imprint head
housing 3120. Imprint head housing 3120 is coupled to a
middle frame 3114 with guide shafts 3112a and 3112b. In
one embodiment, three (3) guide shafts may be used (the
back guide shaft is not wvisgible in FIG. 4) to provide a
gupport for housing 3120. Sliders 3116A and 3116B
coupled to corresponding guide shafts 3112a and 3112b
about middle frame 3114 are used to facilitate the up and
down motion of housing 3120. A disk-shaped base‘plate
3122 is coupled to the bottom portion of housing 3120.
Base plate 3122 may be coupled to flexure ring 3124.
Flexure ring 3124 gupports fine orientation system 3111

components that include first flexure member 3126 and

second flexure member 3128. The operation and



back guide shaft is not visible in FIG 4) to provige
a support for housing 3120. Sliders 3116A and 3116 January 2007

woabReeshot 0 correspondi ng guide shafts 3112a ap@r8dbedoz1556
about mddle frane 3114 are used to facilitate the up

and down notion of housing 3330. A disk-shaped base
plate 3122 is coupled to the bottom portion of
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template 3700 go that proper orientation alignment may be
achieved and a uniform gap may be maintained by the
template with respect to a substrate surface. Alignment
and gap control is achieved, in one embodiment, by the
uge of first and second flexure members, 3126 and 3128,
respectively.

[0062] FIGS. 6 and 7 depict embodiments of first and
gsecond flexure members, 3126 and 3128, respectively, in
more detail. As depicted in FIG. 6, first flexure member
3126 includes a plurality of flexure joints 3160 coupled
to corresponding rigid bodies 3164 and 3166. Flexure
joints 3160 may be notch shaped to provide motion of
rigid bodies 3164 and 3166 about pivot axes that are
located along the thinnest cross section of the flexure

joints. Flexure joints 3160 and rigid body 3164 together



use of first and second fl exure nenbers, 3126 and |
3128, respectively. [0062] FIGS. 6 and 7 depi ct 9 January 2007
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depicted in FIG. 6.
[0063] Second flexure member 3128 includes a pair of
arms 3202 and 3204 extending from gsecond flexure frame
3206, as depicted in FIG. 7. Flexure joints 3162 and
rigid body 3208 together form arm 3202, while additional
flexure joints 3162 and rigid body 3210 together form arm
3204. Flexure joints 3162 may be notch shaped to provide
motion of rigid body 3210 and arm 3204 about pivot axes
that are located along the thinnest cross-section of the
flexure joints 3162. Arms 3202 and 3204 are coupled to
and extend from template support 3130, shown in FIG. 8.
Template support 3130 is configured to hold and retain at
least a portion of a patterned template 3700. Template

support 3130 also has an opening 3212, which allows



arnms 3202 and 3204 extending from second flexure fr
3206, as depicted in FIG 7. Flexure joints 3162 annganuaryZOW
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additional flexure joints 3162 and rigid body 3210
together formarm 3204. Flexyse joints 3162 may be
notch shaped to provide notion of rigid body 3210 and
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at approximately the center region of a patterned

t oygleat@tion axis 3200 intersect at a pivot point 3252 at
approximately the center region of a patterned teﬁplate
3700 disposed in template support 3130. This coupling of
the first and second flexure members, 3126 and 3128,
respectively, allows fine alignment and gap control of
patterned template 3700 during use. While the first and
gsecond flexure members, 3126 and 3128, are depicted as
discréte elements, it should be understood that the first
and second flexure members, 3126 and 3128, respectively,
may be formed from a single machined part where the
flexure members 3126 and 3128 are integrated together.
Flexure members 3126 and 3128 are coupled by mating of
surfaces such that motion of pat?erned template 3700

occurs about pivot point 3252, substantially reducing

"swinging"” and other motions that may shear imprinted



3700 di sposed in tenplate support 3130. This coupli
of the first and second fl exure nenbers, 3126 and ggJanuaryZOO'(
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control of patterned tenplate 3700 during use. Wile

the first and second flexureogenbers, 3126 and 3128,
are depicted as discrete elenents, it should be
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C%%ﬁﬁe293126 iz coupled to flexure ring 3124 wvia coupling
members 3186 and 3184. Flexure ring 3124 is coupled to
base plate 3122, as has been described above.

[0066] FIG. 10 represents a cross-section of pre-
‘@alibration system 3109, shown in Fig. 3, looking through
cross-section 3260. As shown in FIG. 10, flexure ring
3124 is coupled to base plate 3122 with actuator 3134.
Actuator 3134 includes an end 3270 coupled to a force
detector 3137 that contacts flexure ring 3124. During
uge activation of actuator 3134 causes movement of end
3270 toward or away from flexure ring 3124. The movement
of end 3270 toward flexure ring 3124 induces a
deformation of flexure ring 3124 and causes translation

of fine orientation system 3111 along the Z-axis toward

the substrate. Movement of end 3270 away from flexure




menbers 3186 and 3184. Flexure ring 3124 is coupl ed
base plate 3122, as has been descri bed above. [0066]9t|9anuary2007
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coupl ed to actuator
3134 such that a resistive force applied to actuator 3134

during use may be determined and controlled.

[0068] In a typical imprint process the template is
disposed in a template holder coupled to the fine
orientation system, as depicted in previous figures. The
template is brought into contact with a iiquid on a
surface of a substrate. Compression of the liquid on the
substrate as the template is brought closer to the
substrate causes a resistive force to be applied by the
ligquid onto the template. This resistive force is
translated through the fine orientation system and to
flexure ring 3124 as shown in both FIGS. 9 and 10. The
force applied against flexure ring 3124 will also be
translated as a resistive force to actuators 3134. The

resistive force applied to an actuator 3134 may be



3134 such that a resistive force applied to actuator
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in some embodiments, are selected so that the compliant

alignment axis (or orientation axis) lies substantially
at the surface of patterned template 3700. For fine
orientation changes, rigid body 3314 between Joints 2 and
3 may rotate about an axis depicted by Point C. Rigid
body 3314 may be representative of template support 3130
of second flexure member 3128.

[0070] Fine orientation system 3111, shown in Fig. 4,
generates pure tilting motions with no substantial
lateral motions at the surface of patterned template 3700
coupled to fine orientation system 3111. The use of
flexure arms 3172, 3174, 3202 and 3204, shown ip FIGS. 6
and 7, may provide fine orientation gystem 3111, shown in
FIG. 4, with high stiffness in the directions where side
motions or rotations are undesirable and lower stiffness

in directions where necessgary orientation motiong are




in some enbodi nents, are selected so that the 9
conpliant alignnent axis (or orientation axis) lies
woubsfoasosal |y at the surface of patterned tepgl/atfosn215s6
3700. For fine orientation changes, rigid body 3314
between Joints 2 and 3 may rojqate about an axis
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a orientation in response to a force being.exerted upon the
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template from, for example, compressing of the liquid
material between the template and the substrate.
Alternate embodiments in which the motion of flexure arms
3172, 3174, 3202 and 3204, shown in FIGS., & and 7, are
controlled by motors to produce an active flexure may
also be implemented.

{0071] Motion of fine orientation system 3111, shown
in FIG. 4, may be activated by direct or indirect contact
with the liquid. If fine orientation system 3111 is
passive, then it is, in one embodiment, designed to have
the most dominant compliance about two orientation axes.
The two orientation axes lie orthogonallto each other and
lie on the imprinting surface of an imprinting member

disposed on fine orientation system 3111. The two




desired orientation with respect to the substrate u
which the liquid naterial is disposed and maintain @hjhnuaryZDOT
wohrb@Mi&lson i n response to a force being exerf@ﬁUgﬁggonsﬁ
the tenplate from for exanple, conpressing of the
liquid material between the tgnplate and the
substrate. Alternate enbodinents in which the notion
ofonftleagmmhrmsﬁdﬂa’ll Sartd] 1 B202 eanid132 Odlre st d rbe the
FIGS. 6_and 7, are rolled by notors to produce, an _,
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resulting uneven liquid pressure on the atterned
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supsazait i al Imma:rrai lldad @ieEntiat ineudietdveen idperint head
patterned tenplate 3700 and the _substrate for a
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| i Ohphhint head support 3910 is mounted such that the

imprint head 3100 remains in a fixed position at all
times. During use, all movement along the X-Y plane is
performed to the substrate by motion stage 3600.

[0073] Referring to FIG. 12, motion stage 3600 is used
"to support a substrate to be imprinted and move the
substrate along an X-Y plane during use. Mction stage
3600, in some embodiments, ig capable of moving a
substrate over distances of up to several hundred
millimeters with an accuracy Qf at least +30nm,
preferably with an accuracy of about +10nm. In one
embodiment, motion stage 3600 includes a substrate chuck
3610 that is coupled to carriage 3620. Carriage 3620 is
moved about a base 3630 on a frictional bearing system orxr
a non-frictional bearing system. In one embodiment, a

non-frictional bearing system that includes an air




[0072] Inprint head 3100 is nounted to inprint head
support 3910, as depicted in FIG 1. In this 9 January 2007

wenbnmig@et , i nprint head support 3910 is mupéﬁgsﬁ,ggbhlssﬁ
that the inprint head 3100 renmains in a fix

position at all times. Duringguse, all anenent al ong
the X-Y plane is perforned to the substrate by notion
stiage-idPlis [(08] Refweritdgrg IR F-liG Sixpamiddmlstwgdase
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not1 on "plane. - I't also may i nclude one or nore
system 3125 which is used to dispense a curable liquid
onto a substrate. Liquid dispense system 3125 is coupled
toc the system body. In one embodiment, a liquid dispense
gystem 3125 is coupled to imprint head 3100. FIG. 3
depicts liquid dispenser head 2507 of a liquid dispense
gystem 3125, shown in FIG. 13, extending out from cover
3127 of imprint head 3100. Various components of liguid
digpense system 3125 may be disposed in cover 3127 of
imprint head 3100.
[0075] A schematic of liquid dispense gystem 3125 is
depicted in FIG. 13. In an embodiment, a liquid dispense
gystem 3125 includes a liquid container 2501. Liquid
container 2501 is configured to hold an activating light
curable liguid. Liguid container 2501 is coupled to a
pump 2504 via inlet conduit 2502. An inlet valve 2503 is



theta stages to orient the patterns on the substrat
to the X-Y notion axes. [0074] Referring to both %JanuaryZOO?

whh68301de0@nd 13, inprint lithography system 319@9U§i0§9021556
includes a liquid dispense system 3125 which is used

to di spense a curable liquid nto a substrate. Liquid
di spense system 3125 is coupl e to the system body.
| rocsier esthadliveitee 1dqguidl cﬂjrﬁmn&e: 2/t emdB R 2504 to

coupled to rint _head 310 FIG 3 . depicts Ii

i TR SBRGrG At AEpEs e Grat iR 2504 is
Shpr a8 Rl Gq 135 exd endigih ss&tt Hééanmﬁrms%h@t
i mprint head 31007 Vari ous corrponents of liquid

dicpehsiss s3téem 3125 may be disposed in cover 3127 of

head 3100, {0 3 f. liqujd
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erdiothwBiecibd ivbliwhndiGpansa oy stemaidand ol ddesial
liquid container 2501. Liquid contalner 2501 is
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2504 via inl'et conduit 2502. An inlet valve 03 is 9
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Z&Qﬁnpaﬁly LCagtasl-dak a dT qtmﬁcldigs peRsera rmaﬁkﬂ.’ﬁ)?ll\qﬁd is

outl et conduit 2506. [Q076 |d di s ense syste

3RV IR iIRRR LY B l'br ol W&\en a
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substrate. In one” enbodi nent, Iiquid control is
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inlet conduit 2502. Wen a substrate is properly
D@QQqqﬁﬂgp*Nﬁ;ﬂMtQﬁﬁnﬁqggg@mgy liquid volume control is
achieved by control of pump 2504. Rapid switching of the
pump 2504 ffom an open to closed state allows a
controlled amount of ligquid to be sent to liquid
digpenser head 2507. Pump 2504 is configured to dispense
ligquid in volumes of less than about 1 pL. The
operation of pump 2504 may allow either droplets of
liguid or a continuoug pattern of liguid to be dispensed
onto the substrate. Droplets of liquid are applied by
rapidly cycling the pump 2504 from an open to closed
state. A stream of liguid is produced on the substrate
by leaving pump 2504 in an open state and moving the
substrate under liguid dispenser head 2507.
[0077] In another embodiment, liquid volume control
may be achieved by use of liquid dispenser head 2507. In
guch a system, pump 2504 ig used to supply a curable

liguid-to-liguid dispenser head 2507. Small drops of




activated to force a predeterm ned volune of |iquid
t hrough outlet conduit 2506. The liquid is then 9 January 2007

wohenenceg through |iquid di spenser head 2507 wf[gsjohﬁozlssﬁ
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di spensing tine and
the position of patterned template 3700 and the substrate
ig determined by the use of linear encoders (e.q.,
exposed linear encoders). Encoders offer a coarse
measurement on the order of 0.01 pm. Linear encoders
include a scale coupled to the moving object and a reader
coupled to the body. The scale may be formed from a
variety of materials including glass, glass ceramics, and
steel. The scale includes a number of markings that are
read by the reader to determine a relative or absolute
position of the moving object. The scale is coupled to
motion stage 3600 by means that are known in the art. A
reader is coupled to the body and optically coupled to
the scale. In one embodiment, an exposed linear encoder

may be used. Encoders may be configured to determine the

position of the motion stage 3600 along either a single




nore accurate volune control. Liquid dispensing 9 January 2007
systens are further described in U S. Serial No.

w02RDI64465 filed July 17, 2001, entitled " I\/ep@ﬂgsﬂ,@g}onssﬁ
System of Automatic Fluid Dispensing for |nprint
Li t hography Processes,” whichyis incorporated herein
by reférence. [0078] Referri ng to FIG 12, coarse
dedzersi nat i ion aftwde-hexijpogiltamn. ofArpaitaanpie difemm aet:qaosed

3700 and, t ubstrate I s, det.erm ned the u
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amRXRAS thdddRed . encoder rmy be used to nmeasure the
position of patterned tenplate
[008G] Referring to FIGS. 3 and 12, in an embodiment,-

-,

an air gauge 3135 may be coupled to imprint head 3100, as
depicted in FIG. 3. Air gauge 3135 is used to determine
whether a substrate disposed on a motion stage 3600 is
substantially parallel to a reference plane. As used
herein, an "air gauge" refers to a device that measures
the pressure of a stream of air directed toward a
surface. When a substrate is disposed under an outlet of
air gauge 3135, the distance the substrate ig from the
outlet of air gauge 3135 will influence the pressure air
gauge 3135 senses. Generally, the further away from air
gauge 3135 the substrate is, the lesser the pressure is.
[0081] In such a configuration, air gauge 3135 may be
used to determine differences in pressure resulting from

changes in the distance between the substrate surface and




3700. A scale of the linear encoder, in one 9 Janua
enbodi nent, is coupled to the pre-calibration ring o‘% ry 2007

woapigonbsohead 3100. Alternatively, the. scal epdBishgsn2isss
coupled directly to the tenplate support 3130. The

reader is coupled to the bodysand optically coupled
to the scale. Position of patterned tenplate 3700 is

dediar myaiege al 3. t ey naxisy Bir upeuagd XD Ereng the
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surface_and 9 January 2007, 2004/.016406
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gauge 3135 deternmines the distance between air gauge
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substrate is planar. if the distance is substantially
the patterned template 3700. Suitable air gauges may be
obtained from Senex Inc.
[0082] During use of air gauges, the substrate or
patterned template 3700 is placed within the measuring
range of air gauge 3135. Motion of the substrate towaxd
air gauge 3135 may be accémplished by either Z-axis
motion of imprint head 3100 or Z-axis motion of motion
stage 3600.
[0083] In an imprint lithography process, a light
curable liquid is disposed on a surface of the substrate.
Patterned template 3700 is brought into contact with the
light curable liquid and activating light is applied to
the light curable liquid. As used herein "activating
light" means light that may affect a chemical change.

Activating light may include ultraviolet light (e.g.,



the same, the substrate is considered to be planar.

Significant differences in the distances neasured 9 January 2007
wheh04RedIos t he substrate and air gauge 3135 i ndpE@Rii€RoP021556

non- pl anar relationship between the substrate and air

gauge 3135. Thi s non-pl anar 3?I ationship may be
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In one embodiment, activating light source 3500 is

positioned proximate to imprint head 3100. Imprint head
3100 includes a mirror 3121, as depicted in FIG. 4, which
reflects light from activating light source 3500 to
patterned template 3700. Light passes through an opening
in the body of imprint head 3100 and is reflected by
mirror 3121 toward patterned template 3700. In this
manner, activating light source 3500 irradiates patterned
template 3700 without being disposed in imprint head.
3100.

[0085] Most activating light sources produce a
gignificant amount of heat during use. If activating
light source 3500 is too close tc imprint lithography
gystem 3900, heat from the light source will radiate
toward the body of imprint lithography system 3900 and



tenpl ate 3700 prior to reaching the conposition. In
this manner the light curable liquid is cured to fngna]nuaryZOW
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activating light source 35004,s an ultraviolet |ight
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head 3100 via opening 3123. DLight is then reflected
toward a template coupled to imprint head 3100 by mirror
3121 disposed within imprint head 3100, shown in FIG. 4.
In this manner, the light source is thermally insulated
from the body. A suitable light source may be obtained
from OAI Inc., Santa Clara, CA.
[00871 One or more optical measuring devices may be
optically coupled to imprint head 3100 and/or motion
stage 3600. Generally, an optical measuring device is
any device that allows.the position and/or orientation of
patterned template 3700 with respect to a substrate to be
determined.

-[00881] Turning to FIG. 14, a through the template
optical imaging system 3800 is optically coupled to
“imprint head 3100. Optical imaging system 3800 includes

an optical imaging device 3810 and an optical system
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and inprint head 3100. FIG 14 depicts an activating
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[[0090] As previously mentioned, a light curable liquid
is placed on a substrate and a template is brought into
" gontact with the liguid during an imprint lithography
process. The curable liquid is a low viscosity liquid
monomer solution. A suitable solution wmay have a
viscogity ranging from about 0.01 cps to about 100 cps
(measured at 25°C). Low viscosities are egpecially
desgirable for high-resolution (e.g., sub-100 nm)
structures. Low viscositles also lead to faster gap
closing. Additionally, low viscosgities result in faster

liguid £illing of the gap area at low pressures. In

particular, in the sub-50 nm regime, the viscosity of the
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'%%M%héfﬁ”dﬂﬂrH“pHHHB%ﬁﬂﬂEhtor. In some embodiments, the
curable liquid may include one or more commercially
available negative photoresist matexrials. The viscosity
of the photoresist material may be reduced by diluting
the liquid photoresist with a suitable solvent.
[0093] In an embodiment, a suitable curable liquid
includes a monomer, a gilylated monomer, and an
initiator. A crosslinking agent and a dimethyl siloxane
derivative may also be included. Monomers include, but
are not limited to, acrylate and methacylate monomers.
Examples of monomers include, but are not limited to,
butyl acrylate, methyl acrylate, methyl methacrylate, or
mixtures thereocf. The monomer makes up approximately 25
to 50% by weight of the curable liquid. It is believed
that the wonomer ensures adequate solubility of the

photoinitiator in the curable liquid. It is further
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but are not limted to,
believed that the silylated monomers and the dimethyl
siloxane derivatives may impart a high oxygen etch
resistance to the cured liquid. Additiomally, both the
gilylated monomers and the dimethyl siloxane derivatives
are believed to reduce the surface energy of the cured
liquid, therefore increasing the ability of the template
to release from the surface. The silylated monomers and
dimethyl siloxane derivatives listed herxein are all
commercially available from Gelest, Inc.
[0095] Any material that may initiate a free radical
reaction may be used as the initiator. For activating
light curing of the curable material, it i1s preferred
that the initiator is a photoinitiator. Examples of

initiators include, but are not limited to, alpha-

hydroxyketones (e.g., 1l-hydroxycyclohexyl phenyl ketone,
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The viscosiﬁy of thigs mixture is less than 30 c¢ps
measured at about 25°C.
[0098] In an alternate embodiment, the curable liquid
may be formed of a monomer, an acid-generating photo-
agent, and a base-generating photo-agent. Examples of
the monomer include, but are not limited to, phenolic
polymers and epoxy resins. The acid-generating photo-
agent is a compound that releases acid when treated with
activating light. The generated acid catalyzes
polymerization of the monomer. Those of ordinary skill
in the art know such acid-generating additives, and the
specific acid-generating additive used depends on the
monomer and the desired curing conditions. In general,
the acid-generating additive is selected to be sengitive

to radiation at the first wavelength M which, in some




[0096] The curable liquid may al so include a cross- 9 January 2007
l'inking agent. Cross-linking agents are nononers that
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enbodi ment, pol yfunctional siloxane derivatives may be
used as a crosslinking agent. 34n exanple of a
pol yfunctional siloxane derivative is 1, 3-bis(3-
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[0099] According to an embodiment, a curable liguid
that includes a monomer, an acid-generating photo-agent
and a base-generating photo-agent is deposited onto a
subgtrate. A template is brought into contact with the
curable liquid. The curable liquid is then exposed to
radiation at a first wavelength M\ and a second
wavelength A; of light at substantially the same time.
Alternatively, the curing liguid may be exposed to the
radiation at the second wavelength A; and subsequently to
the radiation at the first wavelength X\;. Exposure of
the curable liquid to radiation at the second wavelength
hg_prodﬁces an excegs of base near the intexrface with the
template. The excess base serves to neutralize the acid
that is produced by exposure of the curable liquid to
radiation at the first wavelength A\;, thereby inhibiting
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yet inert or substantially ingft to radiation at the

first wavelength X1. Moreover, the second wavel ength
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llﬂyl?ﬂ t%%dl%%ion at a first wavelength A,, such as
vigible or near UV, may be used to cure the curable
ligquid, and the deep UV radiation (A;) may be used to
produce one or more of the foregoing gases. The
generation of the gases produces localized pressure near
the interface between the cured liquid and the template
to facilitate separation of the template from the cured
ligquid. U.S. Patent No. 6,218,316 describes additional
details concerning this process and is incorporated
herein by reference.
[0101} In another embodiment, a curable liquid may be
composed of a monomer that cures to form a.polymer that
may be decomposed by exposure to light. In one
embodiment, a polymer with a doubly substituted carbon
backbone is deposited on the substrate. After the
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| itcuicd dise @mmﬁlﬂaEUL&@cHMMQﬁ@mcfels@ets including, but

| not limited.to: optical lithography, electron beam
lithography, ion-beam lithography, x-ray lithography,
extreme ultraviolet lithography, scanning probe
lithography, focused ion beam milling, interferometric
lithography, epitaxial growth, thin £ilm deposition,
chemical etch, plasma etch, ion milling, xeactive ion
etch or a combination of the above. Methods for making
patterned templates are described in U.S. Patent
Application No. 10/136,188 filed May 1, 2002 entitled
"Methods of Manufacturing a Lithography Template" to
Voison which is incorporated herein by reference.
[01031 In an embodiment, the imprint lithography
template is substantially transparent to activating

light. The template includes a body having a lower

surface. The template further includes a plurality of
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sllicide. Both SiOx and molybdenum silicide are
optically transparent to light used to cure the
polymerizable liquid. Both materials, however, are
substantially opaque to visible light. TUse of these
materials allows alignment marks to be created on the
template that will not interfere with curing of the
underlying substrate.

[0105] As previously mentioned, the template is
treated with a surface treatment material to form a thin
layer on the surface of the template. A surface
treatment process is optimized to yield a low surface
energy c¢oating. Such a coating is usged in preparing
imprint templates for imprint lithography. Treated
templates have desirable release characteristics relative

to untreated templates. Untreated template surfaces
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250 nm [0104] Wth respect to inprint |ithography
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treatment layer may be formed using either a liquid-phase
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process or a vapor-phase process. In a liquid-phase
process, the substrate is immersed in a solution of
precursor and solvent. In a vapor-phase process, a
precursor ig delivered via an inert carrier gas. It may
be difficult to obtain a purely anhydrous solvent for use
in a liquid-phase treatment. Water in the bulk phase
during treatment may result in clump deposition, which
will adversely affect the final quality or coverage of
the coating. In an embodiment of a vapor-phase process,
the template is placed in a vacuum chamber, afterrwhich
the chamber is cycle-purged to remove excesgs water. Some
adsorbed water, however, remains on the surface of the
template. A small amount of water, however, is believed

to be needed to initiate a surface reaction, which forms




possess surface free energi es of about 65 dynes/cm @r
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formed by the Re§iflent p?PBfucy & SifC)kytspighe, a
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[0108] In an embodiment, there are at least two
separate depths associated with the recesses on the lower
surface of the template. FIGS. 20A and 20B depict top
and cross-sectional views, respectively, of a patterned
template with recesses having two depths. Referring to
FIGE. 204 and 20B, a template includes one or more
patterning areas 401. In such embodiments, a first
relatively shallow depth is agsociated with the recesses
in patterning areas 401 of the template, as depicted in
FIG. 20B. Patterning areas 401 includes the area
replicated during patterning of the template. Patterning
areas 401 are positioned within a region defined by
border/ocuter region 409 of the template. Border 409 is

defined as the region that extends from an outer edge of




44 the coating. It is believed that the reaction

be described by the formula: RSIiCl3 + 3H20 => ”@yJanuaryZOOT
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the tenplate is brought to a desired reaction

tenperature via a tenperaturgscontrolled chuck. The

precursor is then fed into the reaction chanber for a
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between patterning areas 401 or beyond the perimeter of
patterning areas 401, respectively.

[0110] The design of the template is chosen based on
the type of lithography process used. For example, a
template for pogitive imprint lithography has a design

‘that favors the formation of discontinuous films on the - --
gubstrate. In one embodiment, a template 12 is formed
such that the depth of one or more structures is
relatively large compared to the depth of structures used
to form the patterning region, as depicted in FIG. 15.
During uge, template 12 is placed in a desired spaced
relationship to substrate 20. In such an embodiment, the
gap (h;) between the lower surface 536 of template 12 and
substrate 20 is much emaller than the gap (hz) between
recessed gurface 534 and gubstrate 20. For example, h;

may be less than about 200 nm, while h; may be greater



any of patterning areas 401 to an edge 407 of the

tenpl ate. Border 409 has a depth that is substanti algl‘ilanuaryZOOT
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patterning areas 401. The perineter of the tenplate

Is herein defined as the boungary between patterning

areas 401 and border 409. As depicted in FIG 20A
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40 into the deeper recessed region ig herein known as the
"maximum f£ilm thickness."
[0111] As depicted in FIGS. 17 and 18, in various
embodiments, template 12 is formed such that -a curable-
"liguid placed on substrate 20 is inhibited from flowing
beyond perimeter 412 of template 12. In the embodiment
depicted in FIG. 17, height h; is measured from substrate
20 to shallow recessed surface 552. Shallow recessed
surface 552 extends to the perimeter of template 12.
Thus, the edge of the template forms the height h; and is
effectively infinite in comparison to height h;. In the
embodiment depicted in FIG. 18, a deep recess is foxrmed
at the outer edge of template 12. Height h; is measured

between substrate 20 and deep recessed surface 554,
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536 and substrate 20, as depygted in FIG 16. It is
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neasured _between substrate 20_and deep recessed
S@ﬁfg@@dgggxegngaﬁgdﬁym§@@7mark detection light and light

used for other measurement and analysis purposes is
referred to as "analyzing light." In an emboaiment,
analyzing light includes, but is not limited to: visible
light and/oxr infrared light. The alignment wark may be
formed of a material different than the material of the
body. For example, the alignment mark may be formed from
Si0y, where x is about 1.5. In another example, the
alignment mark may be formed of molybdenum silicide.
Alternately, the alignment mark may include a plurality
of lines etched on a surface of the body. The lines are
configured to substantially diffuse activating light, but
produce an analyzable mark under analyzing light.

[0114] In various embodiments, one oxr more deep

recesses as described above may project entirely through
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agai n neasured between substrate 20 and shall ow 9 January 2007
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is much larger than height hl. If hl is small enough,

the activating light curable lggquid remains in the

gap between tenplate 12 and substrate 20 while a
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recesses as described above ma)i project entirely
trﬁqﬁﬁﬂtatlon of patterned template 3700 with respect to
the substrate. In another embodiment, fine orientation
system 3111 may include actuatoxs 3134a, 3134b and 3134c
coupled to flexure arms 3172, 3174, 3202 and 3204.
Actuatoré 3134a, 3134b and 3134c may allow "active®
control of fine orientation system 3111. During use an
operator or a programmable controller monitors the
orientation of patterned template 3700 with respect to
the substrate. The operators or a programmable
controller then alters the orientation of patterned
template 3700 with respect to the substrate by operating
actuators 3134a, 3134L and 3134c¢. Movement of the
actuators 3134a, 3134b and 3134c causes motion of flexure

arms 3172, 3174, 3202 and 3204 to alter the orientation

of patterned template 3700. In this manner an "active"
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fine orientation may be achieved using motion stage 3600
instead of template support 3130.
[0118] In previous embodiments, imprint head 3100 is
coupled to the body in a fixed position. 1In an alternate

" embodiment, imprint head 3100 may be mounted to a motion
system that allows imprint head 3100 to be moved along
the X-Y plane, as depicted in FIG. 22. TImprint head 3100
is configured to support patterned template 3700 as
described in any of the embodiments herein. Imprint head
3100 is coupled to a motion system that includes an
imprint head chuck 3110 and imprint motion stage 3123.
Imprint head 3100 is mounted to imprint head chuck 3110.

Imprint head chuck 3110 interacts with imprint motion

stage 3123 to move imprint head 3100 along an X-Y plane.

Mechanical or electromagnetic motion systems may be used.
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a pagsive compliant fine orientation system, an actuated

fine orientation system, or a rigid template support
system, as described herein.

101191 ~~ With imprint head 3100 coupled to-a moving -
support, the substrate may be mounted to a stationary
support. Thus, in an alternate embodiment, imprint head
3100 is coupled to an X-Y axis motion stage as described
herein. A substrate is mounted to a substantially
stationary substrate support 3640. Stationary substrate
support 3640 is depicted in FIG. 40. Stationary
substrate subport 3640 includes a base 3642 and a
substrate chuck 3644. Substrate chuck 3644 iz configured
to support a substrate during imprint lithography

processes. Substrate chuck 3644 may employ any suitable
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A0, et onany - substrate support 3640 | noludes, a base
pregssure. During a step and repeat process, a template
that has a smaller area than the area of the éubstrate is
used to form multiple imprinted areas. The substrate

"motion stage is relatively large compared- to-the- template-
to accommodate the larger substrates. When a template
contacts the substrate motion stage in a position that is
off-center, the motion stage will tilt to accommodate the
increaged presgssure. This tilt is compensated for by
tilting the imprint head to ensure proper alignment. If,
however, the imprint head is coupled to the motion stage,
all of the forces along the Z-axis will be centered on

the template, regardless of where on the substrate the

imprinting is taking place. This leads to increased ease




substrate chuck 3644. Substrate chuck 3644 is

configured to support a substrate during inprint 9 January 2007
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substrate chuck 3644. In one enbodi ment, substrate
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to ensure proper alignnent. If, however, the inprint
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are coupled to flexure ring 3658 and flexure ring support

3660. Actuators 3662 are operated to alter the tilt of
flexure ring 3658. Actuators 3662, in one embodiment,

© use a differential gear mechanism that may be manually or
automatically operated. 1In an alternate embodiment,
actuators 3662 use an eccentric roller mechanism. An
eccentric roller mechanism generally provides more
vertical stiffness to substrate support 3650 than a
differential gear system. In one embodiment, substrate
tilt module 3654 has a stiffness that will inhibit tilt
of the substrate when the template applies a force of
between about 1 1lb. to about 10 1bs. to a liquid disposed
on the substrate. Specifically, substrate tilt module

3654 is configured to allow no more than 5 micro radians




all of the forces along the Z-axis wll be centered
the tenplate, regardl ess of where on the substrate ?
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orientation may be achieved in a passive manner.

nuary 2007

Actuators 3662 may be substantially compliantf The
compliance of actuators 3662 may allow the substrate to
self-correct for variations in tilt when a template is in
contact with a liguid disposed on a substrate surface.

By disgposing the substrate in a position that is
substantially even with flexure ring 3658, fine
orientation may be achieved at the substrate-liquid
interface during use. ?ompliance of actuators 3662 is
thus transferred to the upper surface of the substrate to
allow fine orientation of the substrate.

[0125] The above described systems are generally
configured to systems in which an activating light
curable liquid is dispensed onto a substrateland the

substrate and template are brought into proximity to each



of the substrate when the tenplate applies a force qf
bet ween about 1 Ib. to about 10 Ibs. to a |iquid ¥ January 2007

wOhshps&ds on the substrate. Specifically, SUbﬁéf/ﬂSﬁms/ozlssﬁ
tilt nmodule 3654 is configured to allow no nore than
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allows X-Y planar motion of imprint head 4110 during use.
[0126] The substrate to be imprinted is mounted onto a

- substrate gupport 4120. Substrate support 4120 has a
similar design to any of the herein described substrate
supports. For example, substrate support 4120 may
include a fine orientation system as described herein.
Substrate support 4120 may be coupled to a support 4140
in a fixed position and remain substantially motionless
during use. Alternatively, substrate support 4120 may be
placed on a motion stage that allows X-Y planar motion of

substrate support during use.

[0127] During use an activating light curable liquid
40 is placed on patterned template 3700 disposed in
imprint head 4110. The template may be patterned or

planar, depending on the type of operation to be




allow fine orientation of the substrate. [0125] The J 200
above described systems are generally configured tg anuary 7
wo YRI5 N Which an activating light curabl epéffgsaogmns“
is dispensed onto a substrate and the substrate and
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AIternatl substrate support 4120 nay
Surface treatment layers for templates are descrlbed
herein.
[0129] In an embodiment, curable liguid 40 may be

dispensed upon substrate 20 prior to moving template 12
into a desired posgition relative to substrate 20.

Curable liquid 40 may be a curable liguid that conforms
to the shape of desired features of template 12. In an
embodiment, curable liquid 40 is a low wviscosity liguid
that at least partially £ills the space of gap 31 without
the use of high temperatures, shown in FIG. 24A. Low
vigcosity liquids may also allow gap 31 between template
12 and substrate 20 to be closed without requiring high
pressures. As used herein, the term "low viscosity
liquids" refer to liquids having a viscosity of less than

about 30 centipoise measured at about 25°C. Further




pl aced on a notion stage that allows X-Y planar notiy
of substrate support during use. [0127] During usega anuary 2007
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patterned tenplate 3700 di sposed in inprint head

4110. The tenplate may be pat&grned or planar,
dependi ng on the type of operation to be 9 January
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f gru¥etblen o gird ace ief dengl ate fEm Sunfaataintd lefyer 42 on
tenplate 12 may he treated with a thin face

¢ rehsRRte 128er 43 at%ﬁ@%%é‘@%eﬁbﬁ%@%é%ﬁaé@ is
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substrate 20. Surface treatment |ayers for tenplates
arremdser nad othaddiiivafigm Jjight dhromebditegmlate 12 to

curabl e liquid.40 . di 0 bstr-ate
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curable liquid that, confornms to_the sha of desjred, .

f s dirqemfstiag 2avst 470 dfsodigettls s gesking
L1044 40 165 aHOWMHBRASIdEY dititrhte 20, as depicted in

FIG. 23D. Magking layer 42 has a pattern that is
complementary to the pattern of template 12. Masking
layer 42 may include a "base layer" (also called a
"regidual layer") between one or more desired features.
‘The separation of template 12 from masking layer 42 is -
done so that desired features remain intact without
shearing or tearing from the surface of substrate 20.
Further details regarding separation of template 12 from
substrate 20 following imprinting are discussed below.
[0131] Masking layer 42 may be used in a variety of
ways. For example, in some embodiments, masking layer 42
may'be a functional layer. In such embodiments, curable
ligquid 40 may be curable to form a conductive layer, a
semiconductive layer, a dielectric layer and/or a layer

having a desired mechanical or optical property. In




that at least partially fills the space of gap 31
w thout the use of high tenperatures, shown in Fl GQJanuary2007
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between tenplate 12 and substrate 20 to be cl osed

wi thout requiring high pressures. As used herein, the
term"low viscosity liquids" refer to |iquids having
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12 to cure curable liquid 40 is depicted.in FIG 23C.
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fromthe surface of substrate 20.
etching of portions of substrate 20. After etching of
masking layer 42 is complete, substrate 20 may be etched
using known etching procesgses. Portions of substrate 20
disposed under portions 44 of masking layer 42 may remain
substantially unetched while the exposed portions of
substrate 20 are etched. In this manner, a pattern
corresponding to the pattern of template 12 may be
transferred to substrate 20. The remaining portions 44
of masking layer 42 may be removed leaving a patterned
substrate 20, depicted in FIG. 23F.
[0133] FIGS. 24A-24D illustrate an embodiment of an
imprint lithography process using a transfer layer. A
transfer layer 18 may be formed upon an upper surface of

gubstrate 20. Transfer layer 18 may be formed from a

material that has different etch characteristics than



Further details regarding separation of tenplate 12
from substrate 20 following inprinting are di scussgd]anu"’lry 2007

wh8bics06 0131] Masking |ayer 42 may be used igcPus2003/021556
variety of ways. For exanple, in sone enbodi nents,

masking | ayer 42 may be a fuggtional layer. In such
enbodi nents, curable |liquid 40 may be curable to form
aweEkdletinge subgtirate 29erncyidu okiske.ngayeryera 42 formed
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substrate 20 are etched. In this manner, a pattern
layer 42 may remain substantially unetched while the

. exposed portions of transfer layer 18 are etched. 1In
this manner, the pattern of masking layer 42 is
replicated in transfer layer 18.
[0135] In FIG. 24C, portions 44 and etched portions of
transfer layer 18 together form a masking stack 46 that
may be used to inhibit etching of portioms 44 of
underlying substrate 20. Etching of substrate 20 may be
performed using a known etch process (e.g., a plasma
etching process, a reactive ion etching process, etc.).
As depicted in FIG. 24D, masking stack 46 may inhibit
etching of the underlying portions of substrate 20.
Etching of the exposed portions of substrate 20 may be

continued until a predetermined depth is reached. An

advantage of using a masking stack 46 as a mask for



corresponding to the pattern of tenplate 12 nay be
transferred to substrate 20. The renai ni ng portions 94Qflnuary2007

wOhodiRikiph | ayer 42 may be renoved | eaving a pathgiisshk
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24A-24D illustrate an enbodi mggt of an inprint
I'ithography process using a transfer |ayer. A
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44 of masking layer 42 remi n transfer l.a .18
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mgnner, the pattern of masking | ayer 42 i replicated
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anghefahed P LIRRP Hfrein a "positive imprint lithography™
process generally refers to a process in which the
pattern formed in the mask layer is a mirror image of the
pattern of the template. As will be further described
below, the non~recessed portions of the template become
the non-recessed portions of the mask layer. .
[0138] \ " A typical positive imprint lithography process
ig shown in FIGS. 25A-25D. As depicted in FIG. 253,
template 12 is positioned in a spaced relation to
substrate 20 such that a gap is formed between template
12 and substrate 20. Surface of template 12 may be
treated with a thin surface treatment layer 13 that
lowers template 12 surface energy and assists in
geparation of template 12 f£rom cured masking layer 42.
[0139] Curable liquid 40 is disposed on the surface of
substrate 20. Template 12 is brought into contact with



transfer |layer 18 together forma masking stack 46
that may be used to inhibit etching of portions 449fanuary2007

W@Qg{ﬁfohé{ﬂo@g substrate 20. Etching of substrat epfu8R43/021556
be performed using a known etch process (e.g., a

plasma etching process, a reggtive ion etching
process, etc.). As depicted In FIG 24D, masking
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portions of the tenplate becone
layer 42 is complete, substrate 20 may be etched using

known etching processes. Portions of substrate 20
disposed under masking layer 42 way remain substantially
unetched while the exposed portions of substrate 20 are
etched, as depicted in FIG. 25D. In this manner, the
pattern of template 12 may be replicated in substrate 20.
The remaining portions 44 of masking layer 42 may be
removed to create patterned substrate 20.

[0141] FIGS. 26A-26C illustrate an embodiment of a
positive imprint lithography process using a transfer
layer 18. Transfer layer 18 may be formed upon an upper
gurface of a substrate 20. Transfer layer 18 is formed
from a material that has different etch characteristics
than the underlying.transfer layer 18 and/or substrate

20. Masking layer 42 ig formed on the surface of




the non-recessed portions of the mask | ayer. [0138] 9Alanuary 2007

typical positive inmprint |ithography process is shown
woBofaloa06 25A- 25D, As depicted in FIG 25A, tf@hg}ogmz]ssﬁ

12 is positioned in a spaced relation to substrate 2

such that a gap is forned betygen tenplate 12 and

substrate 20. Surface of tenplate 12 may be treated
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As depicted in FIG. 26C, the masking stack may inhibit

etching of the underlying portions of substrate 20.
BEtching of the exposed portiens of substrate 20 may be
continued until a predetermined depth is reached.

‘101441 ‘In an embodiment, a process may combine
positive and negative imprint lithography. A template
for a combined positive and negative imprint lithography
process may include recesses suitable for positive
lithography and recesses suitable for negative
lithography. For example, an embodiment of a template
for combined positive and negative imprint lithography is
depicted in FIG. 27A. Template 12, as depicted in FIG.
272, includes a lower surface 566, at least one first
recess 562, and at least one second recesg 564. First

recess 562 is configured to create a discontinuous




unetched while the exposed portions of substrate 209 January 2007
are etched, as depicted in FIG 25D. In this manner,

wbheaolabsern of tenplate 12 may be replicat edpd:ﬂuszoosmusss
substrate 20. The renmining portions 44 of masking

| ayer 42 may be renoved to cigate patterned substrate
20. [0141] FIGS. 26A-26C illustrate an enbodi nent of a
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inhibit etching of portions of transfer |ayer 18.
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steRdessEs (4 andy/ e aand FEaRRSRS SSdcmayy ke treated
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per usi n nown et ching
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Urkﬂﬁfah:\dé]gLﬂﬂhtd s, ofafuRsliidld 2k FIG. 27B, curable
liguid 40 fills the gap between lower surface 566 of the
template 12 and substrate 20. Curable liquid 40 also
£ills Ffirst recesses 562. However, curable ligquid 40 is
substantially absent from regions of substrate 20
approximately below gecond recesses 564. Thus, curable
liguid 40 is maintained as a discontinuous film on
substrate 20 that includes surface topography
corresponding to the pattern formed by first recesses
562. After template 12 is properly positioned, curable
ligquid 40 is cured to form masking layer 42 on the
substrate. Template 12 is removed from masking layer 42,
leaving the cured masking layer 42 on the surface of
substrate 20, ag depicted in FIG. 27C. Masking layer 42
may include a patterning region 568 that resembles a mask

layer formed by negative imprint lithography. In




Et ching of the exposed portions of substrate 20 nmay9RQRnuary 2007
continued until a predeterm ned depth is reached.

wb9ddfledp an embodiment, a process may Combi NEcyyysa003/0215s6
positive and negative inprint |lithography. A tenpfate
for a conbined positive and nggative inprint
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recess 565 has a greater height h;, shown in Fig. 27F.

In this manner, curable liguid 40 is disposed in
superimposition with the portions of template having
recegsses therein that are no greater than height h; and
is absent with respect to portions of template 12 having
a height h,, for the reason discussed above.

[0149] A cowbination of positive and negative
lithography is also useful for patterning multiple
regions of template 12. For example, substrate 20 may
include a plurality of regions that require patterning.
As depicted in FIG. 27C, template 12 with multiple depth
recesses includes two patterning regions 568 with an
intervening channel/border region 569. Channel region
569 inhibits flow of a liquid beyond the patterning area
of template 12. |




tenplate 12 and substrate 20. Curable liquid 40 al sg January 2007
fills first recesses 562. However, curable liquid 40
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hei ght h2, shown in Fig. 27F.
light to form a second area of cured liquid. This
process may be continually repeated until most of the
substrate is patterned. Step and repeat processes may be
used with positive, negative, or positive/negative
imprint processes. Step and repeat processes may -be
performed with any embodiments of eguipment described
herein.
[0151] Step and repeat imprint lithography processes
offer a number of advantages over other techniques. Step
and repeat processes described herein are based on
imprint lithography that uses low viscosity light curable
liquids and rigid, transparent templates. The templates
are transparent to liquid activating light and alignment

mark detection light thus offering the potential for

layer-to-layer alignment. For production-scale imprint




In this manner, curable liquid 40 is disposed in 9 January 2007
superinposition wwth the portions of tenplate having
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suffiqiently high throughput. Throughput requirements
put a stringent limit on the patterning time allowed per
field. TLow viscosity liguids that are -light curable are
attractive from a throughput point of view. These liquids
move much faster to properly £ill the gap between the
template and the substrate, and the lithography
capability is pattern independent. The resulting low
pressure, room temperature processing is suiltable forxr
high throughput, while retaining the benefits of layer-
to-layer alignment.

[0154] While prior inventions have addressed
patterning of low viscosity light curable liguids, they
have not addressed this for a step and repeat process.
In photolithography, as well as in hot embossing, a film

is spin coated and hard baked onto the substrate prior to




light to forma second area of cured liquid. This g January 2007
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[0155] In general, lithography is one of many unit

processes used in the production of devices. The cost of
all these processes, particularly in multi-layer devices,
makes it highly desirable to place patterned regions as
close as possible to each other without interfering with
subgequent patterns. This effectively maximizes the
usable area and hence the usage of the substrate. Also,
imprint lithography may be used in a "mix-and-match" mode
with other kinds of lithography, such as optical
lithography, wherein different levels of the same device
are made from different lithography technologies. It is
- advantageous to make the imprint lithography process
compatible with other lithography techniques. A
kerf/border region separates two adjacent fields on a
substrate. In state-of-the-art optical lithography tools

this border region may be as small as 50-100 microns. The
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sufficiently high throughput. Throughput requirenents
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thereby affecting the fluid properties of the |iquid
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accurately confine the liquid to that particular field

‘'t that define a border region can inhibit the flow of a
liguid beyond the border area. The inhibition of the
liquid within a border area is influenced by a number of
factors. As discussed above template design plays a role
in the confinement of a liquid. Additionally, the
process by which the template is contacted with the
liguid also influences the confinement of the liquid.
[0157] FIGS. 19A-19C depict a cross-sectional view of
a process wherein discontinuous films are formed on a
surface. 1In one embodiment, a curable liquid 40 is
dispensed onto a substrate 20 as a pattern of lines or
droplets, as depicted in FIG. 19A. Curable liquid 40,
therefore, does not cover an entire area of substrate 20
to be imprinted. As lower surface 536 of template 12

contacts curable ligquid 40, the force of template 12 on
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general, lithography is one of many unit processes
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acconmodat € a repeatable process.
substantially £ill the recesses of the patterned
template, the area of the substrate to be patterned, and
 the desired thickness of the cured layer. If the amount
of cured liquid exceeds this volume, the liguid will be
digplaced from the perimeter of the templaté when the
template is brought to the appropriate distance from the
substrate. For a positive imprint lithography process
the amount of ligquid dispensed onto the substrate should
be less than the volume defined by: the desired thickness
of the cured layer {i.e., the distance between the non-
recessed portions of the template and the substrate) and
the surface area of the portion of the substrate to be
patterned.
[0159] For an imprint lithography processes that uses

a template that includes one or more borders, the




[0156] As discussed previously, discontinuous filnsg japuary 2007
are fornmed using an appropriately patterned tenpl ate.

wbbo4RXHgp! €, a tenplate with high aspect ratigerusaesn2isse
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applie curable liquid 40 nay be forced beyond a
pero et ersex. tenpl ate 12, as depicted in FIG 19C. By
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in FIG 19D. [0158] The anmount of force appli tQ, .
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contact, the more force is applied to curable liguid 40.
Thus, some measure of control of the spread of cﬁrable
liquid 40 on the surface of substrate 20 may be achieved
by controlling the rate at which template 12 is brought
into contact with curable liguid 40. |
[0161] All of these features are coﬁsidered when
positioning template 12 with respect to substrate 20 for
an imprint lithography process. By controlling these
variables in a predetermined manner, the flow of curable
ligquid 40 may be controlled to stay confined within a
predetermined area.
[0162] Overlay alignment schemes include measurement
of alignment errors followed by compensation of these
errors to achieve accurate alignment of a patterned

template and a desired imprint location on a substrate.



substrate 20 during curing. For a negative inprint g january2007
I'ithography process the anobunt of fluid di spensed onto
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resistance to movement between the template and the
liquid material. For example, the distance may be
established to attenuate resistance to movement between
the template and the liquid material due to stiction of
‘the ligquid material. In this fashion, placement errors
may be avoided while minimizing distortions in a recorded
pattern. Placement error, as used herein, generally
refers to X-Y positioning errors between a template and
substrate (that is, translation along the X- and/or Y-
axis). Placement errorg, in one embodiment, are
determined and corrected for by using a through the
template optical device, as depicted in FIG. 14.
[0163] FIG. 28 illustrates a schematic diagram of
optical gystem 3820 of through the template optical

imaging system 3800, shown in FIG. 14. Optical system
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curable liquid 40 is also influenced by the rate at
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| ivphabe SRS JXeYiRfhti e s a clearly focused image. A
second image 2602, using the same wavelength of light, is
an out-of-focug image. In order to eliminate each out-of-
focus image, several methods may be used.
[01l64] In a first method, under illumination with a
~first wavelength of light, two images may be received by
optical imaging device 3810. Images are depicted in FIG.
29 and generally referenced by numeral 2604. While
images are depicted as squares, it should be undexrstood
that any other shape may be used, including crosses.
Image 2602 corresponds to an overlay alignment mark on

' the substrate. Image 2601 corresponds to an overlay
alignment mark on the template. When image 2602 is
focused, image 2601 is out-of-focus. In an embodiment,

an image processing technique may be used to erase

geometric data corrésponding to pixels associated with
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method may be that it may not require an image processing
technique to eliminate out-focused images.

[01l66] Moiré pattern based overlay measurement has
been used for optical -lithography processes. - For imprint
lithography processes, where two layers of Moiré patterns
are not on the game plane but still overlapped in the
imaging array, acquiring two individual focused images
may be difficult to achieve. However, carefully
controlling the gap between the template and substrate
within the depth of focué of the optical measurement tool
and without direct contact between the template and
substrate may allow two layers of Moiré patterns to be
simultaneousgly acquired with minimal focusing problems.

It is believed that other standard overlay schemes based
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patterned tenplate 3700 and substrate 2500, different v
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difficult to recognize. If the template overlay marks

are made with an opaque material (e.g., chromium}, the UV
curable liguid below the overlay marks may not be
properly exposed to the UV light.

‘[0168] In an embodiment, overlay marks are used on the
template that are seen by optical imaging system 3800 but
are opague to the curing light (e.g., UV light}. An
embodiment of this approach is illustrated in FIG. 31.

In FIG. 31, instead of completely opaque lines, overlay
marks 3102 on the template may be formed of fine
polarizing lines 3101. For example, suitable fine
polarizing lines have a width about ¥ to % of the
wavelength of activating light used as the curing agent.
The line width of polarizing lines 3101 should be small

enough so that activating light passing between two lines



pol arizing arrays, as depicted in FIG 30, and 9 January 2007
polarized illumnation sources. FIG 30 illustrates
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amamksn@lwgemﬁy'bhesméwgbateaé&yrpggque to visible light,
but transparent to activating light used as the curing
agent (e.g., UV light). For example, SiOx where X is
less than 2 may be used as such a material. In
particular, structures formed of Siox, where X is about
1.5, are substantially opagque to visible light, but
transparent to UV curing light.
[0170] In all embodiments of an imprint lithography
process, a liguid is dispensed onto a substrate. While
the following description is directed to dispensing
liquids on substrate, it should be undexrstood that the
same liquid dispensing techniques are also used when
dispensing ligquids onto a template. DLiquid disgpensing is
a carefully controlled process. In general, liQuid

dispensing is controlled such that a predetermined amount



marks, in some embodi ments, are not opaque lines. g Jjanuary 2007
Rat her, the tenplate overlay nmarks are topographi cal

woHealswiemnsof the tenplate surface. I n sone enbpe/i8bin21556
the marks are nade of the same material as the
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broadband |ight or a specific
During the dispensing process, the dispenser tips are
fixed near (e.g., on the order of tens of microns) to the
substrate. Two examples of continucus patterns are
depicted in FIGS. 32A and 32B. The pattern depicted in
FIGS. 32A and 32B ig a sinusoidal pattern; however, other
patterns are possible. As depicted in FIGS. 32A and 32B,
a continuous line pattern may be drawn using either a
gingle dispenser tip 2401 or multiple dispenser tips
2402. Alternatively, a pattern of droplets may be used,
as depicted in FIG. 32C. In one embodiment, a pattern of
droplets that has a central droplet that has a greater
volume than surrounding droplets is used. When the
template contacts the droplets, the liquid spreads to
£ill the patterning area of the template, as depicted in

the FIG. 32C.
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maki ng overlay marks 3102 visible using established

overlay error neasuring tool g5 Fine polarized overlay
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I n anot her enbodi nent, Qverl rks 3102 a
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exaplfye.a material selected to formthe tenplate
overlay marks 3102 nay be substantially opaque to
visible light, but transparent to activating |ight

a the uy i
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such a naterlal In particular, structures formed of
SiOx, where X,is a . 5, e substantial | y.opaque
t &3 sivel & Fi ghFa E]ut-netq‘ Mirﬁp%sw REFHG i ght .
[0170] In-all enbodinments of an inprint |ithography
process, a liquidis dlspensed onto a substrate. Wile

t H8)f ofd ewan® deberiept i'an is Hheecredst gegréipansicag of
Irfﬁﬁ :%é% %glstrate it should be understood that the

same T |qU| spensi ng techni ques are al so used when
dispensrng liquids onto a tenplate. Liquid dispensing

a carefully control |l ed process. In general, liquid
d| HFis controlled such that a predeterntned

‘%'lagu gLy 2007 WO 2004/016406

us2 03/021%56 75 of liquid is dispensed in the
proper | ocation on the substrate. Additionally, the
volume of liquid is also controlled. The conbi nation
of the proper volune of [|iquid and the proper

| opoeAzdn of THee vhildyH i shecdmtirdlalled i peitngrheay

L guid i openel1p Sy sterm desor! bed heto  otep aad

|'dﬁﬂﬁéﬁ@&f”ﬁiﬂ“ﬂ§§“ﬂe fixed. TIn an embodiment, a liquid
dispensing controller is used to control the volume of
liquid dispensed (Vd) and the time taken to dispense the
ligquid (td). If vd and td are fixed, increasing the
length of the line leads to lower height of the cross-
gection of the line patterned. Increasing pattern length
may be achieved by increasing the spatial frequency of
the periodic patterns. Lower height of the pattern may
lead to a decrease in the amount of liguid to be
digplaced during imprint processes. By using multiple
tips connected to the same dispensing line, line patterns
with long lengths may be formed faster as compared to the
case of a single dispenser tip. Alternatively, a
plurality of closely spaced drops is used teo form a line

with an accurate volume.



and liquid placenent to confine patterning to a
specified field. [0171] A variety of Iiquid 9 January 2007

woi2sRRN§epy patterns are used. Patterns nmay bgcimsidiSoz1sse
formof continuous lines or patterns of droplets of

liquid. In some enbodi nents, C?'7el ative notion between
a di spl acenent based liquid i spenser tip and an
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in" the FIG™ 32C. 9 January 2007 WO 2004/ 016406
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FIGS. 33A-33C.
[0175] FIG. 33A depicts template 12 embedded in

- curable liguid 40 after curing. After curing of curable
ligquid 40, either the template 12 or substrate 20 may be
tilted to intentionally induce an angle 3604 between
template 12 and substrate 20, as depicted in FIG. 33B. A
pre-calibration stage, either coupled to template 12 or
substrate 20 may be used to induce a tilt between
template 12 and curable liquid 40. The relative lateral
motion“between template 12 and substrate 20 may be
insignificant during the tilting motion if the tilting
axis is located close to template 12-substrate 20
interface. Once angle 3604 between template 12 and
substrate 20 is large enough, template 12 may be
separated from the substrate 20 uging only Z-axis motion

(i.e., vertical motiomn). This peel and pull method may



line pattern), Therefore, (4) vd = a v$) [0173-] TbQanuary 2007
width of the initial line pattern may normally depend
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be fixed. In an enbodinment, a liquid dispensing

controller is used to control sghe volune of [|iquid
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[ ARG > A REPCRIFTHg of the liquid is conpleted, the
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separate the tenplate from the cured liquid, In the
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1200 and substrate 1202 and to measure overlay marks to
perform overlay alignment and magnification correction
during formation of the structures. Template 1200 is
also thermally and mechanically stable to provide nano-
resolution patterning capability. Template 1200 includes
an electrically conducting material and/or layer 1204 to
allow electric fields to be generated at template-
substrate interface.
[0178] In one embodiment, a blank of fused silica
(e.g., quartz) is used as the material for base 1206 of
template 1200. Indium tin oxide (ITO) is deposited onto
base 1206. ITO is transparent to wvisible and UV light
and ig a conducting material. ITO may be patterned using
high-resolution electron beam lithography. A low-surface
energy coating, as previously described, may be coated

onto template 1200 to improve the release characteristics



quartz tenplate and a silicon substrate; a peeling 9 January 2007
process may be difficult to irrpl enent. In one

wenbeghimeet |, "peel and pull" process is perfpémgzdogonssﬁ
separate the tenpl ate froman inprinted |ayer.
enbodi ment of a peel and pull Hgrocess is |Ilustrat ed
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[0179] In FIGS. 35A-35D and FIGS. 36A-36C, two

embodiments of the above-described processe are
illustrated. In each embodiment, a desired uniform gap
may be maintained between template 1200 and substrate
1202. An electric field of the desired magnitude may be
applied resulting in the attraction of polymerizable
composition 1208 towards the railsed portions 1216 of
template 1200. In FIGS. 35A-35D, the gap and field
magnitudes are such that polymerizable composition 1208
makes direct contact and adheres to template 1200. A
curing agent (e.g., activating light 1218 and/or heat)
may be used to cure the liquid. Once desired structures
have been formed, template 1200 may be separated from
substrate 1202 by methods described herein.

[0180] Referring to FIGS. 34, 35A-D and 36A-C, in a
further embodiment, template 1200 may be "adjustable".



formed froma material that is transparent to January 2007
activating light to allow curing of the polyneri zagl

wWOQA3sdos on/ activating-1ight-curable-liquid bycrms2003021556
exposure to activating light. Form ng tenplate 1200

froma transparent material glyso allows the use of
established optical techniques to neasure the gap
bethe eretrend dijies t 20O anich siHista@ies:it2 G2f aridi 4 cembodiment,
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escribed herein. in sonme enbodi nents, transfer |ayer
independently adjust the electric field generated by one
or more of the conductive portions. In an embodiment,
electrical connectors may run through non-conductive
material from another side to connect to the conductive
portiong. " In an alternate embodiment, the conductive
portiong may extend through the non-conductive material
such that electrical connectors are not required.
[0181] In FIGS. 36A-36C, the gap and field magnitudes
may be chosen such that polymerizable composition 1208
achieves a topography that is essentially the same as
that of template 1200. This topography may be achieved
without making direct contact with template 1200. A
curing agent (e.g. activating light 1218) may be used to
cure the liquid. In the embodiment of FIGS. 35A-35D and
FIGS. 36A-36C, a subsequent etch process may be used to



1212 may be placed between wafer 1210 and
pol yneri zabl e conposition 1208. Transfer | ayer 1213 January 2007

woRb@Iti&dos properties and thickness may be chopefiutosnzisse
allow for the creation of high-aspect ratio

structures fromlow aspect ratgp structures created
inthe cured liquid material. Connecting ITOto a
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1200. A curing agent (e.g., activating light .1218

and7Br theakyn-pagdpet ijxedbases ut 202 hef | thai Bemmhere are
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and Bgﬁv(: % bfurther enbodi nent, tenplate 1200 may
be®®a0F TSt & Fa-a @V9anuary 2007 WO 2004/ 016406
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context of this enmbodi nent generally refers to
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conductive material 1704 may be formed from for

ex@hfpplees a patterned layer on a substrate. The pattern is
created by placing a template with specific nanometer-

" scale topography at a controlled distance (e.g., within
nanometers) from the surface of a thin layer of the

- curable liquid-on a substrate. If all or a portion of
the desired structures are regularly repeating patterns
(such as an array of dots), the pattern on the template
may be considerably larger than the size of the desired
repeating structures.
[0184] The replication of the pattern on the template
may be achieved by applying an electric field between the
template and the substrate. Because the liquid and aixr
{oxr vacuum) have different dielectric constants and the

electric field varies locally due to the presence of the

topography of the template, an electrostatic force may be




silicon dioxide. Conductive portions would forma g january 2007
pattern conplenentary to a pattern to be produced on a

woRsdionguot ayer . The pattern of conductive portpef¥gsiedsn2isss
formed in non-conducting material using nmethods known
to those skilled in the art. ggonductive portions are
el ectrically connected to voltage source 1214, either
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SR Eou b EPE F D Ry P4 B, PO SaRce tFEY £
| Rdepander! thaadiiusd. t he eliet! Hiedtirald fgener atednbyhs,
one or nore of the conductive portions. |In an

erisdiarnivat igge dighalcueaiec dds idayayuhe Mageglio attach
N GRNANGLMR £ AR Il JlOBRARPLRRN Bl A2 LARNRE Lain
to the conddctive portions. in an alternate

emagditnent Howkereaqndibet iareachormitons mine éxerd £film will
t hrough t he non-conductive materi al uch that .

o IRSERR GOV EF6r 30 ot @ﬁ&irloé’%.a%[lﬁ’lgaﬂrcﬁ’? s
Fldeapa36d1366o iR GaRiantrlyi elod-ceRgnidiides ar@neBeured by
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to_ cure the Liquid. In . the emhodi nent qf FI .
AT L e argo A 46CEHE ARt BE o A 5y iy T HRgE tude
myE el it1Q a3 Fieys @0 AppPExd 416400 where v is
PCT/ US2003/ 021556 81 renove the cured material 1220.
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the plates and the ratio of liquid-gas permittivities and
heights, but this number will be 0(1). Thus, the
electric field is approximately given by E ~ (y/ed)®.
This activating light curable liguid may be hardened in
place by polymerization of the composition. The template
may be treated with a low enexrgy self-assembled monolayer
£ilm (e.g., a fluorinated surfactant) to aid in
detachment of the template the polymerized composition.
[0185] An example of the above approximations is given
below. For d = 100 nm and v = 30 mJ/m and ¢ = 8.85 x 10-
12 C2/J-m, E = 1.8 X 10 V/m, which corresponds to a
potential difference between the plates of modest 18 V if
the plate spacing is 100 nm or 180 V if the plate spacing
ig 1000 nm. Note that the feature size d ~ y/eE?, which

means that the gize of the feature decreases with the




37B the non-conductive bases 1502 of the tenplate aQ‘?JanuaryZOO?
i sol ated from each other by the conductlve portions

wo20W0164bbie tenpl ate may be used in a "positi VeCTus2003/021556
i mprint process as described above. [0183] Use of

electric fields, as describedgsyn these enbodinents,
may al | ow | ithographi Cc patterned structures to be
f aiqed-auftldhe (@lreactiargiafld esSTiusgn SHbom features would

second). The structures generally. have si 765 f_te
o TSR ET N T RS o (g h v for 100 and
acﬂdd’@tﬂnp%la{ﬂegrgpﬂrr@t%l efééiiécd:leéltﬁe IOf esence of

electric fields "creates a patterned |layer on a
subktaddt e. The mat thesr mQ@lhﬁ{eeéiced:qntlrﬂladibﬁg sectric

te ths CIfI n | & t.9Ro 59@[%

%%%ai oltl nce§(€§?eg %{rn pi%angfnoqrr% g:r and
.t hehes lﬂﬁcaclenlafy aaﬁ hite Itagt@rlaﬂfe tdee t]:IHJr].albi'lﬁ.d |sqmﬁzhcm1 so as
a substrate. If all or, a portiaon of :,dgsi red

strUEHRAES & PAEFEHRAY trl'tfp@ét'ﬁlﬁ’@tﬂé'tﬂ
conﬁﬂ QY Hatdticys ddie Rald et Preddigdienplat %he”%‘itrti%.ce

erably | arger than the size of the desired

r epleattien g-estpludteur esThis) textjhrilieme ey cdtimimadte tie need

t.h
P G Ot T o e MR e AR K0
S UhisTynid € z 3t easageo ddtel dri quiThiand edtmi cfuer megc @irgo
have, di fferent dielectric const ﬁ%s%r%e‘st he I ect ric

fietningte e REGH HuSTHIHe attern.

t opoanaP b Rindd & et , abwehast M aglatis ﬁHWﬁ% t
be 9 January 2007 WO 2004/'016406 PCT/USZOO3 021556 82

g@mtwmathmhfmcslut@g:rro - fciured itdwtd axsnaed well
Iate Srfac nsd Q pi | ures

{ﬁ%ﬁtrbe sta?fblllr} zq:e St\‘l I "%tn a&ﬁ Ilkﬂtsklln%ryfel el d

Stdcﬂﬂgishﬁed Bihef iandd Vcaiamﬂg gmmmnuad:ﬂe :IJI1 q:l]'.led ammlng

made to attach tothetenplate andd e£om ﬁi‘n
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Of g1t |dtd-fd IMand | Reiqived H gty ol

el ectrost atic forces is
increased between the template and substrate while
simultaneously increasing the magnitude of the electric
field to "draw-out" the liguid to form clearly defined
structures without requiring contact.
[0187] -~ The activating light curable ligquid may be
deposited on top of a transfer layer as previously
described. Such a bi-layer process allows low aspect
ratio, high-resoclution structures formed using electrical
fields to be followed by an etch process to yield high-
aspect ratio, high-resolution structures. Such a bi-
layer process may also be used to perform a "metal Llift-
off process" to depésit a metal on the substrate such

that the metal is left behind after lift-off in the

trench areas of the originally created structures.



conparable to the capillary forces, which are neasuge

by the dinensionless nunber A The magni t ude of th@ﬂmuaryZOO?
weébheniviggsatic force is approxi mately eE2d2, wWhergsRod/f1s556

the permttivity of vacuum E is the magnitude of the

electric field, and d is the fgature size. The

magni tude of the capillary forces is approxinmately

ydIoM&Te y Usindg he lcb\quirﬂsgcasl’sjaréateva‘emgolugﬂhecurable

io pf these two_ forces is A = f %/ Eoim er to b
de b hep?h‘f%ﬁaﬁ‘ém%ﬂo%a‘aﬁjeﬂ?t ettt acht H&“"Y e
uppgicsusfgce, 1488 eh@ctLhsurfiebdanustahe shehst Radtbre

i S appr oxi nat el y unit The precise value depends on
t heavepai rapodly heur ogr%rp@ydromg tﬁt@pere’@@se angiciafeions in

oS SlpLLANS, 901 PRETLLINALLES PO, Piiuia may
ap@l@dlﬁﬁbfﬂyu@ﬂagﬂrﬁWIéipaﬁ&éfﬂ)dlsﬂ$m61@mtth&ﬁImwkes
l'ight curable |iquid may be hardened in place b

POTRRTF 9201 G BR 1 RECE OFROSFIFb AL THRT R IR EACTAGAL.  In

be;saceisH, s hndnt pYheResBYvS el { ass e“%@éefbr@n% ayelckly
film(e.g.., a fluorinated surfactant) aidin
defarhnernpaifernevithphiat contrepovippribedcemplate, thus
co
B S Phg, AE800 Ma G B Ea My LLANEHS, methpds that
SOradﬁﬁrandlﬁe@t&@ﬁta(cﬂO 12 C2/J-m E = 1.8 X 108
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the PPat®ss patifestcBEAR V- § nepentes and U.-5.
I h I
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and the proximty of the tenpl ate to the liq
supdbert sapmbkications are specifically not 1ncorporated by

reference in this patent.
[0150] While this invention has been described with
references to wvarious illustrative embodiments, the
degcoription is not intended to be construed in a limiting
gsense. Various modifications and coﬁbinations of the
illustrative embodiments as well as other embodiments of
the invention will be apparent to persons skilled in the
art upon reference to the description. It is, therefore,.
intended that the appended claims encompass any such

modificationsg or embodiments.



to create a pattern in the activating light curableg yanuary 2007
liquid that does not conme into contact with the
surface of the tenplate. This technique nmay elimnate -
the need for mechanical separation of the tenplate
fromthe polynerized conpgsi t?on. This technique may
also elimnate a potential source of defects in the
pattern. In the absence of contact, however, the
InI j.quid A not form sharp, high-resolution structures
—{-#a%i’—%i%—%%‘ wel|l defined, as in the case of contact.
This may be addressed by first creating structures in
the activatin light curable liquid that are
parti az‘f’lfgle‘aé?c?ﬁé% ALY Ndgity BATEPERL PRcAf Pepgtrate, the
me SO AN { ¥ind e gap may be increased between the
“tenpl ate and substrate while sinultaneously
i ncpeesidigna e templiattederioh ehéisbbctuifacéimhd 40
" ut s |_qui f | ear] fined .
oLufS EAEDAE (TR el TG H e B £ B S Camine xom
thacfiwsat i ngrfdghttourablae bpgusdngayebend deposided witere.

top of a tr fer |ayer as_preyiqus descri.bed,,  Such
tng o radet FO0ELS BNORLLFwohs PEREiTear 1, the First
subigfe res alny it tiirneet weaplbeered using el ectri cal

fields, to be followed by an etch process to yield
hi RS HSFRENT 1% L eAPdRIreEBAUFIBNS YR tEL R e SutRepd

rebitid@delp RIPGRSS MY’ 868 BRaUSEd 5,19 per ALy "WihAlen
lift- off process"” to deposit a rre?a on the substrate

the edmptHz arse thet gubis§ reéft behind after lift-off in
thees 1y oL gi L :
Str ot H R SerhSERothe Mok EERtE bortions or
thPCRMISA0G3/:021 5356 84bst0a868] &sdnghardw thescosiiwating
. act i ' l,i.ght. cura Ll gui pattern formtian
LG SR A TS e By Sy PTG e
of afoutsubsseate appotokheastiychatlew timy becaspidlof the

cured. Avojding tenperature variations in the
ter%u%aﬁer’ataéldand the activating light curable liquid nay

al s A f; ivd edier ablgatpatt evatr thet DI dhonedhail drakemid.

Z. The method as recited in claim 1 further including,
.before filing the gap, position the template and the
substrate, applying a predetermined amount of the
activating light curable 1iquid to a portion of the

substrate.

3. The method as recited in claim 1 further including,
before filing the gap, position the template and the
substrate, applying a predetermined amount of the
activating light curable liquid to a portion of the

template.

4. CANCELLED



nano-resol ution layer-to-layer alignnent inpracticalg january 2007
In addition, as nentioned above, it is possible to
quickly forma pattern without contact with the
tenplate, thus elimnating d€fects associated with
i mprint nethods that requiBfe direct contact. [0189]
In this patent, certain U S. patents, and U S. patent
appl i cati ons have been incorporated by reference. The
text of such U S patents and U. S. patent applications
is, however, only incorporated by reference to the
ext eht Thatnarhwebrff icdtaiexilst shbetwaethsught iextin@nd ght
th ther statenents .and draw ngs set forth herein.
cRFip e BYBRES JF S o R G6RErtd OTULSSS pEbeR &Paid 1 S
cPRt Bidi SPRhd LAldQNS rarg specifically not incorporated
by reference in this patent. [0190] Wile this
i nvention has been described with references to
varigusrid | sty igee &@qgld'1Ueﬁhéreﬁﬂethge§&t!ixpa¥ﬂi% I1Sght
not intended to be construed-in a limting sense.
cw/eal brisl pdid ibcet icove. samditgnbifndesonshaf abent 10
' ive ogdi s.as well as other enbodi ments
Céééfﬁﬁéé%ﬁ%gﬁgggﬁgﬁ ? be%épparent to persons skilled
in the art upon reference to the description. It is,
t heref qr.e i.ntend hat the ended cl ai ns
encdﬁpgégéﬁﬁvﬁgﬁgﬁ%gﬁéaﬁfﬁ atwgg SHP EMpoiTRIRE fgrrther
comtutiodds 2000 r (RS triedthBatchaies: ofd. aA MB{40th Portion
formng a pattern on a substrate, the nethod
oo i S PHRAG NG A FERPPAPetIt AUBIRFS siraaiiresde

1808 aredl A AldHY Rfrreeesses Lacpgd bp the 16 alif race
extending from the first surface toward an opposing

mepbiRt sl face C Wiserless thanr abeysedl défmer/ an.
plurality of features in the first surface of the
patterned tenplate; positioning the tenplate and the
subst r ditee impthoshadedlaim 1, wherein the template

comprises a first surface treatment layer on at least a
portion of the lower surface, and a second surface
treatment layer on the recessed portions of the template,
wherein the first and second surface treatment layers have
different-wetting characteristics-with respect to the

activating light curable ligquid.

9. The method of claim 1, wherein applying the
activating light curable liquid to a portion of the
substrate comprises dispensing the liquid with a fluid
dispenser such that a predetermined pattern of the
activating light curable liguid is produced on the portion

of the substrate.

10. The method of claim 1, wherein applying the

activating light curable liquid to a portion of the



relationship to each other so that a gap is created
between the tenplate and the substrate; filling thg January 2007
gap between the non-recessed portions of the tenplate

and the substrate, and wherei ® the activating I|ight

curable liquid is substantidlly absent fromregions

of the substrate approximately bel ow the recesses of

the tenplate; and solidifying the |light activating

[ rable liquid. - 2. T t.hod as recited in
=bpdPhefd! Efal M firfipe B arar e ERgScReSgap, cbe
spbstthoa therdepgidiny angd driva sSsulFstthat @empppLY¥i BBa8 are

redeterm ned anobunt of the activating |ight curable
nptqaPEeEecd ‘i‘%?tfﬂ%th BIPLHSI Shsstigpdd 50 Fheamephobihe
s@bstestéedot FeShSidiny il theasi BE wdeNgenphetOr hat are

filing the gap, position the tenplate and the
rgGpserat e, applying a predeternined anount of the
activating light curable liquid to a portion of the
tenplate. 4. CANCELLED 9 January 2007 0 86 5. The
met hdd- of Tle¢ anentiod wherddiaint He abeireani pgsitgbbing the
j gqui.d h vi.scasity _of |ess than about 30
cEHRTRLE, IS AR SN Y B T h o o f R B m 1
caompresasthe activating light curable liquid has a
nti poi se neasured

viscosity. of. less than about 10 ¢

at BB VNG The HGHRIFtE AVAFLEARhEPEFREERE, and

t enphét end UHhefemIRMY iteeSra SHel 8GBstrgat Mentil ayer
on _at least a portion _of the |lower surface, and

AGALF &F SR ML S Ut dde Arskdmd it 2achagEedy edlieesin pghe liquia

ofi UEhac&ul £ € e efms 1afn tihe 1howen 1 suLfacgap, MBasit &g @r#e
25 Cto less than about 40 dynes/cm 8. T%e nmet hod o

nepaF aras sehar i tiiante afeippleatenpéanpr prdsthefsulsitrate as
tﬁ@r{éﬁﬁigﬁéﬁﬁénﬂgsﬂéﬂ@ﬁédogv@E kﬁgsguﬁstrate.

12. The method of claim 1, wherein positioning the
template and the substrate in a spaced relationship
comprises pesitioning the template at a distance of less

than about 500 nm from the substrate.

13. The method of claim 1, further comprising
separating the template from the cured liquid by applying a
. separating light to the cured liquid, with the separating
light alters the chemical composition of a portion of cured
liquid such that the adhesion of the template to the cured

liquid is reduced.

14. The method of claim 1, further comprising
separating the template from the cured liquid by applying a
separating light to the cured liquid, with the separating

light alters the chemical composition of a portion of the




portion of the | ower surface, and a second surface

treatnent |ayer on the recessed portions of the 9 January 2007
tenplate, wherein the first and second surface

treatnment |ayers have different-wetting

characteristics-with respeﬁ§ ?0 the activating |light

curable liquid. 9. The net §d of claim1, wherein

applying the activating |light curable liquid to a

[ t rate c ri i,spensing_t he
PPER: SGPH fen Y o B dl el g P PO, EhETe L b
lpgedét rear nete patterfrad dfheheatkimpatitagahiighhe conipdd e
lLiquid is produced on the portion of the substrate.

18%*Yhe nethod of claim 1, wherein applying the
activating light curable liquid to a portion of the 9
January 2007 0 87 substrate conprises applying the

li quid’ t BParRedt dheladibdr &8 tA6ET ESPBAYP HRY t 9ensing

tRE €8s Pintd & d @MU ALG d hAlnAke e ARk ERECSIEL: AR NOLng
aagplylng the liquid to areas of the substrate

PF ERPOFER il Ftr e detofeenhdheefpipilatehand atlee
. - ' LN
S EERREsl i 1% ol S s Al et g PERRE e e

aspacedine| atglonshimableodpruses: positioning the
tenpl ate over the substrate; and noving the tenplate
toward the substrate until a desired spaced
rel até oreid pnd that hifevad,imwier euRthbe Eospi s Dy tdehsing
subgtrate substantially fills the gag bet ween t he

Ehont e ti%RS SO 1ORe tRENHFEP S BRAR At he

sebbsided eids dhedemeliiatechshRes bhanedeOVEig e force
substrate. 12. The nethod of claim 1, wherein

ARkt eF ot i d Hemlehs &rd ogndot REPSYBBY ratelvatkpg light

tSPaged &l At R NiiRn «C eMRELIES 1PgRk &1 oning the |
tenplate at a distance of | ess than about 500 nm from
the substrate. 13. The nmethod of claim1l, further

Conp{i§iﬂuﬁethqd of forming a pattern on a substrate, the

method comprising:

providing a template with a patterning area, the
template having a first surface, facing the substrate, and
a plurality of recesses formed extending from the first
surface toward a second surface of the template, disposes
opposite the first surface, with the plurality of recesses
defining the patterning area;

placing the patterning area opposite a region of the
substrate, defining a gap therebetween;

positioning an activating light curable liquid between
the substrate and the template;

filling the gap with the activating light curable
liquid by contacting the activating light curable liquid
with both the template and the substrate, while confining
the activating light curable liquid within the gap; and




separating the tenplate fromthe cured Iiquid by 9 January 2007
applying a separating light to the cured liquid, with

the separating light alters the chem cal conposition

of a portion of cured quuiqjsuch that the adhesi on

of the tenplate to the curéd " liquid is reduced. 14.

The nmethod of claim 1, further conprising separating

the tenplate fromthe cured |iquid by applying a

sepa ' li t.q t he I i qui Wit he,. .

sepa?g%%ggg’lﬁgﬁ% éh%eﬁ%§%&ﬁ§qg e%ﬁ g 8%5%%%?t%%ﬁ9%§’&?
spottli bhedfmdtwerillanuary 2007 0 88 cured liquid such
that a gas is released by the cured 1liquid near the

interface of the tenplate and the cured 1liquid. 15.

The met hoie afetda msl refyfeler ncenpinsingreensdng the
di stance between the tenplate and the substrate, and

1nFlefing RIrC S ismice PRdttREBANEhareanpPaP el Bad™ he
gubsisRL L r Y lsyi i vaLting; i g thy
e S B I QO aRP SYpRY RSl A g I iRy Mona
gePal heucbdiyredtor nopyiiiosiing eddsthgnat hectf pvaeirapplicd
it]an I S trate_in
b8PP8 LRd Teanl 36 30PstEnerHRY SRt et faug
fiblihme tleepiddicipmiadr gap apphyithg addivadnay ddtghtat itngy
t activating i, curable lLiquid. 17..A nethod of
LB e s et i hh A dan iR L
acoipst Bhddl i Proovdudiang ca 1t guphaet W bbtR Pad tesiNGe and
area, the tenmplate having a first surface, facing the
ERE bR St e t o d'hid S ISTRARPEYIoE PR cBEE S REORD} gk Lvating

Leghending, Td amdier fiikstin SHEf agQit ovasd @nsecond
surface of the tenplate, disposes opposite the first
foriate, Tx6% Hhhaddifdanply ast ivettng ekighfef¢utialg & he

1PGLL &N MG Kk %'o%%h%i%ﬁelgg?&féﬂi ng area opposite

a region of the substrate, Ining a gap
t her ebet ween;

19. The method as recited in claim 17 further
including repeatably placing said patterning area opposite
additional regions of the substrate to form a gap between
the patterning area and each of the additional regions,
defining a plurality of additicnal gaps, positioning
additional activating light curable filling each of the
plurality of additional gaps with the additional activating
light curable ligquid by contacting the additional
activating light curable liquid with both the template and
the substrate, while confining the additional activating
light curable liquid within the plurality of additional
gaps; and forming, from the additional activating light

curable liquid, additional solidified material.

20. The method as recited in claim 17 wherein

positioniﬁg the activating light curable liguid between the




positioning an activating light curable |iquid betm&xugnuary2007
the substrate and the tenplate; filling the gap with

the activating light curable |iquid by contacting the
activating light curable liquifi wth both the

tenpl ate and the substrate%0while confining the

activating light curable liquid within the gap; and 9

January 2007 89 0 forning, fromthe activating |ight

[ ter 18. The.net

Sgg reC|teéH§ng% aF%ﬁﬁ#éf ékﬂniiﬁb(fﬁﬂdes 5ngyﬁgg gﬁa
apativernhggl agka oppaslé el:aa_rulcaotdj td mmaifaro%glo@n tak the
subitrate defining an additional gap therebetween,
t5BE-E6ni ng additional activating light curable

l'iquid between the substrate and the tenplate,

filling the additional gap with the additiona

acti vati Age TERed cit abt @ 19 dind By iordtasbenginhe
p@@%&bamab tﬁgtéagiwglﬁgoglmgwr&@a%ll el qqgglw bEthgﬁ the

t eten'p ate and the substrate le co Ining t
sabidrrednakndctheatemelate g&nrtdmramn@lmldqm drpilvhng the

Lti I ' or mt ddi ti.onal
REHGLENE L PANL Al f TRt o RGP P
sgbbtdeteed material. 19. The nethod as recited in

claim 17 further including repeatably placing said
patterni ng area opposite additional regions of the

substpat Bh omé ot dal aasga@ecbleie@eqml diaempatit ghBi-Bgnar ea
and each of the additional. regions, deflnlng a
PBEUFAPTEYI of R GRIT t 1 BHAI N G AR T 3 EPeRi hgIuAddPEFeRaRr the

sapbtyaténgndi ol call @ fddddeg eachuebst Bep1ving a
plurality of additional aps W th the additiona

PREHRYRFMHECT | PajREe el @1 AqiHidaby neoAt abti AYrehbe

1@39&&'983£hea€éd&ﬁhkﬂg light curable liquid with both
the tenplate an the substrate, while confining the

addi ti onal actlvatlng Iight curable liquid within the
MLngyty ggg % g rgiLn fromthe
addltlon vatlng cura Feglgz 9%
paddt i cohad Ehﬁl&hﬁlﬁﬂtﬂng(ﬂqut curable liquid between the
substrate and the template further includes applying a
predetermined pattern of the activating light curable

liquid to a surface of the substrate.

24. The method of claim 17 further including
determining a distance between the template and the
substrate by determining a resistive force between the

template and the activating light curable liguid.
25. CANCELLED
26. The method of claim 17 wherein positioning the

activating light curable liquid further includes placing a

predetermined volume between the template and the



20. The nethod as recited in claim17 wherein 9 January 2007

positioning the activating |ight curable Iiquid

between the 9 January 2007 @ 90 substrate and the

tenpl ate further includes agplying the activating

light curable liquid to a Surface of the tenplate.

21. The nethod as recited in claim17 wherein

positioning the activating light curable liquid

et ween the. .suybstrate nd t.he t | ate further
PELTEiR MRS EsedBery R GO R et ante Tisaier
tlhon aa saudmcer wirddig resubst abecradZialbe ﬂ_eIDO@h@S

recited in claim17 wherein _positionjng

reeeteAt i mpd |%Wamlféullﬁqénl&imb*éﬁ\é%eﬁﬁeat stbstt at e

s@pth dderd el aje f urlhay-kBebudes aRPLYERGe 8and a Liquid-
predetern1ned:§attern of the activating l'ight curab

sk gFale olntry |2gee Suzfélc:fﬁ@trr’é@ hoehblait ewzteeaﬁzmg of
Hi AR 5 T G Rnetrie ghlf BEkUA iR S

a¥emt her |ncludes applying a predeterm ned pattern of
the activating light curable Iliquid to a surface of
the substrate. 24. The method of claim 17 further
i nclami ngrhededeathridniofg ca adinstl an€erbeé neenc i tenpl at e
and 1 he, subsa£ate éltdetermnln a resistjve force

P%%%%Oé}%ft%esa% gnd GRETLEEI ORLFRE Frghtiddt abl e

rédpRie. £ 2% a iCANCHLERt26 andihRa Bt BOM: 04 484 Mlientation
wherein positioning the activating [ight curable

19| BRARPHSR threr ifREICedEs iprackagtad predetahdr rrsplate.
vol une between the tenplate and the 9 January 2007 O

91 substrate, with the predeterm ned vol ume being no
great®er The method of claim 17 wherein filling the gap

with the activating light curable liguid further 1ncludes;
before placing the patterning area opposite said region,
disposing a plurality of droplets of said activating light
curable liquid upon one of said template and said

substrate.

29. A system for forming a pattern on a substrate
comprising:

a body supporting the substrate;

a template coupled to the body and having a patterned
region;

a displacement system, coupled to the body, to provide
relative movement between the substrate and the template
and place the template in superimposition with a portion of
the substrate, defining a patterning portion;

a liquid dispenser coupled to dispense an activating
light curable liquid onto a sub-portion of the patterning

portion, with said displacement system coupled to



than a quantity required to substantially fill the
recesses, and a maximum fluid filmthickness at whi 9January2007
surface forces of a liquid-tenplate interface and a
liquid- substrate interface avse sufficient to inhibit
spreading of the activatigg |ight curable liquid
beyond the patterning area. 27. The nethod of claim
17 furt her including positioni ng said tenplate a

rletatl n wt.h res sai d. substrat

SARchar fk e s st wAcation obf Plepaigertatle o

cbateet beiﬂl@ exer teth Lon kgalrcédﬁ;ermlgataedl%an&@eba’emma
of claim17 wherein filli n%&uhe gap wth the

Ehet FUBPFREERi YAt iR di™33%6ui d further incl udes,

bef ogesghact NEo t i Pafd arifnig u@bﬁatﬁepﬁét‘aérﬁﬁﬁ@' portion,
region, d|s€05|ng a plurality of droplets of said

wahEhi aei AR F gRING AHAEAd doi éoéséﬁfﬁnéhﬁfa%&ﬂatlng
1ESHP| ah e and §§¢&de% rate. 29. A systemfor form ng

a pattern on Sstrate conprising: a body
suppar fonget%@t%@ttm ratgleal ttonphat empouptedesd the

g§§9¥a@leH§8% ?%Eﬁﬁﬂﬁuﬂgt%g%%rbea dlfg?gcgo {he

eny cou rovi det? atrve
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30. The system as recited in claim 29 wherein the

displacement system further includes a motion stage, upon
which the substrate is supported, to provide relative
movement between the substrate and the template along first
and second transverse axes and an imprint head, to which
the template is attached, to provide relative movement
between the template and the substrate along a third axis

that extends transversely to the first and second axes.

31. The system of claim 29 further including a fine
orientation system connected to the template to allow
pivotal movement of the template with respect to the
substrate to maintain a substantially parallel orientation
with respect to the substrate in response to a force

applied to the template.



with the light being selected to solidify the
activating light curable liquid; and a force detec
coupled to the inprint head to generate information
indicating a force applied to%he tenplate by contact
bet ween the tenplate and tH3 activating |ight curable
[iquid, with the displacenent system establishing a
rate at which the di stance changes in accordance with
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side, the pattern region including a pattern surface and a
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recess extending from the pattern surface toward the second
side, ending in a terminus, with the first surface being
spaced~-apart from the second side a first distance, the
terminus being spaced apart from the second side a second
distance and the pattern surface being spaced-apart from
the second side a third distance, with the first distance

differing from both the second and third distances.

35. The system of claim 29 further including a fine
orientation system having a first flexure member, wherein
the first flexure member is configured to pivot about a
first orientation axis and a second flexure member coupled
to the first flexure member, wherein the second flexure

member is configured to pivot about a second orientation



the tilt nodule to allow the tilt nodule to vary th
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tenplate in response to forges being applied to the
substrate. 34. The system gf, claim 29 wherein the
tenplate further includes first and second opposed
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and the template.

39. A method of preparing patterned structures on a
substrate, comprising:

applying an activating light curable liquid to a
surface of the substrate;

positioning a template proximate to the activating
light curable liquid, wherein the template comprises:

a non-conductive layer:

an electrically conductive layer adjacent the non-
conductive layer and substantially between the non-
conductive layer and the substrate, wherein the

electrically conductive layer forms a contiguous pattern of



tenperature variations of greater than about 1 C
within the enclosure during use. 38. The system of 9 January 2007
claim?29 further conprising g air gauge coupled to
the notion stage, wherein %g: air gauge is configured
to determ ne a distance be en the substrate and the
tenpl ate. 39. A nethod of preparing patterned
structures on a substrate, conprising: applying an
g.Li I [ ui surface.of th
FEBEY AL BT nClE AR o Y ittt 350 Bt B e
paotiuzatli ng theéeghtbetrabde |1 quid, mhereln the tenpl ate

a_non- conduct ctrlcally
ConABERL YN agr SHe Bt 1191 AT ecndne: o@Piay8; and
taedsapbstanti Bl | yabeineen ddveron-traoRductineechayerically
and the substrate, wherein the electrically

COBRUGEEVOelPESEr TRAFRIM dthtaRpIdEs saecaracofigld
c3@RAHaEY 22007 Pr 90 sSAFMCAHSS GO enntaty EO Lheion of

atterned structures to be produced on the substrate;
thpphrgtayatnngl beght ccdiad e PBeitavdeh ttomrtﬂertrpkeateéeandlcally

cbpauéy?§gf?g§epyopa§§grg%ﬁbfégrent t hrough the

ectrical conductive [fayer, wherein the applied
electric fleld creates an electric static force that

attragts ortion . of . the activ ht cura

1 auBl © ofaf oo HERL R 1R 137 Botidert CETPEy Bingrcuring
thbeabEHﬁhﬁiﬁg #gh Thaumihod iefu el @thﬁﬁlyﬁﬁgtﬁgﬁlvatlng
co risin% curin_%aa fhe activatin %ht curable liquid
1hghhppPy Ry acti{aking Li9hghcwsd lﬁe GPitfating | i ght
curable liquid. 41. The nmethod of claim39, further
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42. The method of claim 39, wherein the activating
light curable liquid has a viscosity of less than about 30

centipoise measured at 25 °C.

43. The method of claim 39, further comprising curing
the activating light curable liquid, wherein the electric
field is applied between the template and the substrate

while curing the activating light curable liquid.

44. The method of claim 39, wherein the template is

substantially transparent to activating light.

45. The method of claim 39, wherein the substrate is

substantially transparent to activating light and the



light curable liquid has a viscosity of |ess than
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l'ight curable Iiquid, mhere&& the electric fieldis

appl i ed between the tenplate“and the substrate while

curing the activating |ight curable liquid. 44. The
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conprises indiumtin oxide. 46. The nethod of claim
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49. . The nethod of claim 39, wherein the activating
C??%ﬁ?gturable liquid is attracted to the electrically

conductive | ayer but does not contact the electrically

conductive | ayer when the electric field is applied
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material selected froma set of materials consisting
C%WS@%A@JQQﬁQ&Q@ &id thgpactivating light curable liquid to

contact a portion of the template.

49. The method of claim 39, wherein the activating
light curable liquid is attracted to the electrically
conductive layer but does not contact the electrically
conductive layer when the electric field is applied between

the template and the substrate.

50. The method of claim 39 wherein the substrate
comprises of material selected from a set of materials

consisting of GaAs, SiGeC and InP.



