1 0 METHOD OF FORM NG A RECESSED STRUCTURE EMPLOYI NG
A REVERSE TONE PROCESS CROSS- REFERENCE TO RELATED
APPLI CATI ONS [ 0001] The present application is a
continuation-in- part of U S. Patent Application No.
10/ 850,876 filed on My 21,12004 entitled "A Method
of Form ng a Recessed Structure Enpl oying a Reverse
Tone Process,"” which is incorporated by reference
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[0003] Micro-fabrication involves the fabrication of
very small structures, e.g., having features on the
order of micro-meters or smaller. One area in which
micro-fabrication has had a sizeable impact is in the
processing of integrated circuits. As the
semiconductor processing industry continues to strive
for larger production yields while increasing the
circuits per unit area formed on a substrate, micro-
fabrication becomes increasingly important. Micro-
fabrication provides greater process control while
allowing increased reduction of the minimum feature
dimension of the structures formed. Other areas of
development in which micro-fabrication have been
employed include biotechnology, optical technology,
mechanical systems and the like.

[0004] A method of reducing the minimum feature

dimension of structures formed from micro-fabrication



di mensi on of structures fornmed from m cro-fabrication
2 is disclosed in US. Pat. No. 6,541,360 to Pl at et

al. Plat et al. describes a bi-layer trimetch
process to formintegrated circuit gate structures
having small critical dinensifons. Mre specifically,
Plat et al. describes formng a nulti-I|ayered

sisudiacéobgd tepBsbt i RgtanNor ganbPélunéer tayBiabver al-

L€i$£t%£ rg %%%kgﬁggr?a Ofiggﬂg pa%?gggkﬁgp%ﬁxggs to

iH@QﬁnﬂnkégsétedTbﬁrtﬁﬁgl@gtéayetubsukhenhHVnhgzeﬂaa$
a hard nms selectively trimetch_the oiganlc

uateEiagérdiversiana. pHeeer APSAALLER Lt KanFLARt et al-
p&&QHfoe?nyPﬁlngag'HalthazgperlﬁesE%ﬁétﬁ?ékbynaglng
| ayer i1s v

hen ed and nal 'y, the portions of
theppﬁiysnglannokgyancaaadeetahed usengatheypatoérn
forned,bx t he 8 ganlc under |, &%er. Tgis al [ ows S E
fBPHEFL OB, adGHPEL T pAT &P n RRER i ?HSr|8¥S an the
me?Qﬁl@fuﬁHSrpéyéﬁrnangfphﬁ@ekﬂﬁﬁgnghbayﬁéglbgomﬁker
is desired, however, is a technique to forma

sTh@cnma@lhgvlﬁgeﬁonésrhﬁénéhééléﬁdaaﬁeauééad preki £8
ALOPOSE P ) FUMMRY, OB Tho | BYENTY ON,0Q06L  ZheBr esent o

|nven ron p es a net orm ng redesses on

spbsteahesmbbeenethad thatugrngucédrbynghenlmhglng

substrate a patterning | ayer g fir é features;
r4dfi b

t#@ﬁ¢étchwha hredfppsk f@ sapas &fi hBePr FREBESY

gﬁaUEEﬁ hayi ngnha ?B@Q?on@ngf Ehénéégyéhmgcaﬁ Layersare
of the s ape into substrate hese enbodi nents

amticbetiensingetdespaibedn Aoreeflubyytbel eRganic

underlayer. This allows for formation of a gate
pattern with widths less than the widths of the pattern
of the imaging layer.

[0005] What is desired, however, is a technique to
form a structure having holes/trenches of a reduced

critical dimension.

SUMMARY OF THE INVENTION

[0006] The present invention provides a method of
forming recesses on a substrate, the method including
forming on the substrate a patterning layer having
first features; trim etching the first features to
define trimmed features having a shape; and
transferring an inverse of the shape into the
substrate. These embodiments and others are described

more fully below.



30 BRI EF DESCRI PTION OF THE DRAW NGS [0007] Fig. 1 is
a sinplified elevation view of a nulti-I|ayered
structure; [0008] Fig. 2 is a sinplified elevation
view of a nulti-layered structure formed by inprint
l'ithography; [0009] Fig. 338 a sinplified elevation
view of the nulti-layered structure, shown in Fig. 1,
after t he rrBRﬂEFI Byeced P etic Olir EHEs DERPANEd to a
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[0012] Fig. 6 is a simplified elevation view of the
multi-layered structure, shown in Fig. 5, after
deposition of a conformal layer;

[0013] Fig. 7 is a simplified elevation view after a
blanket etch of the multi-layered structure, shown in
Fig. 6, and formation of a crown surface;

[0014] Fig. 8 is a simplified elevation view of the
multi-layered structure, shown in Fig. 7, after
subjecting the crown surface to an etch process to
expose regions of a substrate;

[0015] Fig. 9 is a simplified elevation view of the
substrate, shown in Fig. 8, after transferring a
pattern of the multi-layered structure therein;

[00186] Fig. 10 is a simplified elevation view of the
multi-layered structure, shown in Fig. 5, after
deposition of a conformal layer in accordance with an

alternate embodiment of the present invention;



deposition of a conformal |ayer in accordance with an

al ternate enbodi nent of the present invention; 40

[0017] Fig. 11 is a sinplified elevation view of a

mul ti-layered structure in accordance with an

alternate enbodi nent of thet4pgresent invention; [0018]
Fig. 12 is a sinplified elevation view of the
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aPternafe embodi nent of the present invention.
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[0021] Fig. 15 is a simplified elevation view of a

multi-layered structure in an alternate embodiment of

the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0022] Referring to Fig. 1, a multi-layered
structure 40 is shown having a substrate 30, a transfer
layer 37, and an imaging layer 43, with transfer layer
37 being positioned between imaging layer 43 and
substrate 30. Substrate 30 may be formed from
materials including, but not limited to, silicon,
gallium arsenide, quartz, fused-silica, sapphire,
organic polymers, siloxane polymers, borosilicate
glass, fluorocarbon polymers or a combination thereof.
Transfer layer 37 and imaging layer 43 may be formed
using any known techniques, dependent upon the
materials and application desired. For example, the
etching process that may be employed to remove material

from transfer layer 37 and imaging layer 43, as well as



usi ng any known techni ques, dependent upon the

materi als and application desired. For exanple, the
etching process that may be enpl oyed to renove
material fromtransfer layer 37 and i magi ng | ayer 43,
as well as 50 substrate 30,5 fray be any known in the
sem conduct or processing art. The etching process
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layer, or a BCB layer, for example. an alternative
embodiment, a composition for transfer layer 37 may be

silicon-free and consists of the following:

COMPOSITION 1

isobornyl acrylate
n-hexyl acrylate
ethylene glycol diacrylate
2-hydroxy-2-methyl-1-phenyl-propan-1l-one

[0024] In COMPQOSITION 1, iscbornyl acrylate
comprises approximately 55% of the composition, n-hexyl
acrylate comprises approximately 27%, ethylene glycol
diacrylate comprises approximately 15% and the
initiator 2-hydroxy-2-methyl-l-phenyl-propan-l-one
comprises approximately 3%. The initiator is sold
under the trade name DAROCUR® 1173 by CIBA® of
Tarrytown, New York. The above-identified composition

also includes stabilizers that are well kncown in the



conprises approximately 3% The initiator is sold
under the trade nane DAROCUR(r) 1173 by CIBA(r) of
Tarryt own, New York. The above-identified composition
al so includes stabilizers that are well known in the 6
chemcal art to increase the 6perational |life of the
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ass sent "I nvention and
Mold to Arrange Features on a Substrate to Replicate

Features Having Minimal Dimensional Variability;”
United States published patent application 2004/0065252
filed as United States patent application 10/264, 926,
entitled “Method of Forming a Layer on a Substrate to
Facilitate Fabrication of Metrology Standards;” and
United States published patent applcaiton 2004/0046271
filed as United States patent application 10/235,314,
entitled “Functional Patterning Material for Imprint
Lithography Processes,” all of which are assigned to
the assignee of the present invention and are
incorporated by reference herein. An exemplary
lithographic system is available under the trade name
IMPRIO 100™ from Molecular Imprints, Inc., having a
place of business at 1807-C Braker Lane, Suite 100,
Austin, Texas 78758. The system description for the

IMPRIC 100™ is available at www.molecularimprints.com

and is incorporated herein by reference.



i ncorporated by reference herein. An exenplary

l'ithographic systemis avail able under the trade nane

| MPRI O 100TM from Mol ecul ar Inprints, Inc., having a

pl ace of business at 1807-C Braker Lane, Suite 100,
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40% be weight or other materials that may be photo-
image capable. Imaging layer 43 may be deposited by
spin-coating onto transfer layer 37 a silicon-
containing material with sufficient thickness so that
the desired etch differential characteristics with
respect to transfer layer 37 are obtained for given
etch processes. Exemplary material from which to form
imaging layer 43 include COMPOSITION 2 and COMPOSITION
3, discussed more fully below. After patterning
features 44 and 45 into imaging layer 43, multi-layered
structure 40 is exposed to a trim etch process. In a
further embodiment, imaging layver 43 and transfer layer
37 may be formed by the SiBER™ DUV bi-layer resist
platform available from Rohm and Haas of Philadelphia,
PA. The description for the SiBER™ DUV bi-layer resist
platform is available at

http://electronicmaterials.rohmhaas.com/businesses/micr




3, discussed nore fully below After patterning
features 44 and 45 into imagi ng | ayer 43,
multi-layered structure 40 is exposed to a trimetch
process. In a further enbodi nent, imaging |ayer 43
and transfer layer 37 may ®°fornmed by the Si BERT"
DUV bi -1 ayer resi st platforn1avallable from Rohm and
méélbmomplaﬂéfﬁ %ﬁvlaoto PASE ? i phdohsf bRrCpHROTated

BERT" resi st platforn1|s avai |l abl e at
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r[602®1I|th@@f@phyﬁ@48@hpi@ a3p?che d=24AQ aﬂdhlprocess
incorporated herein_by reference. g 6%¥Referr|n
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layer 37 in superimposition with features 44, shown in
Fig. 1, are removed. This results from imaging layer
43 functioning as a mask for transfer layer 37 during
the trim etch process. The portions of transfer layer
37 in superimposition with features 45 are partially
etched as well. In this manner, body 47 has varying
dimensions over the length thereof. The width ‘b’ of
body 47 at an interface of body 47 and substrate 30 is
greater than the width ‘b;" of body 47 at the interface
of body 47 and imaging layer 43. Width ‘b:’ may be
substantially the same as width ‘a;’ or smaller and
width ‘bz’ may be less than width ‘a;.’

[0029] Referring to Figs. 3 and 4, after subjecting
multi-layered structure 40 to the above-mentioned trim
etch process, multi-layered structure 40 is
subsequently exposed to a second etching process to
provide remaining portions of transfer layer 37 with

uniform dimensions. Specifically, transfer layer 37 is



di mensi ons over the length thereof. The width 'bl"' of
body 47 at an interface of body 47 and substrate 30 is
greater than the width 'b2' of body 47 at the
interface of body 47 and imaging |ayer 43. Wdth 'bl"’
may be substantially the sa#® as width "a2' or
smaller and width '"b2' may be |less than width "a2.
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exposetlal of aomhehichl the faceted portions is formed may
be photo-responsive in that the same may be exposed to
radiation and subsequently exposed to a chemical to
remove the faceted portions, not unlike a photo-resist
material. It is desired, however, that the process for
removing the faceted portions minimize or avoid
faceting of the remaining portions of protrusions 42 to
form protrusions 54, shown in Fig. 5.

[0030] Referring to Figs. 5 and 6, after removal of
the faceted portions, the reverse tone of protrusions
54 are transferred into substrate 30. To that end, a
conformal layer 46 may be deposited over protrusions 54
forming multi-layered structure 340. This may be
achieved by methods including, but not limited to,
spin-on techniques, contact planarization, and the
like. To that end, conformal layer 46 may be formed
from a polymerizable material. Exemplary compositions

from which to form conformal layer 46 are as follows:



remove the faceted portions, not unlike a photo-resist
material. It is desired, however, that the process for
renmoving the faceted portions mnimze or avoid
faceting of the remaining portions of protrusions 42
to formprotrusions 54, shdaén’in Fig. 5. [0030]
Referring to Figs. 5 and 6, after renoval of the
faceted portions, the reverse tone of protrusions 54
are transferred into sggéigggf%fgﬁ ?To that end, a
conformal | ayer 46 may over protrusions
54 form ng muwditrekayefedcsiongl upel@dlodhns may be
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10 0 COWPGCSI TION 2 hydroxyl -functional polysiloxane
hexanet hoxynet hyl nel ami ne tol uenesul fonic acid

met hyl anyl ketone COMPGBIPOSANIDN lBydr oxyl - functi ona
pol ysi | oxane = hexanet hoxynmet hyl nel am ne

gamma- gl yci doXypFepyt TEraet hoRkysi Pahesi{e¥aRfesul fonic

aci d methyl amyl jetgne {003 thi RAVRGRITI ON 2,

hydr oxyl - functi onal pol ysi'l oxane conpri ses

appr oxi mat elayné%dfy cilkiex ypomposittriiogthoxysilane
hexanethoxynethylne%agine conprisies .gpproxinately
0.95% tol uenesul f on?c AT a coiptFsdst

methyl amyl ketone

[0031] In COMPOSITION 2, hydreoxyl-functional
polysiloxane comprises approximately 4% of the
composition, hexamethoxymethylmelamine comprisies
approximately 0.95%, toluenesulfonic acid comprises
approximately 0.05% and methyl amyl ketone comprises
approximately 95%. In COMPOSITION 3, hydroxyl-
functional polysiloxane comprises approximately 4% of
the composition, hexamethoxymethylmelamine comprisies
approximately 0.7%, gamma-
glycidoxypropyltrimethoxysilane comprises approximately
0.25%, toluenesulfonic acid comprises approximately
0.05%, and methyl amyl ketone comprises approximately
95%.

[0032] Conformal layer 46 includes first and second
opposed sides. First side 48 faces substrate 30. The
second side faces away from substrate 30, forming
normalization surface 50. Normalization surface 50 is
provided with a substantially normalized profile by

ensuring that the distances k;, ki, ks, k7, and ke



approxi mately 0.05% and net hyl anyl ketone conprises
approximately 95% In COMPOSI TI ON 3, hydroxyl -
functional polysiloxane conprises approxi mately 4% of

t he conposition, hexanet hoxynet hyl mel am ne conpri si es
approximately 0.7% gamma 11 °

gl yci doxypropyl tri nmet hoxysi | ane conpri ses
ab%t@ﬁ?ﬂaPEPVrU@lQa@b5ﬂoﬁG@n@@HPPéhFéta@ndsééﬁﬁ??sé@ are

aEBES%éH@% #Yy 88 %%%gsg?HEEH il ESEQH

appr oxT mat e ayer §§ |nclude36'
famdtk@h@t@@@@ndec@nad$a® Sisdes.d Eiorsta 1dizee 148 fsapdsce
substrate 30. The _second side faces away from

s%%s?F%t%ugﬁta?BFﬁ4ﬁ§ CH8r A@Ffzati on surface 50.

h@66§§lzat'@ﬂesﬂéﬁﬁ§§ 90 LBicRreyi gedvihthndrmalization
substantially normalized profile by ensuring that the

déerbmcesSk1vikR, akBorkzliamd rRocfilepesweencontact

CRetdRP Ll 197 e Rot ot PR Phaf e Rt a8 cfand B oragino

h@lan@ﬁdshﬁf@@émﬁgn recesshovsr b8paadanorimyi mal HoA0 is
surface 50 are substantially the _sane. 0331 One

nBPRRF 2T A wht ek F%nﬁ?BW?HelﬁB?ﬁaﬁﬁz%ﬁ?oﬁa8§ﬁFFQEe 50
ygrﬁ%QQr hzsgnﬁgeﬁaielé§e£04@oegagglyﬁggﬁgenghd

a planarizing nold 60 having a planar
suméacéOEQ. Hheﬁehiﬁefy phanaamzkngThgldaGQatson

arated from con ornai g é ég and iLon. ‘
TR ee BT T o R | by Ert 480 B poPEmbl FhaVaRket
tb@éﬁm@lﬁ elOcepbhdbhytibe 6@§Eb15helgad;ahe@ﬁ and the
nmpi nged_upon _conformal |ayer 46 may be ultraviolet,

thék%al I%I@cf?éﬁh@ﬁe?mEOd%mgﬂb}eth?gﬁ@dlﬁEéPn amalpged
" ﬁncog?g?%§§ihf5 SR8 HEY! e oL géatbg@okgplnged

y~ be |np ore
planarlzlng mcld 6C is separated from conformail layer
46, To ensure that conformal layer 46 does not adhere
to planarizing mold 60, a low surface energy coating 64
may pe deposited upon planarizing mold 60.
[0034] Alternatively, release properties of
conformal layer 46 may be improved by including in the
material from which the same is fabricated a
surfactant. The surfactant provides the desired
release properties to reduce adherence of conformal
layer 46 to planarizing mold 60. For purposes of this
invention, a surfactant is defined as any molecule, one
tail of which is hydrophobic. Surfactants may be
either fluorine containing, e.g., include a fluorine
chain, or may not include any fluorine in the
surfactant molecule structure. An exemplary surfactant
is available under the trade name ZONYL® F50-100 from
DUPONT™ that has a general structure of RiR;, where Ry =

F(CF;CF;)y, with y being in a range of 1 to 7, inclusive



planarizing nold 60 is separated from conformal |ayer

46. To ensure that conformal |ayer 46 does not adhere

to planarizing nold 60, a | ow surface energy coating

64 may be deposited upon planarizing nold 60. [0034]
Alternatively, release propg2ties of conformal |ayer

46 may be inproved by including in the material from
AT R4 e C8afiB20 ECHABROtal edvReT @ & fasdtngntin Fherange of 0

surfactant provides the des] o) [ to
red ajdh%fl‘é ice of fc% nt Ig? I?riefﬁ egl? alsrllzgéﬁl gﬁ%{i‘? %ﬁ pfrg%%r ?@? ng
ek 6 56k & RO M rpo sese df i hitonj imyensh omi tia, sor fact hivu
is defined as any nolecule, one _tail of whichis

e oo bT &t L3R FoRe B SCoRl LB 64 Rt TFUdPE napplied
qutﬁﬁéﬁg%?th moldictside a fluorine chain, or nmay
not 7 nclude an f? [

uorine in the surfactant nolecule
si00a%ur e. Refexeihpd ary Buys act aand 7s avaliabte ehnderis

the trade nane ZONYL(r), FSO- 100 f TM.t hat
P L ah et Al TR b IR, CURBYE R LayoE 1 to
{22 ) 1 Wi 4 1 e P& NG Hiic@uf&nge0 ofidhte drown

inclusive 12 and R2 = CH2CH2Q( CH2CH20O) XH, where X
BRIRERGR &6 1 arfgerst TIriacaset|hel defired kY stoufiPaRed
unges st o&t@?tiéa’? of%%@&f@@f?ﬁ?%@eaﬁéegpb@r surfaces
conjunction W th, or ieu of, low surface energy
cnftpag: Hnd a0 eyt becrapiph i ed conf pimabrlzyey #bl dfter

60. [0035] Referri to Fjgs. 6 7 bl anket
e dhAR T oot pOFERERR oF R ght Bl 21 56y < a0
tO PFPVdden Nul 14 -4 aper ek StEMd Bl Re3d) M ERedi €8 DWN

surface 66. Crown surface 66 is defined by an exposed
swrdhael 68l afo eheihi vd / plorz ki dRsonmaydoappeployed to

CAAE o B R eL 1a7mou o0 6oL 00T i
bea el €fbhcture 340 with crown surface 66.

[0036] Referring to Figs. 6, 7 and 8, crown surface
66 is subjected to an anisotropic plasma etch. The
etch chemistry of the anisotropic etch is selected to
maximize etching of protrusions 54, while minimizing
etching of portions 70. In the present example,
advantage was taken of the distinction of the silicon
content between protrusions 54 and conformal layer 46.
Specifically, employing a plasma etch with an oxygen-
based chemistry, it was determined that an in-situ
hardened mask 72 would be created in the regions of
portions 70 proximate to crown surface 66, forming a
multi-layered structure 440. This results from the
.interaction of the silicon-containing polymerizable
material with the oxygen plasma. As a result of
hardened mask 72 and the anisotropy of the etch
process, regions 74 in superimposition with protrusions

54 are exposed.



or dry etch. In a further enbodi nent, a chem ca
mechani cal polishing/planarization may be enployed to
renove portions of conformal |ayer 46 to provide
multi- |ayered structure 340 with crown surface 66.
[0036] Referring to Figs. 6,137 and 8, crown surface
66 Iis subjected to an anisotropic plasm etch. The
el@f3Zhen skefepfintetanFsosr opi 8Nt Eh FBSsEREEEER to

TBELTES VL 00,01 RPLAUS) 05585 Wb g i
agysnsage wasateken obahbeedisti natborubbtrheesBDicon

content between protrusions 54 and conformal _| ayer. 46.
s%@@F%féaﬁ}yyreﬁgfo§hﬁ@ea06|EgﬁaSEFEﬁtﬁF?ggsﬁ18§§98H-
gggggicbs SLaYst HicPasedet gr fhpedet haknakekpedl tHto

ened sk 72 woul d be created in the regi ons of
porbsonatZ03Proxi empioyongr emnastsbhacerée, ILorPHing a

ti-| d 0, ' .
RLSPAR PO of [RE SETEoh- Bont iR RGCBSgmeri SAAre

nabeebabs Wil bberoxyeenipl aapBtrAseasvestth afich
hardened mask 72 and the ani sotropy of the etch
prBebssr degepRsona FRagupBRi RPEEPENEH wRYRT, Such as

PEQLLYSLODSye P44 8T esRXRASEA- r13. 01 ORRTLnRebenkl RYet O
F%ﬁéé @baggyg, %ﬁé Bgétern gégine% 85 %ulti-layergd
sbastsuce 4MO shypéseroft hecebasss oRlaopawegenconformal

transferred jnto substrate 3Q. Specificall .t he
Chaner ok br heh R Sr T Gefr nlarpet Pk S 5YaiERR-
StEHEL VA End4Pn BBy -BespbaBsher hedekrnk0, substeabealOoly
enpl oyi ng an ani sotropic fluorine plasma etch, The

behef condprmal slprereds, i shenat inr Eégssbs Ray be
ETERRAT, YT Rl 0k LoTUEE el LR dhBoshoe
photo-resist material. As a result, it would not be
necessary to employ a blanket fluorine etch.

[0038] Referring to Figs. 4 and 10, another
embodiment is shown that avoids having to employ the HF
dip discussed above. Specifically, after formation of
protrusions 42, conformal layer 46 is deposited. To
that end, conformal layer 46 and the faceted regions of
protrusions 42 are made from material having similar
etch characteristics. Specifically, it is desired that
the etch rate associated with the faceted regions be no
greater than the etfch rate associated with conformal
layer 46. 1In this manner, a blanket etch may be
performed as discussed above with respect to Figs. 6
and 7. However, it should be understood that the
surface need not be planar as shown above with respect
to crown surface 66, shown in Fig. 7. Thereafter,

recesses in regions 74 are formed in substrate 30 as

discussed above in Figs. 7, 8, and 9.



i magi ng | ayer 43, shown in Fig. 1, which forns the
basis of the shapes of recesses. Al so, were confornal
| ayer 46, shown in Fig. 6, formed froma silicon-
cont ai ni ng phot o-responsive material, the renoval of
the conformal |ayer 46, show 9n Fig. 6, may be
achieved in a manner consistent with the renoval of
ph@@%ﬁ}esis@eﬁﬁxéim@ItOAEi@ redul @n pddibbP@ahot be
xﬁﬁé&ﬁné(ﬁ ﬁ_%é’ %‘eQJe kfﬁvéh Sh”fs %&chiﬂgésl
erring ano diment is
&ham@niﬁmﬁtﬁW@|ﬂbahaum@gfbﬁe@ﬁph@yptheekE maly pbe
di scussed above. Specifically, after formation, of

(TBR + REF DrisO 420 TR oFE SR BRI RYERCHBITS $Rp3Ri EBHSTHRY
thaje£ngh, Sondorael t@yerp46ipnd Lhg, fécﬁufﬁjlf-fgyé’f‘@d

of ~ protrusions 42 are nmade from materi al havi ng
sstibaruret e char sicvien | sav sy Spestfatal By, #e is
desi red that he_etch r

FHER etP Yl bhs’ b2 %5an%$%5tg$§$%g%§?he e c%ﬁra?aglng

apspert at £3, Writh condor n@yer | a¥erobdbng | pos ht Sonanneetwaen
bl anket etch may be perfornmed as discussed above with

rlegyestes olEFY%j% 1%7 il yubspheber30iandnbhpasher laver
Wfé&@?@ 6[5 @ﬁed SYLE e NERY PR pgy@£a9@5 Qﬁd

respect to crownh surface 66, shown
|mnd@§ﬂaﬁérTh@leafTEansfeecbsses lﬁTregdonaaQHnaréayer

fo d i su ra 30_as scus ed above in Figs. 7
o |8 b Ao Ta g e P vt o i Bengaongg ab8Fe dien
aﬁéﬂé;sé@@a&o erhosiaenta eér the pr@sembginyeniiyen 1s,
descri bed denonstrating that the foregolng process
rdyowe 1renpldyell teeFRR AY FeebEsed 3t PaXt P e5OFReEnas

(%%ﬁ% ?Q%el strd%@gféégégtggo % aﬁgﬁ%v?ﬁ% %ﬁb%?r%?%
Aad@ng layer 43, shown in Fig. 1, respectively.

[0040] Underlayer 141 may be formed from low-k
materials such as silicon-containing low-k, BCB,
silicon dioxide, spin-on-glass, FSG, and polysilicon.
Underlayer 141 may be formed employing any of the
techhiques discussed above with respect to transfer
layer 37 and imaging layer 43, shown in Fig. 1. 1In an
exemplary embodiment, underliayer 141 may be deposited
upon substrate 30 utilizing spin-coating technigues and
consists of a low-k silicen-containing dielectric.
[0041] Referring to Figs. 12 and 13, as mentioned
above with respect to imaging layer 43 and transfer
layer 37, shown in Fig. 1, imaging layer 143 has etch
properties associated therewith differing from etch
properties of transfer layer 137. 1In this manner, a
trim etch procedure is employed to form protrusions
142. As shown, protrusions 142 are formed in a manner

discussed above with respect to Fig. 3, esxcepting that



underl ayer 141, a transfer layer 137, and an i nmagi ng

| ayer 143, with underlayer 141 bei ng positioned

between transfer |ayer 137 and substrate 30 and
transfer layer 137 being positioned between inmgi ng

| ayer 143 and underl ayer 143%.° Transfer |ayer 137 and

i maging |layer 143 may be fornmed by the materials

ment { baedodbodé, wehawnr &3pEee-t 8. t vhhsherxLapdr BFtHAgN
[ i ay 4 hown_iLn,Ei g respeciively d
RYUBE FEf nal 43¢ AERCNDRBG” AbovROHL B begect § 5o 147
teanshes bayeeed7fanturepugibgahdyendddlaghownséiin FRfter
1, respectivel 0040] Underl ayer 141 may be fogned

f 0P ol RY ﬁﬁ¥%é¥éﬁgeéﬁéhssgu§ Freon?BohPaFhfnglove-

| OV K o BOB, crShl Leon digxtde, 58hD:98n8hagsecESGingnflay
polysilicon. Underlayer 141 may be forned enpl oyi ng
any ofidéheakércani quesudssdusbedecaovh wesherespect1e8-

TR S ClpRar, SohBoOP RERE, FORABFFayar T 1ohay be?

deposhaedl a yepn1 subst natgod3§nuhbti zhognsprecesating
techni ques and consists of a | owk_silijcon-containing
dFerectries 1[Honay rererdi AgrPsehpy¥. thoough yadegdayer

TERL | phadoARoNg g1 LD LEBREELLLOSIRG N0 Layer 43 and

trans ayer own in Frg. 1, inmaging | ayer 143
hpgo42th pRefertieg assbBigat &d, t herewfuhthdefferi ng
frometch properties. of transfer Jayer 137. In this
RRRALTEnt [ PREGEER prYceanr cRE BawbByeh PBoRoP P
Ps @b & U8k 08530 1Adrmieg SHOW: - & Qb FET 888udddrar g4hor med
in a manner discussed above wth respect to Fig. 3,

ekeepinggleanar 48 mawl Prefovigd4FroBhemnOrfarLg. r8sist,
[ X S n b ' 45,
AR eiiengs bsbuegn g7u0shishe dRpondLes neny s
145s hnds undef 1 alyee $4dm Rbherand Haas of Philadelphia,
PA. The description for I-line, 193 nm, and 248 nm
photolitheography resists is available from

http://electronicmaterials.rohmhaas.comn/businesses/micr

o/lithography/248photo.asp?caid=235 and is incorporated

by reference herein. Imaging layer 43 may also be
formed from an electron beam organic resist available
from Zeon Corporation of Tokyo, Japan. The description
for an electron beam organic resist is available from

http://www.zeon.co.jp/business e/enterprise/imagelec/ze

p7000.html and is incorporated by reference herein. To

reduce the width ‘a;’ of features 45, imaging layer 43
may be subjected to an organic etch with an isotropic
etch component. However, this may lead to features 45
becoming faceted, referred to as faceted material.
Additional processing may be undertaken as discussed
above with respect to Figs. 4, 5, 6, 7, 8, and 9 to

transfer the shape of the structure defined by multi-



subjecting nmulti-layered structure 540 to the above-
mentioned trimetch process, additional processing nay
be undertaken as di scussed above with respect to Figs.
4, 5, 6, 7, 8 and 9 to obtain recessed structures 174
i n underlayer 141. Al thoughl&@st shown, recessed
structures 174 may extend conpletel%%throu gh

ukmlr%@eﬂrqamma@]dﬂ%rmmt%umt%@ t?@t e BOVEYDD42]

R |n t [ f

e 0l AR Ao SO, cospect
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may be formed froman organjc, resist, such I-1i

TORARRE S A DB TRk Phot Ol §1 HBHR AphytHT e3P QYS™ %%H%%?%

f¢omRohm.and. Hapas of Phil adel phia, PA  The
description for I-line, 193 nm and 248 nm
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from
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sublected to an organic etch with an isotropic etch
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processi ng nma ndert aken as” di scussed
alodsef V4 thi sres ey e nad@ys. td, tie &GisFlogyrandedited
g_r aonxfef,erwl'gﬂe Srhea aelr?lfngt;' h&?l‘gha{#cékliler esgoegé ngg 1?1¥e mul ti
invention. The scope 0of the invention should,
therefore, be determined with reference to the appended

claims along with their full scope of equivalents.



| ayered structure 640 into substrate 30. However,
enpl oyi ng the bl anket etch nenti oned above with
respect to Figs. 6 and 7 on nulti-layered structure
640 may require an over-etch to elimnate the
above-nmentioned faceted material. [0043] Referring to
Fig. 15, in a further enbodinent, inmaging |ayer 143
may be positioned upon under|ayer 141 to form
multi-layered structure 740, wherei n mul ti-layered
%h%%pg%rgLéﬁgEgay be subjected to the process

i ‘'wWith respect to nulti- |ayered
structure 640 such that the shape of the structure
defi ned by nultk-lag;r d structure 740 is tra ferred.d
into dnder Paf&F"2%41°% [ BBFH "I e €nbtti mehts S f&r Sat

RiASRNH doﬁpgmgﬁgg; descri bed above are exenplary. Many
changes and nodifications nay be nmade to the

di scl dogréngecPiedaidbdyeiaghi |2 YEiiRhdadetin t he

scope f-{ihg, ?HVEQEEOBraJQFeJ__SC Of 4 hadiaventipolayer
shoul d, thérefore, be determned with referenceto

thee iagpérdedres] wihd &loay dineniiwis dngd |a dopé ehape;
equi valents, 37, VAT S CLALVED: .o AdTBLIOd L 1ayes,

form ng recesses”in surface,

chmimisigngrotensiogs baviay dssusdd ol mentirursf @i ffering
| ayer; .forming, .on said transfer |ayer patterning
P8 S FRG T eAt PRS- AT T19 <t T IS I DR cdnd "8

first :shapeertiagsher i higrsai ¢ featdresdotd @hedled in said
transfer |ayer, defining protrusions having second
durisiConseTdriper FAYY FPORT32Td first di nensions, and

a second shape; and transferring an inverse of said

second shape in said
2. The method as recited in claim 1 wherein

transferring further includes transferring an inverse of

said second shape into a substrate.

3. The method as recited in claim 1 wherein
transferring further includes transferring an inverse of

said second shape into an underlayer.

4, The method as recited in claim 1 wherein
transferring further includes transferring an inverse of
said second shape into a region of said surface in

superimposition with one of said features.

5. The method as recited in claim 1 wherein
transferring further includes transferring an inverse of
said seccond shape into a region of an underlayer in

superimposition with said features.



surface, defining said recesses. 2. The nethod as
recited in claiml1l wherein transferring further

i ncludes transferring an inverse of said second shape
into a substrate. 3. The nethod as recited in claiml
wherein transferring further includes transferring an
inverse of said second shape into an underl ayer. 4.
The nethod as recited in claim1 wherein transferring
further includes transferrindgan i nverse of said

second sha into . a.region of said surfaced .
super?ﬁposgSFoﬂeﬁf?ﬁ %ner%?l%%ﬁd”?éifﬁfgg.fggt?ﬁg includes
retvead nas shedi pedrabitlabm drotersions twidns faeconfigrmal
further includes transferri an i nverse  of aid .
Jedisid Siae SFhlocant aERoh HTYan UMiet | MpePaD) ton of said
PHRATIERGSIst LAAnY FBrRak dr f At ©Sri a8 hazinbheomphiRadle

as recited in claiml further includes covering said
Fiddagiont yosfepEet rusi ons with a conformal |ayer, wth
said conformal |ayer and a sub-portion of said

protrusions being fornmed frommaterial having
conpariabl eThei metbadcant eatitdd Mheckmsithdd fagtheei fiagludes

in claiml further_includes i [ | urald

S Gr At S roHs AR E R AELnt P rar At SAh B EoRgbloka
deRfear, mali thayget dandnfiotma 5t 1 sydoe pord ieorfiofst sabdportion of
protrusions being forned frompaterial having_ .
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SRInkha rRHALr WS QASHhaYhHgna Shd | £0eEat elbthatcion of said
differs fromsaid first portion. 8 The nethod as

PEGitrad ioRschavimg fuFtheron et dRfediddeLsi drom said
Y, I%B%tggﬁprotrusions with a conformal |ayer, with
con

sai ormal |ayer and a first portion of

8. The method as recited in claim 1 further includes
covering said plurality of protrusions with a conformal
layer, with said conformal layer and a first portion of
said protrusions having similar etching characteristics for
a given etch chemistry and a second portion of said
protrusions having differing etching characteristic than

said conformal layer for said given etch chemistry.

S. The method as recited in claim 1 wherein said

second dimensions are less than said first dimensions.

10. The method as recited in claim 1 wherein
transferring said features further includes trim etching

said transfer layer to create said protrusions.

11. The method as recited in claim 1 wherein

transferring said features further includes etching said



said protrusions having simlar etching
characteristics for a given etch chemstry and a
second portion of said protrusions having differing
etching characteristic than 'said conformal |ayer for
said given etch chem stry. 9. The nethod as recited in
claim1 wherein said second dinensions are | ess than
said first dinensions. 10. Thgznethod as recited in
claim1l wherein transferring 183l d features further

| hi | ay .
B Nl e R S L

Wﬁﬁbﬁ@ﬁot&h&ﬁ&h@trlng said features further includes
etching said 19 transfer layer to create said
protrusions and trimetching said protrusions. 12.

The mgphod1@s He¢hbEUaknrebat &y lid Ustdved 1 NRludes includes
covering said plurality of protrusions with a

covearimgl saigdy eAurahdt¥ePEcRTYETYS AW HY! Forrandrsmat
Sﬂ_ad £0n r@%'lgclt@é‘g'figaggmé@iﬁi pﬁ@f’fi’éﬂ@% 10 @XREFormal

iorfs 0 sur he method as recited in
dlaanem Bnsheréidnprokmiiagonsatd papess niemidny et fsarcher
co i ses |lithography processing said patterning
% “Sith said l'ithography processing selected from
a group consisting essentlally of photol|thography

e-bean1|itho aph ra t hogr aphy,. i.on-bea .

| i t hography " f“8ﬁ¥’8db@3rr¥?? ’ﬁ%@rjalbhé%%%al ﬂ”fﬁaeﬁ in forming
|d iR Paarkyn i k4. 1éﬁget B@@It@érf@@ﬁ@ﬂgsé@c@isaﬁﬁgﬂa@hq
surface, said nethod conprising: formng on sa
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I Mensi on Irst sh ape;

photollthography, e-beam lithography, x-ray lithography,

ion-beam lithography, atomic beam lithography, and imprint

lithography.

14. A method of forming recesses in a surface, said
method comprising:

forming on said surface, a transfer layer;

forming, on said transfer layer, a patterning layer
having features with first dimensions and a first shape;

forming a plurality of protrusions including said
features and portions of said transfer layer in
superimposition therewith, said protrusions having second
dimensions, differing from said first dimensions, and a
second shape and

transferring an inverse of said second shape in said

substrate, defining said recesses.



formng a plurality of protrusions including said
features and portions of said transfer layer in
superinposition therewith, said protrusions having
second dinensions, differing fromsaid first

di mensi ons, and a second shape and transferring an

i nverse of said second shape in said substrate,
defining said recesses. 20 0_15, The nethod as recited
in claim1l14 wherein transfe@ping further includes

transferri an _inver f .saj,d.se i.nt.o a
substﬁgie.q%§.m?ﬁgoﬁe?%ogegé§$%c%§e§9$%mc %Bﬁ#g i
whetred fe r timan ffuetthieng ihoil tiles tnehsitlesr in@nsf enmiengeamwt

i nverse of ~said second shape into an underlayer. 17.
T G SPPBE: £840 A CRAFRFAAST urt her i nel udes
covering said plurality of protrusions with a
conformal |ayer, with said conformal |ayer and a sub-

porti orf -of T8& ae5hefr asi 6ASIPRPny fotMel ¥4 JRSRREY i al
War{&&%m@r 3ol @ nsil i 6eR,GORt 8RLns A8rriThe JBUNAR RS of
recited in claim14 further includes covering said
padrchldetopref speger dsitonsnwitnienlayeonf ormal | ayer, with
said conformal |ayer and a first sub- portion of said
protrusions being formed frommaterial having

conpariahl e T3id meahodontentcahdd aisechaniin Sub-fporithean

of sai rotrusi ons_havi a sjlicon content that,

G e LR an e e T LT b Sh T AT d 4 2
res fcehaln 16kairm k4 thushher coh PGS £pyerdmy = ahuth-
plurality of protrusions with a conformal |ayer, wth
LA IO Rdr Pald RyEFTHAHCRST PRERI PFREdni AT dgtprial

QLS IR RA¥H RIS ILLAT cEhEHAAY characteristics
for a given etch chemstry and a second

18. The method as recited in claim 14 further
includes covering said plurality of protrusions with a
conformal layer, with said conformal layer and a first sub-
portion of said protrusions being formed from material
having comparable silicon content and a second sub-portion
of said protrusions having a silicon content that differs

from said first portion.

19. The method as recited in c¢laim 34 further
includes covering said plurality of protrusions with a
conformal layer, with said conformal layer and a first
portion of said protrusions having similar etching
characteristics for a given etch chemistry and a second
portion of said protrusions having differing etching
characteristic than said conformal layer for said given

etch chemistry.



portion of said protrusions having differing etching
characteristic than said conformal |ayer for said
given etch chemstry. 21 20. The nmethod as recited
in claiml14 wherein formng said plurality of
protrusions further includes trimetching said
transfer layer. 21. The nethod as recited in claim14
further covering said plurality of protrusions with a
conformal | ayer, and select@@ely removi ng portions of
sai d nf o I r_an pr.ot 1 ONS S
reglo%§ of&gg getgégfag Qeégﬁgﬁ_{ﬁ é#iéﬁﬂ%%%&é%%ﬁgd%ormlng
(ﬁamdnplﬁrwh&mglnffptntng51sasdfmmmmeﬂrmnqﬂddgﬁemrlm etching
furcger conp es | it hography processing said

Fﬁ@ﬁﬁ Pyeﬁnth sai d |ithography processing
selected fron1a group consisting essentially of
phot ol i t hography, e-beam |ithography,
lithodk raphghe MehhBdant | FEROERAPHY, Claﬁtﬂé?nlcﬂyaféla%her

'ac}d&q PR g2peu k- ARE E Dt o £l hEHOSE 2RtWs vzl%h A eihednah

form ng recesses 1n a surface sal d met hod
d@nﬂ’rhsuangl storAtAYe oY sem@vsmfmletl@q reinsfegd [cagpdprmal

l%r 'grngpeagaia' Srkgg{?%i&ﬁ | ayely &@a}éa{idd}lé%f' ot

ures-w PSE & nensi ons
&haﬁece etching said plurality of features to deflne
protrusions including said features and portions of
said transfer layer in superinposition therewth,

sai d oprotrugi pashbavisgreecoad i nEnsinons, whidreehi f@rming
fromsaid first_dinensions, and a second shape; and
t5eds PELERRE 1R | AVEF sEUBENSR| SPRICGIRE shdpeInarphyi d

iSRG ndebbRling 88LHn f £6€P8ESr, with said lithography
processing selected from a group consisting essentially of
photolithography, e-beam lithography, x-ray lithography,
ion-beam lithography, atomic beam lithography, and imprint

lithography.

23. A method of forming recesses in a surface, said
method comprising:

forming on said surface, a transfer layer;

forming, on said transfer layer, a patterning layer
having features with first dimensions and a first shape:

etching said plurality of features to define
protrusions including said features and portions of said
transfer layer in superimposition therewith, said
protrusions having second dimensions, differing from said
first dimensions, and a second shape:; and

transferring an inverse of said second shape in said

surface, defining sald recesses.



22 24. The nethod as recited in claim23 wherein
transferring further includes transferring an inverse
of said second shape into a substrate. 25. The net hod
as recited in claim23 wherein transferring further
includes transferring an inverse of said second shape
into an underl ayer. 26. The nethod as recited in claim
23 wherein transferring furhgq; i ncludes transferring
an inverse of said second sHape into a region of said

surfacg in Hé“ﬁ%‘ah%‘lﬁog tkgel%@hlﬁn@:gaof saj qfgatyres.

27. The "net as reci ed rn clarm erein
&n@m&ﬁ@m&ung further includes tramsferring aan inveersseof

sai d second sha |nto a_regi on of an underl ayer
|%?ld§ﬁﬁ§PP§p BFP?OH tf §5?ﬁ{ %EEUres 28. The néthod

as recited in claim23 further includes covering said
plurality of protrusions with a conformal_|Iayer, MAth

sai d @Gnf oFREI "EEYef BRdTECEERS Hordior ofd sdiegein

R QL %%&Q@%gb?hQQhEQrﬂﬁgluHQ§1E@ﬁﬁ%féﬁrlﬂﬁﬂéﬂ“lnverse of
conparable Silicon content. 29. The nethod as recited

isgicl siewr28 BbapPReintpnenudedeeby¥dting said plurality
of protrusions with a conformal |ayer, with said
conformal |ayer and a first sub- portion of said
protr&ﬁion§hbemaghbdrm&drécbﬂe@nﬁmrdkﬂimlﬁﬁﬂwﬂ;rein

bIe Si conte and_a second sub-partio
G Ra R int hef Ret b hy 2 o Rt e g de of
diafikies®cohtoshspedifit6sé pofidwnos 28 i BGureematnhod
as recited in claim23 further, includes covering said
FUPEELTPPSIE1pPotF HRi 6R8 W t PR Ed SRSl | ayer, with
said conformal |ayer and a first

27. The method as recited in claim 23 wherein
transferring further includes transferring an inverse of
said second shape into a region of an underlayer in

superimposition with said features.

28. The methecd as recited in claim 23 further
includes covering said plurality of protrusions with a
conformal layer, with said conformal layer and a sub-
portion of said protrusions being formed from material

having comparable silicon content.

29. The method as recited in claim 23 further
includes covering said plurality of protrusions with a
conformal layer, with said conformal layer and a first sub-
portion of said protrusions being formed from material
having comparable silicon content and a second sub-portion
of said protrusions having a silicon content that differs

from said first portion.



portion of said protrusions having simlar etching
characteristics for a given etch chemstry and a
second portion of said protrusions having differing
etching characteristic than said conformal |ayer for
said given etch chemistry. 31. The nethod as recited
in claim23 wherein said second dinensions are |ess
than said first dinmensions. 35 The nmet hod as recited
in claim23 wherein etching aid plurality of
features further includes trimetching said transfer
| ayer to create said protrusions. 33. The nethod as
recited.i nTtlkamamtB3dwasr eeuieedhimgclsjait cEjaIﬁHza:Ihietxy of
features further incl g said  transfer yer
GOk CORFA Lo e BRSERAHLY 1P R RH i Orard o

RIGH4%1aQNS a 34, Wmehméh@dcaﬁfm@al ethydr cdrad | 23 rst
further includes covering said pluraljty of
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protrusions to expose regions of said surface. .
ﬁq:e:umnh@d a¢ idepirpedup hors ah &y 239 vﬂ*ﬂef@lﬁlﬁq)rerﬁqbgmg
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processin ternrn

Idﬁmmgﬂaﬁh¢t24- processi ng selected froma group

consi sting essentially of photolithography, e-beam

l'i t hography, x-ray |ithography, ion-beam Iithography,
at om giheamlel kkegbaphy, rasdtédpin nélain tiograptyin 36.id
A nmethod of form ng recesses in a surface, said

FRATSE CGMSIISIPREG: 2FBr AERY BRERaf AL S U ¥ iaile, S A4S er

| ayer; formng, on said transfer |layer, an inmaging

| ayer .
32. The method &s recited in claim 23 wherein etching

said plurality of features further includes trim etching

said transfer layer to create said protrusions.

33. The method as recited in claim 23 wherein etching
said plurality of features further includes etching said
transfer layer to create said protrusions and trim etching

sald protrusions.

34. The method as recited in claim 23 further
includes covering said plurality of protrusions with a
conformal layer, and selectively removing portions of said
conformal layer and said protrusions to expose regions of

sald surface.

35. The method as recited in claim 23 wherein forming
said patterning layer further comprises lithography

processing said patterning layer, with said lithography



having features with first dinmensions and a first
shape; trimetching said plurality of features to
define protrusions including said features and
portions of said transfer layer in superinposition
therewith, said protrusions having second di nensions,
differing fromsaid first dinensions, and a second
shape; covering said plurality of protrusions with a
conformal |ayer; and transfe?ﬁing an inverse of said

s 2NBP Rl BeB gy ailid Ao SIALIL B8 dJ2089088y or

asreci C erein formn

saicd pathegrapyy| agebe fnir I helio goagdry s es-dayt Hoghaghmaphy,
processi ng.said patterning, | ayer, wth sai , )
H%&@.agbﬁgfths%geégrnat%‘gjr%?%/%?f“f]ﬁoﬁﬂ%grg‘w g and imprint
caQnsicst-hpayessential ly of  photolithography, e-beam

l'ithography, x-ray lithography, ion-beamlithography,
atom c beam lithography, and inprint |ithography.

36. A method of forming recesses in a surface, said
method comprising:

forming on said surface, a transfer layer;

forming, on said transfer layer, an imaging layer
having features with first dimensions and a first shape;

trim etching said plurality of features to define
protrusions including said features and portions of said
transfer layer in superimposition therewith, said
protrusions having second dimensions, differing from said
first dimensions, and a seccnd shape;

covering said plurality of protrusions with a
coenformal lavyer; and

transferring an inverse of said second shape in said

surface, defining said recesses.

37. The method as recited in claim 36 wherein forming
said patterning layer further comprises lithography
processing said patterning layer, with said lithography
processing éelected from a group consisting essentially of
photolithography, e-beam lithography, x-ray lithography,
ion-beam lithography, atomic beam lithography, and imprint

lithegraphy.





