PROCESS FOR FORM NG NI CKEL MOLDS CROSS- REFERENCE TO RELATED

APPLI CATI ON [ 0001] This application clainms the benefit of, and

priority from United States Patent Application Serial No.

61/ 526,476, filed August 23, 2011, and entitled "Hi gh resol ution,

" Hi gh Aspect Ratio, Lar ' . e contents of
whi ch are incorporat edgﬁgﬁrﬁ E?ﬁ(gbg}@hgimi*gﬁﬂﬁ?gpﬁ] The present

invention relates to processes for formng nickel nolds, particularly

nmol ds wi th SuCRASS-REREREKGE! TO REL/AEERGUNDATION3] I n a known
process for formng nickel (Ni) nolds., a polynmeric resist/resin is

first spj at ed d patterned with the desired features on a
subst r at tﬂbpgf for mﬂ{f 5@{@%%@8&@&9}8 %e"f?g‘lt Qi:' A RNy osNiteg States
the resiphientAbplittBRaYE R AD. 8122806t ke ARRM: .'29}’.@511f,%ﬁgf 'ﬁﬂé'@g-liﬁlp

growth of Ni layer onto the resist by electroplating. The plate
met al sheasplutiont High Awsgeet Redd, fargmArae Nigeal $toldwhihererttioe nentehts o

wni ch ar S0 E Eefbe bR G I Rt EPeor "Such r osi ducs, such as by

using a chem cal solution that attacks the residues, may not renove
the resist residues conpletely and can al so reduce the surface
quality of the nold as, for exanple, nmany renoval agents al so

chem cal ly atlr_.| tkNi. It becomes nore chall enging to overcone these
probl enms when g@' y based resists such as SU-8 are used or when W/
curable resins are used. In both cases the resist or resin materi al
adher es fogokhe nol d By praeentshvemngnyrelassitotrenesdee BPfcdmirasnickel
nano-scaleg%gature or g tterns with high resolution, high density
and hi ghTRFeParticHEYMOIdE With surssediapPsStiustHesove it conpletely from
the nold surface. SUMVARY [0004]1n accordance with an aspect of the
present invention, there is provided a nmethod conprising selecting a
nmetal and a correspondi ng etchant such that the etchant selectively
etches the netal over nickel; sputtering the netal onto a surface of
a tenplate hd@ﬁﬁéqﬁ%%ﬂQRructures to forma sacrificial |ayer
covering the nano-structures; electroplating nickel onto the

sacrifi cjodlosj ayer t anf0fiBuih Bioekss faFabihing SRKENNIRMBRIS bR RheddIe
sacrificral Tayer exposed; and contacting the sacrificial layer with
t he et chesistiresipify SF prin @pptrseanppaterond sfithtthe deaised faatirgs dnagyer to
etch a fel £ r t] A Qi ld 18_S

From ¢ necvster e e He bRTIN 2 e Sk TR L e B R T R o
scal ed- upelpyes|asca copdattivagetd |greoduciarther gpitic af i impedomathe gesist by

nano- str gl%%#gglgti%g?alfhg%‘aﬁgd m%qulns _esétt lrsut Earl{ rsg;%a%?eé Egmttﬁgrr)mlaggt?wwch
forms the Ni mold. The surface of the Ni mold often contains polymeric residues,
which are difficult to remove. Removal of such residues, such as by using a
chemical solution that attacks the residues, may not remove the resist residues
completely and can also reduce the surface quality of the mold as, for example,
many removal agents also chemically attack Ni. It becomes more challenging to
overcome these problems when epoxy based resists such as SU-8 are used or
when UV curable resins are used. In both cases the resist or resin material adheres
to the mold surface strongly, and when the mold has nano-scale features or
patterns with high resolution, high density and high-aspect ratios, it is impossible to

remove it completely from the mold surface.



[ 0005] The netal for the sacrificial |layer may be copper. The etchant
may be a m xture of water, ammoni a and hydrogen peroxide. The
sacrificial layer may have a thickness of about 10 nmto about 100
nm such as about 50 nm The nano-structures may have a feature size
fromabout 10 nmto about 100 nm Exposure of the sacrificial |ayer
to oxygen before etching the sacrificial layer may be limted to
prevent oxidation of the netal in the sacrificial |ayer, such as by
imrersing the sacrificial layer in an inert gas or covering the
sacrificial layer with a renovable shield | ayer. The tenplate may
conprise a pol ymmmarResi st formed on a substrate. The NN nold and

t he netal base may be integrated by el ectroplating. The nethod may
further conpgiyge PassiyaldRinds St LaG&SfortleobloRLEBATRLE i N
replicating. e nano-structures may Have an overall area size of
about 5 cm previdgbamet@deempesicd sdiecting pinadzlead awolrespenging aigbard such
overal | si Zﬁa%e%ﬁ:ﬂé‘ﬁt s8RcHB AR U métgl &R nibRPQBL AR rth@tﬁ@[%%rﬁo gnd

features of the present invention wll becone apparent to those of
ordi nary skfyrfacg ﬁf 1 s rle haananaviregiuise 9 feem ﬁ@ﬁprﬁwah'@y%gwnstth%n of
specific enmmaﬂiﬁes%le&t%la‘tlﬁyﬁlﬂﬁél@ﬁto'tlﬁb SRAid Gy PP fWvnt Anitk® mold,
acconpanylng gureé. IEF | PTI ON EHE %@AMVNGS h&ﬁ%ékln t he
figures EH"Y F PRISPY 4 es%%? A SEOSRTIA0Y GRMECING HirnRRC t he
present i nveitt there;tch[aﬂlﬁﬂr&]_l&l'h (B8.exAdsed bBrtiod 6f thé l@acriﬁEaI Iaywl td &tclaaeay the
rsn(;lhgrmf : fug% Ecﬁmafepﬂnt?r% dwlckgpr{]olg %ﬁaragard écrsoen he ?‘W/% %tg{ nggsrerc?uQr%y.a
[0009] FI GS. thzmlcinBnolQmayblrermEateQﬁr scaled- 2@y @lestrepifingdt pwddieagr ans f or

a process of Pﬁ&aﬁé BRITAD n% REndth Lt fds tﬁ%t&a’%&f Ee &Iahgﬁ'ﬁ(ﬂrbggn i

enbodi nment o present 1 nventi on, Is a schenmatic
di agram of & angular nol d and a scal ed- up copy of the
rectangul ar nol d;

[0005] The metal for the sacrificial layer may be copper. The etchant may

be a mixture of water, ammonia and hydrogen peroxide. The sacrificial layer may
have a thickness of about 10 nm to about 100 nm, such as abeout 50 nm. The nano-
structures may have a feature size from about 10 nm to about 100 nm. Exposure
of the sacrificial layer to oxygen before efching the sacrificial layer may be limited to
prevent oxidation of the metal in the sacrificial layer, such as by immersing the
sacrificial layer in an inert gas or covering the sacrificial layer with a removable
shield tayer. The template may comprise a polymeric resist formed on a substrate.
The Ni mold and the metal hase may be integrated by electroplating. The method
may further comprise passivating a surface of the Ni mold before the replicating.
The nano-structures may have an overall area size of about 5 cm to about 10 cm,

and the replicated mold may have an overall size of about 20 cm to about 50 cm.

[0006] Other aspects and features of the present invention will become
apparent to those of ardinary skill in the art upon review of the following description
of specific embodiments of the invention in conjunction with the accompanying

figures.



[0011]FIGS. 4, 5, 6, and 7 are scanning el ectron m croscope (SEM

| mages of sanple products formed fromthe processes of FIGS. 1 and 2;
[0012]FIG 8 is an SEMinages of a sanple tenplate for use in the
process of FIG 1; [0013]FIG 9 is an SEMimge of a cross-section of
an interfacial region between the sanple tenplate of FIG 8 and a N
nmold formed thereon after renoval of the sacrificial layer in the
process of FIG 1; [0014]FIGS. 10 and 11 are inages of sanple nolds
formed fromthe process of FIG 1; [0015]FIGS. 12, 13, and 14 are
phot ographs of sanple nolds with different sizes and nano-structures

formed fromthe gRpcpsseRIPORIGESTHE DRAGVIRGS] 00161 FIG 15 is an SEM
I mge of a sanple Ni nold with mcron-size ridges on its surface;

L0071 P G ffor® an SEMETRASS Slnidh ATRL:CH58) SrL MR onfo! o
embodiments of the present invention,

[0008] FIGS. 1A, 1B, 1C, 1D, 1E, and 1F are schematic diagrams for
different stages in a process of forming a mold, illustrating an embodiment of the

present invention;

[0009] FIGS. 2A, 2B, 2C, 2D, 2E, 2F, and 2G are schematic diagrams for
a process of scaling-up the mold of FIG. 1F, illustrating an embodiment of the

present invention;

[C010] FIG. 3 is a schematic diagram of & rectangular mold and a scaled-

up copy of the rectangutar mold;

[0011] FIGS. 4, 5, 6, and 7 are scanning electron microscope (SEM)

images of sample products formed from the processes of FIGS. 1 and 2;

[0012] FIG. 8 is an SEM images of a sample template for use in the
process of FIG. 1;

[0013] FiG. 9 is an SEM image of a cross-section of an interfacial region
between the sample template of FIG. 8 and a Ni mold formed thereon after removal

of the sacrificial layer in the process of FIG. 1;

[0014] FIGS. 10 and 11 are images of sample molds formed from the
process of FIG. 1;

[0015] FIGS. 12, 13, and 14 are photographs of sample molds with

different sizes and nano-structures formed from the processes of FIGS. 1 and 2;

[0016] FIG. 15 is an SEM image of a sample Ni mold with micron-size

ridges on its surface;

[0017] FIG. 16 is an SEM image of a sample scaled-up Ni mold, replicated



fromthe NN nold of FIG 15; [0018]FIG 17 is an SEMinage of a
sanple master nold; and [0019]FIG 18 is an SEMinmage of a sanple
scaled-up N nold copied fromthe master nold of FIG 17. DETAILED
DESCRI PTI ON [0020]In brief overview, it has been realized that nickel
(Ni) molds with surface nano-structures can be conveniently forned
with the use a sacrificial layer and an-etchant that are of
relatively high selectivity as against nickel. In sonme enbodi nents,
copper and ﬁowﬁ@hwyﬂgépéﬁm¥0é copper etchant can be used. The Ni mol d
may be replicated by electroplating to produce a replicate nold

havi ng nanof®@t8uct ur eFIGhtt is an SEhkigape vea sapple snaafer trivkl; and
nano-structures on the original N nold. [0021] FIGS. 1A, 1B, 1C, 1D,

1E, and IF [dOH&iftrateFﬁGp{S)EQ%ﬁ%EfNP’?nabQ'bﬁé Q&n@e@b&&ﬁhp NBh&ld cE&4P! ary
of an enbodi ne of the present _invention. [0022]In the process, a

resist is fB?Wé@eﬁﬁgﬁr@ﬁB§TF%&é7102 to provide a tenplate, as
illustrated in FIG 1A [0023] Substrate 102 may be forned froma S
waf er, such as those typically used in the sem -conductor industry.
[ 0024] As depicted, the resist may be provided with two | ayers of

di fferent DETAILED DESCRIPTION

[0020] In brief overview, it has been realized that nickel {Ni) molds with
surface nano-structures can be conveniently formed with the use a sacrificial layer
and an etchant that are of relatively high selectivity as against nickel. In some
embodiments, copper and a highly selective copper etchant can be used. The Ni
mold may be replicated by electroplating to produce a replicate mold having nano-

structures that are negative copies of the nano-structures on the original Ni mold.

[0021] FIGS. 1A, 1B, 1C, 1D, 1E, and 1F illustrate a process for forming a

nickel mold, exemplary of an embhodiment of the present invention.

[0022] In the process, a resist is formed on a substrate 102 {o provide a
template, as illustrated in FIG. 1A.

[0023] Substrate 102 may be formed from a Si wafer, such as those

typically used in the semi-conductor industry.

[0024] As depicted, the resist may be provided with two layers of different
materials. The first layer 104 may be formed of 2-(1-Methoxy)propyl acetate, or
propylene glycol monomethyl ether acetate (FGMEA). For example, PGMEA sold
under the trade name TRANSPIN™ | available from Molecular Imprints Inc., U.S.,
may be used to form layer 104, The second layer 106 may be formed of a mixture
containing about 30-50 wt% of acrylic ester, about 30-50 wt% of a silicone-
containing acylate, about 10-20 wi% of a crosslinking agent, and about 1-5 wi% of
a photeinitiator. For example, a product known as MONOMAT™ , available from
Molecular Imprints Inc., may be used fo form layer 106. |n a particular

embodiment, layer 104 may have a thickness (or height) of about 60 nm, and layer



materials. The first |layer 104 nay be formed of 2-(1-Methoxy)propyl
acetate, or propylene glycol nononethyl ether acetate (PGVEA). For
exanpl e, PGQVEA sol d under the trade nane TRANSPI NTm available from
Mol ecular Inprints Inc., US., my be used to formlayer 104. The
second | ayer 106 may be forned of a m xture containing about 30-50
wt % of acrylic ester, about 30-50 wt % of a silicone-containing

acyl ate, about 10-20 wt % of a crosslinking agent, and about 1-5 w %
of “a phot oi nP% Mgy Hpve Fhickesasip eighl %PB‘H{E%E’ "Fown as MONOVATTm
avai l abl e from Mol ecular Inprints Inc., may be used to form |l ayer
106. In a piRbrul ar drpeditf@atd 10Gzrempaididedrmyprivddeenamotdhucikeess (or

hei ght) of t i CcK

nei gt of SBadk e Bt BREuMA RS ot B ectB Boct, EEREE Rt
provi de nani srieersitichses; auifdse feadwes.or budase phtierhe thebhplearpo-Seate
form ng the desisadc oRbd FoNaRAH, %%ﬁél‘é&l@ﬁst{acﬁz%rofEggﬁéé‘i{efs@rﬁ&ure, such

structures, surface features, or surface patterns have
nano- scal e 8hasHEAEMIYUsPnsN2LRe itsiod angin.avidty, depls gethediskice si ze

of a surf aCBeﬁbéM_ﬁ%Hée?ﬁ sthubleASA AarfldchRCR-eNE BzH % BB rardB)or Bsuk § S
hei ght, Iength Wi or the distance between ?gldégcent

t dept h, ) .
struct ures. Maﬁ%@@%m Epmitvon seno-soasirer 8 the rpEe 8F b IR "M %Am t o
about 100 ngo nfaaabeutrahems Galfacshaessiratiaras mdyirave amgshapk. Rbout 10 nm
or 20 nmto.about 100 n Surface nagno-structure have any shape.
Por 1 ot anc SRRt 2rRRo MR PSR D IR i 872 i, ABE0 7%k £ e,
a bar, a di sdhie, acglinder, aaeeyib,i andies, or theribe dugfacastnictegs @rthe kenflatke.

Surface str a%géggﬁgarﬁgp%smlf@&t gl?étbeg'aa\ﬁg rr?z'yrgel ﬂtritﬁﬁ&ﬂ%gu]my or

different st _ Istributed regularly or irrégularly
dependi ng oifregriarpésnending an thepsricelar Remlicationr Fenexpiple; susfges altustures

structures RRY fdrRr b SHRRNIRAPERM biYgddahBich 8lay bh de&sy anRhed dray be
linearly arrangﬁt(rjif:or concentri cal?y arran Nano- surface structures

ed. )
may al so habeaNiFdy drenggd h'e'ﬂcejﬁ%ﬁac'fféﬁwﬁ'fggrr@h alsg bAve Htierentpigptural
structure. [R02& dheachasdisdussstaiias | ayers 104 and 106 may be
patterned in any suitable manner. For exanple, known techni ques such
as step-and at |it - I j nt
Tt hogr aphy CBR) t echnaqan st Apevra e ol jod ey & LorbARR TR
| ayers 104 B&vitebeoeanTeh e qignaneledinewnérahpicees sHeh analee-apHdaereet eri stic

si zes in_th@nbaage ©@FIL3BPI-RItHanaRBH 11 BecRfiig@ROMby 50 tO
100 nm The Ea?t g?n(ed 2ano-scal e ?ea? i Qraﬁﬁ*]ggzl?any l8esi re}a shape

ures nm
and size depeREhg fgm e B4 %]@p‘wﬂﬁcé{%?aﬂno-m@f?ffpwsm% er ent

gm]?]gdi ment s hav cthalraatearsm: sétdshn mgdélide&ff%ﬁéutﬁbﬁdliﬁﬁcimt e0®fim/ade a@fﬁbout 4

i fferent rji.als used. [0028 net a ayer 108 i,s, formed on
Cop of “he PAf bt P ietg ant e ey ny RSNy AtTne e & 1o
Met al | ayer siz@8eprging enftios peertcutsr appljppion. (Cu) . I n di fferent

enbodi nents, another nmetal such as Al, C, or Ti may be used. A

sui tabl e ”Et(ﬂiﬂ{i;' Oy NMRYifdtehPeRBodinits, aﬁ@%{afé?é@ikh S Gk fecnrl Get ed

such that a suitable etchant is available to selectively etch netal

| ayer 108 oUBfe Rf ¢iE&Prim@tsrialy may k¢ §s§%gar d, copper can be sel ectively

etched over nickel, with relatively high selectivity, wth an

etchant for (B928bf a niktetablapér Métieiormehorotep af tiagatigrdedigsist, pelaperi de.

For exampl eqog ORARL LGNS, I PuclY Bl ARES M IANS O RIRANY
abl'e et €

Inc. (USA), nay be used. her’ sul chant's known to S
skill ed in differeat emigdirnens ginother metel schs B tGrew i o@ppersethd piiteklel

may al so beeefdio AR5 GRAPEHE thet sRiERe SRS UFR M QRELLRPOVE,

for copper there, ) _
etchant is available to selectively etch metal layer 108 over nickel (Ni). [n this

regard, copper can be selectively etched over nickel, with relatively high selectivity,



are nore selective etchants avail abl e agai nst nickel, and copper nmay
therefore be conveniently used. Copper is also relatively

i nexpensi ve, and can be etched at a relatively high etching rate. As
wi |l be appreciated, copper has relatively high electrical
conductivity, which may be conveniently utilized in the present
process. Conveniently, when copper and a suitable copper etchant with
hi gh selectivity agai nst nickel are selected and used, the etching of

copper can Wi peeicbatEImGH ohe Rbtye of yater, é“‘tﬂﬁ’r’?ﬁg@dtwd"toﬁﬁn peroxide. For
n?nﬁ SE r UCE RIS f@oﬁd@? EfdpkAt Blatﬁ Iaﬁéi@{ale[ﬁ@%ﬂ]ahé’bn@%ﬁ%h?% (U%A)aitﬂﬁy
et chant wi insufficient selectivi ere
PSR sk t Rboeh B P bls S RB s P P e R o P B RA be
damaged or sedediividastiwesratpperdndgidkblenat A4 gusel. t he sacrifici al

| ayer. While such risks are relatively low for formng nolds with

| arger surf @Eﬁ?Ft ruct ‘Ns%%rrﬁaﬁre% o gF RBERGALRioRdd éj)%?é‘ rf@rséoPBér t&&%ﬂs

with small rf'ace areas, eris are increase
| arge ar easai§measelegive sichante svaishiermoaissiitiek!, BRECIRRABISY iatafalr 88 have

hi gh densi tb’orﬁf@ﬁ*eh e@%@bm&@kh%lat{\)@@’:ﬁd F@ﬁs‘we by &ih bERcHER Yt Re

formed on | ayer sputterin Any suitable sputtering technique
known to th "’%‘Kf‘!gl‘é’ hf“ﬁ r?tﬁeAéM'%%Ppb‘??'aé%ﬁ?%’(Tr s PHRMSIHRIERI | ayer

10?&) [ 00]§21c atbetn&ahb@ﬂ@meﬁ.&y OJthlcﬁfﬁha)lv bé ao/r@én:ézﬁl@ Utiedvinithg piaeansibagson a
nu er o ctors ncil u reso . n a C. rati o
0i T he our f BobeBall e sitheh 8% ShiRRESopR e Wi tih Rk, ) o
surface pat t@ims pickosl atdmldctddeandluse&eh@eﬁ:mdg eidwpdérmentbs petftrenetiftiitbk nes s

of net al Xﬁﬁe’?“ge %F%S'S(? ace% &Gre&gnm@rﬁad&?%% 100 nm In sone

enbodi nent s ures on the resi st are

m cron-si zed, have an aspect rat| o of nore than 3, a thickness of
above 50 uni0%8fke t hi cl&%%rgp%wsomftaaqet@*éybwﬁmioaufﬁwtaﬁ%{www as

about 50f nrmzctkel@m]a&!&xére 6@&1 N&ktﬁ@t:tﬁ'e %c?&aﬁ@é’zﬂhd{r@ﬂr? tH@&ndi@H@Js@b@i or

on tOpO ta er el ectr at | ni cke ont t ayer
206 °hs’i 1 Hattosciibien daoveitoRing sl SR oM Bl kber WHE Sl Ty
on the si dessla&reje;mt;uelgabw fosfoghing motdspothdalget duefaceesisoiurdsae. gwimicodn-wi | |

become appa {JQ E_.%lu% oNnofdBWin 1 ||¥Y'H+ace'él?e\f‘£ tﬁé‘Fl, K e MRS %cf]{oPCt ures

t hat match es and SIzes o € surface te rn
t enpl at e. Tﬁ@ldsh\ﬂtblkqm%@rem oNianaoirdcties, swel aeafhyﬂ mﬁdwanwtrtbéurséh@@t ed

dependi ng OH,QF,Q@“SQ?%M ﬁgh@gp&p@nbcatl ons in which it will be used. In
sel ect ed enbodi nold 110 may have a thickness from about 40

t bout 30 h f t 50 t bou
{00347 opt  olPgBR,. ° 56 Bl RThE ey o Brings 0 e B Bfktorog: &py o
| ayer 104, suiwhleapuityingtedhniqge kasvn ﬂoltmosse ishitletlinite &t Gay bad4pdEB3H] | n

any event, i in FIG 1E, the etchant is brought into
contact w tﬁﬁrtnﬁl'eét%ié ose@jportl on of nmetal l|ayer 108, to selectively

etch away netal | ayer nmetal |ayer 108 is renoved, N nold 110
will beconel®éphr at ed T(*‘éé’l“?‘“ﬁé?r %frﬁ‘?fﬁlt'@(f)"‘?ﬁ‘ BRY VHiY JERFASINGLan 2 WRRRSR may

i ncl ude | ayerfactdR4ncidiy tho &z ol Y e =51d hOdact LA6 opthd sehstieates 302

dependi ng O%e"%@rﬁélgg ress}égsénrdat%gd&r% Q?ssun%ggga errnesVIoPtHg Illkle rl%ggi\éggd
embodiments, the thickness of metal layer 108 may be from about 10 nm to about
100 nm. In some embodiments where the surface features on the resist are micron-
sized, have an aspect ratic of more than 3, a thickness of above 50 um, the

thickness of metal layer 108 may be as thick as about 50 nm.

[0033] Next, a Ni mold 110 is formed on the template, or on top of metal



[ 0036] As depicted in FIG 1E, contact between the etchant and netal

| ayer 108 may be maintained by dipping the entire tenplate into an
etchant solution 112 in a container 114. [0037]As netal |ayer 108 is
intended to be etched away, it is referred to as a sacrificial |ayer.
It has been found that when the nmetal in netal |ayer 108, such as
copper, is oxidized, it is relatively nore difficult to renove the
net al oxi des by etchln using the selected etchant that can

sel ect i vel ylaxeci08; bieele@roplatiediniaes anto s1eéd| aysr tfhpeilustrigisin FiG 1Sote
enbodi ment s pordePenaktagayn 1omsw&eﬁtﬂedsuﬂ&ta%lde@mfédeeehlaexposéﬁe%ur es

may be taken to prevent substanti al at {) nmetal. To
prevent oxi BFASPRIT @hich wall brseap aPE‘?rﬂ’Etﬁowl é‘l}é?o"ﬁ @W‘EQ% SiFacHReRet al
Layer 108I t@trmyg@thasmatbh&@samﬁeslw shziesbfmtseda@rpapére\oenre&dnpm@l s maK
e acconpl i [Si e neta ria ner suc
ns o, duri R Piedtess UL RpRA b My TR TP Bk Blid

el ect ropI at pm@oulmeﬁqan@mmmalveu tufaysedpmrseheaietiwrtbedzmed INomoiti hi s
burpose.  FORICHATRLR o RiRhALAEH A0l AYETar6Aob St SEh driOUBl bie

nmetal surface after sputtering, an rotec r

removed i niperbogt E0umbef ore Ni el ectropl ati ng. The protective |ayer
could be forned of, e.g. a chromum |l ayer, or a |layer of resist

mat eri al wi {do3a] sm)ot logiondigcibsifite 102 hiay bk nEndet Wwoethe idsise o Biver

st ages may S te dyce oxidation of the netal
Cayer 108 [ob361 i Dt Tt Bl @ GG 1N Cora 110 1s
separated out, by self de-lamnation, and its surface can be

subst anti al [53935} ee of !n@aRyensas aéfiluéffﬁé%'ﬂ FifF. tnjheotichankisbeaightinto

materials. JhRaddanntetd x?Séédirp%%robe Metd' R Qr%oto%'é%cﬂ% téH’@weﬁprﬁétgls
t he nano- structures on may be co |ed,

or replicat Be0lP8 AsRidl lqyet h{%s%ﬁa@% %VB‘LQI 16rg’|”i’§°°"&%s?ﬂar'?]%q 8f ed

in FIGS. 2Ade[2rBrna%€) fr&D;theaEmp@ral waizl nm2eind448)eAs104s 06, hEBrﬁg Mayeishe
ternms "copy A i cation” ' 0 not
Foqu re. hett PG SR bR R R T srP LR AR ent *t ne
ori gi nal (nasviengly rdRatvhér, the surface nano-structure on the
replicate mold may be a negative copy of the nano-structure on the

mast er nol djpoas) i | | ustAadipridagh 9]@5 1&0%114(5'5&36@2@&6 ABantdnd rdddal 2E

2F, and 2G| IIustrate a process for scaling-up and replicatin rmld
110 on a | a}agf%rr 08 yaypeynaiatained by dipping the entite template into an etchant solution

112 in a container 114.

[0037] As metal layer 108 is intended to be etched away, it is referred fo
as a sacrificial layer. It has been found that wiﬁen the metal in metal layer 108,
such as copper, is oxidized, it is relatively more difficult to remove the metal oxides
by etching using the selected eichant that can selectively etch the selected metal
such as copper. Thus, in some embodiments, depending on the selected metal
and etchant, measures may be taken to prevent substantial oxidation of the metal.
To prevent oxidation of the metal in metal layer 108, exposure of metal layer 108 fo
oxygen such as air may be limited or prevented. This may be accomplished by
immersing the metal material in an inner gas, such as Ny, during the relevant
processing, such as sputtering and electroplating. Covering materials may
opticnally be used for this purpose. For example, a protecting layer can be used fo

cover the metal surface after sputtering, and the protecting layer may be removed



[0042] As illustrated in FIG 2A, a netal base plate 202 is provided
for scaling-up and replicating a master nold, such as Ni nold 110.

[ 0043] Base plate 202 nay be forned initially by electroplating a
dummy plate 204 on a Si substrate. Base plate 202 may have a disc
shape as depicted in FIG 2A, and nay have a dianeter of about, e.g.,
8 inch (about 20.3 cm and the dummy plate 204 nay have a thickness
of about 300 pm Metal base Pl ate 202 be fornmed of alloyed base
st ai nl ess sieeqdiately hefera fdredqctromptinga g Pro{?r:t"@t'ﬁ!@ff ceyld Pafmeedak 8 al s.

D}J mtw erl)gt ec@&ﬂluﬁﬂﬁé@ﬁrfaqé@ df %fe.lsNhai@ﬁal%th Q snidér @pﬂa@e nﬁkﬁb@t tinAs e

pl ate av i fferent shapes an es in

B hodi mont SoR fierea e g P of AR e ERHRIoNRS Wast er
nol d, and magtahiay& 1@8si ze or diameter up to 20 inch (about 50 cnm). To
fornlbase plate 202, the top surface of the substrate may be coated

Wth a metaj @ted Iay%’ h(e BE a?s*lﬁ )nn Jﬂeaﬁ%%d[@?( |s§’é‘;}’ar£}&ahwd of

any suitabl |nc |ng t di scussed abo
204 may t heselisie- I igrien, @nd ﬁmw@%gw%ﬁ @%V”é@'@é@?@bﬁ%ﬁw@f CUpREr Oédges

on base pl aj® A= /@B¥t RSO NHROhans WetciaRs BY Ni #8f 110Wrd héighivd O renmove
burrs on the edges, which may result due to higher electric fields at

t he edges tWesdﬁﬂ?é’qnﬂéf“éﬁg@aOPrQTedthH@E?om tion. [0044] As depicted in
FIG 2B, a central portion of base plate 202 is renoved to create an
open area t[#a89lmat cheditrvél ti@st@r benaipibdi or rbplicateploncabas. wiidargenoved

portion may, he, %‘%ﬁ]g%ﬁ'“#ﬁ&qn ﬁ,SﬁI‘ZA Zg(had&% QEt%Fp%h& b@” shoul d have a

shape and dept lapé ahd 'si Ze mast er nol d.
[ 0045] The surface of base%;i)ll ate 202 may be covered with a protective

sheet (not B8R at el y ASHEGATETENY ihﬁéerﬂ}so%‘é%’m Trglicaieny TeRliCAIBN 0T an
adhesi ve t apeplisstig”’ asndrddu@inmd apas c&‘(@phb@cbcﬂ ofdrto B Bh ekart Dok the

Cor poration ed rot The otective
shebt can_ bRt hetpr RE Subte Bl S khiE el e dbuiaa oV B
protective séméte capy dbtheused-stratireep th%aswrﬁadmsomusbafse bplbat e 202
defect-free and clean, so as to achieve a replicated nold with better

quality. [Of6glA thin aneérnpzté@ ot, m@Eetr GnHQd il Rtra@RASORIs #re Si ze
to cover the g genl ng. on base ate 202 is provided for magnetical l'y

cl anpi ng t h&¥ F%?”WPBCE‘“%P‘BHMB Of‘r? '?rﬁF%S"’ee)Qaﬁ?ﬁFe Film206 is
attached to the back (botton) side of nold 110. d anps (not shown)
may be used[0042]cl anp sl ithsTdid anftdGhas e peat basg@irt¢ 80islpcbvided ri n

place. Fil F&d%ﬁﬁ%ﬁg\‘?ncﬁrreﬁ f6ig 2haSleP old, § c%%l%tr@}%} d& grol d 110, and

support no e opening to eep no 10 flat and stable.
Wth film?2 when d 110 and base ate 202 have the sane

t'hi ckness, Eoﬁéﬂ can b aﬁ%Pﬁ‘tet%?&éf‘Wel?e fQE'EEHj Ipialty b(yr?i?qm?'ﬁtﬁ‘ga?n‘a‘Wtom
surfaces ar plafel208honw Silkubneta Batd plate 2[0(20.43@] H3eé ardecisnger 4d degicksalid 110
into the Opg

surface tr eal[ar‘rg A $g¥s/§?\{%c?u i g;z)‘g ag’gm R8¢ gé@r{%lfoé't E‘#ﬁgmg (?Qge of
nol d 110 andurbag eiapﬂ mde'n@ofzavnwhlblm%a bf &ouesDx jon.pdsislibase plefe 202
treatment, 1, pEWRE SHAGRGLORRR He AL RE Ward HIGRE br other

suitable materials. Dummy plate 204 may be formed of Ni or other suitable metals.

Base plate 202 may have different shapes and sizes in different embodiments, but

it is typically larger than the size of the master mold, and may have a size or

diameter up t0 20 inch (about 50 cm). To form base plate 202, the top surface of

the substrate may be coated with a metal seed layer (not shown). The seed layer

may be formed of any suitable metal, including the metals discussed above,

Dummy plate 204 may then be formed on the substrate by electroplating. The
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[ 0048] Passi vation treatnment may be carried out using any suitable
formul ati on and technique. In sone enbodi nents, one or nore of the
follow ng chem cals nay be used for this purpose: hydrogen peroxide
(H202), potassi um permanganate (KWn02), sodi um perborate (Na2B03),
and sodi um hypochlorite or sodiumchlorate(l) (NaOCl). In a selected
enbodi ment, a solution containing about 10 wt % of H202 and de-i oni zed
wat er may be used to passivate the nold surfaces before

el ect r opl at PHFS oThEsHBIRE 08y aysi rawsded etyoh A4S Ph 8spadingaloiroRoO%ol ut i on

for about 5btﬁﬂ'§bntﬁ@ddéé§eﬂhi@ﬁhﬁ§r&!ulttdu@fb HiGHRl bl fisliE bt tAS o dds vt H202
may attack nano- strugé ures he nol d surface, the passivation

treat nent tFHES NTHGSEC BEH P‘?ROFE'B” To reduce the treatnent tine, the

passi vation solution my be heated, e.g., to about 50 C. [0049] The
openi ng on 444 pl at e ABG2picteddn Fid 2Bue hentizportiersofdioaerplper20Rss sl i ght |y

l'ar ger t hanre%@e&iioad?gtglén Qgemgtﬂa%gnat&@s fhaGhdstdr Ao forz%gérsh'cgt?d of erI d

110 into the openin a resu a circular groove
bet ween nol dhelregoy p%aeremey he sutpobusingslasar| §ae Plétceapqrhormfeuldz*eve When

mol d 110 i ssHdpaapedeptititat Rlabane $HR8RhASIZE bi M8 (fRictthold) FI G 2D,
groove 208 is filled with a conductive epoxy 212, which wll prow de

a fl aj[ and @t h top -I%Uff%CC% c'if Ba qate%ﬁbln';“ ) Icher%%wAfi%mogec?\Pe

mat eri al |sa oft fluid op SNFF &ce
| evel ed. [ 0g&k} (hoterpdeately v@wmpwlr(grmoc&sep@,rm ekagmdiavaEthesye tbee used

to provide gld Catsri\l ﬂn[taﬁ%t tv%ﬁ'gbw Nﬂo%%?éﬂgaguéﬁﬁﬁ%aggﬁ% ihed or

[ 0052] The bac e res ting no
cl eaned by waﬁavgo’fact@ﬁﬁb@q’ﬁ haproinghveaghest qao(hes?msveidlaﬂ@w@a@@@tunn

FIG 2E a pbeksalis by, Jﬂéte@ 1#hd é'ofe@f\lﬁ%qiue@éﬂ'né%@use@@d kef%ttﬁe sit=Rt bng

agai nst pl ate 202 an hen has surface structures
that are nelPfEiRAte 3%‘?’%‘%“5’]%@??@ Cﬁaﬁéoﬁsﬁﬁﬁ?ﬂﬁ"§§ SRlicRfed R wih petter

quality.

[0046] A thin film 206 of magnetic foil of appropriate size to cover the
opening on base plate 202 is provided for magnetically clamping the master mold,
mold 110 in this example. Film 206 is attached fo the back {bottom) side of mold
110. Clamps (not shown) may be used to clamp mold 110 and base plate 202 to
hold them in place. Film 206 can provide an electric contact to mold 110, and
support mold 110 within the opening to keep mold 110 flat and stable. With film
206, when mold 110 and base plate 202 have the same thickness, they can be held

together such that their top and bottom surfaces are flush with ane anocther.

[0047] Before inserting mold 110 into the opening on base plate 202, mold
110 may be subjected to surface treatment for various purposes. For example, the
surface of mold 110 and base plate 202 may be subjected to passivation treatment,

to reduce surface energy and prevent adhesion.

[0048] Passivation treatment may be carried out using any suitable
formulation and technique. In some embodiments, one or more of the following
chemicals may be used for this purpose: hydrogen peroxide (H205), potassium

permanganate (KMnQO3), sodium perborate (Na2B0O3), and sodium hypochlorite or



[ 0054] Ni ckel |ayer 214 is separated (by del am nation) from base plate
202 to provide a scaled-up and replicated nold 220, as shown in FIGS.
2F and 2G. Mol d 220 may be shaped such as by laser cutting, and its
back side 222 may be polished such as with a polishing device 216, as
illustrated in FIG 2F. [0055]As illustrated in FIG 2G the front
side 224 of nold 220 has nano- structures 226, which are negative
copi es of the nano-structures on nold 110 and nmatch the

nano- st r uct &84 ehofRERl) (Nt I8 asteRrisdiambepiment & solgiion perddiding@rayt 220

i's thus rephpehedHODEhd\ie-HBlz8d Wafkr mé%@tle ﬁ@éd @rﬁtaaémglthg rhél9 5&icks
e ster no ase

course, it reC| hat bot e
e anu PR St PRGEE, Th My Mo ey R B oS v SOt ot s e
shown i n t hebduiit §urieSand Fam deed ngith @n iraest gab lsuatt asamﬁdAs mlzdilnﬁ“ay adacla Ni

nol d 300 forned.from an t ro ust din
FlGs. 1A 1P Ry HEDESth e %ﬁjlgu ﬁcr’egh 3SRl A gy e St up on a

rect angul ar hrb@@eTo ceduoe thearesmmﬂmlﬂhﬁpas!m@@@ mtng mMaydepreottdssy.,
illustrated 2A-ZG [0057] The Ni nold may be used in the
producti on of D or other simlar products, and may be forned

and further cessed y ada hni_gues corrrmnl used in the CD
and DVD i ndl@f‘g For Z’%’Hﬁ”' ﬂ%serﬁi g2 %ﬁrsi"éatsf’ﬁfhth%tr't%’é%‘%e‘%’d?/

conbi ne el esltghﬂrpiaqie'r ngn\m@tdlalhetghofrrﬁcs@hm it®fclifatdinaggraphifendiceciinihigues.

[ 0058] I n on errbod cat i process, na

procedur es &8 05’83'{'9 fﬁa Qtalcméu ?raqr% Ve%lraabn%nedsbf %u”d'g?'iqu@anq o spin
coat a | ayebasafplafteﬁnatasdmsir&ted odriGuEE i whenlnenyid i 10 salagped $eo plaes.r esi st
usi ng e.g. photolithography or electron/proton beamwiting, to

further tr eglos@y Pr Ocﬁbﬁlldsh@tegﬁr( F&@ Ebeg?moxléozo(é@@fﬂ@btw;tﬁ aRRARdve
netallization |ayer on to electro- Iateamaterlal

onto the st PRREY %é”'&ﬂhw%\?@”'dﬁlaaﬂaéa‘ﬁ%srf“iﬂi?ﬁoa 955%‘@ ip gie rgsuingpeldt o

del am nat e hbehedparpmbicaanis heofs s lits adesurdbe rdn@irdlioriz@ahllySdverad cl ean
the stamp. A selected conbination of the above procedures nay be

utiLized | s von chpodRAL ol dDTIE I AEARSAY B, ddliabed 11

FI GS. 1A-1F 2A-2G can provi cate w surface

nano- st r uct 9'@@@0?%@C‘Iéﬁ‘é’e%b‘@!dahﬂ%ﬂdlbﬁw plate 302om surface def ects or

resi dues due to delam nation or separation of the nold fromthe

ori gi nal te[qmsale ev dmewaelnsitid 22naioe sealtity SHIHERD tigDelp@lished or

relatively hl eqt, ratlos (% eater than 3, such as 5), and high
cta H nn a f%

S ds ace..
resol uti ons An0REAMECT Rt W' €°%i zes as | ow as 15 nm. [0060]1n

di fferent enbodi ments, the resist on _the substrate may be
[0053] As illustrated in FIG. 2E, a nickel layer 214 is formed by metal-on-

metal plating against plate 202 and Ni mold 210, which then has surface structures

that are negative copies of the nano-structures on Ni mold 110,

[0054] Nickel layer 214 is separated (by delamination) from base plate
202 to provide a scaled-up and replicated mold 220, as shown in FIGS. 2F and 2G.
Mold 220 may be shaped such as by laser cutting, and its back side 222 may be
polished such as with a polishing device 216, as illustrated in FIG. 2F.

[0055] As illustrated in FIG. 2G, the front side 224 of mold 220 has nano-
structures 226, which are negative copies of the nano-sfructures on mold 110 and
maich the nano-structures on the template shown in FIG. 1A. Replicate mold 220

is thus replicated from Ni mold 110 by electfroplating.
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formed using different materials. For exanple, suitable materials or
resins for formng resists may include SU-8 or other WV curable
resist materials suitable for fabricating | arge area nolds or high
aspect ratio structures, including polyners that are difficult to
renove froma Ni surface. Even with resists/resins that are highly
crosslinked and are epoxy based, the resist can be conveniently

separ at ed fronlthe Ni nold by etchlng away the sacrificial layer in
the processl%BList r at &f SPHSRIEgn bey ﬁﬂpfqﬁ'ate[ddb@i’f’m% maREhMeRetEspect

rati o of dt Paamefé?@tﬂh@ %%ilda&ad?hélb mdyhavé 8iksht hapedifak HOYE BRI Y
separate

r oc 111 ust in Fl GS. 1A-1F,
Wi o r ol BeUBRy PesERrPisers BRI RS na Nireh 0 felhe S8 Tk of
cont am nat i embommeetdﬁpmsjrdme@m;Iluamtmrrwmsdm-w fnay heveadelcang@mar at i ng

a resist at e LI | Id b active-ion etchin
(R B 0oco rhe P T b YoddhBh Do Ptolér PERG IR A RRF Ul NP s
1A- 1F is reB@d vy iﬂﬂegrq¢p$€elllwlrdtegar$§|(18)2{5é’rﬁ orm as conpared to, e.g.,

| aser renoval techniques which can be conplicated as nany operation

par alrr;at er sN yaolst needotmeb@n%mrhasyt z@ﬁlsled[.g@@%&moﬁm}eofw AeLorQndrhe
resulting Ni iS. su ntia ree of polymer or resin
resi duesg "ﬂ%@pr quCtEb@”‘?]@élé & rped 6”%7”55%’ R5Peee Y 39gRtingdreP YRt ace

with str ongccaﬁmdnlgansecmhafe b ghdi BDVDGﬁﬂIstryeFoﬁ bﬂa&ﬂ?blé]ghémblutfdatimét;]on )
[0064] As a result, it eve r t roug put
[ the. pr odbEE st CaRTBT e o el RS R ol e Smlstes
illustrated in FIGS. 1A-1F. [0065]1n a particular enbodi nent, the
etchant sol [A%8h may doAPaEHEBIMGRo e fabscafionpresgsomaginelydmt , such as

Copper  Et chankediF tol-08G81cHa-tRE ARRiral b 8 of ILEAE, BIsBRaSs: ABssTH bed
herein can re%nst on the conductive layer, 10 expose the resist using e.g. photolithography or
electron/proton beam writing, to further treat or process the structures, to deposit a
second metallization layer on the top surface, to electro-plate a material onto the
structures and over-plate to form a base for a stamp, to delaminate the stamp from
the substrate, and to cut, polish and clean the stamp. A selected combination of

the above procedures may be utilized in a given embodiment.

[0059] The processes as illustrated in FIGS. 1A-1F and 2A-2G can
provide a Ni mold or replicate with surface nano-structures that are substantially
free from surface defects or residues due to delamination or separation of the mold
from the original template, even when the nano-scale structures have relatively high
aspect ratios (greater than 3, such as 5), and high resolutions (with nano-scale

feature sizes as low as 15 nm).

[0060] In different embodiments, the resist on the substrate may be
formed using different materials. For example, suitable materials or resins for
forming resists may include SU-8 or other UV curable resist materials suitable for
fabricating large area molds or high aspect ratio structures, including polymers that
are difficult to remove from a Ni surface. Even with resists/resins that are highly
crosslinked and are epoxy based, the resist can be conveniently separated from

the Ni mold by efching away the sacrificial layer in the process illustrated in FIGS.
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conpati ble with common fabrication processes in the sem -conductor
industry. Due to its sinplicity, it may also be inplenented to
provide a reliable and i nexpensive process. The exanpl e process nay
al so be adapted to be applied in a wide range of different
applications, and can be used in a variety of different |ithographic
technique with the use of different types of resists, which may be UV
curabl e or epoxy-based. [0067] N nolds wth | ager area bases nay be
conveni ent | ¥*f16r med as noted earlier. The area size nay be as |arge
as about 8 in (about 20.3 cn) or 12 in (about 30.5 cnm). The surface
feat ures nuajooBdve charBehehestHetspedt estioas tHeownasezalrosiis htd, theresidte
surface qualjt f i crelatively high.and . be
relatively % Qﬁ%é%nfﬁnggggegﬁéggﬁﬁgﬁpgﬁi%ﬁg'r%%éW%F?%ﬂu%$ﬁ¥H£E§ﬁ%face
f eat ur es on1AHE, WithimsIrelatively shert pgriddafitiare aab @ith ar&dusad gsk efbout 10 nm
| 0068] The. NoortRiflafior PSR 4 Ehnilitd oo WhalrBRYUHLERN, 2RGiH! N
quality, utrlizing surface passivation and netal-on-neta
eIectroplatﬁﬁ§$eﬁgbﬁﬁyﬁh3EHB@QPMﬁﬁWﬁﬁ$mﬂﬁ@hNB(ﬂﬁﬂds descri bed herein
may be used in nano-inprinting applications, or other applications.
For instancpesr may beeys®@@dsiad desgrivet horinmmlddiuagatoin FIBBSIAdeliar

cell concentrators, mcro optical filns, super |enses, optica

cocur i vy 1 19Ok Simefl ARl Slory 4 BimeBHBIRD ¢ I RER reBlel 0

[0070] It shwghuqizs whidherstbeadmplisted dvemapemiefsdtion eabodienewtisedecr i bed
herein are ngpmﬁ£&§tration pur poses. Various nodifications to these
enbodi nents are possi ble and may be apparent to those skilled in the
art. [0071] Sone, enbodi nents of the invention are further illustrated
with the fol8# ng norstheryrfasg ctRgrevliag N gl IRissybsiegtially free of

polymer or resin residues, it may not be necessary to clean or freat the mold

surface with strong acid or other highly reactive cleaning solutions.

[0064] As a result, it is possible to achieve high yield or throughput in the
production of Ni molds using an embodiment of the process illustrated in FIGS. 1A-
1F.

[0065] In a particular embodiment, the etchant solution may contain 30

wt% of a diluted Cu etchant, such as Copper Etchant BTP.

[06066] The example mold forming process described herein can be
compatible with common fabrication processes in the semi-conductor industry. Due
to its simplicily, it may also be implemented to provide a reliable and inexpensive
process. The example process may also be adapted to be applied in a wide range
of different applications, and can be used in a variety of different lithographic
technique with the use of different types of resists, which may be UV curable or

epoxy-based.

[0067] Ni molds with lager area bases may be conveniently formed as
noted earlier. The area size may be as large as about 8 in (about 20.3 cm) or 12 in
(about 30.5 cm). The surface features may have characteristic sizes as low as

about 20 nm. The surface quality of the Ni molds may be relatively high and may
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[0073] Exanple |I. [0074] A sanple tenplate with nanostructures on a
substrate was fornmed by step and repeat |ithography (SFIL). The
substrate was nmade of a silicon (Si) wafer. A TRANSPIN | ayer of about
60 nmthickness was formed on the substrate, and a MONOVAT | ayer of
about 40 nmt hi ckness was formed on the TRANSPIN | ayer. The MONOVAT

| ayer and the underlying portion of the TRANSPIN | ayer were patterned
by an SFIL patterning technique to formsurface nanostructures. The
nanost r uct ug latively slegr pinisoBe eatbedimentothaieidliienef ie srdace(featyres ghd

very hi gh aﬁz@%ﬂnokﬁﬁ'\fhe dheelkAbBut 15hHh &Mbotie10Simsubstrat e wafer was
covered with TRANSPI N and the patter ned area was forned of MONOVAT

| ayer on to@ﬂ?%] TRANSPI’th\Jl ﬁ%%rma[ %g ? 1th4'l ok r%soﬁut nané"rzﬁl%mge of

a portion o e SFIL nan0|rrpr|n esa fer. As
shown i n FI @aliyy, utlinieg sufdcapessvatian aogt metaadnme@heiegmlajmgon patterns
of spaced 100 nmlines fabricated by a SFIL technique into the resin

span on t hepoBeoarl er . Adersdd@inibs thoW, ﬂaﬁauésceaéd @é}e.hmna%ﬂb@ Bed tnhese

patterns had defect free, unlformstr es and spacin
preci se di nBHETBREMNGEGRAEETA0St i 41N ?ﬁ?pa‘é?gié‘?”%éjér@b‘aﬁ‘feeftéﬁy&ﬁq%d {hhe

MONQVAT nanm&bfmtﬁﬁmfﬁiagfor'[EBSleér&yzEbod’tﬁdtrzﬁoztshmﬁzkﬂﬂﬂ;ﬁaldffmsab@p&' 10 to
about 50 nn?en ckne finely as the

size of the"s ersu%‘%t'&?' Sl H"F‘& ?41%'8&"%58[5’ Pk ﬁ”ﬁ‘d“fi”& gﬂ V& ‘C?th I'i | ayer of

Cu on the surface to avoid losing the resolution of the _
nano- pat t er ¥870IThe t hillkaed e ynderpieod Bt theseerifoienmbegisienigadesediess ul | y

control |l ed Rsreintafe iéﬂlllﬁﬁfalﬁbﬁ YurpBses! PaHls i dieM@ns tsthesd ém&ﬁdﬂﬁedtmﬁ
on the result of th %rocess £0077 Ni ckel was i medi ately

el ect ropl at BRFSEIF 3 THEPaRPPREpbie Beseskiledinth@dftng the Cu 1ayer, to
avoi d oxidation of the sputtered Cu |ayer. [0078]FIGS. 6 and 7 show
SEM i mages BB07H port i GomefentodinmtpdiehainvaentioNaregliditear digstraigd witiihe

nano- featur]%%wlﬁgﬁ)hénc%lg % fMperl L patterns. FIG 6 shows the surface
pattern of a replicate vvlth exact negative features of the

nano- featur@ﬁ %hown I&Lg: 4 and 5. FIG 7 shows a | ow

magni fi cati EM i mageiM e sane copied nold, showi ng | arge areas
with simlar negative features. Again, there were no observabl e

def ects in 08&3Ist r ai glfxainpleds and spaces, which al so had precise

di mensions as in the original structures. [0079] Both during

sputtering pod4jel ect r gpdadtgl@mpldiewianatottr e BITE k6RErates wdNZofnied
prevent oxi datt!agané)repg% lithography (SFIL). The substrate was made of a silicon (Si}
wafer. A TRANSPIN layer of about 60 nm thickness was formed on the substrate,
and a MONOMAT layer of about 40 nm thickness was formed on the TRANSPIN
layer. The MONOCMAT layer and the undetlying portion of the TRANSPIN layer
were patterned by an SFIL patterning technique to form surface nanostructures.
The nanosfructures had a depth of about 100 nm linear scale (L/S), and very high
aspect ratio. Therefore, the entire Si substrate wafer was covered with TRANSPIN

and the patterned area was formed of MONOMAT layer on top of TRANSPIN layer.

[0075] FiGS. 4 and 5 are SEM image of a portion of the SFIL nano-imprint
formed on the sample Si wafer. As shown in FIG. 4, the surface structure had high
resolution patterns of spaced 100 nm lines fabricated by a SFIL technique info the
resin span on the Si wafer. As shown at low magnification in Fig 5, these patterns

had defect free, uniform straight lines and spacing with precise dimensions.
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[ 0080] The Cu sacrificial layer was i medi ately etched by di pping the
entire sanple into the etchant solution. The etchant solution used
was Copper Etchant BTP obtai ned from Transene Conpany, |INC. MA (USA).
It was found during testing that if the Cu sacrificial |ayer was
allowed to stand for a day with exposure to air, oxidation of the Cu
| ayer would make it nore difficult to renove the Cu sacrificial |ayer
by et chi ng. The entire swﬂe was imersed in the etchant sol ution

for 3 min, HEknen fIAU8 RrervagsPrERe yaihe MONGOMDB1] After the cu
| ayer was ehsmedu@mey Thd€u Pd!yezfmidda WaBna3 e phatriue D {oddbatBonah eths fr om

t he tenpl at resi d _substr 082 Ther e re

VONOVRT or - SHARE I3l 5% S Al REY s e o R e o mEe Bt ¢ ne
Ni ol d. [Oaﬁﬁfpffﬂrgisqxeacmseaymsf@epem@drfa@ tharoi dtisfrigeneeresolsitompdfe Ni
nol ds. i §p&§a

nanost ruct ur estap P?r@%m eTHg '?%83?8 tﬂ% g@%\% ggjv?a%éjgw ﬂ%g'%BOH?d 80
nmL/S featasis e‘ilfzeﬂitymom td $aveael sigbibeant mmcfnm the Sstibattbe erosesse and
were subjected to anti-adhesion surface treatnment for use as DVD bl ue

r ayt rrg: ds; gmd?]sorre rrmha(ie:j @@anﬁm%t@le&mp:dt& dre@tihe €u ﬁy@:&?@?ﬂ wer e
suitabl e as s er etchin val o e
sacrificial® e['?ﬂ/té?%ut %%TS)BX'%PH 0@@]’?@8\5@ ‘%%{%ng’ Pluct ures were

easily renmoved and separ at ed fromthe underlying tenplate. [0085]In
sone sanpl eBI78U- 8 waS @S tiandy? shomndhV dihagespéa rorian pbthe kgmple after Ni

resol ution Blﬁﬁﬂgu(mﬁﬁ N: r%r%ﬂ‘%’ch%str@ﬂmét@& ﬁorﬁn@ﬁ@é&tﬁé?ﬁs”@l@ ebhofsigSi St 1S

shown in part in shown in 8, the tenplate had a SU-8
pi |l ar wths‘irf?CBR?‘FPéi‘@fﬁ rephw&e PR Véﬁh@éﬁ'?*éﬁg%it"écﬂeq(lﬂm%f’frtb%t‘@f‘rces had 2

pm f eat ure fhEess shbhf IEIGS. 1e8H I FIRY FBiWE aQ&ahﬁgnlﬁ\fht@n §Emta§é ofM th
20 nm Cr plys 50 nm A sedlla ers for eletro l.atin Af ter
Satterning HesAMg CORCSOOR. Fhtying e arFs iR les pRGPt Y featlsed o i

el ectropl at m@ireusereglo Nl s el atatd defecttatn th@stpa'gmem and shace?, which dlbe hadset

in FIG 8 i of . ted grid. [0086] A
Cross-secti reg]ﬁgd%rrieg‘glgsf % \2{191 Orfgm atgué’?r €gi on between the SU- 8

[0079] Both during sputtering and electroplating, the sample was

immersed in N; to prevent oxidation of Cu.

[0080] The Cu sacrificial layer was immediately etched by dipping the
entire sample into the etchant solution. The etchant solution used was Copper
Etchant BTP obtained from Transene Company, INC. MA (USA). It was found
during festing that if the Cu sacrificial layer was allowed to stand for a day with
exposure to air, oxidation of the Cu layer would make it more difficult to remove the
Cu sacrificial layer by etching. The entire sample was immersed in the etchant

solution for 3 min, and then flushed with de-ionized water.

[0081] After the Cu layer was etched away, the Ni mold was separated

{delaminated} from the template (resist and substrate).

[0082] There was no residue of MONOMAT or TRANSPIN resin remaining

in the nano-scale cavities on the Ni mold.

[0083] This process was repeated to form different sample Ni molds.
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resist and the NN nold after renoval of the sacrificial layer is
shown in FIG 9, fromwhich it can be seen that the SU- 8 resist was
| oosely attached to the Ni nold and could be easily separated from
the Ni nold. However, renoving of the SU-8 at the | ast step was

chal I engi ng as shown. [0087] Exanple 11. [0088] Sonme hi gh aspect ratio
sanmple Ni nolds for formng nicro gears were prepared according to
t he process descrlbed I n Exanp FIGS. 10 and 11 shom/photographs

of representdoNgd esséﬁiﬁeeN'rfoP'ﬁ%fof"B‘?d FPBE §rofEd1E depr Bpiures fpphed
nmol ds had chgamaafaktdedgch tefmr@emmramhtmosmﬁlamdebt&reamb Séthé aRRIS haand

had sh t i.gh . .[ 0090 le || 0 I | ed-

ol de ooy PR TAA I P e PE RPRROPEE®d & SR okl o
accordi ng t geatmeenoodicrmsMVDblut ey polds esd sbink uﬂﬂdsattaddabmm PIn68./S2A- 2G.
[0092]For S EQﬁgng?ﬁfwgéﬁiﬁ le%?ﬁaﬁ%@%kv% .ster nol ds mere_treated

In a passivation SO I'on “containi o of H202 and de-ioni zed
wat er for about 5m n at about 50C. After the passi vation treatnment,

the sanpl e H98tkr nol dyteneickingrsraqyalwitiie feerifivial SidaverrtagiNt Mold yith

el ectropl at sivacarehodhact @l ver&64dipRdnddvied @nd IRrABETravh itOurRieRAREt er s
for electrog1 £ ng are simlar to those used for fabricating nornal

nol ds. [ 009 fcal sanple scaled-up Ni nolds have overal |l sizes of
4 in X
{0085] In some samples, SU-8 was used to form high aspect ratio, high

resolution features. A sample template formed using a SU-8 resist is shown in part
in FIG. 8. As shown in FIG. B, the template had a SU-8 pillar with 10 um height, and
the electroplated Ni structures had 2 pm feature sizes. The SU-8 resist was spin
coated on a Si wafer with 20 nm Cr plus 50 nm Au as seed layers for electroplating.
After patterning a grid in SU-8 resist by UV lithography, the grid was electroplated
using Ni electroplating process up to 2 um. The inset in FIG. 8 is a close-up view of
the plated grid.

[0086] A cross-sectional image of the interface region between the SU-8
resist and the Ni mold after removal of the sacrificial layer is shown in FIG. 9, from
which it can be seen that the SU-8 resist was loosely attached to the Ni mold and

could be easily separated from the Ni mold. However, removing of the SU-8 at the

last step was challenging as shown.
[0087] Example Ii.

[0088] Some high aspect ratio sample Ni molds for forming micro gears
were prepared according to the process described in Example . FIGS. 10 and 11

show photographs of representative sample molds for micro gears.

[0089] The sample molds had clean and defect-free smooth sidewalls and

surfaces, and had sharp straight edges.
[0090] Example [lI.
[0091] Sample scaled-up moelds were replicated from sample Ni molds
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(about 10 cmx 10 cm with nano-scale features from20 nmto 100 nm
[I1S. In some sanpl e scal ed-up nol ds, the nano-features were formed in
2 cmx 2 cmsquares. The nano-features nmay be covered with a plastic
cover sheet to protect the nano-features. [0094]FIGS. 12, 13, and 14
show scanni ng el ectron m croscope (SEM imges of different scal ed-up
sanple N nolds. The Ni nold shown in FIG 12 was prepared with deep
W patterning and had 80 nmL/S feature size. The nold shown in FIG
13 was subj BOAEEPTB ExRiPPge Bcoordag Remerard meatoihoritrradiuskaiedie size,
and was sui Fri8.eafzg. use in fabrication of blue ray DVD. The N nold
shown in FIG 14 had 20 nmL/S feature size and was suitable for use
in fabricatj f har

resol ution Hﬁ@ﬁﬁl ds fgzoqhﬁ%% 8%9%%%;4%?4@%%33%?%§@L31%[}?&%%&}28*;
and t hi cknesgassivafiorosnlufon geriaining IQ0vimf e eanst dpianieet wateoiodalryt i
procedures gf at@ﬁ?ﬁ@beﬁﬂér tﬁéquaslsﬂvéhon[t%%%@r’% Itﬁiﬁsan]rée n‘%@t’eh%zld@%rel&e@r €

SEM i mages of sanpl€s Wi th m cron- size Structures nano-f eat ur es
on the surf 48@& d'l’a”ﬁfﬁﬁe%@rﬁﬂ dectirplgtinghdathineoonelpfiiraladng eTherPeEating gh

resol ution padmari€ict BB BidtiBila? té thoXe dddd 16 3BMERIRy ﬁcmné[ rRol&4Y)
square area. [0098]FIG 17 shows surface features of a sarrp e

t er’rpl ate. LO%'BT’» 8 sho ﬁglgs;a%%% Stg%%tf%lb mo[ds ave o ergll ?_lzesm?df i) I( 2 red

using the s tenp accor e process in
Exanple I. [E(D@Qigﬂ%asedo o) wﬁlmnalm—$cai60‘eatme@ﬁr@3t2myn {AHIR nnm /&S lrsenment s

on the sideg %I!&%C&%d E@ﬁofd%qggﬁamfegﬂﬁes%lﬂ'é Geffn 3 O%aéf‘ﬂ;gcﬁ.la@%l ds

(stanps), t (root-nean-square) roughness vvas a The
har dness anarhe(ﬁﬁﬂ?gﬁeétu%d‘ﬂﬁw}? GevereH avits AriAsEc apyen shamb e rateeldie BaNChy
nano- i ndent gt P& Measur enents, as being about 5 GPa and 213 GPa
respectively.

[0094] FIGS. 12, 13, and 14 show scanning electron microscope (SEM)
images of different scaled-up sample Ni molds. The Ni mold shown in FIG. 12 was
prepared with deep UV patterning and had 80 nm L/S feature size. The mold
shown in FIG. 13 was subjected to surface treatment and had 110 nm L/S feature
size, and was suitable for use in fabrication of blue ray DVD. The Ni mold shown in

FIG. 14 had 20 nm L/S feature size and was suitable for use in fabrication of hard

disks.
[0095] Example IV.
[0096] Sarmple high resolution Ni molds for hard disks with feature sizes

down to 20 nm and thicknesses from 40 um to 300 um were prepared according

the procedures of Examples | and Ill.

[0097] FIGS. 15, 16, 17 and 18 are SEM images of samples with micron-
size structures. The nano-features on the surfaces of the samples had about 20 nm
L/S size and a high resolution and were formed within a 2 in x 2in (about 5 cm x 5

cm) square area.

[0098] FIG. 17 shows surface features of a sample template. FIG. 18

shows surface features of a sample Ni mold formed using the sample template of
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[00100]It will be understood that any range of values herein is
intended to specifically include any internedi ate val ue or sub-range
within the given range, and all such internediate val ues and
sub-ranges are individually and specifically disclosed. [00101]1It

will also be understood that the word "a" or "an" is intended to nean
"one or nore" or "at Ieast one", and any singular formis intended to
i ncl ude pIuraIs her ei n. 00102]It W | be further understood that the

term "conpr [&&17, ?ﬁ&mﬁﬁﬁﬁﬁméwym§%Wﬁa?F@W thereof, is intended to be
open- ended and neans "include, but not limted to " unl ess ot herw se

speci fical | jp0P9[di cat edBased bﬂnetomfbrcamycro{sc@:@stofﬁimsardnhaﬁ ofthet ens
h ' h
i's given eglgé O\/a}M &fhhéilndge on tl%e%ége {)ﬂﬁe L%ﬁﬁl? V&T\iﬁ)ﬁf(%}(st%ﬁ%)?fg@ F{l\ﬁ]s t e

|isted itens or ttabl e co ion e listed
items may b@o@énwsa@ar@hwghrms Wes aho4 7 @m. cthereedneshandlboww'sdescr i bed

enbodi ment spREQuUL HEROESRLIE ok Werd HebERtd MEnfal 1b(de§'1fé%oh theB&ur¥R¥nts,

limting. The descri bed enbodi nents are susceptib to many
modi fi cat i oR%PYRI pRAUy ChidraHgdAéite respestivelis, det a| I s and order of

operation. The invention, rather, is intended to enconpass all such
nodi fi cati ofpowdalhi n i tlfsNiEbepﬁders{eocﬂkbﬁi angdarye df helued lsdram is inMkASd thS

CLAI MED | S c;ﬂAalﬁ/gnt Su%ﬁﬁ#ﬂ%‘d%ﬂav ?\%l o%%hlb ?&gel ecﬁ‘l Ogn @An e and

correspondl etc sal d etchan y erCHed "Sai d
met al over ﬁti giedlintermediate values and sub-ranges are individually and specifically

disclosed.

[00101] It will also be understoad that the word “a" or “an” is intended to
mean “one or more” or “at least one”, and any singular form is intended to include

plurals herein,

[00102] It will be further understood that the ferm "comprise”, including any
variation thereof, is intended to be open-ended and means “include, but not limited

to,” unless otherwise specifically indicated to the contrary.

[00103] When a list of items is given herein with an "or” before the last item,
any one of the listed items or any suitable combination of two or more of the listed

items may be selected and used.

[00104] Of course, the above described embodiments are intended fo be
illustrative only and in no way limiting. The described embodiments are susceptible
to many modifications of form, arrangement of parts, details and order of operation.
The invention, rather, is intended to encompass all such modification within its

scope, as defined by the claims.
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sputtering said netal onto a surface of a tenplate having
nano-structures to forma sacrificial |ayer covering said
nano-structures; electroplating nickel onto said sacrificial |ayer to
forma nickel nold, leaving a portion of said sacrificial |ayer
exposed; and contacting said sacrificial layer with said etchant

t hrough sai d exposed portion of said sacrificial |layer to etch away
said sacrificial layer until said nickel nold is separated fromsaid

tenpl at e; repl | i said nickel nold by electroplating to
produce a ?@gVV§§{%Eﬂ%¢@ avi ng nano-structures that nmatch said
nano-structuge ' J]ate. 2. The nethod of claim1, wherein
sai d netal ii’%ﬁ%%gﬁ%ék&g "method of claim2, wherein said etchant

is a m xture of ter, a ni,a and hydrogen peroxjde. .4.. The net hod
b ol o i e saBh s APDIN ARt UeR S b sde IR OF moout
10 nmto about %e6ctively ekheFbad metdioderaickelt ai m 1, wherein sai d

nano-structures have an aspect ratio of 3 or higher. 6. The nethod of
claim 1, wherei P4iEnas spid msltal onas sufaes/eie tsnpitegiavial Gano-siruairestoabout

10 cm and sai ddiRR iafical TRLA8mn PPN Rodkiciiege of about 10 to
about 50 cm 7. The method of claim1l, wherein said sacrificial |ayer

has a thi ckness ekktrabaing nikfelimtd @iddetificial et fornBa nidike Mokt Radnh
claiml1, conprisin osure of said sacrificial layer to

lim¢ting.
oxygen to preveﬁ?ngP%%%{%%ﬂggﬁggﬁﬁmﬁg?%$ap% sai d sacrificial |ayer
bef or e et C.h' ng %gﬁtgctﬁﬁagéi'dfs%gﬁﬂ%*al I%:?é’r%‘lg sg'rd e-[ nﬁﬁFoﬂSﬁsé?g er{o@é(ﬁn 8,
wherein said limting exposure of sald sacrifticial™layer To oxygen
conpri ses i mmer $Pign sbsain sasstiqigl layerlo atchyeavrayisaidpacifisial lygamtisaid

covering said sagkéfhdid Alseba%RH fwg&i@eﬁgg@(@p&e shield | ayer. 10.The
met hod of claim 1, wherein said tenplate conprises a polyneric resist

formed on a subsépiigdtidg said nickel mold by electroplating to produce a replicate mold

having nano-structures that match said nano-structures on said template.

2. The method of claim 1, wherein said metal is copper.

3. The method of claim 2, wherein said etchant is a mixture of water, ammonia

and hydrogen peroxide.

4. The method of claim 1, wherein said nano-structures have a feature size of

about 10 nm to about 100 nm.

5. The method of claim 1, wherein said nano-structures have an aspect ratio of 3
or higher.

6. The method of claim 1, wherein said Ni mald has an over size of about 5 cm to
about 10 cm, and said replicate mold has an overall size of about 10 to about
50 cm.

7. The method of claim 1, wherein said sacrificial layer has a thickness of about

10 nm to about 100 nm.
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11. The nethod of claim1, wherein said replicating conprises
integrating said NN nold with a netal base by electroplating. 12. The
nmet hod of claim 11, conprising passivating a surface of said NN nold
and said nmetal base before said replicating. 13. A nethod conpri sing:
sel ecting an etchant such that said etchant selectively etches copper
over nickel; sputtering copper onto a surface of a tenplate havi ng
nano- structures to forma sacr|f|C|aI | ayer covering sa

nano- st r uct uPed he 81Ed b gt il iy MRrisiRG MY BXRosYE %é@? F?Ci”@i;'éil layeaifer t o

forma nickel rRjddntd Qﬁ\ibrﬁt@)xﬂamfdflsﬁﬂ nittal Srodild Sagifididlifiepbefby er
exposed; and co %Iactl ngﬁa | acr| ficial layer with said etchant

t hrough said e>‘?B° g galseey 5?’? ®said sacrificial layer to etch away
said sacrificial layer until said nickel nold is separated from said
tenpl ate. 1439THée methob! ghbine Bavherd saidkisiting axpahe dseid saifipig! layer

m xture of watef oxﬁ@ﬁ‘?&lﬁ@ns@@ﬂmﬂé&%@%gﬂ sQ&{fQP& lgfer intan ihBE ggBLhod of

claim 13, wherein Said nano-structdres have a teature SI ze of about
10 nmto about S2G0INg&pid pacrifirial lRarméH ademeyadieshiedd lagrer ei n sai d
nano-structures have an overall area size of about 5 cmto about 10
cm 17. The nefThedetiodalf alzim 13yhendie saii tens;ﬂa?tdcmapmestarm@hmie&esimve an
aspect ratio o i 18. The nethod of claim 13, wherein said
sacrifici al Iaif/oer%e OngsglFﬁFat?(ness of about 10 nmto about 100 nm

11.The method of claim 1, wherein said replicating comprises integrating said Ni

mold with a metal base by electroplating.

12, The method of claim 11, comprising passivating a surface of said Ni mold and

said metal base before said replicating.

13, A method comprising:

selecting an etchant such that said etchant selectively etches copper over

nicke!;

sputtering copper onto a surface of a template having nano-structures to

form a sacrificial layer covering said nano-structures;

electroplating nickel onto said sacrificial layer to form a nickel mold, leaving a

portion of said sacrificial layer exposed; and

contacting said sacrificial layer with said etchant through said exposed
portion of said sacrificial layer to etch away said sacrificial layer until said

nickel mold is separated from said template.

14.The method of claim 13, wherein said etchant is a mixfure of water, ammonia

and hydrogen peroxide.

15. The method of ¢claim 13, wherein said nano-structures have a feature size of

about 10 nm to about 100 nm.

16. The method of claim 13, wherein said nano-structures have an overall area

size of about 5 cm to about 10 cm.
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19. The nethod of claim 13, conprising limting exposure of said
sacrificial |layer to oxygen to prevent oxidation of copper in said
sacrificial layer before etching said sacrificial |ayer. 20.The
nmet hod of claim 19, wherein said |imting exposure of said
sacrificial |ayer to oxygen conprises imersing said sacrificial

| ayer in an inert gas or covering said sacrificial layer with a
removable s h|1 ?.ng»e lm%}(r%rd'of claim 13, wherein said nano-structures have an aspect ratio of

3 or higher.

18. The method of claim 13, wherein said sacrificial layer has a thickness of about

10 nm to about 100 nm.

19. The method of claim 13, comprising limiting exposure of said sacrificial layer
1o oxygen to prevent oxidation of copper in said sacrificial layer before etching

said sacrificial layer.

20. The method of claim 19, wherein said limiting exposure of said sacrificial layer
to oxygen comprises immersing said sacrificial layer in an inert gas or

covering said sacrificial layer with a removable shield layer.
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