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DI SPENSE GEOMETRY AND CONDUCTI VE TEMPLATE TO ACHI EVE
HI G4 SPEED FI LLI NG AND THROUGHPUT BACKGROUND COF THE

WO DMESTI9GN [ 0001] The field of invention rel at BGT/US2004/038088

generally to inprint Iithography. Mre particularly,
the present invention is directed to reducing the tine

SRR, @ﬁéﬂ%ﬁ?ﬂgﬁ?ﬁ%rh@ﬁ?ﬁt}%\z  TRMPLATE

process&0 ACHAEVErHIGH-IREED iRid
fabrication of very s i—IR%U@-ﬁ{ s e 9., haV| ng
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mirwérna‘lah{ i iGatdiare deaDrRs doticdasi ngley timeomeantired to
M cro-fabrication provi des reater, process caontrol

wHille e oﬁ/@aﬁgnrqscr%fa SHEY e iRtRnpupaterial

feat e %#E ?igdgsg%g ormed. O her

areals of deve opmant v@} h mcro- fabr| cation has

biEErD 2Nyl o;beld:rmcﬂaidﬂdﬁmmthnm@g@ees Gte d@ibrication of

technol 0 |caI syste and t | ke OO

5 ATO e tatd i 1 GERATELE B0 SR e dbdex

Lém tr%x%-&ﬁe%%eﬂ%ltwtsrﬁlﬂw 6,334,960 tim Wﬂﬂd@mleiroa

WIllson et a . disclose a nmethod of form ng:\ha relief

i Fakyel at o thar tha®. @ THe st o d Mrdtudes 35 dWisdi ng a
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I'S covere yneri za onposi t1on
rpﬁmhem&&ﬁgrﬁnduﬂnxyucmmnmnuﬂs\mqlsuﬂmye for larger

production yields while increasing the circuits per unit

area formed on a substrate, micro-fabrication becomes
increasingly important. Micro-fabrication provides
greater process control while allowing increased
reduction of the minimum feature dimension of the
structures formed. Other areas of development in which
micro-fabrication has been employed include
biotechnology, optical technology, mechanical systems and
the like.

[0003] An exemplary micro-fabrication technique is
shown in United States patent number 6,334,960 to Willson
et al. Willson et al. disclose a method of forming a
relief image in a structure. The method includes
providing a substrate having a transfer layer. The
transfer layer is covered with a polymerizable fluid
composition. A mold makes mechanical contact with the
polymerizable fluid. The mold includes a relief

structure, and the polymerizable fluid composition fills
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pol yneri zable fluid. The nold includes a relief
structure, and the polynerizable fluid conposition

wo pdobsstes rel i ef structure. The pol yneri zabl e PCTUS2004/038088

conposition is then subjected to conditions to
solidify and to polynerize trie sanme, formng a
solidified polyneric material2o0 n the transfer |ayer
that contains a relief structure conplinentary to that
a@fhet kreldelfdstThetoped | Schaw lsopariatal ¢ romide solid

olyneri ¢ materi al h that lica of th | ief
SORBERAF €O EnERRBI 79 b T 1ETHE SUPR T oL T aLEY
ROl ¥Br be1gRbekkal thEhednansemityed soridheied

solidified polymeric material are subjected to an ,
eolyremienmatersalecti dlg Wiadsisie tavmsferatl ggeptains a

relatiove,. to the salidif. [ tegi

ERAEe PerPeF o pagartl PERER Y T (e L Bl e
g &t 3@3 tglequ Eépdr@.ﬁﬂad Heram riininsd ead upel ginaehsi material
provided by this technique are dependent upon, inter
IR, THRE orpBLirorPofthite FPuBFetamiBr FaF, mold

Q004 rlely 139, @8l &8 1 d el &l P&y hOr PEOYLEErBal, The
techni que that decreases the tine required to fill a
fremtn@feroflayer apdi tithe | sdhbigtbhigd teebyaceic SUMARYaDFare
THE .1 NVENTIL. ON_[ 0005]. The pr.esent_ i ' i i r ed
t% %é} %@ﬁl& Rl (e pe%%rll%%n%stp usr%\?%?gi%%fgp%%g - g%%\rt
Hreplsfey Qhylerquied a@iwee Stibstliat €0l hai £ieat pokgmeric
mnimzing the distance liquid in the gro lets nugt
st ialo SUERC PR FjERENEE dFBpPRt1E 0t PH ﬁgaln the
&é}uaaﬁg.of Thiae {1 gui Lo oNi £08 sHBSERAL &1nAuSma

result, whe atterning the droplets with a patterned
tigihate divension pempyidedtioy fthist hecheagueesre f

t he tern and cover the,substrate i s mnimzed his
AT BRER n SUGoUE 57 (TES| PP RTT ROChr SEesad o
thatynend,zdhe weikaedi 4ncl udes

[0004] It is desired, therefore, to provide a
technique that decreases the time required to fill a

feature of an imprint lithography template.

SUMMARY OF THE INVENTION
[0005] The present invention is directed to a method
for dispensing a plurality of spaced-apart droplets of
ligquid on a substrate that features minimizing the
distance liquid in the droplets must travel to reach an
adjacent droplet to form a contiguous lay of the liquid
on the substrate. As a result, when patterning the
droplets with a patterned template the time required to
fill the features of the pattern and cover the substrate
is minimized. This increases the throughput of the
imprinting process. To that end, the method includes
disposing a plurality of spaced-apart droplets on the

substrate, each of which has a unit volume associated
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di sposing a plurality of spaced-apart droplets on the
substrate, each of which has a unit vol une

was®opiaredt herewi th. A spaci ng between adj acePtT/US2004/038088

droplets of a subset of the plurality of droplets is
selected to be a function of a smallest unit volune
associated with the subset. Bs a result, the distance
betmeen adjacent droplets is mninmzed and is nerely
dependisrit . upAnspheingsbkutveen efbjdrepketirdpipersifga

aratu 00 cl.osed i s a conduc
T A 20001 A s 0 sclose P A N
thattidcl ydes praYhdkRgudisukel ke aksberifi-Re &i¥BS@he
on the substrate; and formng a plurality of

$1é@%%ts+ onis aﬂdrpﬁajléet tbas dértEReemPSEWRRTh agdliRgeint of
SSL0 [1:S Ie [ II t
T Sh T Rere e et lons” Soker e 5 eSPELE HEB oo
r@@@lxaﬂcvﬁ aat efcbglletl tikpeflesnpedppbattike nmesa be
substantially trans arent to a predeterm ned

W% engt A b¥Or ddrstPERA FﬁraeQQFEPQt&W?rgﬁmﬁléFe and of

3 %@uc@nfoﬁﬁn@ Eesllibcilk ke ?ﬁ%'tre%d th@f %@1&@%3
el ectrically conductive material froma material that

}amm@lrwt aaaublsétratadl ﬁpprmnngo apmesagere the substrate;
herethroughs Lo the, present Lavention Ladiymiin ong on
OXI SUI P B %,e? alr Fr OI% \ﬁﬁj’ Cﬁl pfQ:OIJm T hg
ﬁh@&ﬁé.shacad\u’cibnduﬁhd‘ie BEt ehiealrecBewe\vels, clofghirdmition
oxide js difficult to pattern due tg its resistance to
%¥%‘Fltr%%%ﬁeF@él@ucFHé’epF‘é§§ﬁtlaﬂ=etaF?€d theowir@d§ck 1ons

gﬁf@ﬁ{ wen@etkgcgﬁmg]oan%w%%ev%att%%ﬁl Late withg

oxide suitab use in inmprint |ithography.
déﬁﬁxednwhatehbedmﬁentbeasebstg@ug@édynmmanﬁmdn¢nt to a

bgéé%. BRI EF DEng PTI f OOO Fig. 1
PEe S Ubae Ve oL EnIor S FPRAGEASHI'c TSySPORTE
areeseedcer Wb hibheopr.esaat al mé@ﬁhultqn,lt[ Q@O&]eslilr@d Zo

iIs a sinplified elevation view of a , ,
form the electrically conductive material from a material
that allows ultraviolet radiation to propagate
therethrough. In the present invention indium tin oxide
is a suitable material from which to form the electrical
conductive material. However, indium tin oxide is
difficult to pattern due to its resistance to etch.
Nonetheless, the present method provides a manner in
which to form a conductive template with indium oxide

suitable for use in imprint lithography. Thesge other

embodiments are discussed more fully below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] Fig. 1 is a perspective view of a lithographic
system in accordance with the presgent invention;
[0008] Fig. 2 is a simplified elevation view of a

lithographic system shown in Fig. 1;
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l'ithographic systemshow in Fig. 1 ;[0009] Fig. 3i s
a sinplified representation of material fromwhich an

WO psiostorfhg | ayer, shown in Fig. 2, is conpri sedr/bsfoos/e38088

bei ng pol ynmerized and cross-linked; [0010] Fig. 4 s a
sinmplified representation of cross - |inked polyner
material into which the mater#¢al shown in Fig. 3 is
transforned after being subjected to radiation; [0011]
Hio@093 s a&igl.npliifd ed «lmgyaliion vieyrefemapleh of
spaced-apart fromthe inprinting |layer, shown in Fig,
ratgriad FEOMeVRLRE A3 HHRE ISt I RET ayhovy omﬁ"lg Y
Fi_g. t [ 4 ' r .
e B B e P e
Jolbaoiat e shgwn4 abheve isinp Iy £i2d nrergoes eripeel on t bf across-

fi.rst enmbodi nent of th , t 1 ti . 100 Fig. .
kg BT B CSeHen 10 R Oh CAn THEVRT T hgehoRh in
iHeNgeneat + ok nar8RInthd WY ik fhd. s?bj et BE NGb NBadPONion;

the array of droplets, shown in Fig. 6, in accordance
Vi0OR 1dne eRbadi hedts of aHe biksedhte] eivebiPonvie9oa)a mold

Fi gs. - t d ' i t . :
lSedeptt, Ui M M RSN DD, Doy 1n ri. 1
%ﬁ&bﬁy@ﬁ?tean?hgemfﬁiwmpiimpmﬁmm&mgoiayerd, shown in

ig.. 7; [0015] Fig. 12 is a bottomup view of a nold
ARG | naF¥Paull B dtidheR e B Be PRekt PeoRautt Brg O
'&O%Q%Qrsdéﬁcgmﬁﬂrﬁﬁ@fh%hﬁﬂé@iﬂ eabedt reall 9pohhg region
present invention; [0016] Fig. 13 is a side
crfogdhes sabssmakevisdwwi abeve ebpl Bi@- shokh fACErgang; with

L et e S LI
widdL3jet amagher enbodi sbndl of iédesphesanici niewt bON;
[0018]. Fig. 15.is a side cross-sectional view of_ a

(RGO OETERG dBBSHATBST S Hyhr? i ROFRg. S2AWI ARef?9- 2.
AP Rying upon the array of droplets, shown in Fig. 6, in
accordance with omne embodiment of the presént invention;
[0014] Figs. 8-11 are top down views showing the
compression of droplets, shown above in Fig. 6, employing
cantilevering impingement of mold, shown in Fig. 7;

[0015] Fig. 12 is a bottom up view of a mold having
individually addressable electrical conductors in
accordance with amn alternate embodiment of the present
invention;

[0016] Fig. 13 is a side cross-sectional view of the
template shown in Fig. 12;

[0017] Fig. 14 is a top down view of a substrate
employed to fabricate the template shown in accordance
with yet another embodiment of the present invention;
[0018] Fig. 15 is a side cross-sectional view of a

region of the substrate, shown in Fig. 14, taken across

lines 15-15;
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i nes 15-15;[0019] Figs. 16-23 are side
cross-sectional views of the reg ion shown in Fig. 15

waleowsnsorat i ng the vari ous processes enpl oyed BOI/US2004/038088

fabricate the tenplate shown in Fig. 13; [0020] Fig.
24 is a top down view of the region shown in Fig. 6
with the droplets of inprintiﬁg mat eri al di sposed in
an array according to yet a fourth enbodi nent of the
d0038ht i nVerms or16{20132@qe Fife 25ross aseopideowh Views of

omnn the GOl si.on_of. dr V.
%E Onmﬁ oy| %Lﬁﬁf éj&g&éﬁ%?rgngQnég%ég? dance
Wrbbeésfalsf talmgﬁm@@ﬂ mtfﬁrim@rﬁwnﬁemy@ml Sown in
0022£§F|g. 26 is a cross-sectional view of a tenplate

FR9acedrdance with a sixth enbodi nent of the present
'[fd\é%ﬁ' on; gl 254 é} ‘3 21:70]? Sd&wrh 0P SPWIE Vtﬁé" Pé%ﬁon shown

substrate e oyed fabricate the tenplate, own in
EngFig6, 6unva¢ﬂnﬁﬂanabrwp1@ta.@%vsn@hl@hbnglm@herbal
present inventiaon;

t.h
ENEEBSE0t ol AN G- F oTHr b1V het s (BAF iy groodiment

Frownel RrEL@nt? A twvkedi &h ong Ilnes 28- 2 ; and [0025]
Fi%%ﬁ 29-30 are cross-sectional views of the region
lin FFg.9 2@ ehbmst ¥ el | 7R hel §%r F30¥1pPotBSses

d

B REED B B THE T RUENTT EN T 0587 Frg! 1
eeploying hidlhgrephie BysFem 19, | in agcorddavgeewvibh a
5. eroggl el O 400 SSRL AT ILL R, Lt | udes
roiodae 14 and; a &4 age $SUPPSEL-dbcexbeadiifew of a template
in accordance with a sixth embodiment of the present
invention;

[0023] Fig. 27 is a top down view of a substrate
employed to fabricate the template, shown in Fig. 26, in
accordance with a seventh embodiment of the present
invention;

[0024] Fig. 28 is a cross-sectional view of a region
of the substrate shown in Fig. 27 taken along lines 28-
28; and

[0025] Figs. 29-30 are cross-gectional views of the
region shown in Fig. 28 demonstrating the various
processes employed to fabricate the template shown in

Fig. 26.

DETAILED DESCRIPTION OF THE INVENTION
[0026] Fig. 1 depicts a lithographic system 10 in
accordance with one embodiment of the present invention
that includes a pair of spaced-apart bridge supports 12
having a bridge 14 and a stage support 16 extending

therebetweenn. Bridge 14 and stage support 16 are spaced-
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t herebet ween. Bridge 14 and stage support 16 are
spacedapart. Coupled to bridge 14 is an inprint head

waosmkioch extends from bridge 14 toward st agePGUPRIINA/038088

16 and provides novenent along the Z-axis. Disposed
upon stage support 16 to face inprint head 18 is a
notion stage 20. Motion stage620 is configured to nove
with respect to stage support 16 along X - and Y-axes.

bbaghoul doipleadesstaddidehats iinpramtileathd 8ne®Y 18, which
provi de novenent along the X - and Y-axes, as wel | _as

exbenrdgx fEomy by 1AgE; éﬁl FOGEDFEHRAR 7 e ret nb@eﬁ%t
ggo(rtﬂﬁeé AR meds WaldnAS H & Kxi fnd ]3(18 &1]5bn stage

xenplary notion stage device is disclos n Uni t ed
Stippestpabenb dppki datgmimtnimzat 1D/19%4 Mdtlcbmleblage 20.

Jul 11, 2002 entltl ed. " nd Re eat .

VBt 6Gr S5AgSo7S: S oY T THE AEFEERRRCE Hh
EE&%@”%ubﬁb%t '1@”611%53% whi gihd sy 4360k porat eghbyid be
reference herein in its entiret A radi ati on source

ppdegsgeapl sdatolspstian tpad | aﬁg@mﬂcﬁﬁ cmovement
radi; é‘tg% Stpoﬁnﬁo&' %@i & ags, %Pejlﬁ & 5@9&‘”‘% %Qﬁé atLof

sour i's coup o brid 4 and s a pover
genapat etage3 200 magact};&ﬂb—\t:aiaf ambxaémeamt somriclee 22-axis, as

ration_of _system t | | trolled
BPddesgor 95 XEhafcs Y AR CotRA TR THh TRer e piage
Q2L Ref eriki-ngster bet hifHwsa §t@@@sZpatéﬂﬁnﬁﬁgﬁﬂcéﬁhon

inmprint head 18 is | ate 26 havin
m@b@@m 10WBIo¢ , 2:84|,né1431@££ HLlgr Uk B |29/0%f ¢elibuted “Step

I ity .0 rec
 SBLeRL bR, A SRR 0k 2088310050209 cne
a@sdlgm@lenalf ma:tet@ffaastdmi drsvdrt ben randfehted iato a
substrate 30 %é(uloned on notion stage 20. To that
a

eRFOTPREALRE PYadefe oISt idn 3t 5ge 2BthhytVar v a
di-3iaReen Fohelween @'&@@1@@%@ st ahe1 800! Dubhh§e

manner , thefeatures on nol may be inprinted into
actinic radiation upon motlon stage 20. As shown,

radiation source 22 is coupled to bridge 14 and includes
a power generator 23 connected to radiation source 22.
Operation of system is typically controlled by a
processor 25 that is in data communication therewith.
[0027] Referring to both Figs. 1 and 2, connected to
imprint head 18 is a template 26 having a mold 28
thereon. Mold 28 includes a plurality of features
defined by a plurality of spaced-apart recessions 28a and
protrusions 28b. The plurality of features defines an
original pattern that is to be transferred into a
substrate 30 positioned on motion stage 20. To that end,
imprint head 18 and/or motion stage 20 may vary a
distance “d” between mold 28 and substrate 30. In this
manner, the features on mold 28 may be imprinted into a

flowable region of substrate 30, discussed more fully
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fl owabl e regi on of substrate 30, discussed nore
full ybel ow. Radi ation source 22 is |ocated so that

wori0d/02873 s posi ti oned between radi ati on sour CRCRESZN4038088

substrate 30. As a result, nold 28 is fabricated from
material that allows it to be substantially

transparent to the radiation produced by radiation

source 22 . To that end, nold 28 may be forned from
meilekd.al Ratihatibacldidesdwar tizz fasetedidsashst [hebd, 28 is
sapphire, organic polyners, siloxane pol rs,

boessiirred: S5WasE TAUG I RSP yﬁ'g?er%“r%rs‘%tbStrate 30.
o D98 ! hengofrs R thel - femlaterdh HByePeaf ofned

omthe aforenentioned materials, as well as netal.
200283 Ref eor begstbdictit Riljsy 2ramspdrent ftovilpt e

o - et it o 20 e di
elirtion srotteRR BB THA T s eds lpet IR TET Ty hd,
Rlaran Pl e tArnex eimatéonabs eciggi Oicadies St s

of inprinting layer 3 4 being deposited as a plurality
sfussprac e Fusear B ldista et Hr @l et TRBBHFS nePEFFA1C 36a

at ' r ; An
I A A O
dilsciresedlion Poilyed St atesa patent nappbn cabeéoechunbBurther

10/ 191,749, filed Ju 9,.2002, entitled " tem and
TG o OMSHaNS: e et o G D CRMP A Q8 ned
tih dd18 asS| greecaf1 the geesent invention, and which is
i ncorporated by reference herein in its entire

ty.
| 281t i ng Redparr 132 i & foptleF $99m A Mafe?i af §%9W?Hé?
g%nggls%d%ﬂqéégl QLé%f%é%f?ﬂe?%?%?rg§?'hén5§gp59ed on a

‘the original p efining a
neearided qfatteriac A 2xienpt apyesenpssat suhsfentially

oS it et H o) 2 £2588 Sy of
T e o iues dopenonaehueemi iy o

i sloresbrageat Bliscrete droplets 36 of material 36a on
gubstrate 30, discussed more fully below. An exemplary
system for depositing droplets 36 is disclosed in United
States patent application number 10/191,749, filed July
9, 2002, entitled “System and Method for Dispensing
Liguids,” and which is assigned to the assignee of the
present invention, and which is incorporated by reference
herein in its entirety. Imprinting layer 34 is formed
from a material 36a that may be selectively polymerized
and crosg-linked to record the original pattern therein,
defining a recorded pattern. An exemplary composition
for material 36a is disclosed in Untied States patent
application number 10/463,396, filed June 16, 2003 and
entitled “Method to Reduce Adhesion Between a Conformable
Region and a Pattern of a Mold,” which is incorporated by

reference in its entirety herein. Material 36a is shown
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reference in its entirety herein. Material 36a is
shown8 in Fig. 4 as being cross-|linked at points 36b,

WO e005#087197€r 0ss- 1 i nked pol ymer material 36c¢. [ OBPRB]S2004/038088

Referring to Figs. 2, 3 and 5, the pattern recorded

in inprinting layer 34 is produced, in part, by
mechani cal contact wth nold 8. To that end, distance
"d" is reduced to allow inprinting droplets 36 to cone
HAt @igechaniscakiagnt@aeissMIinkel h2&oapreaing forming
droplets 36 so as to formipnprinting layer 34 with a
esRESgddukefoPRAYITGH S 4RIt al®B6a over surface 32.

|13 02138 eﬂb%@ifggg&&gdied e & is seduced o ShtoNn

sub-portions inmprinting layer 34 to ingress
iretcorded ta fimpkingdessiloer @ (9030)dTeed acihipare, by

filling of recessions 28a terial_36a 1s provide
P o freres. POt tTie 1 cohgl Brat ySre | Sf8tance
NPESH QRSILBA Whi 181 1GAY eTthvel St AR CErSZlat ¢ 3@ to come
contiguous formation of material_ 36a. In the_present

dasodimeshenicad- pemtiasts BUR oroldp? § nt FRECIAYRY BHOPHets
| NMROSI i W I [ i .t h

A L P A T i

rfeacizad on edvimagestinl pifd | onsre 3darvitcd 32t hi Ekness t

b-portians 34b w hi ck Thi ck .
T R S R S e R

the applingaAti@nngTyI ik | y4 &6 Seheet€disooagniocberndl
greater than twice the width u of sub-portions 34a,
iresesApnssSn nore clearly in Fig. 5. [0031]

i ng F_gs . - 4 t e
TR 5B i o2 Bl g 51 FLoRetishicdys
preadhicies @dE nisc prasi adednwi tiat tipel yegui gbseapdopensies to
| i nks material. _36a, form ng cross-linked pol yner
A SHe 136 L LA ZEGRTA 900t £ CERpOR| CPBRE Y Surface 32

W H N i i3 ®us3% ormation of material 36a. In the

present embodiment, sub-portions 34b of imprinting layer
34 in superimpogition with protrusions 28b remain after
the desired, usually minimum, distance “d”, has been
reached, leaving sub-portions 34a with a thickness t; and
sub-portions 34b with a thickness t,. Thicknesses “t;”
and “t,” may be any thickness desired, dependent upon the
application. Typically, t: is selected so as to be no
greater than twice the width u of sub-portions 34a, i.e.,
t1 < 2u, shown more clearly in Fig. 5.

[0031] Referring to Figs. 2, 3 and 4, after a desired
distance “d” has been reached, radiation source 22
produces actinic radiation that polymerizes and cross-
links material 36a, forming cross-linked polymer material
36c. As a result, the composition of imprinting layer 34
transforms from material 36a to cross-linked polymer

material 36c, which isg a solid. Specifically, cross-
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transforns frommaterial 36a to cross-|inked pol ynmer
material 36c, which is a solid. Specifically,

wee@ssiiomked pol ymer material 3Sc is solidifi ePlCT/0S2004/038088

provi de side 34c of inprinting |ayer 34 with a shape

conformng to a shape of a surface 28c of nold 28,

shown nore clearly in Fig. 52 After inprinting |ayer

34 is transforned to consist of cross-I|inked pol yner

mah&edaboldgtershaverial FBge 45 dolprdifiideamh roshdawnside

in Fig. .2, is noved to increase distance "d" so, that

FéICd SIH‘@élelﬁﬁPHniLﬁﬁﬁrl Afeids & & &pnf;ﬂ,‘gp%ng to a

2032 Jretetitgcko2Bbdor S motafdid | QRlwPIRSES SETELFBY in

be enpl oyed to conplete trie patterning of substrate

30g.F6r. eddipire impubstinge 13 eand®4 ripr itnangfooyed B84

may he etched to trapsf.er the pattern .of, ijyprintin .

CEPE-S54 O&nF6O§§5t5L{LPg?g @8?1%1}%@inm%negrlaalpa %r nsélao"%1 +H

suf.aee 34prihe haedl LBat ereiehing ride nates inbvéd om

which inprinting layer 34 is fornmed nmay be varied to

derreass Pdiskenge SEéhspatdal tipkdsifeand olppletne
esi.re 3 ferring to Figs. 2, 3 and 6

%gggﬁsﬁgl%g%h%§ﬁ%§8v§%?§génse_features, e.g.,

r@®824di ons R2§arenngheocoFder. f, rahbrst@s] PpreasiEigg may

roplets 3 ver a region, 40 of substrate_30 .in

B B S, P COIPHERG! P80 RAF LA | caREFERES 20-

283 ARy epkergtpesboGmndfidp it Ileredyes! onimgy be

t hroughput of the inprinting process . To facilitate

&% q &as s rpmsRE gﬁﬁoegﬁmﬁrrbfoﬁ henR ¥ HEY ntpyer 34

e R
rfecddditens Eﬁ@hiﬁghsths aathMEﬁLb@mﬂﬁsﬂﬁhShngmprinting
SRS 15 328l IR lnl BT ALY 421301
Grop] 8ks S36riich FeBbBLECHo Ausdiovite H®Pl£L si8610é4.
matrix array 42 area arranged in six colums -n and
d0033dws mReferring to Figs. 2, 3 and 6, for molds having
very dense features, e.g., recessions 28a on the order of
nanometers, spreading droplets 36 over a region 40 of
substrate 30 in superimposition with mold 28 to £ill the
recessions 28a can require long periods of time, thereby
slowing throughput of the imprinting process. To
facilitate an increase in the throughput of the
imprinting process droplets 36 are dispensed to minimize
the time required to spread over substrate 30 and to f£ill
recessions 28a. This is achieved by dispensing droplets
36 as a two-dimensional matrix array 42 so that a
spacing, shown as S; and S;, between adjacent droplets 36
ig minimized. As shown, droplets 36 of matrix array 42
area arranged in six columns n;-ns and six rows mi-mg.

However, droplets 36 may be arranged in virtually any

two-dimensional arrangement on substrate 30. What is
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However, droplets 36 may b e arranged in virtually any
t wo- di nensi onal arrangenent on substrate 30. Wuat is10

waele®snerd73 s maxi m zi ng the nunber of dropl ets BGI/US2004/038088

matrix array 42, for a given total volune, V of

I mprinting material 36 necessary to forma desired
patterned | ayer. This mi ni mi 28s” t he spacing S and S
bet ween adj acent droplets. Further, it is desired that

dashref dFoPRELEiZEC thive IRSE Havr it aln ynatrix
a%%”% g3! 9#%”5‘ %‘L—@%n E“ofj:rga“ 1A% MR er L3 1§r§‘}1\1}tmg

associ at éd ere i ned as a ‘unit vqu
Bﬁ&%dlamoﬂ6theSeSSEEWEtbafdﬂMIGﬂ@éﬁiﬁhﬂEﬂ&ﬂﬁﬁﬁhédﬁﬂayer.

e total nunmber, n , of droplets 36 in matrix _arra
é‘lﬁaVlBémaé?ér hRegPasing | ngg( Py REWEeRwALs acehg

gr%b?eggf'nﬁgréﬁg¥e 1@5§@m%é%f¥ﬂgﬂﬁhéﬂréﬁbﬂ-6% droplets
droplets 36 where fhe total numnber, , of droplets 36

i3$ def thedsubseol haws swagtanﬂla&ixMwﬁaﬁuxﬂalmﬂuantltles

er _of droplets_alagn first direction and .n i
e “RERGEF 66 HRGSF 660 Siond e tedcbits: diFee oa defined
spaei uglbetrwameadmcsatsedr gpbet $hd3geakeiigeaifd,r Stt can be
direction, i, i n one di nension, nay be_determ ned

S CPETLBRS: tbsy Wher &otals HPSTendt h o YRRt a0t in
=909 4t a%rggr 2b fhield %telf?u:@heﬂ nd aofashion, a

spaci ng tween adj acent droplets 36 along a second
di recti on extendi ng tran@Nkrsm#YkﬂMa the first
be det

d
WHerg U718 e T B0 g Brea0 BN " e "GBEBRASEZ2Y

of droplets 36 where the total number, n, of droplets 36
is defined as follows:

(2) n=n;xn,
where n: is that number of droplets along a first
direction and n, is the number of droplets along a second
direction A spacing S; between adjacent droplets 36 along
a first direction, i.e., in one dimension, may be
determined as follows:

(3)  Si=In/mny
where I; is the length of region 40 along the first
direction. 1In a similar fashion, a spacing S; between
adjacent droplets 36 along a second direction extending
transversely to the first direction may be determined as
follows:

(4) Sp=Ly/ny
where L, is the length of region 40 along the second
direction.
[0034] Considering that the unit volume of imprinting
material 36a associated with each of droplets 36 is

dependent upon the dispensing apparatus, it becomes clear
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direction. [0034] Considering that the unit vol unme of
inprinting material 36a associated with each of

wale@plet9ss 36 i s dependent upon the di spensi ngPCT/US2004/038088

apparatus , i t becones clearl 1 that spacings and S
are dependent upon the resolution, i.e., operational
control of the droplet dispehsing apparatus (not
shown) enployed to formdroplets 36. Specifically, it

thabesphedntBat, thed dé.sparsideg cappatiat tsof Nehe Shewb) ution,
be provided with a m ninmumquantity of inprinting
Fateri APeBBR1PR2éaERETOdr 8| €S ST athat SRR SHIR

TBYebE ALeTkse! Knbdal [ Shbedyodn i hashianethear ea

egi on over Inting material” 36a in
cpehidioplély, 36tnust desavel tkard rilm zbidspehis isng exhrasatus
the ti required to fill .recessi,ons 28 and caover
S865t FROU™ PR BTO¥REPGuBEST 2y SLIGR Tsi T Ry Of
MR8 hak ndbaatb@Q33] 3480t Rekaproiemtdifteth &3 Prasethat
invention seeks to avoid is the trapping of gases in,
itingr AMEngalalper P3scéfed yparrbrwdd aslir f ade Baks j&ashion,
formed. _Specifi I [ h ur . het ;
SRR 5 "aPaorerl Sbr A A TRl 260
daseschr éseplletand diuepl etavdd iirs netnimd zzd ay W2iar e

spread over region 40 so as tg.avoid, if not vent ,
fe8pp g t6F 6&%‘@5 TERELEER. t‘?ogt]ﬂz}t WS§%O%%E%$Q% g=over
Wi £ 908 R RERLNeR S sPL8SRM & NVARSH DIk i @y SHSeEial

of droplets 36 in matrix array 42 that are conpressed
@e@eng a first direction by nold 28 along a first

iy ion an S t r [ r L
e
gt iton avexidendi nipet tapppengelof tgpddwe fhrstprinting
direction. This is achieved by cantil _evejg_i nrg

By Lor ed.

iRy g Sife PRCSE PRSITETES oSS LaF SIS

Specifically, in the volume 44 between spaced-apart
droplets 36 of matrix array 42, there are gases present,
and droplets 36 in matrix array 42 are spread over region
40 so as to avoid, if not prevent, trapping of gases
therein. To that end, in accoxdance with one embodiment
of the present invention, a sulset of droplets 36 in
matrix array 42 that are compressed along a first
direction by mold 28 along a first direction and
subsequently compressing the remaining droplets 36 of
matrix array 42 along a second direction, extending
transversely to the first direction. This is achieved by
cantilevering impingement of mold 28 onto droplets 36,
shown in Fig. 8.

[0036] Referring to Figs. 6, 7 and 8, template 26 is
positioned so that surface 28c of mold 28 forms an
oblique angle 6 with respect to substrate surface 30a of

substrate 30, referred to as cantilevering impingement.
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shown in Fig. 8 . [0036] Referring to Figs, 6 7 and 8
, tenplate 26 is positioned so that surface 28c of

woreiod/02873 ornrs an obl i que angle g w th respectPCDUS2004/038088

substrate surface 30a of substrate 30, referred to as
cantilevering inpingenent.1 2 An exenpl ary appar atus

that facilitates formation of2angle q is disclosed in
United States patent application nunber 09/698, 317,

Ahl edefbl 8bor apfard009 gk efibictiledatkisgioreaciosi @t
Oientation Alignment and Gap Control Stages for _ ,
pRELEN? LBt ﬁé@?gﬁﬁ?d PicEekesd" ShRtER P& teRtorprdicaFion
tﬁﬁmﬁéﬁ:%@?%@sk Bybt Sffféar@&zola%?_»elzﬁi, A 0% 0 SR Wt 1% ed

e cantilevering inpingenent of nol'd 28, as a
disphneecbébwernONbéNt 281 amdAldgbsendt er’0 Gigr rsadel

a, sub-partion of d 28 wll caonme into contact w.ith a
Bh508c" PranDBruEE BETRROTRPPYY TAPFRF TH5 el Gre ™ HE
'iﬁ&B'rgbBﬁtBar blopsretenBldid 8teorbacirdie eneiedge 26f a
mol d 28 contact the remaining droplets 36 of matrix
gepayt42f nhe spbhhlevierines lapitgemend) cHomaibR&%t £5 2

i it I : tial
M I T s R S e O
pubdpoetdonobti gudds28i gull sheet 4G co doritgmt mitly a sub-

mat eri_al. 36a extending from edge 40a of reqgion .40

PEhaPd HFORNELS TA LBl UARb: e ede 20t HIGIT Sieet 46
defibnesngd boduidngasri nbedf age b ddratcHaingtd atigd of
push gaseés in volumes 44 away from edge 4 Oa and

mowar 88edgasagbbthaoscapiniug. el A6 et \idrix array

opl ets in ' a
feee, ettt SOAl el ip s eese ey,
Begoonad@d withhbslommanneg, subetbateéadbyg iconcurrently.

conjunction with_the ggsggassa es. reduces, if.not
a

prdve FPESCEr S5PPhE 6t SR 9 ATE dRdrofice a

contiguous ligquid sheet 46 of imprinting material 36a
extending from edge 40a of region 40 toward droplets in
columns n;-ns. One edge of liguid sheet 46 defines a
ligquid-gas interface 46a that functions to push gases in
volumes 44 away from edgel40a and toward edges 40b, 40c
and 40d. Volumes 44 between droplets 36 in columns n;-ns
define gas passages through which gas may be pushed to
the portion of perimeter of region 40. In this manner,
interface 46a in conjunction with the gas passages
reduces, 1f not prevents, trapping of gases in liquid
sheet 46.

[0037] Referring to Figs. 7 and 9, as template 26 is
moved toward substrate 30, xotation of mold 28 occurs to
allow imprinting material 36a associated with subsequent
subsets of droplets 36 in columns ns and ns to spread and
to become included in contiguous £luid sheet 46.

Template 26 continues to rotate so that mold 28
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[0037] Referring to Pigs. 7 and 9 as tenplate 26 is
nmoved toward substrate 30, rotation of nold 28 occurs

WO 2008/0479%8 | nprinting material 3 6a associ at ed RET/S2004/038088

subsequent subsets of droplets 36 in colums n and n

to spread and to becone included in contiguous fluid
sheet 46. Tenplate 26 continu@s to rotate so that nold
281 3 subsequently cones into contact with droplets 36
asPeeqatad 1w thmeal UABS BoAtdct sd dHthalrddiedan@d nting
materi al 36a associated therewith spreads to becone |
aFErGded ePn Vi 5ht CeLBUESsRecig6s showntidh By, 1B 15hend
R2889510984] QUesUatLh ShirALARKEIHRAM ¢4 ndddled

in contiguous sheet 46, shown in Fig. 11. As can be
seriudiedt énf aoat4Gaohas sheeed 4cowaattbvadgier 40 sol @ hatThe

there is an _uni npeded. path.faor the gases (not. s .
FOCREST SHBEATHGS Grhie. Bah SFFuRon 1B T travajisa in
theieRouthishedk! Q45 gases i Wl d4and cLgMesSseen,
fromregion 40 vis-a-vis edge 40c. In this manner, the

tFiyrvat@mf@g:eofé6@a§x@§ meveApEPWEMSY dGgrert 034, SR HAW ithere is
1. 0. i ; d , . } . d.
MR A Y i

erdedinieiat vofl uirke 4ppeéEntregdventd ;o secent itdiereto.

spreadi.ng of droplets 36 in matrix array 42 .
SRl EoSRTRE 4B TECEITOAE Tt GHGRR (LI FgEion 40

%rilsl Ay hepehisgved wint RoUE meMHdF NEant 4 yBid NG
i mpi ngenent of nold 28. This may be achi eved by ,
argsesy ilmy igpadmtdmagReree Bér.ceaw oy e iFmpr nthaging

mat.eri al .36a .acr regi ward nold 128.
TR aly ora s ey S uraed Ty of

| job3gldual IRefaddriessall Figenduct Ve at@neht sin simowrhas
formi ng nadirs 118a of recessions, 128a of nold 128

KRBT ST TP SFFEH 150 F1EHRE ng® SUBE ot 1 opgreading
18058 dek SWper MResik @Ry h PredTieh 0B$-column, as

described with respect to Figs. 7-11 may be achieved
without requiring cantilevering impingement of mold 28.
This may be achieved by employing eléctromagnetic forces
to move imprinting material 36a across region 40 and/or
toward mold 128. To that end, mold 128 includes a
plurality of individually addressable conductive
elements, shown as qi-ge¢ forming nadirs 118a of recessions
128a of mold 128. Sub-portions 118b of body 150 flanking
sub-portions 118b are in superimposition with protrusions
128b and do not include any conductive material there.
Formation of mold 128 is discussed more fully below.
[0039] Referring to Fig. 14, one manner in which to
form a template includes obtaining a body 150 and
identifying four regiong 150a, 150b, 150c and 150d on
which to form a template. Specifically, body 150

congigts of a standard 6025 fused silica. Four
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128b and do not include any conductive material there.
Formation of nold 128 is discussed nore fully bel ow.

wO 0@3/09197Ref erring to Fig. 14, one manner in WCTS1004/038088

forma tenplate includes obtaining a body 150 and
identifying four regions 150a, 150b, 150c and 150d on
which to forma tenplate. Spétifically, body 150

consi sts of a standard 6025 fused silica. Fourl 4
ttenmpllates,, shown as templlates 126, 2268, 3266 st 42856, are

e formed, concurrently, _in four separate areas ,of
oorh0 COsT g el £ SPUFnERUent T deareody 150
frdy isGatd1ar ief, EnRiatl eridéntsddiscussios Wtdbtieation of
under standi ng that the discussion with respect to

ttamplate 126 dgpldiesussed wabhl ths gmdsetanging eghat the
S5y et e R oot SRy B i SRl ERE G

Eafiidlasved ot are teapdatd302ppesarte amdamahtire si de
112 thereof. hot oresi st 132 | ayer covers. chrone
0150 HoifsrBrias S0 Figer 182 S pka drorbh Lo
deyalepad, awRk LR LXB9SE anf 8di 8N g3tk .surg&y{ldw@ Bas a
central portion 136 of side 112. Celntral_cg?]or ion 136
taipicrd |hpvieas Idiommrsisens wBagir ey 28 i dm hlsidesreot.
ical | phot.oresi 32,41 t
-e;yn‘g%hc?%or%es& aslg’r‘2 \S/'\L/r‘z"'ﬁ{e(]e:J r %Y)%% t é’ r %gk%?rge?efsﬁ\e}é& Idlagy’/oe'r 132
o teersidavdgrad 138ay s phrosenayeand Mevdaloped away to
superinpositioon with region 134 is etched away usi ng
PB abiSF L ity TECRNF(ass, % @nt Hnon 136 of
n{date 0r RIam et ibh thisS cRRIMNELL 1R 1008 tdfReREions
body 150 in superinposition with'region 134 is
engronadindTivér eamf ey 2 suideabl 8ypostalklchiphpiproeetseslayer

occur,, .e.d... an_qven _bake.or. ot her..cl eani
o s gt rrdit) Red SN Bodo S0 Wk e ned- T r o
folsabrsdd i, 1 saresuiizabhe sebekinn g dweship sl eawsdy) dehrome

involve a buffered o , . ,
layer 130 in superimposition with region 134 is etched

away using any suitable etching technigues, e.g.,
ammonium nitrate or plasma etch. In this manner, a
portion of body 150 in superimposition with region 134 is
exposed. Thereafter, suitable post etching processés may
occur, e.g., an oven bake or other cleaning processes.
[0041] Assuming body 150 is formed from fused-silica,
a suitable etching technigue would involve a buffered
oxide etch (BOE). This occurs foxr a sufficient amount of
time to provide a desired height, h, for mesa 133, as
measured from surface 112 of body 150, shown in Fig. 18.
An exemplary height is 15 microns. Thereafter, the
remaining portion of photoresist layer 132 is removed and
any remaining portions of chrome layer 130 on central
portion 136 are removed. A layexr of photoresist material

134 is deposited over template 126, shown in Fig. 19.
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of tinme to provide a desired height, h , for nesa 1383,
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Fig. 18. An exenplary height is 15 m crons.

Thereafter, the remaining portion of photoresist |ayer
132 is renoved and any remai Abng portions of chrome

| ayer 130 on central portion 136 are renoved. A |ayer
®egiheisoEs phbtoaterisal md84 riislddpdsiire dsugvesr il at en

Qs RS0 447 TS BBEERSBER (TR WA IR 1 By 0 S¥pose

&%dgi%ﬂge%@n & rdeveloned away i HeRsard aghomsi ddbs of
body 150, using standard techni ques, |eaving patterned

Prestoimss ipstc tleayied D3®@torshowt ikayEy. 138, Sheweair efig-

ay of indium_ti ' @nre) 1S S| o .
?Zedn'pl a hee tteg "c6v (:eL r%y%)é(ft t% gEr nlenéﬂ %%?élgwllés?g?@?agfefg)lsg?o e
e 1 :'Litlfédd:id%lé téinpb 1bTQ 12 6atslidakie pmt esiatd fohotiseesist
with np 128, because it is electrjcally conductive
ARy FubstSntShawry iy dighardnt tIFR He® viav ‘I”éﬁ%?ﬁe paterial

o

ragli q}zé@mirtfrpg&%d 12 alicAli R SO & e2PeshoMa1 1]
Fig. . Alift-off process is enployed to renove
patidratsiorep kot sedisstantdpdl v 3g-ansgprovent nt i ghe 20,

with all of the rti.ons of 1T r '

s%‘é?%ﬁ%@} tq%ﬁ:a%oﬁ%lroélgipgr?sd lic?efaé ‘é%f nlé&?{e?r%gcé %ﬁ‘%fﬁazz ’

ltmodml ganzqfifg.prthICe&S-lilﬂt—fd’fijS poasteon, ia gapleye@dtdbTO
ayer , Wth regions 144 of_ body 150 bej ng exposed,

| EOTRQSTereRp t tevatad iﬂ%qﬁ%eszf.t FAYSn ht 1 o’?]ﬂﬁ‘?FoﬁnoFlg - 20,

@?{éﬁ%@ T QlaYR 14 & ayes 1@ pfnst! igon oxide

s deposited, shown in Fig.” 23. This forns
nah ol A8 o s ttifors ivti tdo e egiiicohes | B3 rbd g beemgvpdt derhed the

(0 H0he P LSO DAL, |3 101, SUper LTROBLLLALLIAS 2oy
SUPL! | P i tdPronk i 4 e ersd 4450 Sheiigi 8xbbged]3isl n
this manner, the nadir of

formed, shown in Fig. 22. Following formation of
patterned ITO layer 142, a layer 146 of silicon oxide SiO;
146 is deposited, shown in Fig. 23. This forms mold 128,
with silicon oxide layer 146 being patterned so that
silicon oxide is not in superimposition with ITO material
in ITO layer 142 that is in superimposition with regions
144, shown in Fig. 13. In this wmanner, the nadir of
recegsions 128a are formed from ITO, and protrusions 128b
are formed from SiO,.

[0042] Referring to Figs. 3, 12 and 13, understanding
that protrusions 128a are formed from an electrically
insulative material, it is realized that the
electromagnetic field, EM;, proximate to recess 128a is
greater than the electromagnetic field, EM, that is
proximate to protrusions 128b. To this end, voltage

gource 120 ig in electrical communication with conductive



10

15

20

25

30

recessions 128a are forned fromI|TO, and protrusions
128b are fornmed fromSi O . [0042] Referring to Figs. 3

WO 2003/0471985 13, under st andi ng that protrusions 1PSHUS2084/038088

formed froman electrically insulative material, it is
realized that the el ectromagnetic field, M, proximte
to recess 128a is greater thbkm the el ectromagnetic
field, M, that is proximate to protrusions 128b. To
el BinéneRdqg; V@ tagecsewrceuliz@ble toigbenldicathnique
conmuni cation with conductivel 6 el enents using any
&nPvap| EheBn pRi Bgdt ethini gl kKRBWAY SSFSHN SRR 12.

{cenhﬂst%es@mtemgﬁﬁogpgleﬁsc QRAUG MR g8l Bt Se Rl Epd PEAB Ono1d

0 extend beyon 8 and vol tage source 120 1s:
ceaneotiesof. heget eoukaet hap nbeecobye sglesttiihestaro.

addressi ng the conducti.ng-el eqents sel ected dropl et.s
§§rﬁ5§rﬂgggelggtﬁ$ F§%§¥gégda FURT O | %ﬂ%?%é%é%ﬁng
deshaned, gi ngl udidiedhe sicpadtRabkertiagi 56 Usskdcaborty
with respect to Figs. 7- 11. [0043] Referring to Figs.
spreadaps YSrtusldysenysBanapsvecs dr6sst et a3l tg“s%

<88 BLERRGAT ! BUEELHALLY BNY: ER! Ll ddho Arshs. 7-
shown,” droplets 6 and 236 are arranged In tw sets.
The quantity of inprinting material 36a in each of

roplets 136 i b i,al ly_identi , d the,
dORReT y oRSEREFLNG: Fg MABEr) v TBacii @it 2 Hiscussed
droRket grédb et gubshant bakl Hal,dpat EGatandd® Quanidtiyally

of inmprinting material in each of droplets 236 is
Sulys ratriizl pyrgieat & ShaWny hergraatis yi3F anhritt iFe

i_al a.l of &r.o ; J i ng
TR 150l B35 Of THECRLERE LY Be feRfiel
inaReinitilng centier calch36d idrophessf a8k alg substsantially
bol | : : : .
fg%%ﬁ%ggﬁérggggg%etbﬂ%n&? §!E§dihgfgﬁéiﬁ§“§§§%§§5 36a in

each of droplets 236 is substantially identical. The
quantity of imprinting material in each of droplets 236
is substantially greater than the quantity of imprinting
material 36a in each of droplets 136. By arranging
droplets 136 and 236 with differing quantities of
imprinting material 36a in this fashion, it is believed
that the time required to fill recessions 128a of mold 28
may be minimized while avoiding trapping of gases in
imprinting layer 36a, without employing cantilevering
impingement of mold 128 onto substrate 30. Specifically,
by providing droplets 136 with a minimum volume, the
advantages discussed above with respect to reduced
filling time of recessions 128a is achieved. The
relatively large quantity of imprinting material 36a,
shown in Fig. 3, in droplets 236, shown in Fig. 24, and
the location of the same increases the probability that

the flow of imprinting material-gas interface 146a
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may be mnimzed while avoiding trapping of gases in
inprinting |ayer 36a, w thout enploying cantilevering

wo psnogenent of nold 128 onto substrate 30. PCT/US2004/038088

Specifically, by providing droplets 136 with a m ni num
vol une, the advantages di scussed above with respect to
reduced filling tinme of recedsions 128a is achieved.
The relatively large quantity of inprinting materi al

e a tOWY idrdglets3 2361 mduopd,@t@ﬂsﬁclesﬂa@m delrc’Edagul to
24, and the | ocati on of the sanme increases
shobEhigas yrawerd OFE IMESRoPT HRFIRT nJg4‘Pra‘t”eH‘1%‘Ft frapping

rf b oplets 236 will be
5[%% cr?glﬁrtl};?rf/ﬁ?%lr ge%%%%ggér%’v% ggs toward perineter o
flotgilon 140 fdrtdiogt tbrﬂpglsng Basli rendrpr4 nttqngfurther
terial 3 _6a. 044] Referring to Figs
iAo o S & SO T © SRR A0 TS KPr RARE aRA
g@@iﬂ@fﬂg A d At 1NG gRBtier ictosbac & m s ophet 334 36camflate

tenplate 128 may be enpl oyed and_ conductive
eﬂwe&mmss e aed wace ¢osehienival $emast 8 Scils&gy be

C 0Q4t5 3,
e G CRRN a Bses PPyt onhy an
edc&&tmmgrﬂejjc field across the nold, tenplate 52 6

be enpl oyed. Tenpl ate 526 is f rom a body 55
43 sui't ee“ﬁé‘c‘-’eﬁoal 198 ek’ as? u‘%’%g é rl‘t"f?ireAr“HX

Q%QﬁpﬁﬁﬂYEémEéﬂddﬁréﬂ%1§IQﬁﬂﬁgﬁ $0251 Eysedmsbhetac field

havi ng neasurenents, on a Si of approximately 152.4
mrmmhe@mm,eé:emﬂat@z@2@2®ay aadespéored - f ofgERlate

é%%%ugggﬂgg%%jlfkgﬁng 1S 5§géog 1§é8§e ﬁgggrlal

respect1 vel y or sinp ICIt
P RSe s df $ed d Ssatirlel, cef abmm&bmm;;bérjzematatéaEZﬁa standard
di scussed with the understanding that the di scu S|on

vh AP rEsER 1S FR MAATE SERPSBPETRRty (A @ side, of
approximately 152.4 mm. Four templates 526, 626, 726,

and 826 are formed, concurrently, in four separate
regions 550a, 550b, 550c¢ and 550d, respectively. For
simplicity of the present disclosure, fabrication of
template 526 is discussed with the understanding that the
discussion with respect to template 526 applies with
equal weight to templates 626, 726 and 826.

[0046] Referring to Figs. 28 and 29, body 550 has a
chrome layer 530 present on an entire side 512 thereof.

A mesa 533 is formed on body 550 in the manner discussed
above with respect to Figs. 16-18. A layer of indium tin
oxide (ITO) 534 is then deposited over the entire side
512 of body 550 using standard techniques, shown in Fig.
30. Deposited atop of the ITO layer 534 is a silicon
oxide layer Si0O, that is patterned and etched employing
standard techniques to form recessions 528a and

protrusions 528b, shown in Fig. 26. In this manner, the
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equal weight to tenplates 62 6 , 726 and 826. [0046]
Referring to Figs . 28 and 29, body 550 has a chrone

WO 2008104830 present on an entire side 512 ther epET/US2004/038088

mesa 533 is fornmed on body 550 in the manner discussed
above with respect to Figs. 16-18. A layer of indium

tin oxide (ITO 534 is then deposited over the entire
side 512 of body 550 using standard techni ques, shown

itb iy o BGedRpATAL 289Papé tHEMEdOckayerTb34nts a
silicon oxide layer SiOthat is patterned and etched

é?ﬁﬂtd%%"?g?%% ardh Precheraedstroms bFghr r ePBdsirshangsgg that
2 EL g

R e R e

fﬂnnnﬂdﬂavaumqnanua$10ns 5§8bealezédrnhdtftbe1lTO
erstandln that, trusi ons 528a are fornmed fr an

A BRI e A Te. oS s 7 G TSR TheL L8

?&aﬁie&ﬁm&@ﬁi i&£1 ddetSnadhbici®r OXENBL €EMD, MAEESS is

28a is greater than the electronagnetlc field, EM,

mmme@w@«m@wwmm%&b onsA§28brepudta AmpYinting
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rdxhwnrupﬁdurdddﬁsi@mwu5zdatotheﬂébynrQEUeﬁngltﬁéattme
nol d 528 t%)(6)047 The enbodj nents of thelgresent

i TRAHESH A BRver ate ex@nbPalglaMaAY - changes

apghamdi i cald QR IBYmbE: HBIE Rt §egé§el 98YERtion
reci ted above, while remaining within the scope of the
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di scontinuities occur when ig@rlntlng material fails
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beneficial in ensuring that imprint material fully fill
the features on the mold, thereby avoiding
discontinuities in the imprinting layer. Such
discontinuities occur when imprinting material fails to
£ill the recessions of the mold. This may be due to
various environment and material based parameters, such
as capillary attraction between a protrusion and a
surface in superimposition therewith. Applying an
electromagnetic f£ield to attract imprinting material to
the mold will overcome these properties. Therefore, the
scope of the invention should not be limited by the above
description, but instead should be determined with
reference to the appended claims along with their full

scope of equivalents.



various environnent and material based paraneters,

such as capillary attracti on between a protrusion and
W@2®a0i7Ace i n superinposition therew th. Appl yP@myuszwo4/038088

el ectromagnetic field to attract inprinting materi al

to the nold will overcone these properties. Therefore,

the scope of the invention shb@ld not be [imted by

t he above description, but instead should be

detrer mect. WwMHD regerence to the appended cl ai ns al ong

wth their Tull scope of equivalents.19 WHAT IS

CLAIMED I S: . Anethod for form ng a conductive

tenpl ate, the mét WBAtEBAPFPEI AGrmpRSyRdRgIRCtive

S p f. recessions and

#%ﬁ%éﬁg%ngﬁ%%Qkﬁ%hggbé?ﬁgkigin h a nadir of a subset

of the recgﬁswuds;m@cauﬂuhgtfheetr|caIIy conducti ve

material tao forma al i ectri cal

%yp

conduct i ve TOFGLEFE %ﬁ%i¥?¥n@ rﬁFEFﬁFPF% gpd
écﬁpﬁﬁﬂétbﬁﬁsﬁ%aten%lﬁﬁ thesgykstirate subset of

fol l'owed by depositing a layer insulative material on

ttﬂ@elmsmqﬂ urmarivgioy electriicalllly conductiive material

regi on t hod [ [
(59 2580 5 SIS PP BEePEsLEILLET ) BB LR by
pdi@y@@titrtglg hf iju:nfaILtLty of ebectdi-edalry conduetiirg regions
regions tqQ be selectively activated. 3,.. The_nethod as

r%%. FRY §YPLILAYR 4 WREFEMRST BYnPREOFHE 1pBu Palifdi Tof
r 868854 ON%: el s nehudes dgpesi bnngithe1layelof
indiumtin oxide on the substrate and depositing a
| ayertofcagularictechaver kgbionst.he | ayer of indium
tin oxide; and patterning the insulative layer to form
a plurality of vias therein extending from
2. The method as recited in claim 1 wherein

forming the plurality of recessions further includes
providing the plurality of electrically conducting

regions to be selectively activated.

3. The method as recited in claim 1 wherein
forming the plurality of recessions further includes
depositing the layer of indium tin oxide on the substrate
and depositing a layer of insulative material on the
layer of indium tin oxide; and patterning the insulative
layer to form a plurality of vias therein extending from
a surface of the insulative layer and terminating in the

layer of indium tin oxide.

4. The method as recited in claim 1 wherein
forming the plurality of recessions further includes
forming the layex of indium tin oxide as a plurality of
spaced apart conductive regions on the substrate, with

regions of the substrate not in superimposition with the



a surface of the insulative layer and termnating in

the layer of indiumtin oxide. . The nethod as recited
WO pooslogions 1 wherein formng the plurality of rPCEES10041638088

further includes formng the layeur of indiumtin

oxide as a plurality of spaced apart conductive

regi ons on the substrate, w tROregions of the

substrate not in superinposition with the2 0

seredd appatrtcanddotiveer eghdpasbbenggexppeeedd, defining

defini ng exposed regi.ons, and form ng, on the expgsed
FCEROEI EPELOPFearty FRETHAD: ey FAPOSTT foEHEns:
electeicabl Yyl Asdhabiyeemabeerabiangikhe tendueldtvecally
regions fornming a patterned | ayer having a plurality

dinwikative maperénpl and, thenprrdiuegive sgssdons &oranng a
a plurality-of spaced-apart i cal . ductive
ﬁgg?%%gnﬁﬁs%8¥86 %ﬁvgﬁg %ugggkggéF&M?¥%¥?%§ﬂsubstrate

and the electrically conductive regions both being
substantially transparent to a predeterm ned

wavel ength of enér §FMPLlatRe COMPIAGETSS recited in
claimb5 whege.sakd-gebstpake further includes a nesa,
with a subset of said plurality of spaced-apart

el ectrical | 3 pondatityeofegbensdarpadicspdsedrdgadad

nmesa. .. The tenplate .as recited in claim.>5 erel.

A APFEF P Fﬁgp&pngpg&ggpgggr £7% &k ucstulb\/sé:rraé_‘gl’or‘f’slr%ak\lr &he
foiwedrbitemhadich@ Ele@Hide11y8 conbhrtiempldsd aas both
recited in claim5 further including a processor,

JdefrhBEt EHPEE 284G LgawWEE aFRFTBE 0 T Pe &t §9FE F5EmaS on
t&g&gQEngghag@I% el.ectrical energy so said plurality
of spaced- apart el e rically conductive regions to
sequentially apply electrical energy thereto.

6. The template as recited in claim 5 where
gaid substrate further includes a mesa, with a subset of
said plurality of spaced-apart electrically conductive

regions are disposed on said mesa.

7. The template as recited in claim 5 wherein
said plurality of spaced-apart conductive regions are

formed from Indium Tin Oxide.

8. The template asg recited in claim 5 further
including a processor connected to said power supply to
direct the operation thereof to apply electrical energy
so said plurality of spaced-apart electrically conductive

regions to sequentially apply electrical energy thereto.

9. A method of creating a pattern on a body,

said method comprising:



9 . Anethod of creating a pattern on a body, said

nmet hod conprising:2 1 arranging a liquid to be between
w@2aG08/0p1923 e and sai d body; orientating said tenQi/asm04/038088

proxi mte to said |iquid; and applying an electrica

field between said tenplate and said body nove a

portion of said liquid to spr@ad said liquid over said

body to forma film while preventing discontinuities

in said fil&ardngidgeankiboddasorBei betdweéanchatemPlate and

wherei n applying further includes applying an electric

featd BPd¥uffici ent nmagnitude to overcome capillary

forces of s Ab e egpbat di-sa
body. 11. T egﬁ%%ﬂod sgégglgggﬁgﬁt% g?n19ﬁ?§§ %erlﬁgld

i htguddngapdovi di ng said tenplate with an electrically
conductive layer.that is.tr anspa ﬁ adi ation_t hat
causes saldang%?ﬂgnﬁPeFﬁgF o 8@|3ﬁ% gze Hg=t =2+

CEe8 gibtakaﬁﬂdsaWHtBo@@phMN@QaS tebecbri gafideldquid to

further including applylng a voltage to said
ceRdgeti vaifayéauid ovarmsEHed bogy &psééﬁm Ag fd liet yhile

d%kgggnggnglgﬁ%goﬁglﬁui¥g%£JQ%Fsa ARt hod

nprising Isposing a plurality o spaced apart
dropl ets on sald substrate, each of which has a unit

vol unme associ ated there sprea g.the_liquid in_ .

said plural Py of1§r 8Fi £%§ﬁ5VbFe§H & 0F1§&%H9 wherein

Sé@ﬁ&ﬂ;@h@ Fand nahn Ilmcz_Lu&sa aﬁlﬂfpityﬁﬁlgje alt avelediby ftibed of
liquid associated with each of said plurality of

devfifard epéf BrendeRcEe thon @vae dney iad 144§ étoéfd:e\ﬁ o said
aﬂl%ﬂﬁ@p%gkwgr%p%%EdZt%mplate and said body.

11. The method as recited in claim 9 further
including providing said template with an electrically
conductive layer that is transparent to radiation that
causes gaid liquid material to polymerize and cross-link
and, with applying said electric field further including

applying a voltage to said conductive layer.

12. A method for dispensing a total volume of
ligquid on a substrate, said method comprising:

disposing a plurality of spaced-apart droplets
on said substrate, each of which has a unit volume
associated therewith;

spreading the liquid in said plurality of
droplets over an area of said substrate; and

minimizing a distance traveled by the liquid
associated with each of said plurality of droplets before
contacting the liquid associated with an adjacent

droplet.



13 . The nethod as recited in claim12 wherein

mnimzing further includes arranging said plurality
w@boodngprets in a pattern so that a spaci ng beP@EES2004/038088

adj acent droplets of a subset of said plurality of

droplets is a function of a smallest unit volune

associ ated with said subset .22 . The nmethod as

recited in claim 12 wherein spreading further includes

conpr essi ngisai d Thleunaltiiof ef deafltetds ibetiedm 3ai dherein

substrate and a patterned region of a body to._form,

cBRPAGHGIE &yt slé’icguldie&u PR S rsé‘g}fjoiﬁ’lbl?fa?é?éf of

subshnate im %U%%ﬁ:'t!&@ls idd emai bh SRl Ratkeraed adjacent

region and solidifying the liquid in said conti guous

| dyepletsf of saisthisatt erfn selier gilmretdityl ©f droplets is a

c | ementary to sai-d patterned-reqgion. 1. . The hod .
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i agbgdes applying an el ectromagnetic field to said

plurality of droplets. 16. The nethod as recited in

claim 12 further including placing a body havi ng a ,
patterned régi-on ql"r?eﬁ‘%@o%r &8 e st daF FLpHar aRi pperein

Ol p Qi 815 Fulitie S RERAYIG, fa&“gawsgi@@ udisng ARRLYHRG of

an-electromagnetic field to said plurality of "droplets

t droglses ss Gied wregplsetisl saibednfedemans! saird tpermednegggion of

r%g%%%y'to form a contiguous layer of said liquid upon a
region of said substrate in superimposition with said
patterned region and golidifying the ligquid in said
contiguous layer to for said pattern therein that is

complementary to said patterned region.

15. The method as recited in claim 12 wherein
spreading further includes applying an electromagnetic

field to said plurality of droplets.

16. The method as recited in claim 12 further
including placing a body having a patterned region
thereon proximate to said plurality of droplets, with
spreading further including applying an electromagnetic
field to said plurality of droplets to cause said

droplets to conform to said patterned region.



