1 0 SUBSTRATE SUPPORT SYSTEM BACKGROUND OF THE
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support for substrates. Mdire particularly, the
present invention is directed to a chuck suited for
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exemplary imprint lithography is described in detail in numerous publications, such as
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transferring the relief pattern into an underlying substrate to form a relief image in the



pat ent applications includes formatting a relief
pattern in a polynerizable |ayer and transferring the
relief pattern into an underlying substrate to forma
relief image in the 2 0 substrate. To that end, a
tenplate i s enpl oyed spaced-&part fromthe substrate
with a formable liquid present bet ween the tenpl ate

susitatehto thabend. attemplakis employgdispacechapatt frere dhe %}Hﬁfrﬁ‘g with
a f%ﬁhwlé fih&d p P&&ﬁ{bémaén tﬂ@s‘teﬁa\p@fﬂ & mers@safé#@ cmeniansal .@

I S COﬂ Ofﬁ]ﬂ? to a shape of the surface of
a

sotl@ﬁqeﬂ fermaing @ sabdifiag fayas that mﬁea patiain geconged th@r@tssth?tdﬁ e
coRftmind8o 2@hiagl b B sliay& ofqn@té;ﬁmewabrﬁga@ﬁkhtme nqu.d The

Brocesses to transfer into substrate a re
Su

f
piEaje and #e sbidified !?dﬁﬂ%f erthen ﬁ@liﬁ?q orosessenie “a“Sfer into the
subStdtd! 'a frbfRd whé‘;{ at EStreRpbidUbthOpattdif .rﬂhe s REd 18 d
m cro-fabrication techniques, the demand to ensure
the flatness/planarity of substrates being

pPr oGessrALRSE tth@ra?t?r@m@ﬁﬁode@%lﬁt%sﬁgmcatlgﬁ@e‘lﬂhﬁ@;u@é thd'8emand to
decreasi ng si ze features being forned. There

engyre the ﬂatn@%ﬁlpl@maﬂty afdtthsgatsﬁ petnginfepesttsipatiared has increased,
beRh@Adfithe/ de&@é&(ﬂ%lz@@f tho fé%@u‘?eg Belnf rférﬁfetde‘?‘h@r)é are a number of

conventi onal strate chucks. However, gresence
fagiprsipfferinarubstsateintanasty, papy Péwwhtcﬂape@eﬁ?%@ y gonventional

suBsifdt8 eRUAE. RowalRs ! tha bResRREVSH B2ktife baﬁ.c@w;ﬁaﬁtﬁ&emb%ntact
patterned, are problematic. For -exa particl

a wfycg et® ﬁebqtr@éﬁg@qpogé@ {clbn stfacesiping paf n@éﬂ% arq webl?m?@ﬁ For
exéﬁlia%r F)Sr‘ﬁc!b@ H%St'ﬁ%'l%eﬁ%%é&necﬁe sibdifale BRYthe NGk,

| ane distortion of the substrateresutlng'n

refgrred & % B?Fé‘sidﬁ Perislasayhish ﬁ‘ﬂ;’e‘i?é‘ﬁﬁpébddﬂaft%ﬁ?ﬁl%ﬂf

subdthate fesuRing e didiopddn tin it Réherdiad 8f tiRY éu’b@ﬁiatQSOut-oﬂ
possessing two paraneters: 1) distortion height; and

plane distprtipasimay beTharagiesized s BASIFERIA twe BargBTEfqr! )gistqrien

helghti 4 B) @H%réa‘.us TheRR M RdigiNs BEMEAERANE akitfum out-of-
substrat é backsi de particle. Gap radius is

plaﬂ@fdeﬁ@aoagroéu%@dh% S@hstr@lﬁ%bsr bR degkyide aari"égu @GP pdiuste
defidpid AhRa3PRGE %@Iﬁﬁétﬁ of é?é@lér'i‘ Sf th@ @Uﬁi"tratérgﬁéﬁéﬂ%art from the

bet ween the particle and the substrate

cheglo sagsuted hetpeendhe pREicle Emd w'ebrpfﬂ%swﬁgier%q%st to the

paRRR AGlHicH Re sGBsHFer céﬁta&@ﬂweb&nfcﬁ al Exsk tdanted st tB6 @fba of
a substrate that undergoes |stort|on due to the

of
a %ﬁbéﬁ%tﬁéféﬂté'ﬂdﬂéP% diglogion usrip dhe Preserce § @am&eﬁteg?%rﬁﬁnants
is ltnnéﬁ‘gFer&?erstﬁa?ﬁthszbtb?tr%éduﬁﬂﬁtéé es. Prior art attenpts

to ovVercone particul ate contam nants include pin type
and groove type chucks. These chucki ng systens

at U eippt aft %tt@i’ﬁﬁis% bb&cgfn@%ﬁﬁhﬁate esritahinah@Gnoidebin type and
backsi de parti cl eslaqﬁ(( m nimzing the contact area

grepve\irenchugks. THase ehudkingsiyatensea ko ayaihibg srawhacks
asSAURKS Qith DY StRISp RN bERHiRiziNdBhe contact area between the

substrate and the chuck. However, these chucking systems only reduce the
probability of particles being lodged between the chuck and the substrate, but do not
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and a substrate.

There is a need, therefore, to provide improved support systems for

substrates.



probability of particles being | odged between the
chuck and the substrate, but do not avoid or
attenuate the non-planarity should a particle get

| odged between a chuck and a substrate. There is a
need, therefore, to provide& Pnproved support systens
for substrates. 30 SUMVARY OF THE | NVENTI ON The
present invention includes a substrate support system
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FIG. 3 is a simplified cross-sectional view of a mold and substrate, shown in FIG. 2,

after solidification of an imprinting fayer on the substrate;

FIG. 4 is a top-down view of a chuck body employed in the chucking system, shown

in FIG. 1, in accordance with one embodiment of the present invention;

FIG. 5 is a cross-sectional view of the chuck body, shown in FIG. 4, taken along lines
5--5;

FIG. 6 is a detailed cross-sectional view of one of the pin cells 60 shown in FIG. 5, in

a neutral state;

FIG. 7 is a detailed cross-sectional view of one of the pin cells 60 shown in FIG. 6, in



FIG 7 is a detailed cross-sectional view of one of
the pin cells 60 shown in FIG 6, in 4 0 a | oaded
state; FIG 8 is a schematic view of the pin cell
shown in FIG 6; FIG 9 is a schematic view of the
pin cell shown in FIG 7; BI%G 10 is an expl oded
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FIG. 15 is a detail perspective view of a region of the pin layer shown in FIG. 11;
FIG. 16 is a top-down view of the region shown in FIG. 15; and

FIG. 17 is a cross-sectional view of the region shown in FIG. 16, taken along lines
17--17.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 depicts a lithographic system 10 in accordance with one embodiment
of the present invention that includes a pair of spaced-apart bridge supports 12
having a bridge 14 and a stage support 16 extending therebetween. Bridge 14 and
stage support 16 are spaced-apart. Coupled to bridge 14 is an imprint head 18,
which extends from bridge 14 toward stage support 16. Disposed upon stage support
16 to face imprint head 18 is a motion stage 20. Motion stage 20 is configured to
move with respect to stage support 16 along X- and Y-axes and may provide



24 having a patterned nold 26 thereon that may be

patterned or substantially snooth, if not planar. An

exenplary tenplate 24 is shown in U S. Pat. No.

6, 696, 220, which is incorporated by reference herein.
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incRiding dgth B5in§ technigues or wicking techniques. An exemplary wicking
technique is discussed in U.S. Pat. No. 6,719,915, which is incorporated by reference
herein. The polymerizable material may be selectively polymerized and cross-linked
to record on substrate 32 an inverse of the original pattern therein, defining a
recorded pattern, shown as an imprinting layer 34, in FIG. 3. Thereafter, suitable etch
processes may be employed to transfer a desired pattern into substrate 32. In this
regard, the term substrate is employed in a broad sense as including a bare

semiconductor wafer, with or without a native oxide layer present thereon or with pre-
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spaced-apart. This process may be repeated several times to pattern different

regions (not shown) of substrate 32, referred to as a step and repeat process.

Referring to FIGS. 1, 4 and 5, motion stage 20 includes a chucking system 57
upon which to support substrate 32, which includes a body 58 having a plurality of
pin cells 60 surrounded by a rim 62. Specifically, body 58 includes a surface 64
surrounded by rim 62. Pin cells 80 include a pin 61 that extends from surface 64. Pin



surrounded by rim62. Pin cells 60 include a pin 61

that extends fromsurface 64. Pin 70 61 includes a
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Referring to both FIGS. 11 and 12, each base cell 122 includes flexure stem
80, motion relief regions, shown as voids 125, in which flexure stems 80 are
disposed, and recessed regions 124 and 126, as well as vacuum channels 128
extending in pairs from each of voids 125, with adjacent pairs of vacuum channels

128 extending orthogonally to one another.

Stem 80 is fabricated to facilitate flexing along direction 132. To that end,



region in which through hole 121 is present and region

119 which is located at a periphery of base |ayer 112

in superinposition with rim115 of pin layer 114.
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between adjacent vacuum channels 128 of a given pair extending parallel to one
another is approximately 0.3 millimeter. A width 148 of regions 126 extending from
void 125 along direction 132 is approximately 0.35 millimeter, with regions 126
extending to be coextensive with length 141 of flexure stem 80. A length 149 of
regions 124 extending from an adjacent vacuum channel 128, along direction 134, is
approximately 0.3 millimeter, with a width 150 measured along direction 132 being
approximately 0.5 millimeter. Each of regions 124 are spaced apart from an adjacent
vacuum channel 128 extending along direction 134 a distance 151 of approximately
0.1 millimeter. Thickness 152 of base layer 112 is approximately 0.5 millimeter.
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72. Specifically, base %grtlgg 161 extends along direction 132, transversely to
direction 134, with each end thereof having a first serif portion 162 extending
therefrom, away from cross-member 70 parallel to direction 134 and terminating in a
second serif portion 163, defining a pair of second serif portions. Each of second serif
porti'ons 163 extends spaced-apart from and parallel to serif 159. In this manner,
defined between each U-shaped throughway 157 and U-shaped throughway 160 is
flexure member 84 configured with an L-shaped body. One end of flexure member 84
is connected to a corner of cross-member 70 proximate to a contact land 72, defining

a primary joint 164. The remaining portion of flexure member 84 extends from
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may be fabricated include silicon and/or fused silica. Furthermore, to improve wear
resistance, selective surfaces, e.g. contact lands 72, may be coated with hardened
materials, such as silicon nitride, silicon carbide and the like. Typically, base layer
112 is fabricated separately from pin layer 114 and subsequently made integral
employing standard techniques, such as, silicon welding, forming device layer 200.
As a result, vacuum channels 128 and void 125 are in fluid communication with
throughways 160, 157 and 166 and throughway 120. In an exemplary technique,
assembly of device layer 200 with foundation layer 110 was undertaken with surface
155 facing an optical flat and a vacuum/electrostatic force being applied to chuck
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ad c%ﬁ?ﬁlﬁ celREH Blténd QIB Il?%@\ﬁaﬁcﬁrécﬁorfsapé' R&GRLLINGPM cells 60
I con wafers using andard mcro- fabrication
are eumte@ab%o deggrees Wél':*. Cﬁspec'féﬁéﬁ?h' gihgr.-materials from
whi ch chuck body 58 may be fabricated include silicon
and/ or fused silica. Furthernore, to inprove wear
res |Ts‘teamd@dlr9@mte of theeresant invertionglegeribaskabave araenasmpary.
Ro&LM LR &f‘fl&ﬁtoﬂQ nﬁjaﬁ/'b%dm tﬁ@toethé s%bséﬂéqgm%% above while
SI|ICO% n|tr|8 I'T Con carbi de an ke.
remymmgamtwn theeseps af,/tére inventior). £of atﬁm@atf@unwsaﬂ%éﬂ 0 may
a&%ﬂé@aﬁﬂ&ﬁ (fll ge é&hﬁé‘gﬁﬁ%%@ﬁﬁtb{ s%gﬁrd' é]é&ﬂ)‘s?dtlc and/or
stan ues,; such I'i con
vawrdwhgcklrfgoqiemwg ladbis éa;ehlcay @Klstmmchucmg aw@%may be
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conmuni cati on ¥ and 166 and
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ken wth surface acing an opti cal
shanld be determinadevithorefesenast todhg @ﬁ’@é‘dég Pﬁg“%ﬁ'ﬁﬂg agthtlegir full
ice layer 200. In this fashion,
scﬁ@%Spc%ﬁgF?@i in device layer 200 nay be attenuated,
if not abrogated. An adhesive is then applied to
ei ther surface of base layer 112 facing foundation
| ayer 110 or surface 116 or both. Device layer 200 is
then adhered to foundation |ayer 110. It is desired
to provide a sufficient volune of adhesive so that
non-planarity induced in device |ayer 200 due to
non-planarity in surface 116 is attenuated.




To provide desired |ateral stiffness to substrate 32,
adj acent pin cells 60 of chuck body 58 are arranged
so that |ongitudinal axes 71 of cross nmenbers 70 of
adj acent pin cells 60 extend al ong orthogona
directions, i.e., neighborihg pin cells 60 are
oriented at 90 degrees with respect to each other. The
Whathe diimadiss of t he present invention described above
are exenplary. Many changes and nodifications may be
made to the disclosure recited above while remaining
1.wi t W subistratessiippert systernecamirising: 8 shuehody,haisge body surface
it BB BLC o Do AR o g ke, 38id pin
beinganovablycosolethie Baidichdek redy te eove|withiiesredt pssaidplane,
i . £ ,
WA S PIERHSHRY (1) ERFe Ry R rolbE ol 4 efordobiterof
copéanas onal characteristics of existing chucking
systens. The scope of the invention should,
therefore, be determned not with reference to the
2. aboVidredwstem a regited ibglaimdswieerain saitbrin i eraipledite sadrbeck
o . . )
ool mofe SR8 fm s IR ye © QaZt RIS D ey HBfbiued
onjsaidpigubst rat e support system conprising: a chuck
body having a body surface wth a pin extending
therefrom having a contact surface lying in a plane,
3. sai d'heisystemeasrgeitaslialsiajm 2o whreeih ava sefulf of haid ipirbaying gway
. . n .
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coup 10 sa uck body to rotate about a remote
sutfaer efrsaist subsisatgiremaios commarte asyfanecearagon ke plisliyof pairs

of %%%{?ﬁl-aggamgﬁﬁbﬂaﬁ@é foBidBg Ibg a aQiit? @ bif-cafid d chuck

nove away from sa ne’in response to | oads
bei ng un-envenly distributed on said pin. 3. The

. Systc}%@sg&eﬁ%' foEited if cFAgrﬂimﬁeremgroe;&in isAouBletas hid dlick
sai d pi n noving away romsai d plane in response to
bogv tq fotasg abeutiargmete eenderral gempliancs spaceshrart fsena a regiog of

sa@ganf. ﬂ&xﬁndgé IR tRerSHR §idt & FrebRFRIaRS: IGTRRhLIRtHR g
common to a p f

l'urality of  pairs of spaced-apart
regjong efcaid pipaee gubigteted by a plurality of pin-cells. 4.
The systemas recited in claim1l wherein said pinis
coupled to said chuck body to rotate about a renote
5. centTée systemmsgeritaste claa devhaipiarseid pip it epuplegite saigfchuck

body to rotate about a remote center of compliance spaced-apart from a region of
said pin having a load thereon that is greater than a load to which the remaining
regions of said pin are subjected, while avoiding any of the regions of said pin, lying

in said plane, from moving toward said piane.

6. The system as recited in claim 1 further including a plurality of pins, with said

plurality of pins surround by a rim.

7. The system as recited in claim 1 further including a plurality of pin-cells, each
of which further comprises a pin including a cross-member having a longitudinal axis,

with the longitudinal axis of cross-members of adjacent pins extending fransversely.



said pin having a load thereon that is greater than a
|l oad to which the remaining regions of said pin are
subjected. 5. The systemas recited in claim1l wherein
said pinis coupled to said chuck body to rotate
about a renote center of cthfliance spaced-apart from
a region of said pin having a |oad thereon that is
8. gr edthersystRavRSIreritRMinCRINH fé%hqrﬁ@cfu@m&l plusgity elatinsoedisof
eaﬁﬁbfiwﬁlbﬁ‘f her & ﬁh%ﬁégs ln Yﬂaddﬁ'l E’Hogé H%nﬁféy h@ind B%ongitudinal
regli ons o sal in sal | 'ane, from novi ng
axmwéln thedangituginahaxis ef CFQWemQV@P@rﬁf@SﬁaC@%ﬁ RirsExteNANG| m |
including a plurality of pins, with said
OH%P%&Qﬁ?Ty of pins surround by a rim 7. The system as
recited in claim1l further including a plurality of
pin I mEACR it | r
® P/ UH°0 ¢ e L A AT BRI & it
eagh phwhlhle ur@ﬁgmmmaﬁala Ri inslugingc eress-memmher 5aving a longitudinal
axROWAS He lofYifing J&‘@ P&sd- ﬁ@%gﬁro?%ld ceﬂt%inssonem& randomly.
systemas Tecite aiml further including a
plurality of pins- ceIIs each of which further
OCO”th% §teﬁnl & Beitdh lél%\'lrﬂg %&élﬂ%%ld@ﬂ@@ bocﬂﬁ¥ 'oBgra@Ie for
[ ongi t axi s, l'ongi t udi nal “axi s of
dlS@p@ng arﬁ@hﬁéatg using &8 J%ﬁcérﬁstam f%ceeqrtteﬂfm ffproe provided by a
Jrogonal I'y. 9. The systemas recited in claim1l
urther including a plurality of pins-cells, each of
whi ch further conprises a pin including a cross-nenber

19havi 'ﬁ% Ssterngs b n%&‘ﬁ" clalﬁ'?q hetir $hid E&ék%ﬁ&/ké’ﬂbﬁéﬁs a

axi s Cross- nenbers acent pins orieéented
plur@imdgimvcellsmd wm@elgﬁ@tdemlra{ﬁyr% einr@éls ere feraedhby fusing a
ba&@ Sﬂﬁufﬁ Iﬁﬂ#Ck body is operable for disposing a

trate an electrostatic force or using a

f or ce provi ded by a vacuum 11. The systemas recited

in b [
12 P OBt By elhg, 8 HuGR BTy B oy syrface
withiarpig éxuegdtag @errefrqr@aawg ﬁ@gnt@gt surfage ding imyaaplang §aidl A n
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nove respect to said plane, wherein said pin
furfhet pemesises eI HSIEDR FOURY] bRIWeOR SBIA EQss-TBRIRRGr and said
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13. A substrate support system, comprising: a chuck body having a surface with a
"T" shaped pin extending therefrom, said "T" shaped pin including a cross-member
having two spaced-apart contact lands extending from said cross-member and
wherein said "T" shaped pin is formed by a pin-cell that further comprises a flexture
system coupled between said cross-member and said chuck body.

14. The system as recited in claim 13 wherein said "T" shaped pin is coupled to

move with respect to said surface.

15. The system as recited in claim 14, wherein as a result of said "T" shaped pin



extending fromsaid cross-nenber and wherein said pin
is formed by a pin cell that further conprises a
fl exure system coupl ed between said cross-nmenber and
said chuck body. 13. A substrate support system
conprising: a chuck body H&Png a surface with a "T"

shaped pin extending therefrom said "T" shaped pin
maving With regpect & exid sn%ﬁ@en reswawm@ qmwegwg@tg@nwgce of a
suﬁéifétt@“s'ald s’ﬂ?ﬂée gf(éaﬁ@ guﬁ&afer RHaRA é%nﬁﬁ&?fo dpahe Eorﬁl‘ﬁ@n toa

wher ei n sai d aped pin is forned n- cel
plurgliiy off Rains b ﬁp%‘@ﬁ'pﬁﬁagé@”iﬁlcf lnBsts arpéldeéwﬁeqlﬁre@u of eig- ce"S
bet ween sai d cross-nmenber and said chuck body 14. The
systemas recited in claim13 wherein said "T" shaped
16pi nThs swem asdregited inslaim viptherqin gaigt Tt ehapgd @insg wcp%@d to
sala%huf,r trﬁg)eaaﬁvaryqfarﬁ 8 réd&t&hﬁie@éb@nhoﬂﬂ??e% Shs@So foads
resu sai shaped pin nmovi ng with respect
being L@aﬁ%"b’mﬂ@%ﬁ?}é@q fhere®fponse to an irregularity on a
surface of a substrate, said surface of said
substrate renmains conmon to a plane commpn to a
17pl uThp systemrasgarites! iprlaip 48 derthes itdfudingra alelfahtyaﬁf@@& with said
pluPAIRY bidsies QrdunBlby Aty of pin-cells. 16. The system
as recited in claim13 wherein said "T" shaped pin is
coupled to said chuck body to nove away from a

18Pr eqRb jsbmes rBé’iﬁaldtlh QRirh nrw&ﬁmmd@ 4 Blﬁﬁia‘ﬁty ek,

un-even di stributed thereon. 17. syst em as
eaghsefj whieh futher eamrrises aurin ineluding@ %$Sn@eabsr baving 2 {pngftudinal

aer' With thelidryitedingl ax stcRddsterfberBid adaEEAt PiHatxEhdfhg | M
The systemas recited in claim17 further

tranm@rw ng a plurality of pin-cells, each of which
further conprises a pin including a cross-menmber
having a longitudinal axis, with the |ongitudinal

19.axi ShesyLeHss-raeipsdn slaish 13 djrihes ielygingsa Rivtabf pig-cels,
aéﬂ SPHET Rith¥r cdh%’pnsgg'@ phY ﬁ:@m@% dr84s-tnembePh&idy moﬁaltudlnal

further 1ncluding a plurali pin-cells, each
aXIWIHhthﬁ m@iwm@lcﬁﬁﬁqfwsanwéerﬁﬁé peiareny pr&Xéﬁg@menber
jng@y. 2 | ongitudinal axis, with the |ongitudina
aX|s of cross-nenbers of adjacent pi ns extendi ng
orthogonaily. 20. The systemas recited in claim17

20f d frh@ Eyét&ﬁ'dé%é}%dan Blali & iidriheP incRidRgGehiliflity o@@ﬁiﬂcéhfa
further conprises a pin including a cross-ne

eaq{'aqf,vﬂgcrhfurtbgrgqqmbgﬂsﬁap pin including a cross-member having a Iongltudlnal
axis, with the longitudinal axis of cross-members of adjacent pins oriented randomly.

21. The system as recited in claim 13 wherein said "T" shaped pin is coupled to
said chuck body to rotate about a remote center of compliance spaced-apart from a
region of said pin having a load thereon that is greater than a load to which the

remaining regions of said pin are subjected.

22. The system as recited in claim 13 wherein said "T" shaped pin is coupled to
said chuck body to rotate about a remote center of compliance spaced-apart from a
region of said pin having a load thereon that is greater than a load to which the
remaining regions of said pin are subjected, while avoiding any of the regions of said
pin, lying in said plane, from moving toward said plane.



axis, with the longitudinal axis of cross-nenbers of
adj acent pins oriented randomy. 21. The system as
recited in claim13 wherein said "T" shaped pin is
coupled to said chuck body to rotate about a renote
center of conpliance spacet? dpart froma region of
said pin having a load thereon that is greater than a
| oad to which the remaining regions of said pin are
235 Ubj Bel §dtenas re-Eﬁé‘d ﬁb@élﬁnﬁ‘aa‘ﬁhér&ﬁ'sb%dcmﬂk 6b@\)} Blobdrable for
wherein'said "T" shaped pin is coupled to ‘said chuck
dispegipgtasubgirate aisig A electiosiale foree At ¢singb? VRBMFli ance
spaced-apart froma region of said pin having a | oad
thereon that is greater than a |oad to which the
24, orrabeiSHBIeLES BdeHn i Syvierain a6k Ak e, carprises 2
phﬁMﬁﬂ/ df jiiﬁ c@f’é’am whéirf &6 ?U?ah@fof PH- cgalls I%'r@fonln% By fL!slihg a
said ane, from noving toward said plane. The
ba§?§%@ﬁ?%%apﬁﬁﬁﬁﬁd in claim13 wherein said chuck body
is operable for disposing a substrate using an
el ectrostatic force or using a vacuum 24. The system
as recited in claim13 wherein said chuck body
conprises a plurality of pin-cells and wherein said
plurality of pin-cells are forned by fusing a base
| ayer and a pin |ayer.



