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1 FLUI D DI SPENSI NG AND DROP- ON- DEMAND DI SPENSI NG FOR
NANO- SCALE MANUFACTURI NG BACKGROUND OF THE | NVENTI ON 5
[ 00013 The field of the invention relates generally to
inmprint |ithography. More particularly, the present
invention is directed to a frethod of dispensing a
volume of a liquid on a substrate to reduce the tine
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contains a relief structure complimentary to that of the mold. The
mold is then separated from the solid polymeric material such that a
replica of the relief structure in the mold is formed in the
solidified polymeric material. The transfer layer and the solidified
polymeric material are subjected to an environment to selectively
etch thé transfer layer relative to the solidified polymeric material
such that a relief image is formed in the transfer layer. The time
required and the minimum feature dimension provided by this technique

are dependent upon, inter alia, the composition of the polymerizable

material.



such that a relief image is fornmed in the transfer
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[0011] Fig. 6 is a top down view showing an array of droplets of
imprinting material deposited upon a region of the substrate shown
above in Fig. 2 in accordance with a first embodiment of the present
invention; and
30 [0012] Fig. 7 is a flow diagram showing a method of dispensing

droplets on a region of a substrate as a function of a design of a

template.

DETAILED DESCRIPTION OF THE INVENTION
[0013] Fig. 1 depicts a lithographic system 10 in accordance with
35 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
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35 one enbodi ment of the present invention that
includes a pair of spaced-apart bridge supports 12
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spaced- apart. Coupled to_bridge 14 . en
e e R et §8p9fil°t1c)6\/\/ardd np‘%"lge B

Sugpeytthk6z-ants prisbdes! ARARCPASE SURPPHTGLE Y ?cﬁx’r‘@rm‘:
D' ﬁ&@sﬁéj :Lgpzpﬁotsﬁoﬁ%;a§él RO tMotdlfont Sxabace hmhntgurdfqb 80| move

J n t agfy 2003, quférguxaede
w’h%\/%eSpecrt h°r'e %ec?p%ogtgﬁt% ag%%szgppgﬁ 1a}i ng_X 659 nd
5\ undesstopt. SHbURBLE Bgnti Per B LRI T RS e
May- ey ad eveiD e ZedxdRg anfenokiomAthgeY2xes pragidoge] |
S, b et §Xiche zaa-ﬁlsfmié 9815680 20. aﬂyypﬁaeaw d@n exemplary
nmoverent in the Z-axis % Aabd, al?ﬁi%atlon

wel |
An"SRERFEFS deWSF i 6n? %caloseEdd &vie gt s di selose
Unhtnedr 04t s 4 at éﬂteda-'bﬁbﬂ’éat?%’ﬁ FEHDEA ‘f@?&@&‘déff eat
10fi &rﬁ;‘i‘ldtﬂ |L¥t1l3§raﬁ190@steﬂi r t dsedlone8t ep thadsRepeatof]the present
! nE?xﬁn ion tyn%gwﬂgﬁylsSY%%ate@ V\E':Q:@Sfiantcé’ Heheirassiignee

résent 1 nvention, corpot at.
bye’i“@ffé’fyenc% rRERAELOR PR ?sz 1%n°t°u?le to ﬁ\y adi fabt ?:% iflinge

souticiei@ Faittdoupbed mpoionyaitegmn 2P0 A6 $fi?tﬂ‘n gadiagden fgpgree
r agdh afgi 832%;5!9&9 o rm&a@n 15 taageindfudedsa ph@ungereadticat 2on

SOUF Cecte to ragl nlego&:%etgi dg(%el'étlgﬂdofl Qﬁtlélqeﬁ’ @s

13 polfiRt Getier ator connect to ra |at| n_source . .on
22 tymhsat it F‘Eﬂ?rﬁlfl%y@’t BrR7PEPIET Py piFatd y* SGHE r ST unolf by

a praeessor 25 that is in data communi cation

t h%ﬁ‘%t *kef&ﬂ@&éloﬁ%‘tﬁfﬁlggg at anbﬁt heobhtted koatnghr2nt head 18

ted._t t |
o A1 oA Mo g8 b IRy cP8 1 deal ey ot

20f ealwedstyl of ifeatirsy defitedr By it BLUgPLidy b BR3HAFP2"
[ e¢ESSLONS 28 Prirabicnsi s 28k plihelipy efafqatyresf
f e%t HI 88 an g]IlﬁQI?aS.L Bg:tgﬁ{ ghRal; Pt be rtgaﬁd'fafrédslﬁt@ be

transferred substrate 30 p05|t on Iy N
- st gHestrate B RORHEORT O iMRBFIhE K et 1 tﬁﬂ? g n%ﬂl gﬁt

st.agsl 20 amyorastion stre¢ 2ACeay” ﬁawbéﬂﬁe‘@’ﬁlcﬁoldﬂ %""2%“ mold
25anQBSé‘hGS§1{b§E19atSOS'O | ot Bhis ABABES thé Feafi@as Wnesolon28mkyl be

wa e f 0 | O SQII sea more
suBg“?’l&é‘f%‘i éb‘gp ai sguss:,led} %D& ok %Péﬁgéle%w &Ra Latjg
sofrtly pelows [Radiptder §6°4Kat? ﬁﬁllﬁ":%d ¥ HsMtrohed
betwerioidalbatvean rsdiatten 28u@adzs aivt FregtwaBO30As Ay 2

resulise, fmh&' 2814d %aﬁﬁ*é&téaatfd% Eiﬁmmtﬂa alidwBatt to be

al I ows be .t on
30r a&iu%xﬁalahla&}% &a%%sa)afﬁ/nl% %\ Q:L rad 51'?%%&91%@9 by Padtz_gﬁ

source 22. To that end, mold 28 may be formed from materials that
includes quartz, fused-silica, silicon, sapphire, organic polymers,
siloxane polymers, borosilicate glass, fluorocarbon polymers or a
combination thereof. Further template 26 may be formed from the

35 aforementioned materials, as well as metal.
[0015] Referring to both Figs. 2 and 3, a flowable region, such as
an imprinting layer 34, is disposed on a portion of surface 32 that
presents a substantially planar profile. BAn exemplary flowable
region consists of imprinting layer 34 being deposited as a plurality

40 of spaced-apart discrete droplets 36 of material 36a on substrate 30,



source 22. To that end, nold 28 may be fornmed from
materials that includes quartz, fused-silica,
silicon, sapphire, organic polynmers, siloxane

pol ymers, borosilicate glass, fluorocarbon polyners or
a conbination thereof. Further tenplate 26 may be
formed fromthe 35 aforenenti‘ned materials, as well
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[0018] Referring to Figs. 2, 3 and 4, after a desired distance “d”

35 has been reached, radiation source 22 produces actinic radiation that

polymerizes and cross-links material 36a, forming cross-linked
polymer material 36c. BAs a result, the composition of imprinting
layer 34 transforms from material 36a to cross-linked polymer
material 36c, which is a solid. Specifically, cross-linked polymer

40 material 36¢c is solidified to provide side 34c of imprinting layer 34



34 in superinposition with protrusions 28b remain

after the desired, wusually mninmm distance "d", has
been reached, |eaving sub-portions 34a with a

thi ckness t1, and sub-portions 34b with a thickness

t2. 30 Thicknesses ti and t2 may be any thickness
desired, dependent upon the application Typically

tl is selected such that t|-t2s 3u,

cl d4F} ¢ FhRPRi erEerming (50 fo FRIRSNSE 345“5?%“— 12%|°éafr‘119 28, shown
r efrere edleddy iasFi.rsi dfkdr impyirting J6I®] 3Refserranafpramed to
Fi @Snside oF aﬂ@séfllnﬁéci @blyhed OB €561 Hesl ahoen id' F19354 has

been re iati on Sourc t wqr
Pe LG8 tga]ta, ¢ ownne“ 204, 8 2ovdd Q_Q%% oG alr;kgn e vd

‘and cross-| S materia
536&° T g Q@rib%dsl‘f‘ﬁ’ﬁ%ﬂ%’dlg WF?r?éra’f?aF%ﬁ”FﬁTaPSB‘b. As a
redabte] tHeEednPosi rigons okhddivpenalt prrgesdiay ey 3k employed to

tr t%%gl%w&hé r&‘&éﬁ&ﬁg Ioelsugﬁékat:@ 0 0%%%'|éxam¢ péﬂbym%rte 30
mat er |

|
O GO8 RPRpRe, O T R s PRgaptl b paeee
pr dwbriat Hiadtay3z c3 o fnjorprlishriteg3-apeavidiposa REFF?%—”nad Surface
10Shape. cosnfraeininged Gtcﬂuﬁt_fﬂ apRe @ht&risuUrtirat ah28C iofrifting layer

28’34Sﬂ0%}:mewa9 k?é @Qa.rlex éondé:flge a reﬂftgweé' ehéﬂjgéﬂ’g M‘cgl
| ayer 34 1s transfornmed consi st of cross-1inked

POITGARSCE gt BYIS5F2 860 %T](S’\‘Rﬁ“ieﬁ Fig. 4, inprint head
18, [0e3dwWRefferripg to2Fidss Arpy eddt® Eerc meh%?eh@iisz amee degse
5 seathrat, @Déd 2éke86Wbnk BRI 4Hal ;I_ShQJth&éieﬁs 34bAl8 the order of

(sSPaged-apart, rLgaﬂ%gldrpgie%f rsangvé Fﬁegion ap 4L PR, 30 in

processi ng e patterni ng
D Sig ] D Sl Oyec L0, Colpl el Lhe patterning |
i Mpetivks N tayeerth@#ehyayldwen@ttui'Mhmu bf ahsfimprinyéng

Patl&delds of 1o 'ﬂ@ﬁﬁ&t@gn RAYBLasd4in E‘lt.é:’ tﬁ:H:h@ﬁﬁtﬁt & 3he
r surf ace 1 To facilit

gt gﬁ];:%lagg%qh%x%ce% S eci% 1gts V%:e 1sFensed man. :Lzye e éhme
20j s reorimed tAugprbed wERY eelb%téaf‘cﬁeﬁ? f@d aF°r 'éjr]ét F%S@Peﬁ 2t e
W trhis GeHeBfdvet (bys Uhpkhiaiing Bplas De sk rLdwo-jad@2B}onal

Reﬁngafls:n&rw 'géthzb 23 ARh B, ok JIobds.hayi poesy

dense features, ., .recessions 28a and protrusjons
288U FEORIPGR S0t " AP s SRR S Of macrix
dr eptat 42 36e Gyreanggd ri@gsion cqdDmpé nsts FAndaticx BOE| M-Ms-
zssuﬂeﬁév@lgoﬂb:&ﬂlges Wist by Bd Ar2hgb® ihi $ilrc6£09SHyoR®m-dfi@nsional

Cagr{'ae Ui r% 0%] st r&erg(pdsmpaft Jt.é ggslrgggfeg%laiﬁ% at e

t hroug etn Inting process acl
an nPfﬁR?Fé?fs érqn%e‘fﬁwéSt#ﬁlr mrghﬁ@ffr?@f “Lheivenprionet yglume: Ve
pr o€ esseridl (Eactse8rare dospénsedting Yaynr fize Thie

t I I;@m%Qsteqw rssadclhg ssmn@aa ftkerd whslLad %r%qeamft &oplets
sl By SR OT2 Ahual el 3p8Ph SR B D SE3 e
t haevea supaetiglls hdsatriess slanéh@eszof petaKgEhn 364 associated
therewith, defined as a unit volume, V,. Based upon these criteria,
it can be determined that the total number, n, of droplets 36 in
matrix array 42 may be determined as follows:
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40 the number of droplets along a second direction. A spacing S;
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35 Specifically, the volume of a given droplet of droplets 36 may be an
average of the multiple volumes dispensed from the nozzle at the
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36, conprising the surfactant pre-conditioning

sol ution, nmay be positioned upon substrate 30 in a
pattern to decrease the fill time of tenplate 26,

enpl oyi ng the nethods as nentioned above. However, in
a further 5 enbodinent, droplets 36 may be positioned
upon substrate 30 in a pattern to counteract an

ac CHADITALSIBRAMERE IS r f act ant t hat may occur where

adj acent droplets 36 nerge and to facilitate droplets
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underl a not ;shown r 1 laver to be
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present invention described above are exenplary. Mny
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sai d substrate, each having an unit vol une associ at ed

therewith, with an aggregate volune of said d[é) Ifts c
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pattern I's dependent upon a thickness of a residual

layer to be fornmed on said region. 3. The method as

recitedsin cled medhofins spqitedilg SAGHNNeWifrein disposing

further includes dispensing a plurality of volumes of a material to

form one of said plurality of spaced-apart droplets.

30
7. The method as recited in claim 1 wherein disposing
further includes dispensing said plurality of spaced-apart droplets
so as to compensate for evaporative loss of said plurality of spaced-
apart droplets during patterning processes.
35

8. The method as recited in claim 1 wherein disposing
further includes minimizing a spacing between one of said plurality
of spaced-apart droplets and an adjacent droplet of said plurality of
spaced-apart droplets.

40



15 said pattern is dependent upon a size of a feature
to be fornmed at said region. 4. The nethod as recited
in claiml wherein said volunme of said pattern is
dependent upon a thickness of a residual |ayer to be
20 fornmed on said region and a size of a feature to be
formed at said region. 5. Thé3met hod as recited in
claim4 wherein sajd vol ung attern is

further deperdeMETiPoR® F°peF e’rﬂ E) aelmof wa’ﬁrednr BGR Frurddty
conpf issraeg-arairtl dreptalf dias6r rPFHerAetcheeredstiorcd Bé‘ﬂlpl n
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first se TS Th said first regi on eln
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of said second pattern is dependent upon a thlckness of a residual layer

25 to be formed on said second region and a size of a feature to be

formed at said region.

13. The method as recited in claim 10 wherein said volume of

said first and said second patterns are dependent upon a thickness of

30 a residual layer to be formed on said first and second regions, with
said second pattern further being dependent upon a size of a feature

to be formed on said second region.

14. The method as recited in claim 13 wherein said volume of
35 said second pattern is further dependent upon a percentage of said

second region comprising said feature.

15. The method as recited in claim 10 wherein disposing
further includes dispensing a plurality of volumes of a wmaterial to

40 form one of said plurality of spaced-apart droplets.



15 droplets in said second region being a function of

a volunme of a second pattern, differing fromsaid
first pattern, to be forned thereat. 12. The nethod
as recited in claim10 wherein said volune of 20 said’
first pattern is dependent upon a thickness of a
residual layer to be forned éfa said first region. 13.
The nethod as recited in claim10 wherein said vol une
of said second pattern is dependent upon a thickness
of a regisduab tedhed fopRisrengindg pryvtdl gRlwgi of deBEAPR 2
r egdudBrARE, aasd metls eonbeadidge to be forned at said
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wherein disposing further includes dispensing a

pl PPt YT vol umes of a material to 40 form one of
said plurality of spaced-apart droplets. 14 16. A
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plurality of spaced-apart droplets on a region of 5

sai PBTIFLTY 8 T8 havi ng an unit vol une associ at ed
therewith, with an aggregate volune of said droplets
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16 wherein said volune of said pattern is dependent
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di sposing further includes dispensing a plurality of

volunes of a materjal to , . ,
21. A method for dispensing a liquid on a substrate, said

method comprising:
disposing a pattern of a plurality of spaced-apart droplets on
30 said substrate, said plurality of droplets defining a plurality of
gas pockets between adjacent droplets, with said pattern being
established such that a volume of said plurality of gas pockets is

minimized.

35 22. The method as recited in claim 21 wherein said pattern is
further established such that a mean of said volume of each of said

plurality of gas pockets is minimized.



20 formone of said plurality of spaced-apart

droplets. 20. The nethod as recited in claim19

wherei n di sposing further includes dispensing said
plurality of spaced-apart droplets so as to

conpensate for evaporative |loss of said plurality of
spaced- 25 apart droplets duri®hg patterni ng processes.
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