COMPOSITIONS OF NEUTRAL LAYER FOR DIRECTED SELF ASSEMBLY BLOCK COPOLYMERS
AND PROCESSES THEREOF Field of the Invention The invention relates to novel neutral layer
compositions,ansh, pnyabegethods for using the neutral layer compositions fag-gligRingdisggdomains of
directed self-assembling block copolymers (BCP). The compositions and processes are useful for
fabrication of electronic devices. Description of the Invention Directed self assembly of block
copolymers is a method useful for generating smaller and smaller patterned features for the
manufacture of microelectronic devices in which the critical dimensions (CD) of features on the order
of nanoscale can be achieved. Directed self assembly methods are desirable for extending the
resolution capabilities of microlithographic technology. In a conventional lithography approach,
ultraviolet (UVizk¥hatds pAseE Y Bada b ES S oHED DEiddesiEMB)eY coated on a
substrate or layered subgape o cOPO 10y MESES YNIDP B6SES YREREDKE these can also contain
a refractory element such as silicon to enable dry development with conventional integrated circuit (IC)
plasma processing. In a positive photoresist, UV radiation transmitted through a mask causes a
photochemiEédickaétha Invbatphotoresist such that the exposed regions are removed with a developer
solution or by conventional IC plasma processing. Conversely, in negative photoresists, UV radiation
transmitted throughhe inxskitieniseiatertectyabnetyitidayer caimisitionbarshno vetsnethusismble with a
developer spltiahgrhy fEOYENHRRAIIGRIBSREHE R SFRIAR MINRUAS AU Uit dBRI SoBUCh as a

gate, via or interconnect, is then etched into the substrate or layered substrate, and the remaining
photoresist ASFEMBBE . NIRk CORMYMYARVE [tBhal NEheBmRRATHIERD Rt PfReRERB SrthEsEfensions of
features of e fistagEaias sieiifepit A dmited. Further reduction in pattern dimensions are
difficult to achieve with radiation exposure due to limitations related to aberrations, focus, proximity
effects, minimum achievable exposure wavelengths and maximum achievable numerical apertures.
The need fddéangdptizaicoithgiav@ntiaa led to a continued shrinking of the circuit dimensions and

features in the devices. In the past, the final resolution of the features has been dependent upon the
wavelength of lighbirssteeh erffogassrmplyototebischyisiepdtismers olen diminatiord. Déefot afesembly

techniques, Ul 4% gragharei AN RN LRI YISIRABIAEK FAPAINGHURARIBE & L RiIghly

desirable techniques used to enhance resolution while reducing CD variation. These techniques can

be employed iR SIREF eNRAREESH e MiveIthR, Hitisgl simeneonsid(ey &f teatusfe @vdheigher

resolution ani&rldTeatsydal@RrRIPBE RRMRTHIODREckd \scf-RESEMBIG ARtV Y dRerySiian ithography.
The directed self-assembly block copolymer comprises, a block of etch resistant copolymeric unit and a
It SAREIB opyrRe A SaRaAy if

block of highy SSEREIBEIBS! HEHELR:, RAMA R o oVSEP NG AP RIS 0% -a 'Quiistrate give
regions of vesyegticthahdithqatiphys.approacthe gtapiwepithhy) dicetittidisethagseenhiyedetbod, the
block copolymers s i Q t t IS pre-patterned wit nyventional lithography
(Ultraviolet, é%eﬂo%{%@%nzﬁ %?({r%%r?]% %%?Sﬁ\%%gppggsé&r%og%%cg t% g/r&rﬁ??aect%e%'iiﬁaa' %%%graphical
features su@luwratﬁne/@p@i@ee{[@sy@g@tbmamoioré%l@u_s)apaweﬁiulraraah toramphn cfieolsSrddiected self
assembly agaurthedpiPeleranflvmer sarsirion t6'kalsred-rmalian praiopswihich-randarz parallel

line-space patterns of different pitches in the trenches between pre-patterned lines, thus enhancing

pattern resdlig8rRIRA tiFHlidity BRSEREEIFEERINGenth ROREYPIRBAISSIEpMYAratiadionto finer

patterns. Faraneda, tdiblprcla coRely ealisubich pherRABIAIGAMIESLHEASA $KEIALRIaINE comprises
a block rich in néﬁgch as s%gene_or containin e other element like Sj, Ge, Ti) which is

arbo o)
resistant to Pis mtgaét aREPR BTG CKSAINRR R RigAIy RYEEmY Bt cAaBRY FPPSh SOAIR 2R S¥vide a high
resolution padterentiefialtit®. txswmyplesockbilidy etChabéedelyckia casgatngpiteimesrers/which are
rich in oxygen.and which do,nat contain refractory elements, and are capable of farming blocks which
are highly ert?r:]?]lgtt)l err ?L?c S%"sttr%%et%?/?r%%%gc% %e% Eseegli?nraegigﬂsg%%é)s&gje% inthe gt%h%]g process
of defining mgmﬁd%@mm@m&m%i@aﬁym@mﬁw@w@d iorprycewsentinnsibyecriesmake
intergrated GREUSHE)- Wnthis ¥R HasiBpdternecag hegirated i typicltnsppstrates than

were definable by conventional ith(gégraphic techniques, thus achieving pattern multiplication. Similarly,

features subltFASCEREINILIES SHRBEIR [Tdaysred sHPHiEtey @b praainingveidiesistable block

copolymer raagpvdigell Pyréirecianfetbnsenmiv anmiiahrIrayfcratasbbelaser pasts defined
by conventignal lithography, thus forming a denser array of regions of etchable and etch resistant

domains wifitRERRGA% NPV s 8T A NESF Rty BitintsatBie 8 e Jifelgtierth FRphoepitaxy

has the potential to offer both pattern rectification and pattern multiplication.
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In chemical epitaxy or pinning chemical epitaxy the self assembly of the block copolymer is formed
around a surface that has regions of differing chemical affinity but no or very slight topography to guide
the self asseply psR¢asg. For example, the surface of a substrate could bgdaatksEsehY¥iE
conventional lithography (UV, Deep UV, e-beam EUV) to create surfaces of different chemical affinity
in a line and space ([IS) pattern in which exposed areas whose surface chemistry had been modified
by irradiation alternate with areas which are unexposed and show no chemical change. These areas
present no topographical difference, but do present a surface chemical difference or pinning to direct
self assembly of block copolymer segments. Specifically, the directed self assembly of a block
copolymer whose block segments contain etch resistant (such as styrene repeat unit) and rapidly
etching repERAUGHIRS (SLRHEE LTI HAEWh 26 thificHinORCHRYS Wit deslivtie Prodes W ek ent of etch
resistant blgeki spAMHYTABLH BHRITEABIR DIocsSqaBIGME CMREIRE RANATOMT BhisgarIgue allows

for the precise placement of these block copolymers and the subsequent pattern transfer of the pattern

into a subsEXPSHIE WRYSIFRLPT BPdBIPEIBLEE AR SrRIIm AT ERRAL A PRILISS adVBRtA§8dhat it can
be fined turfedifigehmagemitedratichemicalidifiereoaaaued kelmikny ereHineicdaliinegbp@ss and CD
control, thus a l?WiP.]ﬁ efor. '[:l)%terg erecgfica}ior&._. Othertt¥ es.of atterln suct} ?]T%r é)eatin contact holes
(CH) arraysagouI%Iaa {5he pa ernrectfied usf:r"lgD e c?edﬂgx{/.eso URB R 5 laéua{F IQ?Srs ona
substrate ob¢lee Sigfrrelefita ypeatctisubatetngthiclf hight neeaaffititekposahtieoptivedoksist segment of

block falel ' f.directed self
eembly O o AL R oL Dok >

orientation 8ndeRRPeARRXSEERERIeGE CarebagsENeaienbs/ Nighibhdesitable trebeiapreement of
etch resistapdackeRALKBETESOIMRIHIANE FiEDRI SBRISRIRSHK PPHERE SAIMRINS Ealfbe to the

substrate. For instance, in surfaces containing line and space features which have been defined by

convention&MBIRKESQifitrapRlacResRPyaR N2l g diheererbimierneit se efiéh@pbifthat the
_tz}oclrfsegbrr@m aﬁgrwiem?amm@dicmaréaﬂheﬂ Sblurfapsr@édaﬂ@@g@ﬁmasﬁﬁﬁ aglmvi,er?taf&ghmygricfl: is
ideal for both pattern rectification apd pattern tiplication depending on t ngth of the bloc
segments i?ﬁgg M&fcwm%‘é’f‘a@%%{%‘é‘%%%e‘iﬂ"g%ﬁ‘%%t %ﬂsﬁw Tﬂésbg%‘ﬁhgaﬁy&%entional
lithographycdinapsisbsteabioickerbetsh oesistanybopothiroexicadinitea htb akosmenud iig hil ywetclobosise it to lie
flat on that surf X imize the surfac n we gment and the substrate; such a
surface Wog%cggr%é?ﬁéph%@g@é Iea’p%%ﬁeﬁ%%g%r%?I%%%meﬁ?%vnrég%ggn nera:Jsseu })réeatl%gr'véachieve

pattern rectifig@ierby attugh semspiaeaiteimmased on features created through conventional
lithography. Modification of selected small areas or pinning of substrate to make them strongly

interactive with orlB BI§cRBPRREMIBXK EHE6IgHhEEh RS mthethdhriBlaskiserinagsscoated with
tdhe ne(ljltéal é@}ferdfga{jb@usa‘tddﬁg fcwcif@gﬁaea@é'gw%eng@f e slareapias OwEe Ql@ﬁké‘rﬂmlai(merdi? a
esired direction, a is is the basis for the pinne emoepj r graphoepitaxy employed for
pattern muﬁ ﬁ@éﬁ%&y mﬁ“ﬁ%t? S %F@Psq'éﬂ 5 %anstmgyﬂﬁ?ﬁgk{fﬁf@%% [5éiformed into
a layer remfammnepealtitogthepseifapdsenh iba thiesk apolysneriaedpatar@ (8t clanmagact hylerocessing
steps of dirgeed seif asseqpbly teehnighiesrand renyfudhier eobance, i ihiogranhic erfprmance of
the directemf ssembly materials aﬁ% processes, espeaa?ly reducing the number o$ Brocessing
steps and PRRAYMSOEREr [ufteselealignesn lanelfootdinog rapith maofatancaratel pirsent
invention relales (o iRYRL RSP CRFSRHEPHAMAEI NN 3t dAYREE PTRRASHIPBRIMPURA AL fers which are

neutral to the self assembly block copolymer and provide patterns with good lithographic performance.

Brief Descripti®f o ancnaRRlieguiRsolstiens Ryw P eiidimg tcefp 36 dB S eHres BelwesRow a
process formeesibEdpRRENMBNIHRIIGRBP paltiTHEC F 3R S3A SN 8 BIN6ERTHPORASEMRHRAC
multiplication. Fi%gyes 4a-4d sﬂow a contact hole process. Summary of Invention
is capable of microphase separation and comprises a blocK rich in carbon (such as
styrene or containing some other element like Si, Ge, Ti) which is resistant to
plasma etch, and a block which is highly piasma etchable or removable, can
provide a high resolution pattern definition. Examples of highly etchable blocks

can comprise monomers which are rich in oxygen and which do not contain



The present invention relates to novel neutral layer compositions and novel methods for using the
neutral layer compositions for aligning microdomains of directed self-assembling block copolymers

(BOP). The Regtsa] Jayaisgomposition comprises at least one random copoly@qaihavins sisleast one
unit of structure (1), at least one unit of structure (2) and at least one unit of structure (3) (4)n(Rdm

(2)(3) where R1 is selected from the group consisting of C1-C8 alkyl, C1-08 fluoroalkyl, Ci-Ca partially
fluorinated alkyl, C4-C8 cycloalkyl moiety, C4-C8 cyclofluoroalkyl moiety, C4.-05 partially fluorinated
cycloalkyl moiety, and C2-C8 hydroxyalkyl; R2, R3 and R5 are independently selected from a group
consisting of H, Cl C4 alkyl, CF3 and F; R4 is selected from the group consisting of H, C1-C8 alkyl,

C1-C8 partlal ringted alkyl and C1-C8 fluoroalkyl, n r to 5, R s selected from the
oroup cons{RRE BT HoETeS S ity - PR LS REIBEY PGt R Qe NG G 01 The
present inventbraalametbi&rneethamméprﬂibeaﬂasrfm cmigaspattes insing elneemgobs@dfeahg ned

lithography. ngiovention als ate use co osmon of the |nvent|on for forming
a neutral Iaygr {h gﬁHasasSe?m of%%gﬁ al? §f 2%5 &4 é‘escrlptloﬁ St e invention

employed to make mtergrated circuits (lC). ln thls manner very fine patterns can
be created in typical IC substrates than were definable by conventional lithographic
techniques, thus achieving pattern muitiplication. | Similarly, features such as
contact holes can be made denser by using graphoepitaxy in which a suitable
block copolymer arranges itself by directed self assembly around an array of
contact holes or posts defined by conventional lithography, thus forming a denser
array of regions of etchable and etch resistant domains which when etched give
rise to a denser array of contact holes. Consequently, graphoepitaxy has the

potential to offer both pattern rectification and pattern multiplication.

In chemical epitaxy or pinning chemical epitaxy the self assembly of the
block copolymer is formed around a surface that has regions of differing chemical
affinity but no or very slight topography to guide the self assembly process. For
example, the surface of a substrate could be patterned with conventional
lithography (UV, Deep UV, e-beam EUV) to create surfaces of different chemical
affinity in a line and space (L/S) pattern in which exposed areas whose surface
chemistry had been modified by irradiation alternate with areas which are
unexposed and show no chemical change. These areas present no topographical
difference, but do present a surface chemical difference or pinning to direct self
assembly of block copolymer segments. Specifically, the directed self assembly of
a block copolymer whose block segments contain etch resistant (such as styrene
repeat unit) and rapidly etching repeat units (such as methyl methacrylate repeat
units) would allow precise placement of etch resistant block segments and highly
etchable block segments over the pattern. This technique allows for the precise
placement of these block copolymers and the subsequent pattern transfer of the
pattern into a substrate after plasma or wet etch processing. Chemical epitaxy has

the advantage that it can be fined tuned by changes in the chemical differences to



The present invention relates to novel neutral layer compositions, their use for forming a neutral layer
for directed self assembly of block copolymers, and novel self directed assembly processes for forming

patterns withyighh 859 yton and good lithographic properties. The novel cegpesitipiois sapable of
forming a neutral layer for use with self assembly of block copolymers. The neutral layer is an

orientation control layer which allows the block copolymer coated above the neutral layer to align in the
desirable direction relative to the substrate for obtaining high resolution lithography. The invention also
relates to novel processes for use in directed self assembly of block copolymers, such as
graphoepitaxy and chemoepitaxy, which use the neutral layer compositions. The invention leads to
further improvement in resolution or CD uniformity of targeted features made by conventional

lithographich®eniRRIG¥EsliBR-5995y RHSPEERY RS 0T EORIERIm IHenRIQERdit iR RESIMEUV or

e-beam. The:ivieation. reli@stip &6 o PdayeTCoRpossiansceampHsinaAtHerRs (DR Y ALY
crosslinkable @c%yrlner Mor%than O{J]f aol mer gma be used in the present novel composition. The
novel comp%%' ol S@opr?p‘?% %rgﬁﬁf f Q,%ﬁ ﬁ}ﬁ?eer‘fé e polymer has a neutral interaction with

respect o the aliogygpl of e blpcicapolymet sep.far ARGie palLasse bl Ul fngapeble of a

high degree of crosslinking ‘such that the neutral layer remains neutral and is not deleteriously affected

by the procasiel thredtiralijeitthtoneaither i@fetheukloels premeringfnhbibelagerpslyozged over the
neutral layeg AeyeloPin Gl BadiRten ALDRING. 8if tHOSRPHRRRNKYSHEfPEFIf AL BIPYIeS a neutral

layer with an optimal level of both neutrality to the block copolymers and also crosslinking to prevent

undesirable?388mRRf¥ &f RleTeGaRPMPEF RUERS IBERIGURTR HRGtEsamdheY alaw ABGarOPSHal layer
compositionpeReERE DAldeastabion renNBrIskPebiNeshavtidatitic st anedtad elitrasterani), at least

one unit of structure (2) and, at least one unit gf structure (3).  (1)(2)(3) where R1 is selected from the
oroup consitlh dFec & BIGJERRSB ARl A e T LGN RGeS s &8 cycioalkyl
C4-C8 cyclofyhiyoetbtyhbad & artigtydtusagracedscyat k&t aingl Sb<tiGtey droxjskytcBinR3 and R5
are indepe tly selected fro aroup |sti fH, C1- Ikyl 3 and E: R4 is selected
from the gr%%’%%%n%is%?ﬁgaéqlpfj,ndﬁﬁ%sgﬁﬂy§%§écgg gé%ﬁa yWh'c%ﬁlgégéa% eé‘nc? é:finéé f Lx)roalkyl, n
ranges frontdnxealic@liy adiriitadlitrararhyrcupedsingisiaygrotiowrs Clpaksseyleats-G8 Heaoroalkyl

and C1-C8 pacally Byannpiad stk 384MLRES BB porfABRGHMABURE L RLdSSE1-C8 alkyl;
R2, R3 and R5 are independently selected from the group consisting of H and C1- 04 alkyl; R4 is

selected frdRftrR/BsBaILEofIsRH§BRIPANITICh OB dfenlaft heth : Raitere ledifieriien AR the group

consisting gfdetRchiuiigiBallsvl agskitimg dn BROIBREBNYIHETIRBER GRS RGte Mvssrgen, R1 is
al-05 alkyl, and R4 and R6 is‘éydro en. The neutral polymer ma nlag ﬁggﬁr,: ented by structure (4),
0

where x, y SRAYYARE RS 8RS o1dh ?el?é‘gﬁrﬂjrﬁ&t“fﬁeéhéhgn{m% \fBMETA 2 is 1009%.

lithography. If a substrate interacts too strongly with one of the bilock segments it
would cause it to lie flat on that surface to maximize the surface of contact between
the segment and the substrate; such a surface would perturb the desirable
perpendicular alignment which can be used to either achieve pattern rectification or
pattern multiplication based on features created through conventional lithography.
Modification of selected small areas or pinning of substrate to make them strongly
interactive with one block of the block copolymer and Ileaving the remainder of the
surface coated with the neutral layer can be useful for forcing the alignment of the
domains of the block copolymer in a desired direction, and this is the basis for the

pinned chemoepitaxy or graphoepitaxy employed for pattern multiplication.

Thus, there is a need for neutral layer compositions which when formed into
a layer remain neutral to the self assembly block copolymer and yet are not

damaged by processing steps of directed self assembly techniques, and can



The novel random polymer can be prepared by a variety of ways by which alkene containing
monomers can be polymerized randomly (such as nitroxide mediated polymerization, cationic, anionic
condensatioRyehajspelyegerization and the like) but generally they are prepareesby; sarical
polymerization such as the ones initiated by free radical initiators such as AIBN
(azobisisobutyronitrile), benzoyl peroxide or other standard thermal radical initiators. These materials
also do not need to form a comb like architecture by grafting on a substrate through an end group but
can simply be spun on as a conventional polymer without covalent attachment to the substrate
surface. The present polymer is preferably synthesized such that the concentration of the unit of
structure 3 is greater than 10 mole%; unexpectedly, it has been found that having unit (3) greater than

10 mole% dddRehioaRanes RerhiRgIRRale PRIQBRRRSH N BE afifesigdnesteRspestdyamatically
increasinlg t(;ﬁgtéﬁﬁ@mmgmege@g@bﬁm&mfmilﬁﬁﬂg%mem l@am@@sw@@éd@ T&/ﬁnts ﬁfter
post applied bake, which show no detectable fijm loss in organic solvents. It w enerally thought
broviously U KIAB TR AUro G UCRA KRR BREEES RSB oA dUE EiFaEibptable
neutral layénymiliorerethtreforenavy! giiveessasoapdmonis neetedkdpydo toenpusitiony whicbentration
and typically, aropind & Wﬁ!g;%ar%hﬁe”%?'t%eméaé!e‘”i‘é’%rsgé‘%e Bidn é’é%?s@”m”‘é?d ﬁ(ﬁ 1131g solution of
the block copolym%r coated over it does not cause in ermlxn'Yg and yet unexpecte )Premalns neutral to
the block coptigmewithrgogsttitectyanbigtrgifpraianeeiovel neutral layer is sustainable to common
lithographic processing steps such as resist coating, resist soft bake, resist exposure, PEB, resist
positive-tune and resist negative-tune developments, and resist stripping using organic solvents and
TMAH dev&HiséReseription of Rrawiegnefit of eliminating any solvent treatment step needed in
many current neutral layers, which are normally needed to remove partially crosslinked surface

Eiodies. gl i

material evelPAft&r 689?"53&% RO et es (such as 200C). Generally, it was the belief

that introdugi ighe! 0 % of rasslinkin i would destroy neutrality toward
the self asﬁﬁ%%%%%ec%%%%g%nég?%%\%l%g;n%g%@%@ﬁ%\%{e;%@U g?%‘ﬁﬁ'e present invention is
capable of ﬁé@é@@amgm“mg%c@gsf@rgggmym gmt%m;gq@,q_tain neutrality toward the self

assembly block copolymer despite having greater than 10 mole% of the unit of structure (3).
Additionallyrignexpesiedihbe acvetsernprspioagy@vides and maintains a crosslinked neutral layer
with very good film uniformity across the substrate. In one embodiment of the composition of the
invention the polymer is capable of forming a crosslinked neutral layer relative to a block copolymer. In
a preferredmgpy%q?mfemyﬁner is capable of forming a crosslinked neutral layer which is not
soluble in an organit solvent for photoresist. In a further preferred embodiment the polymer is capable
of forming a crossiitfk@iasentravensenialaias Konsvhineutianagnsonwaminne daddleper. In
another empaghgRnt&f U@%@omet)ﬁalﬂrhpﬁé?erireeﬁﬂaegﬁaﬁsbmkér@aﬂ%mﬁr&@mﬁ% plock of

monomeric units with high etch rate and a block of maonomeric units with low etch rate in plasma
comprising BhERieh. S EARRATE DG Refh SRPBIMRE SofREESit IR O MBLAL MRS s tieBopolymer
comprises edpipeises Bnasasnere waisonitodpglyramadalngiet assadiedinaf shetasterc(anits with low
removableéﬂeainta solutignf In one er@})o%gem th& neutral.tl%¥er corgri? S units 1, 2 and 3, where
unit 1 ranges fiam Alsour %8}8‘% 0oaBod MGTe A)c;)'henHrﬁ ran%%%c o' About 5 mole% to about 90
mole% and unit 3 ranges from about 10 mole% to about 60 mole%. In another embodiment the neutral

layer comprises q{;its 1, 2 ank3, where urié_1 ranges from about 20 mole% to about 80 mole%; unit 2

ranges frorg%a@pu @uﬁ@%%% % and unit 3 ranges from about 15 mole% to about 45

mole%. In anotie bodimentthe unit of| Structure (3) ranges from 10 mole% to 45 mole%.

Herein, alkyl refers to satura ydroca groups which can be linear or branched (e.g. methyl,

ethyl, propyl, isopF{opyI, tert- and the m% cycloalkyl refers to a hydrocarbon containing one

saturated cycle (e.h. cyclohexyl, cycloprd yclopentyl and the like), fluoroalkyl refers to a linear or
"gl the hydrogens have been replaced by fluorine,

branched saturated alkyl gfo‘t)m in which
cyclofluoroalkyl refers to a ¢ycloalkyl group in which all the hydrogens have been replaced by fluorine,
partially fluorina 3! alkyl refers to a lind3t or branched saturated alkyl group in which part of the
hydrogens have been replaced by fluorine, partially fluorinated cycloalkyl refers to a cycloalkyl group in
which part of the hydrogens have been replaced by fluorine, hydroalkyl refers to an alkyl or cycloalkyl
group which is substituted with a least one hydroxyl moiety (e.g. -CH2- CH2-0H, CH-CH(OH)-CH3 and
the like).



The novel polymer may be used as a single polymer or as blends of polymers with differing molecular
weight, differing concentrations of a repeat unit containing a benzocyclobutene pendant group (e.g.
4-vinyl-benzqeydpRuliplggderived repeat unit), differing comonomer ratios, gtg,BhA Hsnsecyclobutene
containing monomeric unit can also be employed with varying amounts of other monomeric units, for
example, styrene and methylmethacrylate units can be varied quite substantially while maintaining
neutrality towards a block copolymer containing the corresponding repeat units in a large range of
blending compositions. This allows one to optimize a neutral layer for instance by adjusting the
composition of a binary blend containing two different neutral polymers containing different ratios of
repeat units so as to maximize the effectiveness of a particular self directed approach such a
graphoepitaxyeoe cRensosgdetebed ifromptei ggopatieonsietitifj azfti &y dhd/elkghtterC sfliiptisltghin for a
given array of repealj 311 /?o_r . A singlesqolym used in
CLE ?QR%ﬁ?aﬁHB?rﬁﬁ%% | ngﬂtro ﬂ1ce%pkr!:e{?888ﬁ£r}ﬁ Magledo! g{ﬂaﬁéﬂ%&m

the novel composition. In‘one e sent Inventionthe neutral layer composition

comprises &blel dbakoe darially Hifsieatedopplositivh BPiRY nad| Sohwadiydmeeyakybdsition may
comprise aleshak2 A6 TRISBAMRATISHIE Mol gib s ERRIGHE fe enis dicture L 2

and 3. As an examile%the compaosition comprises a first and second Eﬂymer of differing mole ratios of

the monomEfie fiRgt poIyRIeF iR dreh NG AR FQERIRINGi O 6in Shotie 1% fosabout 90
mo:e%, StflﬂﬁﬂfzﬂI?fﬂuaiir%iédfﬂkyﬁérjwt?-mmﬂ%r@élﬂ%pwr%ﬂgﬁ?@ﬁ%ramdoﬂm?guﬁg 351%&@61 allaout 10
mole% to apout 60 mole%; a secon mer where the unit of structure 1 is fro out 5 mole% to
out 90 s e GERUPe S B Rt Ao 6 ioflSH 18 EbBut S0 IS FLAETe 3 s from
about 10 male§esdrabotité3.mole%. The solid components of the neutral layer composition are
mixed with a solvent or mixtures of solvents that dissolve the solid components. Suitable solvents may
include, for examplee Psgent dMeniguTidsvcelales 46 aoual deneasises estfgnustopeiernsropylene

glycol mongg;ﬁg‘aﬂrgé&ed gg@gﬁ@e@iﬁﬁw% lycol monomethyl ether, diethylene glycol monoethyl
ether, dipropylene glycol dimethyl ether, propylene glycol n-propyl ether, or diethylene glycol dimethyl

ether; a glycol ethEPeBIEPSRIIDNEDEALBIS2EAIRT (R R bivR Al crmnaeiian ektlRolve acetate, or
propylene dyestivdfrfathiiemee dea reFa v reotechs Bt aaaesably oh Risdirppabanaes. n-butyl
acetate an%am | acetate; carboxylates of di-basic acids such as diethyloxylate and diethylmalonate;
dicarboxyl @é%*eaﬁ%ﬁzgﬁgﬁ'&é’tf ?Ié'ﬁ‘éeBIS’gBl diacetate and propylene glycol diacetate; and
hydroxy carboxylates such as methyl lactate, ethyl lactate (EL), ethyl glycolate, and ethyl-3-hydroxy
propionate; a ketort® d¥RseALdRVREHRBIFFIRIRT U0 V5 BBl tavekCOMPaRiERDEathBity g acid ester

such ars]: Teﬁwf&m@ghaxwm%iom Rhiseeidw w%eaﬁusliyeﬁﬂﬂadwdd@éﬂwﬁmtbmoropionate,
or methylethoxypropionate; a ketone derivative such as methyl et etone, acetyl acetone,
cyclopentaH8H ', E@&Sﬂ&%‘?ﬁ)ﬁ‘éw ergﬁ%?iseefsa%ét%ﬁg] %tgf%tw&n@bszﬁ‘?é%té%ne alcohol
methyl ethemad getohktiadcpaphideprogioréesu chhasraseiotomgizsittons alaphble aokdétahungeetal like 1,3
dioxalane and diethox ne:.Jact su rolac X ide derivative such as
dimethylacaré]?}rﬁlggags }c{i?rxﬁpqu?/l o'#ﬁnagnlrf‘igg?grﬁ@ |§,‘b§r% ?n‘?géjgrg@mt%%fi@g %&(%ﬁn c?sfiﬂ%ﬁnmay further
comprise aekignieosuepniroldaacrdnieh allowsthe ibeek aepalsmeyspatadgbsivernhe oeatel on a

substrate agghagtefidn e mRVadSpsRvartaRsh sk e 'qubricakdirshistiRgssigange from

about 3 nm to about 50 nm after heating, or about 3 nm to about 30nm, or about 4 nm to about 20nm,

or about 5 ARG EBLUNASKARYr AEINMFRIRR0AIR UEREERNO THY Bl RR4F $7ehdafedSa {Bmperatures
Langéng fr?mraagu;l 180C &@&ﬁbtysaﬂc%wfdwfmcﬁwh@mcgeowo?g 3”g£8f§h&émamﬁ eregslinked filrrllf

as been foymed the coating may be used faor further processing to fipally form a pattern using any se
directed asSEHFRUEHHBS ESa N G LA R RRIORL A Sy o RO BHERO L e 4O
chemoepitéxthehémmepdmaontvith rpsviingrete. Thewridsshitites neyjsss dajeasifosnmaedday blge novel
neutral 'ay%ﬁﬁ‘&’é”rff@%%ilomrﬁg‘r%%{%e%é”%'q?’@%%”%ﬂaﬁ( g?rl‘ﬁ‘/g‘ﬁth%atré“iﬁ“@%@“rﬁr%”{é”%ﬂ% thographic
processes where the crosslinked neutral layer is used, such as disso dtion from organic solvents
(such as soeersigselitiogornhgodiihygsaibezedne nelitealitagetiasokelatesetelopaisl dayedissolution
in aqueous kAl gy elBReIsifgaRIEPIHI OSRESRS LRRLIRIMISUIGRIORIGIStRppted over
the neutral layer (such as e-beam, euv, deep uv, etc), or dissolution in photoresist strippers. The
crosslinkedPR§/ERIYARE BRYAABIESH Sohe mesarhney eheempesitigr. UdednevebapmieosiiiBresist, such
as PGMEA, PGME, EL, etc. The block copolymer for use in directed self assembly in conjunction
with the novel neutral layer composition can be any block copolymer which can form domains through
self assembly. The microdomains are formed by blocks of the same type which tend to self associate.
Typically, block copolymers employed for this purgose are polymers in which the repeat units derived
from monomers are arranged in blocks which are different compositionally, structurally or both and are
capable of phase separating and forming domains. The blocks have differing properties which can be
used to remove one block while keeping the other block intact on the surface, thus providing a pattern
on the surface. Thus, the block may be selectively removed by plasma etching, solvent etching,

developer etching using aqueous alkaline solution, etc. In block copolymers based on organic
monomerce one bhlock can be made from nolvvolefinic monomere inchiidina nolvvdienee nolvvetherce



The blocks of organic block copolymer may comprise repeat units derived from monomers such as
C2.30 olefins, (meth)acrylate monomers derived from C 1_30 alcohols, inorganic-containing
monomers inglydingshpse based on Si, Ge, Ti, Fe, Al. Monomers based op &G4 QlgiRgcan make
up a block of high etch resistance alone or do so in combination with one other olefinic monomer.
Specific examples of olefinic monomers of this type are ethylene, propylene, 1-butene, 1,3-butadiene,
isoprene, dihydropyran, norbornene, maleic anhydride, styrene, 4-hydroxy styrene, 4-acetoxy styrene,
4-methylstyrene, alpha-methylstyrene or mixtures thereof. Examples of highly etchable units can be
derived from (meth)acrylate monomers such as (meth)acrylate, methyl (meth)acrylate, ethyl
(meth)acrylate, n-propyl (meth)acrylate, isopropyl (meth)acrylate, n-butyl (meth)acrylate, isobutyl
(meth)acryle@spripesighmi@ndactytarelisopealy ThecHolaargraf@sneopsritgl (nietagtionyaith n-hexyl
(meth)acrylaig, Gycla R/ L IFINACOA A e ARy aalale, ydiaeyelan Gaatiggryiate or

mixtures thereof. An illustrative example of a block copolymer containing one type of high etch

resistant repehisusAPRIYGI@HR BighhHRarReef INRSSHIHES HHE Ot r1ScRe YRR YR IVESITPHIA styrene

and anothepdyf@iobRighty séehahiarRivenetasbpriaasyytate plosksxutatinmbenly repsatpits derived
from methylmethacrylate. These together would form the block cg Igmer
H e

poly(styrenBHIRE e fHEEhASI ) SIREIES W R WY COaEHRURE ABR-RSIHHRY B¥Shples of
block copolyevetsgingt, anadisttn, fetrigsiphoetutaiye clremioppifmer amexpedecing maspdiesia as used for
directed self assembly on.a patterned neutral layer, are poly(styrene-h-vinyl pyridine

poly(styreng- lﬁkgaﬁtéa eﬁé"fl,%oﬁ/?s? rr{'eﬁael-g?ivs%p??rég}?pg yl?srt?/y}{ n}éq%?]r% éﬁﬁ%el}én%g F?/ gtse)?nd
poly(styrenel$palkenglinkingatics)rexsiptisoptesicabletiddmagexidelhe neutral layer due to

poly(styrengf}ggg@u\gﬁtrﬁcggg%@e)),poly(ethyleneoxide-b-caprolactone), poly(butadiene-b-ethylene
oxide), poly(styrene-b-t-butyl (mé&th)acrylate), poly(methyl methacrylate-b-t-butyl methacrylate),

po:ygeth)"enebO_Xi@r@%%QV}%ﬂfﬁré’Nié&éé @Wﬁ?ﬁﬁﬁ%ﬁ%ﬁf?@%%ﬁf#&?ﬂbne randcl)m polP]/rTer
poly(styrene-b-isoprene-b-ethylene oxide), poly(styrene-b-dimethylsiloxane), poly(met
methacrylaf® flﬂrﬁ‘él’ﬁ?%ﬁl&?ﬁn‘é’jlto?faﬁgg WiRdtan oitisiig é’l}!\@éﬁ %Hé‘zgﬁﬁwé&t‘?&% gEscribed
block copolgastrsnéllititasespabtaorer{8)materials share in common the presence of at least one block
which is rich in repeat units resistant to etching techniques typically employed in manufacturing IC

devices and at IeaF§t one block Which} etches rapile under these same conditions. This allows for the
directed self asse bled polymer to p%%grn é%_‘nsfen to the substrate to affect either pattern
Ty
Q

rectification or pattern multiplicaton ¢ atly, block copolymers employed for the directed self
assembly such aslin‘graphoepitaxy pinned chemoepitaxy have a weight-averaged
molecular weight %MW) in the rang bout 500,000 g/mol and a number averaged
molecular weight fvie) of about 1, nd a polydispersity (Mw/M,-,) of about 1.01 to
about 6, or 1.01 to about 2 or 1.Q 3o about 1.5 RMO Cular weight, both Mw and Mr" can be
determined by, for example, gel permeation chromatography using a universal calibration method,
calibrated to pol)(jzrene standar, § This ensurgg that the polymer blocks have enough mobility to
undergo self assembly when applied to a given surface either spontaneously, or by using a purely
thermal tregjfaza. R 18ToUaBia IR IORRRS LRSRIIRGSFNEddD-IRG ABSerpYeR BAgHent vapor

into the polé/a'mer framework to increase flow of segments enablln%aself assemb@j/ to occur. Solvents

suitable for‘didspvitRtisiber eeprmase Alkdr forrfin G e RatehnGare ixRleREeRIBNy fegbirements of
the block cppplymeridorrmrRies sicssivemntsdag thedilask aopalxandsRMINY ingwdrprapylene glycol

monomethyl ether acetat
© Yngepen enttly geleoted from the group consisting of H, C4-C4 alkyl, CF3 and F;

R4 is selected from the group consisting of H, C;-Cg alkyl, C4-Cg partially
fluorinated alkyl and C4-Cg fluoroalkyl, n ranges from 1 to 5, Rg is selected from
the group consisting of H, F, C;-Cs alkyl, C4-Cg fluoroalkyl and C4-Cg partially
fluorinated alkyl, and m ranges from 1 to 3. In one embodiment, Ry is C4-Cg alkyl;

Rz R3 and Rs are independently selected from the group consisting of H and C;-



(PGMEA), ethoxyethyl propionate, anisole, ethyl lactate, 2-heptanone, cyclohexanone, amyl acetate,
n-butyl acetate, n-amyl ketone (MM), gammabutyrolactone (GBL), toluene, and the like. In an
embodimentyspegificallysgseful casting solvents include propylene glycol ipeqagsiixl giger acetate
(PGMEA), gamma-butyrolactone (GBL), or a combination of these solvents. The block copolymer
composition can comprise additional components and/or additives selected from the group consisting
of: inorganic-containing polymers; additives including small molecules, inorganic-containing molecules,
surfactants, photoacid generators, thermal acid generators, quenchers, hardeners, cross-linkers, chain
extenders, and the like; and combinations comprising at least one of the foregoing, wherein one or
more of the additional components and/or additives co-assemble with the block copolymer to form the

block copol{rmakkss Smisipelectath& g kecaisuipriensstingoitdamns appifed kit of the novel
neutral layesiyhigh iBagleeri dRINaAL B ERE B G FRVANSD et bQomRManyhare-the peutral

surface is a crosslinked cqating formed from the novel compaosition. Upon application and solvent

removal, theNBEK eSS Ba Bader) Bedsdardrgem By Hifeetca Bina b &gl formed by
conventionaltitldeerarhie nieceasipal@ver ey eetialjrsirivoughstithrirctusl opae aphjcal features
or a patterned chemical diff(??rf; ce f the suEstthe Furface creﬁed % ggnventiogal Iithogdraphic
process. Eiﬁ?éjr ﬁgf% Nty eﬂ?ﬁgﬁ'r\’gﬁ“ Re'BaE Pé'%% OIS HEhid\B P ﬁd)'o??) fiern
multiplicatios t08§b6also be achieved if multiple phase boundaries are formed between the features
defined with conventional lithography, depending on the relative pitch of the pattern versus the
microphase sepa@gon distance after standard IC processing to pattern transfer. The application of
the block co%g%%gy_é@nj@%e%ﬁved%mcluding spin drying) can suffice to form the self directed
block copolyme mbly. Othernethodsof self directed domain formation can occur during
applying, baking,oannealinuring @ bination of one or more of these operations. In this way,
an oriented blogl copolymerassembly is ared by the above method, having
microphase-separated domains that comprise c(yWndricaI microdomains oriented perpendicular to the
neutral surface, or that comprise lamellar domains oriented perpendicular to the neutral surface.
Generally, the microphase-separated domains are lamellar domains oriented perpendicular to the
neutral surfblee nereiianadetdeeplrrafeidamelspatrppeatt MsanvenEbl sdknaysobphvenias sukeing. The
domains, seAHERIRY . AthORFE RN BRInADIE: Wb HIYNRIBIPSRSAIRE FaOdHIshuS, after

coating a layer of a block copolymer assembly including a uséful diblock copolymer such as, for
example, pBRVERFHRINMAHINIGe BN TatONIENs RN FR L ARG aHeRbPArRhitRg, tke) domains of

the block cggoyﬂ@raw:]tf@?bwmgé@uﬁm @@r}g@gn&wymfm rIQaﬁ"lﬁwbl rw&ﬁaéss#{éa@ﬁggi]ymmawhly
resistant a i etchaple regions on t rface e substrate, which can be further pattern

transferredqm ?ﬁgee 58%3 f@'?ﬁﬂ}g%g.sfﬁ% 8&@%@ Z%%P é%ﬁ?#ﬁ%&oﬂfggﬁﬂ%&ﬁ%%ﬁﬁf%% Ytransferred
into the unaénkytrsyesidast tiverasah gakdcal initaioniq UEse e omsteriaimplsovdet potptesacefching could be
used with optj Ve t ing coul it i id, Standard plasma etch process,
suchasap a%grﬁg; chc{)(r% éﬁgﬁlﬁgg %@(’&ngegﬁl %%3{%% Scsheéj; %%’ﬁ%}rﬁﬁ/}@ggr% %aét%%r(’% M ngﬁhg,a%arbon

dioxide, CFRIMDBIRS A s Reseroiy endignas melyFiglurethieuicdivstenieaitaeb ot whéhe the neutral
layer is modfiggipeling e patiepreseheBigh TN EigHE 3yhiRblack caealmAr isdhen coated

over a chemically modified neutral layer and annealed to form domains perpendicular to the substrate

surface, FigeRCEMtRNPhiRETa SIS ré isodead el AN o BaneleronumrxBentectoftthe

substrate, higgingeb€. fount that HigsRiat Inventpryteattitinbphatoreirichaliess yrrddestfeyming the
directed self assemblg %att n carbbe defined using either negative OérPOSitivg photoresists, or either
V&3 §lhg

positive tofEBF ALY a{RaEhe Ry RIS AP s % RPN dlE B ny 2eRisatlYnal
lithographidrieeiasiayahestesis s ecbefaiine inaubedminx taynBebir{hE: provdsbroadged sack)V (450
nm-10 ”m)a%XF%é’Sréfgﬁef'gg%?{esr'O”J's‘P%s%ebah%ﬁyb%k%,'Q«Rﬂ:‘% ?ﬁ’BB%d'rﬁa‘?ﬁte}Q&QéFes‘?ﬁrtn' eeation is
particularly useful tor nm imagewise exposure’using either dry lithography or immersion
lithographye@enico 3satveitigriphyascoaemenalisllythoadhblepsegiovel 1 93hain photesisngan be
employed Ehas e 0andimiing AR PR AP foualiable kpmis laetiaisMaterials
USA Corp, Somerville, NJ), photoresist from Shin-Etsu Chemical Corp., JSR Micro from’Japan
Synthetic FRINBEranHIBIerHhdfdreRiBRS atamaNerfony isiFereT drRtetto THeseHRBMIBsists may
be developed after exposure, and post exposure baked using an aqueous alkaline developer
comprising tetramethylammonium hydroxide to give a positive tone pattern or developed using an
organic solvent such as n-amyl ketone (MAK), n-butyl acetate, anisole, etc. to give a negative tone
pattern. Alternatively, also for 193 nm exposure, cBmmercially available negative tone photoresists
may be employed. One particular feature of the present invention is that despite the high level of
crosslinking of the neutral layer, unexpectedly neutrality of the neutral layer toward the block
copolymer is maintained. The high level of crosslinking is required when processing steps occur, such
as overcoating with photoresist, baking the photoresist, exposing the photoresist, developing the

photoresist pattern with the developers employed as described above for each type of photoresist,
<ctrinnina conditione eate - hiit the novel neritral film <till retaine neritralityy thiie allowina for nroner




resistance to oxygen plasma) over it, which allows pattern transfer of the patterned block copolymer
into these coatings. Suitable substrates include, without limitation, silicon, silicon substrate coated with
a metal surfage, £RpREfspated silicon wafer, copper, aluminum, polymericgesifisoshisnadioxide,
metals, doped silicon dioxide, silicon nitride, silicon carbide, tantalum, polysilicon, ceramics,
aluminum/copper mixtures, glass, coated glass; gallium arsenide and other such Group IIIN
compounds. These substrates may be coated with antireflective coating(s). The substrate may
comprise any number of layers made from the materials described above. For the present
invention a variety of processes involving graphoepitaxy or (pinned) chemoepitaxy may be employed
to achieve a directed self assembly of the aforementioned block copolymer using a neutral layer which

is resistant $9"tRBHAlGRI@PFdYRicall ssqybskArralakoVd 8RR AIRHHM%RYIG§heatFigRYafter

crosslinkingria gpeal Heetadematiom@idheolaek BrRAIEBEEY RkRiIvedR &8 wbstEIEs thist directed
self assembly block copolymer coating is then used to form a high resoluti%n pattern using plasma or
wet etching R FEN B GERRANE PR &EEEB@(BS%% SRS SEUEBh LR RE AT FAREMMER then be
further transfessgbontadithersibsiligje ofntiias masheeanairiafeofibigiusesiobiiiontteatonesionay be
pattern trangferred o s sbsirate ashieying efther pajtern fectification. pafternmulipligation or
both. As ARER mple, in grapﬁoeplf%txy applications, any SIUcturE Ech as a photoresist pattern,
using any pixsosesist A& Borraeidtaposithegku e \ardhresist elagativadtlaye deyatedroardss idigtrate using
standard “trwg@eﬂﬁpymg}nw%r hier aviiaklavers WRIG R issietantie ihepraphicprocesses

and maintain neut er cfosslinking may be used. The pitch of topographical features imaged

through stabeReftithejrapinsiagYashadtdeeatnetd siepanesaed Ryernry 1sHiErthagukalpitch of the
block copolyyiss agsfeRtiye hapsRIlpRREERN ealholerpaldkiRAlEas Rty Blnsdyd aistenaf by

ultraviolet exposure, baking or a combination of both of these to avoid jntermixing of the

blockcopolyi? R (iSRG RRRIES RaK R APRRRFT WSS ABORR 2208t SrntARReby Mhdt i3S of
photoresistthgaskli$ tatkarpeleinaragmeg Lan kbdoubakentne % rofe sassaiakingiinar @ithout a UV

.Th k I itiQn i dtof ti d thep treated to f If
crected dotnL S HOYCP BB TR e eI oS e WBeReashher -
assembly (Qimeospbptétﬂeeuslﬁl}hhrp[ﬁﬁemlnemﬁmatmem_a@lmefrfmﬂlyimg aﬂﬂ@d&ng@p&&séorced by
the Cons”all@&?s?érﬁt‘%ﬁﬂp%@rﬁ’?%]ﬂ' gﬁF%ﬁBiﬂYa%'yﬁé%Eféﬁ%g“{b%%e'tﬁ’é?"éébfeéégeﬂ(?f%&%ﬁh a way to

the ical p that is do

multiply the spatial frequency o Ine topograp toresist pattern, ains of high etch

rate and et€RrelREhdesiashaéTargreatserhadiclianedetie efuberataib Giatiuatuis hdtiplication of

special frequgigyraifie IHERRERIHIGPaRINdsRiS ebiRpbsigsAIproeY eadireruanahing
topographical pattern. Thus, the resulting pattern in the block copolymer assembly (the spatial

frequency GToRe'iBEREMRIIBIJEK NN REr aeed FBNAIRTBEYARIORIING SBtERlen quadrupled
relative to the spatial frequency of the original fine topographical pattern. The segregation of the
domains ogeurs suc that a sfru %re com risi.n%re s atingf sets of domallins is formed tletwfeen the
patterned PRGOS BBGALRy Wi A et R B YGPIRE o B T8l By GRetmber of
repeating stetsnifglameanaslimktterngivieal daestientivedblaeddbokicepblytradthe spatial frequency for the
topographical pattern. In one embodiment the invention provides a process for forming an image by
graphoepitaxy comprising: a) forming a coating of a neutral layer, preferably from the neutral layer
compositiod? tiefpvestopbodinensitive BploiRs nsisoakirafsoomiagsabywastinkyhagui@ihe neutral
layer to forpa ciaselinkeb sl eh 6luNEdBgenCRABMb R aspltotoresist layer over the

crosslinked neutral layer; d) forming a pattern in the photoresist;

In a further preferred embodiment the polymer is capable of forming a crosslinked

neutral layer which is not soluble in an aqueous alkaline developer.



e) applying a block copolymer comprising an etch resistant block and highly etchable block over the
photoresist pattern and annealing until directed self assembly occurs; and, f) etching the block
copolymer, tReseRyYigITRyiNg the highly etchable block of the copolymer ang-{of3ing @ Rattern. In
a preferred embodiment the photoresist pattern is formed by imaging lithography selected from a
group consisting of e-beam, broadband, 193 nm immersion lithography, 13.5 nm, 193nm, 248 nm, 365
nm and 436 nm. In a further preferred embodiment the photoresist is positive or negative. In one
embodiment, the present invention relates to a process for using a positive tone photoresist pattern for
graphophoepitaxy. A neutral layer which is resistant to lithographic processes and maintain neutrality

after crosslinking may be used. The process comprises forming a coating of the novel neutral layer
compositior'l”oﬁ'é’@%sﬁ'ﬁ@%@&’e?gﬁk‘ﬁw@%@%ﬁ%l PhyBR B YSIH D HeR MRRKCRRA BT al layer;
providing assiapRgeef & PBRibkesICHRshBRAAEEIAIAMRRIPVRIgH eche tratdayaid farningtr Resitive
pattern in the photoresist; optionally, hardenin tre ositive photoresist pattern by hardbaking, UV
exposure oP%?%%%%ﬁWéﬂaﬁgf'ﬁ\é%SE%a&ﬁﬁg%%? CYBBRHE Yo¥fBRsing an etch resistant block

and an etch labile block over the residual positive photoresist pattern and annealing the film stack until
directed self a bly governed by the residual photoresist feature.and,neutral layer occurs, such that
the domain‘s,nfc?r’s*rsJ %}é%egr@ffgu E??Bﬁﬁzﬁé‘u g?r@?é‘%ﬁ'r?gcgfg’n%,'%\{gﬂllr?gnt heeb i)% kco%?mefrso that the
etch labile islyvisisee r@rhtoekd grodacimyesidinenitalvpiicdtion oétheveligial essidaabloaitend. The
neutral layer is SHeELENGh RO ARMBRE SHEVEH IO the Neytellaygr during lithographic processing, as
described previously. In another embodiment, the present invention relates to a process for using a
negative tone photoresist pattern for use in graphoepitaxy. A neutral layer which is resistant to
lithographic processes and maintain neutrality after crosslinking may be used. The process comprises
forming a cBaffg FIRENRRINSAPIERY 184S COBRSRS MRl tHe AR OB a
crosslinkedrangesdtiraldbyat;oimishin aa atnaitr@ohal eRgaivelacing: phoiorabsii dyeiomsr the

neutral layer; forming.a negative tone, pattern in the photoresist; gptionally, hardening the photoresist
pattern by %%ra %Lfi?r%, rﬂ@gg?p%ns%}]@ %%2"%%% iNAtion o?Lt’tEe w%agél%n%ggtﬁlggkr%%%%yrﬁer
comprising znotteh essisdimdnid tkeangdutrableldalvtertpioskstaitits sub2teatd Sondiaiaguhié pattern and
annealing the, g Aok EleRrtag sell assasbly P Keinaf ins iesiguslplin ggssigt fgature and

the neutral layer occurs, such t omains form perpendicular to the substrate surface; and,

etching theBRiekecishaRAHE B0l thardcHNBbHdaseer dienephevbd praviRind@ aheuhdRiplication of

the original rRsigyalpaKeiRer B9 BEMHRIAYR IHRUShshattired@)ALR)esaHsmia dhe Yl e layer
during Iitho%raphic processing, as described previously. In a further embodiment the invention

provides a PIRELE or forming an image by chemoepitaxy comprising: a) forming a coating of a neutral
layer, preferably fr_?m the rlﬁgtrajflaé/fr %gm%qg ion of the,invention or nenoga{ts SQ%%'QC embodiments,

on a substrate; b) h%gimga hedtra cfayer ormYa crossimked nBG Al 'féyer;%?provw%& a coating of

a photoresistdagbed\(erghenetbgslietkat! meomal isperopyl, tert-butyl and the like), cycloalkyl
refers to a hydrocarbon containing one saturated cycle (e.g. cyclohexyl,
cyclopropyl, cyclopentyl and the like), fluoroalkyl refers to a linear or branched
saturated alkyl group in which all the hydrogens have been replaced by fluorine,
cyclofluoroalkyl refers to a cycloalkyl group in which all the hydrogens have been
replaced by fluorine, partially fluorinated alkyl refers to a linear or branched
saturated alkyl group in which part of the hydrogéns have been replaced by
fluorine, partially fluorinated cycloalkyl refers to a cycloalkyl group in which part of
the hydrogens have been replaced by fluorine, hydroalkyl refers to an alkyl or
cycloalkyl group which is substituted with a least one hydroxyl moiety (e.g. —CH,-

CH,-OH, CH-CH(OH)-CHs and the like).
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d) forming a pattern in the photoresist layer to remove the unexposed photoresist, thereby forming an
uncovered crosslinked neutral layer region; e) treating the uncovered crosslinked neutral layer region,

f) removing theyRlgpiRigsigt: 9) applying a block copolymer comprising an gieh/ fgsisianidapck and
highly etchable block over the neutral layer and annealing until directed self assembly occurs; and, h)

etching the block copolymer, thereby removing the highly etchable block of the copolymer and forming
a pattern. In a preferred embodiment the photoresist pattern is formed by imaging lithography
selected from a group consisting of e-beam, 193 nm immersion lithography, broadband, 13.5 nm,
193nm, 248 nm, 365 nm and 436 nm. Further, the photoresist is a negative or positive photoresist.

In a further embodiment the invention provides a process for forming an image by chemoepitaxy
comprising: a) foritiggroeehielyoies meay deaysehreselsipgienriiemeueal &ydlengaposition of the

invention of,gRE,RFISRREHHE I PRSIERERIES R8I GHEUBRIAIS RbREBHRGHESNGUH ablavsr (form a
crosslinked neutral layer; c) providing a coating of a photorésist layer over the crosslinked neutral
layer; containing " a benzocyclobutene pendant group (e.g. 4-vinyl-benzocyclobutene

derived repeat unit), differing comonomer ratios, etc. The benzocyclobutene
containing monomeric unit can also be employed with varying amounts of other
monomerib units, for example, styrene and methylmethacrylate units can be varied
quite substantially while maintaining neutrality towards a block copolymer
containing the corresponding repeat units in a large range of blending
compositions. This allows one to optimize a neutral layer for instance by adjusting
the composition of a binary blend containing two different neutral polymers
containing different ratios of repeat units so as to maximize the effectiveness of a
particular self directed approach such a graphoepitaxy or chemoepitaxy in
imparting pattern rectification and/or pattern multiplication for a given array of
repeating features such as L/S or CH patterns. A single polymer may also be used
in the novel composition. In one embodiment of the present invention the neutral
layer composition comprises a blend of two or more different composition of the
novel polymer. The composition may comprise a blend of 2 or more polymers of
differing mole% concentration of the units of structure 1, 2 and 3. As anvexample,
the composition comprises a first and second polymer of differing mole ratios of the
monomeric units; a first polymer where the unit of structure 1 is from about 5
mole% to about 90 mole%, structure of unit 2 is from about 5 mole% to about 90
mole% and structure 3 is from about 10 mole% to about 60 mole%; a second
polymer where the unit of structure 1 is from about 5 mole% to about 90 mole%,
structure of unit 2 is from about 5 mole% to about 90 mole% and structure 3 is from

about 10 mole% to about 60 mole%.

The solid components of the neutral layer composition are mixed with a
solvent or mixtures of solvents that dissolve the solid components. Suitable
solvents may include, for example, a glycol ether derivative such as ethyl

cellosolve, methyl cellosolve, propylene glycol monomethyl ether (PGME),

11



d) forming a pattern in the photoresist layer; e) applying a block copolymer comprising an etch
resistant block and highly etchable block over the photoresist pattern and annealing until directed self
assembly ocqhS )6l hsgtching the block copolymer with a plasma, therely-tamyig thg highly
etchable block of the copolymer and forming a pattern. In a preferred embodiment the photoresist
pattern is formed by imaging lithography selected from a group consisting of e-beam, broadband, 193
nm immersion lithography, 13.5 nm, 193 nm, 248 nm, 365 nm and 436 nm. Further, the photoresist is
a negative or positive photoresist. In chemoepitaxy, the substrate surface provides a pinning
surface feature in the novel neutral layer which has a particular chemical affinity towards a block of the
block copolymer, and it is this affinity and the presence of the neutral layer which orients the alignment
of the blocldstipgimeaylydahendredriestbyivelthen, idi etisydeaat gty tithogoapbtb yretbes sdip ey ler@entain
neutrality after lipkip ylﬁ) T';g innj ée re m ??1 tterned phot ist feature
o the surta S e P e S B e e e R R e
patterned reibeal Bn@yeohcibasufaies likesivridme ssiteib\psreited kepesolde agriatenaagiinhing

surface. ThepiRINg feabieWilh ted @aéergmrqﬂsﬁ&ﬁethﬁ CipRdrdReaRy msdgeaguch as

lithographic imaging of the photoresist and/or etching of the neutral layer to expose a pattérned

surface witARBVIAIES iR RH &V RSRIAKNBrREI BiIFRIAL M ARGy AR cRRBRYat8%e pinning

feature mayfalimhsicrasies Bycehamigalttpaipent efidedratgmarnabtéacacdfispatsldayer,
without removing the neutral I?&er. TyéiicalLy, a stack is formed op the substrr%t,e comprisina]a neutral
fe 6

layer coated ¥R SUERsHRE! SvHI¥AAS AGSRIGN ASoPERRAFRGe 91V ol Hiace @ fifhent of a

negative tomgdtashecarthexvatposeld aegimihgl leniate @ tioyfaat ate dHiey g thyeglystipticating

chemoepitay, 2.coang s ARreL neutalaver s formied ona suhsliate, Scas,0041

antireflective é’u Strate of aFr)1y BET ?ype of substrate; the Feuffal rgyeryls RERLEY Fo Form & crosslinked

neutral lay@yravedatireg oflkpiyotshesigidageidisdetan etlicyeashmetbgsihkedhteypedpigmateand, the

photoresis%ymageg_gﬁggyg%gﬂ}h%{@,with Appen or‘zdrﬁ)@rwg_mapomg g’xposecgjr regions
su

over the neutral layer and strate stack. Typically a nedgativetone is obtained by using a negative

photoresistRFESHENe iPRINRIRp G KatPBGi SRS ¥Rt B ositthe 3h BI6HRY e thylike tees faestg a latent

image in thecehpteregiptipeatandiaaniyaehstiderne meve thirpigdrrsedregitnge thethiprming a
trench with a narrow opening. A neutral layer which is resistant to lithographic processes and maintain
neutrality SfVABE R GHIgasEonsRI et MR Y AtRRY i@ KGierpi Avebeh dsib@iINPISYER the trench
is treated tadaveidl aredimatafenitylddtoghensickéaifioity crietae Akdiaveddpyxarantechimique such as
by removing tie Aettablaven By el elofing o1 2 plasa, sich, or.canbe teated o foum g surface
with a partlcﬁ'lar SRRl affinity to one of the blfo S &FtREBISCk co;')o?ymer. i/vplcaﬂy anoxygen
containing @irasithy! &ceswoide eoch diveatieylfaimaysdeth anierhaingrdp atiztness ntheradfayEhever the
substrate. E%Mﬁ%’?‘?ﬁﬁvﬁm?& E%P\‘BY%@ Jmiggg%gﬁi%@aﬁé&ﬁrﬁg}oved with a wet stripper, such

as an organic solvent stripper used for that particular photoresist or by an aqueous alkaline developer.

The openings in theengsedl HaveahryRaehesBisabalfntydeariy ensuetthrdlneksixibe fjock

copolymer. As an example if the substrate surface is a silicon antireflective coating or an oxide, it will
have an afffRPYEWAF RO hARALAECBRIBK M tid: dyRieL i AN HIBERTARGIR 88RblyMer, thus
forming a patieonabopinbingrefaeehdatieg aitiablautfeatinie@bitwupERen! mvabton4dsrifaiodespite the
high level of crgsslinking of the ngutral layer ectedly, neufrality qof the n | layer is
maintained’ bl%% gg%”]e%éﬁo é'rtogs'fln Fﬁg%?éd%{%’g'a ’w%eé}/nb?)\u}ir{cﬁgg ingow?taob%?tbgrré@s?fg? developing
the photorékistqaattfeedwmmetdemepﬁwmpt@eg,fgmmtrﬁgppiu@ﬂ&@ﬁh@tca@siﬁtﬁé@%bwibed above
for each type, Af alilospEes {0 ubaliesacoopsh ourEinL! e hirckieapalymes damains
between the pinning areas created by the above described process. The block copolymer composition
is then apptRaliBgePayebsaseeidarfethear RipsessRINPARaIbt e treb@e T3 Weingsawatkl to anneal)
to form a sgifligneskHiosk FapehrrwitR Homadas &f acattBcasiniast leckapHapiessh, labile block

perpendicular to the substrate containing the pattern of neutral layer and removed or treated neutral

layer; and, {ATHErL AP ERIBIcICRBRIG R ¥R RINDIBEH FibilE N oties slirkRinBeetidd roducing a
line multipligpgenfefriel ariginal Hiteyreapltaprijemchitaprialvionaiafl tea i adsspiry &e/by plasma
or wet etching. Consequently, the resulting pattern in the block copolymer agsembly (i. .%aﬁe spatial
ecuency U G AR BBl Lo U el By s PR SouTet o SUre U uplec
relative to the spatial frequency of the original fine chemical pattern. The domains, so oriented in this
manner, should be thermally stable under the processing conditions. For instance when a layer of a
block copolymer assembly including a useful diblagk copolymer such as, for example,
poly(styrene-b-methylmethacrylate), is coated on a chemically patterned neutral layer, the
methylmethacrylate block segments will preferentially interact with the areas of the neutral layer which
have been etched or treated,; this creates pinning sites which constrain the domains of the block

copolymer between the pinning sites, and the novel neutral layer forces the block segments of the

block copolymer to remain perpendicular to the neutral surface and are constrained by the chemical
nattern iNn the neritral laver The domaine form bv |ataral ceareaationn of the blocke on the neritral laver



In one embodiment of a positive tone line multiplication chemoepitaxy, a conventional positive
photoresist may be used to create chemical pinning. This is accomplished by coating a positive
photoresist ag g8gesiRggspreviously on the neutral layer of the present inveptipRSaM e QHEr a
substrate and imaging the photoresist such that the image is overexposed, thus reducing the
dimensions of the photoresist pattern to create very shallow residual photoresist features, such as
residual lines on which the block polymer may be applied. This very shallow feature has very little
topography; about the order of 10 nm to 100nm width and 5 nm to 30 nm height. These residual
features act as a pinning area over the neutral layer when the block copolymer is applied to the
surface of the neutral layer with these residual features remaining. As described above, the block

copolymer RSt dlirSyRd S &g edighiesh Rmmiinsolusion e esaans fealipats 4sysimasfaieisand neutral
layer forces,Hag) a9pmepbiartivedomaing RetRRNicUlsivbe sldeityerd BRly dasdete the

directed self assembled block copolymer pattern is transferred into the underlying substrate using
standard plEsAgUsOWRt AlAInTodevsipers. HrMAds FRDred LAFEScHSED IVl BB SLES that use a
novel neutrphotdesiayeoitcabiaier highiegohitiapdetsutes £ theadereuivharemeigrstgying directed
self assembjy of block sonolmels.y il Pisent Blogesess) anboe.of sybstisjgamay be used
As an examplé, a subs Yate WRICH Ras & ating of high carbon undetlayer and a &S alflireflective
coating magdbecntedushaasutistsatdéhatherhigisedrisosaatdédapbotaiadisty sacboasifgGMeEdess of
about 20 nrpé@/%)%{[ %trﬁ*gicrons. Over this is coated a silicon antireflective coating of about 10.nm to
about 100 nm. The ndvel neutral layer composition is used to form a coating over the silicon

antireflective coatifig Fhrnedpalyaers - cariard anddakieship SesanasyaasiBkrmdaver withickness of
about 3 nm to about 30nm, or about 4 nm to about 20nm, or about 5 nm to about 20nm, or about 10

nm to aboul 0! MR AYEL SAMBASHIAR SPIADS: RDXJARTS LORRRBRSEhificRaR foffed and
imaged usidgraaméctiifonghteelmigisemisiyciTiae spicradaiathdakinraneiGimMgcrs wnape. Figures

2a-2i illustrate a negatiye tone line multiplication pracess. Figyres 3a-3q illustrate a positive tone line
liplcatish Do R G I R RS B BeeL NP Lty Do T BOred Hgure
2a-Figure Zhibustrpiesa mow glqlyouerssifomaninititelirepeadtipitsatier wesi nfgoannegetdrecisnerprocess. A
multilayer | sfrate.in Eigur e ] te
comprising%%%gﬁg %d%’ﬁ%eggn%'ﬂegﬁ%oﬁoa tﬁ%ﬁ@ﬁ?@bﬁ%@@ﬁ?ﬁ?ﬁﬁe Sc‘j{r%lsslinked
neutral lay&iegalla ghaebrssissrRpasatingy athJeETing adaseaired TAnyecitfanayer diffesing resistant
to lithographis RIeRRSHERANLMBIN e RsyERIBYABRE BREVINANG ReapRg U biGehgLoresist may

be any that is available such as 193nm phgtoresist, immersion 193nm photoresist, e beam photoresist,

EUV photoFétﬁgﬁ,O'M@en?H'fﬁﬁﬁopé‘é?sErBYﬁﬂﬁé‘nB?%%@ @R, Re& WiacELcT Ay BroRieskistyer is

imaged to fesnsalgaiiern usingveansnishie oG s sBivegativeninge pbasripsiserspyge used or a

positive tone Photoresist tha*ku es an r%anic olv?nt t? develcgo awa the ungxposed regions to form
i gwn i hEVE ﬁnagﬁ%ye?ri% fERES to form a

very narrow ?r@%cﬁglsjer%% FeALag, BN Fignure% =
pinning surfaceowithisa speeifidatientiaal &finityadeorieoof tivelptdeksiof therltowkopuladieg using

techniques I I : hi i e ce of the
ayer. o o B R G G e e oo
A plasma GRRHIBEIRY ORG geridahy Rty entemade)its neddrarmyiberasfsiuwn theigther2c. The
photoresistjg tReBa{IpReRH AR YrHRINBiFEPSRN RBIRRRER plmaiﬁ&mag(%eﬁh%wiﬁtgégﬁfe 2d.

Solvents such as any organic solvents known for removing phaotoresists may be used, such as

PGMEA, PRNYEYERRGSacb¥e B SThePHBIBARS RNk A) eSS oRVRIRRARIF BY S e 0B tRE
photoresisimiatie s iha@@deoTiscskalipek s avelgreyrascemamaal Baer BoraTewing&¥PeseRk
photoresists. The neutral layer on the substrate_still maintains,its neutrality after the photoresist
brocess stARRC e SRS e RoRaTiae DRSNS SIS, B SLREMEED AEFRRLARE block
copolymer isetbatisdiesed toEfftesh{dypksasfabloekliog)dlyioen asgifmirestt alifomiestgrattern of
alternating o) -hlo ich | tral is requi se the
alignment &1 h0 Il sona i B e el el v
resistance,"suldiRifekt capemeistigiatkinckandethesreierkasepRiwmnensFigare themiatyeheutral layer
was not suffiisri,PREHRIAGMER WAt Riasistiop RRIet i Biesmiaseyuddhg achieved. A
subsequent etch then removes the highly etchable blocks ot the block copolymer, leaving a patterned
surface with very high resolution, as shown in Figure 21. Typical etch to remove one of the blocks
would be a wet or plasma etch as described previously. The pattern may then be transferred in the
lower stack layers by plasma etching, as shown ifd Eigure 2g-2i, using etchants for the antireflective
coating stack. Typical etch would be a plasma etch dependent on the substrate. Figure 3a to 3g
illustrates a novel process for forming line multiplication using a positive tone process. A multilayer
stack is formed on a substrate the novel neutral layer and a photoresist layer in Figure 3a, where the
substrate comprises a high carbon underlayer and a silicon antireflective coating layer. Any neutral

layer which is resistant to lithographic processes and maintains neutrality after crosslinking may be
1eed The nhotorecicet mav anv that are available ci1ich ac 102nm nhotoreciet immer<inon 102nm



layer and a photoresist layer. A neutral layer which is resistant to lithographic processes and maintain
neutrality after crosslinking may be used. The photoresist may be any that are available such as
193nm photgggsishsigingssion 193nm photoresist, e beam photoresist, EUYHhaRi8aisledd8 NM
photoresist, etc. The photoresist layer is imaged to form a pattern using conventional techniques,
Figure 4a. The novel underlayer is treated to form a pinning surface using techniques such as plasma
etching to remove the layer, plasma etching to modify the surface of the layer, or chemically treating
the layer by further deposition of a material or any other pinning methods. A plasma comprising
oxygen may be used to remove the neutral layer, as shown in Figure 4b. The photoresist is then
stripped away using solvent stripper or plasma etching. Solvents such as any organic solvents known

for removin@§shobsresispiayey Heruself airseadPGHIEh, ReMENdritit |ddesie, eppolwamets used. The
photoresistipayrBlsAdrR¢'SefbBN deysipingthe Rafe B IBtRABRHR AKAINSASYSIOPEIHISEE in

removing exposed photoresists. The neutral layer on the substrate ‘still maintains its neutrality after the
photoresistRRIEBSHRY QIO TR HRCEK HeeRRYME R HiNesEr PiagirecRe YR o nsidsiBBscomprising
the block cepphyynesrs epaierbamd tieaigshisuslbas 2BpBRIMENSO Sarphpait drgeaiad dispknent

tact hol t f alt [ nts of the block I A which ' tral i
roquired to SRR BUP TAUOR D BlOCR Lo ep R 166 LA PP Bich resistance

and regions of low el eelotanse sieh gl RasMDLINRIPaan,an beadhienaddLiie peutral layer
was not sufficiently neutra%%hen aﬂ undesirable rlélntaﬁon p}lerpenpdricular o one siown would be
achieved. Ar @mb%@mﬁrétﬁhmﬁ l@mmot_!?iim WWW@@M@@R@& tesivisciappClymer, leaving
a patternedpijiage ?HEF@MEF&’-E&MR#@WB%%@WM%E I BEA8h JiPiGR! sfchuoydie a wet or

plasma etch as described prewousl(y&é’ he pattern may then be transferred in the lower stack layers by

plasma etciindloRRmeIseasiRMd(rsprising s&h Askerii At Rlrakekhistrateh Tesisiaetss can be

used for batfopatserdoreetificesinbiAatbRANBIMORECHIARIERRYK: B 0Bpecific EXarAPRE processes
describe nO\{(()quJ %opesses that ca{p be Practiced.ém% §rocess can use the novel neutral layer
[

compositiofl 'BrOSERMMRALIONS YPeELE® ARGRLRREr NG AnboUEfiSRRorporated
herein by rifepesos, idittydopietn, fnodlbmepesamidibeardilaitig spesiiic, exaydptay silirprayide

detailed illustrations, of the methods of producing gnd utilizing compositions .of the present invention.
These exa£é ees%a{(li rﬁso)(ri%rt]eel‘ldedT,1 ﬁfo?]\X/PeSPerref 8’Iir%6}i? or {Béfhﬁszﬁ(éeﬁgop% oﬂ'l’q(éulrr?\%riﬁgﬁeﬁ]dany way
and shouldxentiesonbthighdyastphebidingitdrdiidies dprvachdtens omethas ate monsisesutilized

exclusivelydp.prdss t@‘rpéﬁ'ﬁgﬁﬁy@fae pr&@q%ﬂn&gg%gcmg}mgﬁw (J&%Mg%ar Hvs}gglypf the

polymers was measured with a Gel Perméation Chromatograph. Example 1: Synthesis of Neutral

Polymer 1 @e8Nasiyaigs prispareaytontBIfiRPOrYBLS g GravtN (drusiRiasmmiRonitisRupie129 g of
4-vinylbenzptaiRrrre, (Og8ymoleehiR4diatef styepeat(®-0gRtmateyiand 6.9pamfmethyl
methacrylate\)égg\/lAQf0.0SQQ mole) in a 250 ml flask with a mz?/gnetic bar and cold water condenser. To
this solutioHAY BRIl 280 JBENKRN RIRe gRAGNEXRa QSIS NS st SRRCRMer nitrogen
gas was pédsseth)iwplute ydatkyeihytémdtie daslateas imixtarsednar86€C oil bath. Polymerization was
carried out at this temperature for 19 hours. The reaction solution was then allowed to cool to room
temperature and 6ﬁui#wts&bi\w m@ﬁnel mmummmrmmmm@muwpmm@h The crude
polymer ollginedaesiisripied thf%ﬂwbz%ep%w\éw%nva%wtg%mggaﬂlylP&p@é@%ﬁ-sbutanone

and precipitated again in methanol. The purified polymer was dried in a 50C vacuum oven until
constant WeRGYEHE0g). stwenp otk ARaker Nvpeoph By isbRBIINAlyBeMDeth AR athis polymer
was designaded iBohadilanasr) melede miineanaacyrputanaand&hteMa. forgelfaassembly

blending experiments. Example 2: Synthesis of Neutral Polymer 2 A solution was prepared containing
0.165 g of ﬁﬁ%l‘,eé.s‘{’(%%' SPAN IRGIHBISS \RABBIYBRE @PH2BY Tk BSyEs hreshialR) (0.0602
mole) and 21062 dbgaferaedhyloaiethacrylate (0.0200 mole) in a 250 ml flask with a-magnetic bar and
cold water condenser. To this solution was then added 25 g of 2-butanone giving a clear solution after
stirring. After nitrégseifjasnoadipakise denapurtgs foff 3ganinessiediaskhwhsimnusesat] fara 80C oil
bath. POV REIRIONAGS ERUISLOHLR) BISIRDe (Bl dBbAR ) s Thedeagtion saloggyas then

allowed to cool to room temperature and poured slowly into methanol under stirring to precipitate the
crude polyAfSETTRY cPiid@ pBRH#REIShtARdRIvARYRGIatdiSy RIS reRe-Boliiwe MyEdipRkified by
dissolving it into 2-butanone and precipitated it again in methanol. The purified polymer was dried in a
50C vacuum oven until constant weight (5.8 g). The polymer had an My, of 16,180 g/mol and Mr, of
9,342 g/mol. This polymer was designated in Table 1 as 20 mole% 4-vinylbenzocyclobutene and 20%
MMA for self assembly blending experiments. 14



Example 3: Synthesis of Neutral Polymer 3 A solution was prepared containing 0.33 g of AIBN, 7.81 g
of 4- vinylbenzocyclobutene (0.0600 mole), 10.45 g of styrene (0.100 mole) and 4.0 g of methyl

methacrylatey,933%J13ke) in a 300 ml flask with a magnetic bar and cold yatgEsARAERRS!- TO this
was added 52.6 g of 2-butanone giving a clear solution after stirring. After nitrogen gas was passed to

purge for 30 minutes, the flask was immersed in an 80C oil bath. Polymerization was carried out at this
temperature for 20 hours. The reaction solution was allowed to cool to room temperature and poured
slowly into methanol under stirring to precipitate the crude polymer. The crude polymer obtained was
isolated by filtering. The polymer was then purified by dissolving it into 2-butanone and precipitated
into methanol again. The purified polymer was dried in a 50C vacuum oven until constant weight (11.6

g). The poRPHEBIYERNE-RIALERAIZOBE g/mBCAHEXIANSFROSIH ¢Ifol. ThROPESHERSTRIMREEMnated in
Table 2 as gRimaipiart)yiRYDaIgRMNEIRIBAG ale ¥aRedYINbOIjasspHeABSS BRI ARG Xperiments.

Example 4: Synthesis of Neutral Polymer 4 A solution was prepared containing 0.323 g of AIBN, 7.81
g of 4- vinyRREHAOERNBHRIHEHY RNEETERMIERS) 2. 09 POMSEIINRNR. 0208 HEIE) CHRIIIHNE)of methyl
methacrylag(Qbhdadisneld) dthg1dA8 Ml ftagdelith apopgstgtenkab-anditgdld Watetioeoegargl. To this

dded 51. f 2-but iV I luti irring. After nit dt
e for SBUTRLY RS R A AL R B0l B M HAE, OB e RRRARS ] out at this
temperaturexioie 1pody( sty Ene-te tettiamydoddticam yy ao gl styesth ¢ebesolpie nedrretbyipeeatidegnd poured
lowly int pedinii | 4 ) ilter
Suifed by B B e B e B e
dried in a 58Caabinaticovepnprisioonatdedsiagrt ¢14s @havse grigrinadhblecin samobimeraso g/mol
and Mn of 4378 UBel,hBiRlABIeS W SR HBSI9RBIREhiSh TABIBrR el Braleféett one blogk

vinylbenzocyclobutene and 60% MMA for self assembly blending experiments. Example 5: Block

Copolymer'Hifisafish 1 TRESAbLRIED SBRFRN HBrS PR CaBI S NPipRYY BNBIRNPEE Dorval
E'I\Dflg)ntlfeoég)),@ﬁ%ﬁﬁ%ﬁdﬁéﬁﬁ@ﬂ%:@h&%@-@lw&fﬁ&ﬁm@h@ tAprant Anfd%l?@i&géirie?itx )
.09) was dissolyed in / ropylene glycol monomet er acetate) to form a 1.5 weight
S5 cition SRR P BugH B0 DT Ao EHAEIES SRR LR B BB uiation
The block ¢opalfeneofitomtelysubstsatarce | nafféeR 4 h&V Phe b8 Krbefifitiktivhv A typatterMw of 36K

Polydispersit t} Z%tvx%s dissolved in PGMEA to form a 1.5 weight A solution and filtered through a 0.2
micron PT kp%'y e*rafluoroethylene) filter.

Typically, the block copolymers employed for the directed self assembly
such as in graphoepitaxy, chemoepitaxy or pinned chemoepitaxy have a weight-
averaged molecular weight (M) in the range of about 3,000 to about 500,000
g/mol and a number averaged molecular weight (M,) of about 1,000 to about
60,000 and a polydispersity (My/M,) of about 1.01 to about 6, or 1.01 to about 2 or
1.01 to about 1.5 . Molecular weight, both M,, and M,, can be determined by, for
example, gel permeation chromatography using a universal calibration method,
calibrated to polystyrene standards. This ensures that the polymer blocks have
enough mobility to undergo self assembly when applied to a given surface either
spontaneously, or by using a purely thermal treatment, or through a thermal
process which is assisted by the absorption of solvent vapor into the polymer

framework to increase flow of segments enabling self assembly to occur.

Solvents suitable for dissolving block copolymers for forming a film can vary
with the solubility requirements of the block copolymer. Examples of solvents for

the block copolymer assembly include propylene glycol monomethyl ether acetate

15



Example 7: Screening Experiment 1 Finger Print test method The neutral layer compositions for
testing were prepared as 0.7 wt% solution in PGMEA solvent using the individual polymer or polymer

blends as indiggtaehinsIsdkle 1. The solution from which the blended polymeglayeso\ais siRun
consisted of a wt A blend of a 60 % MMA neutral polymer (Synthetic Example 1) with a 20% MMA

neutral polymer (Synthetic Example 2). A film of AZ ArF 1C5D (an antireflective coating composition
available from AZ Electronic Materials, Somerville, USA) was formed on a silicon wafer with a film
thickness of 26.6 nm after a bake of 255C for 1 minute. Then a layer of the neutral polymer or polymer
blend was formed with a film thickness of 19 nm after a neutralization bake of 255C for 2 minutes.
Over the neutral Ia&er was coated a layer of a block copolymer with a film thickness of 40 nm after an

annealing BRRME2RsCotbreyRindtesfioniPRititer tRBSRIEK coiBYmMPEEIGon 2 RS ENple 5
(22k-b-22k ddNEXRN b AE tharbp dceanely meisal Ui aAdromdmanide R 1@ ka8 kyakfigdormulations

and results are given in T 1. A neutral result in Table 1 for line/space pattern shows that the block
polymer Wﬁ’%%%%p%nu%é&iﬂmﬁb‘ﬁﬂ%g dlﬁgcqga Qs@ﬂwBW%?‘i’f%%iy?ﬂsp'g\%‘})fhlésﬁgﬂtral layer
as was seecabting fingeeptmtintiage seepyileresciyvihgrelectnethmiaeropeethsb|PGREBANarizes
experiments_in. whi I r.of it ex le 1 and 2 were blended to ascertain if
sc)'-,\(lf aésem ﬁl/mm ﬁ%}éﬁgk%%%ﬁggn@rg%@r%ﬂ%t%@ﬁ%@o%c%ﬁﬁ?ﬁge t'f%ér]c\ﬁa Vthe finger print test. For
ine/space (L/S) aplicsiien beblgRtcFopaMBRRIRIRCERNasrarRe e gaieachpBiRrRNd alion

perpendicularly with the substrate because of its neutrality to either block segment forming a swirling
pattern will 3BT 2d/AibYPR) MERMBANIBO WA rSHRIRr iFEBRIAINY el dRISARIFIAGNIAINAGNG the

phase Sepfﬁ@&@ﬂé@gi%@%itﬁ‘/@@ﬁrﬁlflU&w@'oﬁlﬁmmbﬂ@ﬁﬂ@éiemeﬁbﬁﬁf@%ﬁiﬁmm@/ tadhegudace of the
neutral surgtﬁg. The datﬁ in Table 1 indicates that widg range of blends rat%gin from 20 mole %
i B

MMA to 60FHSREHIRNPAUSADY ARRGEAIRTRe REHIhGHE AP RRERISY Th e "e6Ri3Dsition. Table

1: Self AsserablylioRdxsuttalih ayeendorssiatidgtiof hiles dsaf Rohbirettoesntaimnipris oY atliewsty
benzocyclog)nuée&ethlee lfgr"’lelgoing, wherein one or more of the additional components and/or
additives co-assemble with the block copolymer to form the block copolymer

assembly.

The block copolymer composition is applied to a pattern of the novel neutral
layer which has been defined on a surface by conventional lithography, where the
neutral surface is a crosslinked coating formed from the novel composition. Upon
application and solvent removal, the block copolymer then undergoes self
assembly directed by the specific pattern formed by conventional lithographic
processing over the neutral layer through either actual topographical features or a
patterned chemical difference of the substrate surface created by conventional
lithographic process. Either pattern rectification maintaining the same resolution is
achieved and/or pattern multiplication may also be achieved if multiple phase
boundaries are formed between the features defined with conventional lithography,
depending on the relative pitch of the pattern versus the microphase separation

distance after standard IC processing to pattern transfer.

The application of the block copolymer by spinning techniques (including
spin drying) can suffice to form the self directed block copolymer assembly. Other

methods of self directed domain formation can occur during applying, baking,

16



Layer Formulation Example # MM A mole % in the blended polymer mixture Neutral layer polymer |
Weight % Neutral layer polymer 2 Weight % Finger Print Neutrality Result LirS Pattern 22k-b-22k bep
Finger Print NeysaliysResult L/S Pattern 18k-b-1 8k bcp 1 20 0 100 PCT/IB2012/001905

annealing, or during a combination of one or more of these operations. In this way,
an oriented block copolymer assémbly is prepared by the above method, having
microphase-separated domains that comprise cylindrical microdomains oriented
perpendicular to the neutral surface, or that comprise lamellar domains oriented
perpendicular to the neutral surface. Generally, the microphase-separated domains
are lamellar domains oriented perpendicular to the neutral surface, which provide
parallel line/space patterns in the block copolymer assembly. The domains, so
oriented, are desirably thermally stable under further processing conditions. Thus,
after coating a layer of a block copolymer assembly including a useful diblock
copolymer such as, for example, poly(styrene-b-methyl methacrylate), and
optionally baking and/or annealing, the domains of the block copolymer will form on
and remain perpendicular to the neutral surface, giving highly resistant and highly
etchable regions on the surface of the substrate, which can be further pattern |
transferred in the substrate layers. The directed self assembled block copolymer
pattern is transferred into the underlying substrate using known techniques. in one
example wet or plasma etching could be used with optional UV exposure. Wet
etching could be with acetic acid. Standard plasma etch process, such as a plasma
comprising oxygen may be used; additionally argon, carbon monoxide, carbon
dioxide, CF4, CHF3, may be present in the plasma. Figures 1a-1c illustrate a
process where the neutral layer is modified to define a patterned chemical affinity,
Figure 1a. The block copolymer is then coated over a chemically modified neutral
layer and annealed to form domains perpendicular to the substrate surface, Figure
1b. One of the domains is then removed to form a pattern on the surface of the

substrate, Figure 1c.

In the present invention the initial photoresist pattern used for forming the
directed self assembly pattern can be defined using either negative or positive
photoresists, or either positive tone or negative tone development processes, and
imageable using any conventional lithographic techniques, such as e-beam, ion
beam, x-ray, EUV (13.5 nm), broadband, or UV (450 nm-10 nm) exposure,
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immersion lithography, etc. In one embodiment the present invention is particularly
useful for 193nm imagewise exposure using either dry lithography or immersion
lithography. For 193 nm lithography a commercially available positive 193 nm
photoresist can be employed such as the non-limiting example of AZ AX2110P
(available from AZ Electronic Materials USA Corp, Somerville, NJ), photoresist
from Shin-Etsu Chemical Corp., JSR Micro from Japan Synthetic Rubber, and
other photoresists available from FuijiFilm, TOK, etc. These photoresists may be
developed after exposure, and post exposure baked using an aqueous alkaline
developer comprising tetramethylammonium hydroxide to give a positive tone
pattern or developed using an organic solvent such as n-amyl ketone (MAK), n-
butyl acetate, anisole, etc. to give a negative tone pattern. Alternatively, also for
193 nm exposure, commercially available negative tone photoresists may be
employed. One particular feature of the present invention is that despite the high
level of crosslinking of the neutral layer, unexpectedly neutrality of the neutral layer
toward the block copolymer is maintained. The high level of crosslinking is required
when processing steps occur, such as overcoating with photoresist, baking the
photoresist, exposing the photoresist, developing the photoresist pattern with the
developers employed as described above for each type of photoresist, stripping
conditions, etc.; but the novel neutral film still retains neutrality thus allowing for
proper orientation of the block copolymer domains between the topographical
lithographic features. The neutrality is required to control the orientation of the
block copolymer during the alignment process, such that the domains of the block
copolymer will form on and remain perpendicular to the neutral surface, as shown
in Figures 1a-1c. Figures 1a-1c show how the block copolymer orients itself into
domains perpendicular to the substrate and one of the domains is removed to give

a pattern on the substrate.

The substrate over which the neutral layer is coated is any required by the
device. In one example the substrate is a wafer coated with a layer of high carbon

content organic layer with a coating of silicon or titanium containing ARC (high etch
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resistance to oxygen plasma) over it, which allows pattern transfer of the patterned
block copolymer into these coatings. Suitable substrates include, without limitation,
silicon, silicon substrate coated with a metal surface, copper coated silicon wafer,
copper, aluminum, polymeric resins, silicon dioxide, metals, doped silicon dioxide,
silicon nitride, silicon carbide, tantalum, polysilicon, ceramics, aluminum/copper
mixtures, glass, cbated glass; gallium arsenide and other such Group IV
compounds. These substrates may be coated with antireflective coating(s). The
substrate may comprise any number of layers made from the materials described

above.

For the present invention a variety of processes involving graphoepitaxy or
(pinned) chemoepitaxy may be employed to achieve a directed self assembly of
the aforementioned block copolymer using a neutral layer which is resistant to
lithographic processes as described above, especially maintaining neutrality after
crosslinking, to control the orientation of the block copolymers relative to the
substrate; this directed self assembly block copolymer coating is then used to form
a high resolution pattern using plasma or wet etching to remove the highly etchable
domains of the block copolymer. This pattern can then be further transferred into
the substrate. In this manner, a variety of high resolution features fnay be pattern
transferred into the substrate achieving either pattern rectification, pattern

multiplication or both.

As an example, in graphoepitaxy applications, any structure such as a
photoresist pattern, using any photoresist, is formed and imaged over the novel
neutral layer coated on a substrate using standard lithographic techniques. Other
neutral layers which are resistant to lithographic processes and maintain neutrality
after crosslinking may be used. The pitch of topographical features imaged through
standard lithography using a photoresist on top of a neutral layer is larger than the
pitch of the block copolymer assembly. These topographical photoresist features
are typically hardened by ultraviolet exposure, baking or a combination of both of

these to avoid intermixing of the blockcopolymer with the photoresist. The

19



50 50 Neutral Neutral 6 45 63 37 Neutral Neutral 7

WO 2013/041958 PCT/IB2012/001905

hardening conditions are determined by the type of photoresist used. As an
example hardening can be a bake for 2 minutes at 200°C with or without a UV
exposure. The block copolymer composition is used to form a coating and then
treated to form self directed domains as described previously. Consequently, the
domains of the block copolymer assembly (either spontaneously, through solvent
treatment or thermally by annealing) are forced by the constraints of the
topographical pattern overlying the critical neutral layer to align in such a way to
multiply the spatial frequency of the fine topographical photoresist pattern, that is
domains of high etch rate and etch resistant regions are formed perpendicular to
the substrate surface. This multiplication of special frequency is the number of
repeating sets of features along a given direction of the topographical pattern.
Thus, the resulting pattern in the block copolymer assembly (the spatial frequency
of the patterned block copolymer assembly) can be doubled, tripled, even
quadrupled relative to the spatial frequency of the original fine topographical
pattern. The segregation of the domains occurs such that a structure comprising
repeating sets of domains is formed between the patterned photoresist topography
with a spatial frequency for the domains (given by the number of repeating sets of
domains in the given direction) of at least twice that of the spatial frequency for the

topographical pattern.

In one embodiment the invention provides a process for forming an image by

graphoepitaxy comprising:

a) forming a coating of a neutral layer, preferably from the neutral layer
composition of the invention or one of its specific embodiments, on a
substrate;

b) heating the neutral layer to form a crosslinked neutral layer;

c) providing a coating of a photoresist layer over the crosslinked neutral
layer;

d) forming a pattern in the photoresist;
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e) applying a block copolymer comprising an etch resistant block and
highly etchable block over the photoresist pattern and annealing until
directed self assembly occurs; and,

- f) etching the block copolymer, thereby removing the highly etchable block
of the copolymer and forming a pattern.

In a preferred embodiment the photoresist pattern is formed by imaging

lithography selected from a group consisting of e-beam, broadband, 193 nm
immersion lithography, 13.5 nm, 193nm, 248 nm, 365 nm and 436 nm. In a further

preferred embodiment the photoresist is positive or negative.

In one embodiment, the present invention relates to a process for using a
positive tone photoresist pattern for graphophoepitaxy. A neutral layer which is
resistant to lithographic processes and maintain neutrality after crosslinking may be
used. The process comprises forming a coating of the novel neutral layer
composition on a substrate surface; baking the neutral layer to form a crosslinked
and neutral layer; providing a coating of a positive acting photoresist layer over the
neutral layer; forming a positive pattern in the photoresist; optionally, hardening the
positive photoresist pattern by hardbaking, UV exposure or a combination of the
two; applying a block copolymer comprising an etch resistant block and an etch
labile block over the residual positive photoresist pattern and anneéling the film
stack until directed self assembly governed by the residual photoresist feature and
neutral layer occurs, such that the domains form perpendicular to the substrate
surface; and, etching the block copolymer so that the etch labile blocks are
removed producihg a line multiplication of the original residual pattern. The neutral
layer is such that no damage occurs to the neutral layer during lithographic

processing, as described previously.

In another embodiment, the present invention relates to a process for using
a negative tone photoresist pattern for use in graphoepitaxy. A neutral layer which
is resistant to lithographic processes and maintain neutrality after crosslinking may

be used. The process comprises forming a coating of the novel neutral layer on a
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9 60 100 O Neutral with many defects Neutral with many defects Example 8: Screening Experiment 2
Finger Print test method The neutral layer compositions for testing were prepared as 0.7 wt% solution

in PGMEA sglyssiysingsthe individual polymer or polymer blends as indicgigg,jg.4 flg199sT ne solution
from which the blended polymer layer were spun consisted of a wt To blend of a 20 % MMA neutral

polymer (Synthetic Example 3), with a 60% MMA neutral polymer (Synthetic Example 4). A film of AZ
ArF 1C5D (an antireflective coating composition available from AZ Electronic Materials, Somerville,
USA) was formed on a silicon wafer with a film

substrate; baking the neutral layer to form a crosslinked and neutral layer;
providing a coating of a negative acting photoresist layer over the neutral layer;
forming a negative tone pattern in the photoresist; optionally, hardening the
photoresist pattern by hardbaking, UV exposure or a combination of the two;
applying a block copolymer comprising an etch resistant block and an etch labile
block to the substrate containing the pattern and annealing the film stack until
directed self assembly governed by the residual photoresist feature and the neutral
layer occurs, such that the domains form perpendicular to the substrate surface;
and, etching the block copolymer so that the etch labile block are removed
producing a line multiplication of the original residual pattern. The neutral layer is
such that no damage occurs to the neutral layer during lithographic processing, as
described previously.

In a further embodiment the invention provides a process for forming an

image by chemoepitaxy comprising:

a) forming a coating of a neutral layer, preferably from the neutral layer
composition of the invention or one of its specific embodiments, on a

substrate;

b) heating the neutral layer to form a crosslinked neutral layer;

c) providing a coating of a photoresist layer over the crosslinked neutral
layer;
d) forming a pattern in the photoresist layer to remove the unexposed

photoresist, thereby forming an uncovered crosslinked neutral layer

region;
e) treating the uncovered crosslinked neutral layer region,

f) removing the photoresist,
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thickness of 26.6 nm after a bake of 255C for 1 minute. Then a layer of the neutral polymer or polymer
blend was formed with a film thickness of 19 nm after a neutralization bake of 255C for 2 minutes.

Over the neulgl Jayeds\vag coated a layer of a block copolymer with a film thickpessAfodfhHm after an
annealing bake of 225C for 2 minutes from either the block copolymer solution 1 (22k-b-22k

MMA/STY). The formulations and results are given in Table 2. A neutral result in Table 2 shows that
the block polymer was able to successfully form a self directed assembly of the polymer over the

neutral layer. Table 2 summarizes results in which the polymer of synthetic example 3 was blended
with the polymer of synthetic example 4 and neutrality was tested through the "finger print test." For
the test result 'neutral’ in the US application designates the domains of block copolymer aligned
perpendicularly to%the sIARRIYRIRIO'RFthEIRANPAREYSOMRESING (G Tofitth 'SHivtRRS ﬁi‘?ﬁ‘é‘rﬁféembling a

finger print but with regulaginje talabriVgeskthevswitleingdicating dyerpbage semasmied tagions of the
block copolymer oriented per endi&ularl to the surface Sf the neutral. Thus, a neutral result shows
that the neutral layer fun Bﬁ&& sf %’3‘[(9?8%3’@1% correct orientation of the block copolymer.

WO 2013/041958RCT/IB2EHIZYHO Bfo e pbi§ritAdbentbly comideigatiaydyalgosisistibig of blends
(r)T:OITé)Igﬁmers containing ?b(?g/gk%]ymglggn@c é:rl%?‘%l? 1=K w} uatlrslahgyngr Formulation Example # MMA
0 in the blended polymer mixture Neutral layer ,
In a preferred embodiment the photoresist pattern is formed by imaging
lithography selected from a group consisting of e-beam, 193 nm immersion
lithography, broadband, 13.5 nm, 193nm, 248 nm, 365 nm and 436 nm. Further,
the photoresist is a negative or positive photoresist.
In a further embodiment the invention provides a process for forming an

image by chemoepitaxy comprising:

a) forming a coating of a neutral layer, preferably from the neutral layer
composition of the invention or one of its specific embodiments on a

substrate;
b) heating the neutral layer to form a crosslinked neutral layer,;

c) providing a coating of a photoresist layer over the crosslinked neutral

layer;
d) forming a pattern in the photoresist layer;

e) applying a block copolymer comprising an etch resistant block and
highly etchable block over the photoresist pattern and annealing until

directed self assembly occurs; and,

f) etching the block copolymer with a plasma, thereby removing the
highly etchable block of the copolymer and forming a pattern.

In a preferred embodiment the photoresist pattern is formed by imaging

lithography selected from a group consisting of e-beam, broadband, 193 nm

immersion lithography, 13.5 nm, 193 nm, 248 nm, 365 nm and 436 nm. Further,

the photoresist is a negative or positive photoresist.
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In chemoepitaxy, the substrate surface provides a pinning surface feature in
the novel neutral layer which has a particular chemical affinity towards a block of
the block copolymer, and it is this affinity and the presence of the neutral layer
which orients the alignment of the block copolymer. A neutral layer which is
resistant to lithographic processes and maintain neutrality after crosslinking may be
used. The pinning feature may be a patterned photoresist feature on the surface of
the novel neutral layer or a patterned opening in the novel neutral layer or a
patterned neutral layer whose surface has been suitably treated to provide a
patterned pinning surface. The pinning feature with the chemical difference can be
created by any method, such as lithographic imaging of the photoresist and/or
etching of the neutral layer to expose a patterned surface with a chemical
difference, or any other combination of lithographic techniques. The pinning feature
may also be created by chemical treatment of the patterned surface of the neutral
layer, without removing the neutral layer. Typically, a stack is formed on the
substrate comprising a neutral layer coated over a substrate, over which is coated

a photoresist layer.

In one embodiment of a negative tone (where the unexposed region is
removed to form a pattern) line multiplication chemoepitaxy, a coating of the novel
neutral layer is formed on a substrate, such as on an antireflective substrate or any
other type of substrate; the neutral layer is heated to form a crosslinked neutral
layer; a coating of a photoresist layer is formed over the crosslinked neutral layer;
and, the photoresist is imaged to form a pattern with an open or developed trench
in the unexposed regions over the neutral layer and substrate stack. Typically a
negative tone is obtained by using a negative photoresist which opens the
unexposed regions or a positive photoresist which after forming a latent image in
the photoresist uses an organic solvent to remove the unexposed regions, thus
forming a trench with a narrow opening. A neutral layer which is resistant to
lithographic processes and maintain neutrality after crosslinking may be used.

Once the pattern is formed over the neutral layer, the trench is treated to have a
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chemical affinity. The chemical affinity can be achieved by any technique such as
by removing the neutral layer, by wet etching or a plasma etch, or can be treated to
form a surface with a particular chemical affinity to one of the blocks of the block
copolymer. Typically an oxygen containing plasma is used to etch the neutral layer,
thus forming a patterned neutral layer over the substrate. The photoresist is then
removed. The photoresist may be removed with a wet stripper, such as an orga‘nic
solvent stripper used for that particular photoresist or by an aqueous alkaline
developer. The openings in the neutral layer have a chemical affinity to only one of
the blocks in the block copolymer. As an example if the substrate surface is a
silicon antireflective coating or an oxide, it will have an affinity towards the acrylate
block and not to the styrene block of the block copolymer, thus forming a patterned
pinning surface. One particular feature of the present invention is that despite the
high level of crosslinking of the neutral layer, unexpectedly, neutrality of the neutral
layer is maintained. The high level of crosslinking is required when overcoating
with photoresist or developing the photoresist pattern with the developers
employed, or stripping the photoresist, as described above for each type of
photoresist; thus allowing for proper orientation of the block copolymer domains
between the pinning areas created by the above described process. The block
copolymer composition is then applied over the patterned neutral layer to form a
layer and treated (such as heating to anneal) to form a self aligned block
copolymer with domains of an etch resistant block and an etch labile block
perpendicular to the substrate contaihing the pattern of neutral layer and removed
or treated neutral layer; and, further etching the block copolymer so that the etch
labile blocks are removed producing a line multiplication of the original lithographic
pattern. Removal of one of the blocks may be by plasma or wet etching.
Consequently, the resulting pattern in the block copolymer assembly (i.e., the
spatial frequency of the patterned block copolymer assembly) can be doubled,
tripled, even quadrupled relative to the spatial frequency of the original fine

chemical pattern. The domains, so oriented in this manner, should be thermally
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stable under the processing conditions. For instance when a layer of a block
copolymer assembly including a useful diblock copolymer such as, for example,
poly(styrene-b-methylmethacrylate), is coated on a chemically patterned neutral
layer, the methylmethacrylate block segments will preferentially interact with the
areas of the neutral layer which have been etched or treated; this creates pinning
sites which constrain the domains of the block copolymer between the' pinning
sites, and the novel neutral layer forces the block segments of the block copolymer
to remain perpendicular to the neutral surface and are constrained by the chemical
pattern in the neutral layer. The domains form by lateral segregation of the blocks
on the neutral layer between the constraining chemical pattern in the neutral layer.
The segregation of the domains occurs such that a structure comprising repeating
sets of domains is formed over the chemically patterned neutral layer with a spatial
frequency for the domains (given by the number of repeating sets of domains in the
given direction) of at least twice that of the spatial frequency for the original
chemical pattern in the neutral layer. Finally, as before the directed self assembled
block copolymer pattern in transferred into the underlying substrate using standard

plasma or wet etch processes.

In one embodiment of a positive tone line multiplication chemoepitaxy, a
conventional positive photoresist may be used to create chemical pinning. This is
accomplished by coating a positive photoresist as described previously on the
neutral layer of the present invention coated over a substrate and imaging the

. photoresist such that the image is overexposed, thus reducing the dimensions of
the photoresist pattern to create very shallow residual photoresist features, such as
residual lines on which the block polymer may be applied. This very shallow
feature has very little topography, about the order of 10 nm to 100nm width and 5
nm to 30 nm height. These residual features act as a pinning area over the neutral
layer when the block copolymer is applied to the surface of the neutral layer with
these residual features remaining. As described above, the block copolymer form

directed self aligned domains using the residual features as pinning areas and
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neutral layer forces the alignment to give domains perpendicular to the substrate.
Fin'ally, as before the directed self assembled block copolymer pattern is
transferred into the underlying substrate using standard plasma or wet etch

processes.

In detail, Figures 2-4 describe novel processes that use a novel neutral
underlayer to obtain high resolution features of the order of nanometers using

directed self assembly of block copolymers.

In the present processes, any type of substrate may be used. As an
example, a substrate which has a coating of high carbon underlayer and a silicon
antireflective coating may be used as a substrate. The high carbon underlayer can
have a coating thickness of about 20 nm to about 2 microns. Over this is coated a
silicon antireflective coating of about 10 nm to about 100 nm. The novel neutral
layer composition is used to form a coating over the silicon antireflective coating.
The neutral layer is coated and baked to form a crosslinked layer of thickness of
about 3 nm to about 30nm, or about 4 nm to about 20nm, or about 5 nm to about
20nm, or about 10 nm to about 20 nm. Over the crosslinked neutral layer is coated
a photoresist which is formed and imaged using conventional techniques, such as
spin coating, baking, and forming an image. Figures 2a-2i illustrate a negative tone
line multiplication process. Figures 3a-3g illustrate a positive tone line multiplication

process. Figure 4a-4d illustrate process for contact hole multiplication.

Figure 2a-Figure 2i illustrate a novel process for forming line multiplication
using a negative tone process. A multilayer stack is formed on a substrate in
Figure 2a, where the stack comprises a substrate comprising a high carbon
underlayer and a silicon antireflective coating layer, the novel crosslinked neutral
layer and a photoresist layer. Any substrate may be used. Any neutral layer which
is resistant to lithographic processes and maintains neutrality after crosslinking
may be used. The photoresist may be any that is available such as 193nm

photoresist, immersion 193nm photoresist, € beam photoresist, EUV photoresist,
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248 nm photoresist, broadband, 365 nm, 436 nm, etc. The photoresist layer is
imaged to form a pattern us'ing conventional techniques. A negative tone
photoresist may be used or a positive tone photoresist that uses an organic solvent
to develop away the unexposed regions to form very narrow trenches may be used,
as shown in Figure 2b. The novel underlayer is treated to form a pinning surface
with a specific chemical affinity to one of the blocks of the block copolymer, using
techniques such as plasma etching to remove the layer, plasma etching to modify
the surface of the layer, or chemically treating the layer by further deposition of a
material or any other pinning methods. A plasma comprising oxygen may be used
to remove the neutral layer, as shown in Figure 2c. The photoresist is then stripped
away using solvent stripper or plasma etching, as shown in Figure 2d. Solvents
such as any organic solvents known for removing photoresists may be used, such
as PGMEA, PGME, ethyl lactate, etc. The photoresist may also be removed by
developing the photoresist pattern in aqueous alkaline developer as commonly
used in removing exposed photoresists. The neutral layer on the substrate still
maintains its neutrality after the photoresist process steps. Over the patterned
neutral layer, Figure, 2e, the composition comprising the block copolymer is coated
and treated (such as annealing) to form a self directed alignment pattern of
alternating segments of the block copolymer. A layer which is neutral is required to
cause the alignment of the block copolymer to give regions of high etch resistance
and regions of low etch resistance, such that pattern multiplication can be achieved,
as shown in Figure 1e; if the neutral layer was not sufficiently neutral then an
undesirable orientation parallel to the surface would be achieved. A subsequent
etch then removes the highly etchable blocks of the block copolymer, leaving a
patterned surface with very high resolution, as shown in Figure 2f. Typical etch to
remove one of the blocks would be a wet or plasma etch as described previously.
The pattern may then be transferred in the lower stack layers by plasma etching,
as shown in Figure 2g-2i, using etchants for the antireflective coating stack.

Typical etch would be a plasma etch dependent on the substrate.
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Example 9 The neutral layer composition for testing was prepared as 0.7 wt% solution in PGMEA
solvent using the single neutral polymer made from feed ratio 40% MMA, 30% Styrene, and 30%

4-vinylbenzogys'ahyiansssA layer of the neutral polymer was formed with aggkygianggs,f 19 nm
after a neutralization bake of 255C for 2 minutes. Over the neutral layer was coated a layer of a block

copolymer with a film thickness of 40 nm after an annealing bake of 225C for 2 minutes from the block
copolymer solution 1 (22k-b-22k MMA/STY). SEM inspection shows that the block polymer was able to
successfully form a self directed assembly of the polymer over the neutral layer. Example 10 Soaking
test: The neutral polymer blend (Formulation #18 described in Table 2) was coated and baked at 240C
for 2 min to form a film of 17.6 nm. The film was soaked with an edge bead remover solution
(PGME/PGMEA: TO{B0¥ fda30 stgdtieriratkise dilnpuickmesssy domfeasing dite baultipd ¢atioafter the

soaking Pr%ﬁgééyggh%%%%%ﬁ%m@ﬁpé%} OsRx AR ' L& BeHURl prypeLPlend

(Formulation # scribed in Table 2) was deposited and baked at 255C for 2 min to form a film of 16
nm. Over theweakiayenaidmBheareaist Iayer it bissisr Ssisvhera e 1S NQIre s AZ

Electronic MiiedalpshSinEsHRyeP amery i chiY hatrbiekark alobhRE V0 A9FpRUS 801 8pct0 obtain a

120 nm film. This film stack was flopd exposed with a 193nm Nikon 306D scanner at dose of
20mJ/cm2 WYEBpéh-ASTaNLde. APBataniidsAradsRE St IO CRAIBBIRE HRHE RS &fififed. The
wafer was dexsiimedgnitiap BéViilsaa0 (aeaiihiolie fserst Adaly|eeiyothistMate tads| AEEA Supkp.asSomerville,

NJ) for 30 nds. The block copolymer sqlytion of Block.Copolymer formulation 1 w ated on the
substrate ash% LAheaIRER S%r%s}ﬁpnu%!éTETpiﬁr?rrn S.'%ne Wé%?%rgspﬁﬁ)EW§3§ ﬁ’n SEM
(critical dimphsiesishrzdggrete pinotorekistsetpy T A¢ pileat dvkstisti ddy dtaisoi BBy edh &vefirmas seen that

the block pg%f[@ﬁ{ W&ﬁ?@&%%&sﬂwﬁiﬁ% fﬁsﬁgs%(}}c{SHeaﬁﬁ%FBPé%i&‘:’ R e peyghipyer, which

indicates perfect neutrality was maintaine e complete photoresist exposure process. Thus, no

damage tofiRe REGtAIPRIFE R AtesbpasifefigvEesibwiy s cases e mbateresishisarative

Results AIBN(@ AR, 10903 e 4l IBRERCYSIDUERGHDVERH Bk BARRINPHe SBRENE (16.54 9
0.14 mol), methyl methacrylate (10.52 g,%a./lOS mol) and 90 ml of%?gutanc?ne were cﬁargi% in a 250

ml flask eqlishEEAMFTHAGHER SHRIG ARV MreirRler iR gUe USRS AdP MBS gas was
passed to piliggrdop Aemingiag, tHetieck svpsiyrieersathécaBpospibhabranisriire ieodR hrs. The

i kel R e R R
alignment pattern of alternating segments of the block copolymer. A layer which is
neutral is required to cause the alignment of the block copolymer to give regions of
high etch resistance and regions of low etch resistance, such that pattern
multiplication can be achieved, as shown in Figure 3c; if the neutral Iéyer was not
sufficiently neutral then an undesirable orientation perpendicular to one shown
would be achieved. A subsequent etch then removes the highly etchable blocks
of the block copolymer, leaving a patterned surface with very high resolution, as
shown in Figure 3d. Typical etch would be a wet or plasma etch as described
previously. The pattern may then be transferred in the lower stack layers by
plasma etching, as shown in Figure 3e-g. Typical etch would be plasma etch

dependent on the substrate.

Figure 4a-4d illustrates a novel process for forming contact hole
multiplication using a chemoepitaxy process. A multilayer stack is formed on a
substrate, where the stack comprises a substrate (such as a silicon antireflective

coating layer, a titanium antireflective coating, silicon oxide, etc,), the novel neutral

29



followed by reprecipitation from 2-butanone solution in methanol, then dried in a 50C vacuum oven
until constant weight of 16.37g was obtained. The polymer yield was 59%. The polymer had a Mn of

10218 g/mol\gchMyiPfetp854 g/mol with PD (polydispersity) of 1.55. A 0. 3u#paspitiniegt the polymer
in PGMEA was formulated as a comparative formulation A comparison test was conducted with a

formulation of the above comparative polymer and the novel formulation Example 14 from Table 2.
The two solutions, both 0.7wt% solution of the polymer in PGMEA, were coated separately on silicon
wafers followed by a bake at 255C for 2 minutes. The films were then subjected to a rinse with AZ
EBR7030 (an organic solvent mixture) for 30 seconds. Film thicknesses were measured thereafter.

The results are shown in Table 3. Table 3: Impacts of solvent iinse Comparative Formulation
Formulatioh@y@r @ a photoresist layer. A neutral layer which is resistant to lithographic

processeé and maintain neutrality after crosslinking may be used. The photoresiét
may be any that are available such as 193nm photoresist, immersion 193nm
photoresist, e beam photoresist, EUV photoresist, 248 nm photoresist, etc. The
photoresist layer is imaged to form a pattern using conventional techniques, Figure
4a; The novel underlayer is treated to form a pinni'ng surface using techniques
such as plasma etching to remove the layer, plasma etching to modify the surface
of the layer, or chemically treating the layer by further deposition of a material or
any other pinning methods. A plasma comprising oxygen may be used to remove
the neutral layer, as shown in Figure 4b. The photoresist is then stripped away
using solvent stripper or plasma etching. Solvents such as any organic solvents
known for removing photoresists may be used, such as PGMEA, PGME, ethyl
lactate, etc. may be used. The photoresist may also be used by developing the
pattern in aqueous alkaline developer used in removing exposed photoresists. The
neutral layer on the substrate still maintains its neutrality after the photoresist
processing steps. Over the patterned neutral layer, Figure 4c, the composition
comprising the block copolymer is coated and treated (such as annealing) to form
a self directed alignment contact hole pattern of alternating segments of the block
copolymer. A layer which remains neutral is required to cause the desired
orientation of the block copolymer to give regions of high etch resistance and
regions of low etch resistance, such that pattern multiplication can be achieved; if
the neutral layer was not sufficiently neutral then an undesirable orientation
perpendicular to one shown would be achieved. A subsequent etch then removes
the highly etchable blocks of the block copolymer, leaving a patterned surface with
very high resolution, as shown in Figure 4d. Typical etch would be a wet or plasma
etch as described previously. The pattern may then be transferred in the lower
stack layers by plasma etching. Typical etch would be plasma etch dependent on
the substrate. This process can be used for both pattern rectification and pattern

pitch frequency multiplication.
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The above processes describe novel processes that can be practiced. The

process can use the novel neutral layer composition of the present invention.

Each of the documents referred to above are incorporated herein by
reference in its entirety, for all purposes. The following specific examples will
provide detailed illustrations of the methods of producing and utilizing compositions
of the present invention. These examples are not intended, however, to limit or
restrict the scope of the invention in any way and should not be construed as
providing conditions, parameters or values which must be utilized exclusively in

order to practice the present invention.

Examples
The molecular weight of the polymers was measured with a Gel Permeation

Chromatograph.

Example 1: Synthesis of Neutral Polymer 1

A solution was prepared containing 0.1642 g of AIBN (azobisisobutyronitrile),
2.6129 g of 4-vinylbenzocyclobutene (0.0200 mole), 2.0944 g of styrene
(0.0201mole) and 6.001 g of methyl methacrylate (MMA) (0.0599 mole) in a 250 ml
flask with a magnetic bar and cold water condenser. To this solution was then
added 25.44 g of 2-butanone giving a clear solution after stirring. After nitrogen gas
was passed to purge for 30 minutes, the flask was immersed in 80°C oil bath.
Polymerization was carried out at this temperature for 19 hours. The reaction
solution was then allowed to cool to room temperature and poured slowly into
methanol with stirring to precipitate the crude polymer. The crude polymer obtained
was isolated by filtering. The polymer was purified by dissolving it into 2-butanone
and precipitated again in methanol. The purified polymer was dried in a 50°C
vacuum oven until constant weight (6.8 g). The polymer had a M,, of 18515 g/mol
and M, of 11002 g/mol. This polymer was designated in Table 1 as 20 mole% 4-

vinylbenzocyclobutene and 60% MMA, for self assembly blending experiments.
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Example 2: Synthesis of Neutral Polymer 2

A solution was prepared containing 0.165 g of AIBN, 2.6188 g of 4-
vinylbenzocyclobutene (0.0201 mole), 6.2705 g of styrene (0.0602 mole) and
2.0022 g of methyl methacrylate (0.0200 mole) in a 250 ml flask with a magnetic
bar and cold water condenser. To this solution was then added 25 g of 2-butanone
giving a clear solution after stirring. After nitrogen gas was passed to purge for 30
minutes, the flask was immersed in a 80°C oil bath. Polymerization was carried out
at this temperature for 22 hrs. The reaction solution was then allowed to cool to
room temperature and poured slowly into methanol under stirring to precipitate the
crude polymer. The crude polymer obtained was isolated by filtering. The polymer
was purified by dissolving it into 2-butanone and precipitated it again in methanol.
The purified polymer was dried in a 50°C vacuum oven until constant weight (5.8 g).
The polymer had an M, of 16,180 g/mol and M, of 9,342 g/mol. This polymer was
designated in Table 1 as 20 mole% 4-vinylbenzocyclobutene and 20% MMA for

self assembly blending experiments.

Example 3: Synthesis of Neutral Polymer 3

A solution was prepared containing 0.33 g of AIBN, 7.81 g of 4-
vinylbenzocyclobutene (0.0600 mole), 10.45 g of styrene (0.100 mole) and 4.0 g of
methyl methacrylate (0.0399 mole) in a 300 ml flask with a magnetic bar and cold
water condenser. To this was added 52.6 g of 2-butanone giving a clear solution
after stirring. After nitrogen gas was passed to purge for 30 minutes, the flask was
immersed in an 80°C il bath. Polymerization was carried out at this temperature
for 20 hours. The reaction solution was allowed to cool to room temperature and
poured slowly into methanol under stirring to precipitate the crude polymer. The
crude polymer obtained was isolated by filtering. The polymer was then purified by
dissolving it into 2-butanone and precipitated into methanol again. The purified

polymer was dried in a 50°C vacuum oven until constant weight (11.6 g). The
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14.6 0.4 *25 measurements For Formulation 14, the film thickness was unchanged after the solvent
rinse. However, significant film loss (14.6nm) was observed with the comparative polymer (2 mole%

4-vinylbenzogys'ahyigasds The two solutions of comparative formulation apg-fqusilahinees4. both 0.7
wt% solution of the polymer in PGMEA, were coated separately on silicon wafers followed by a bake at

255C for 2 minutes. Both the coatings were rinsed with AZ EBR7030 for 30 seconds and spin dried;
and then spin coated with poly(styrene-bmethyl methacrylate) block copolymer solution (1.5wt% in
PGMEA) to form a layer of 40nm. The films were annealed at 255C for 2 minutes to promote the
alignment of the block copolymer. The wafers were then inspected in a CD SEM (NanoSEM 3D). The
comparative formulation gave a film with many defects. The Formulation 14 gave good alignment and

separation BPYREoR#NR Wih fod 408%efmehenidy ith1 R retrel THBIRVBAYRBO MRS

comparativgdeignetation angiermuiatonmdicboth-Oirywihsridiop s teeyroes IMRMENGA, were
coated separzﬁtelg/ on l?l'“ﬁ)zgm afers followed by a bake at 255C for 2 minutes. Both the coatings were

not rinsed WitH S3RENY'Y ASFIPEOMESSwith poly(styrene-b-methyl methacrylate) block copolymer
solution (1.5wt% in PGMEA) to form a layer of 40nm. The films were annealed at 255C for 2 minutes

to promote %I%I{iﬂ?rggrg rl;t h?espsloqh?glmléirp%rr Theer \gafers were then inspected in a CD SEM

(NanoSEM e comparative formulation ga(ytrena film with many defects and no self alignment of
the block C%F’O%ﬂﬁfoﬁ hwggrrg%g%ﬁmcgﬁygrgg?d @!'tgzgn@t %@d g@@,q’ratipgpf @e gpmains with
good pattern uniformity with no defects. Example 13 (Graphoepltaxyg
vinylbenzocyclobutene (0.0600 mole), 2.09 g of styrene (0.0200 mole) and 12.03 g
of methyl methacrylate (0.1201 mole) in a 300 mi flask with a magnetic bar and
cold water condenser. To this was added 51.8 g of 2-butanone giving a clear
solution after stirring. After nitrogen gas was passed to purge for 30 minutes, the
flask was immersed in an 80°C oil bath. Polymerization was carried out at this
temperature for 21 hours. The reaction solution was allowed to cool to room
temperature and poured slowly into methanol under stirring. The polymer obtained
was isolated by filtering. The polymér was purified by dissolving in 2-butanone and
precipitated in methanol again. The purified polymer was dried in a 50°C vacuum
oven until constant weight (14.5 g). The polymer had an M,, of 22,469 g/mo! and
M, of 12370 g/mol. This polymer was designated in Table 2 as 30 mole% 4-

vinylbenzocyclobutene and 60% MMA for self assembly blending experiments.

Example 5: Block Copolymer Formulation 1

The block copolymer from Polymer Source Inc. (124 Avro Street, Dorval (Montreal),
Quebec, Canada) (P8966-SMMA)  22K-b-22K MMA-Styrene (Mw of 44K
Polydispersity (PD) 1.09) was dissolved in PGMEA (propylene glycol monomethyl
ether acetate) to form a 1.5 weight % solution and filtered through a 0.2 micron
PTFE filter.
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An antireflective coating material AZ ArF-1C5D was coated on a 200 mm bare silicon wafer. The
coated film was subjected to a bake at 255C for 1 minute to obtain a film thickness of 26.5 nm. A layer

of Neutral Laygy Jo@smilion #14 (16 nm), described in Table 2, was coateglgn#9p; b4 ArF-1C5D
film followed by a bake at 255C for 2 minute. On the above described stack, a photoresist process was

carried out which consisted of coating with the resist ARX3520 (JSR Micro) and baking at 130C/60
seconds so as to obtain a 70 nm film. This film stack was exposed with a Nikon 306 D scanner. A
FEB at 115C for 1 minute was applied. The wafer was developed with methyl n-amyl ketone (MAK) for
30 seconds. A bake at 200C for 2 minutes was applied to harden the photoresist pattern. The block

copolymer solution of Block Copolymer formulation 1 was coated on the photoresist pattern and
annealed aFza8yderd; Blapkieeretymenigrmudaliaf?was analyzed in a CD SEM (Applied Materials

Nano 3D) where jt was seen thaf a pattern was formed by ck.copaly rwit§'n t hotoresist
IRy T e R R R T R e S i
original phdbtyesist (Miteofi. IBKamgialibpdisie maapitazy) dssaiviie fle RIGM/EDatio JorraterialsAZ
ArF-1C5D at 2 ili fer. The ¢ ' ' 0. a,bake at
255 for 1 WL 15 SHA Bt e B By B P BB 04 1o
nm), descrifiéerin Table 2, was coated on top of the ArF-1C5D film followed by a bake at 255C for 2
minutes. On the above described stack, a photoresist process was carried out, which consisted of

coating with a positive photoresist from ShinEtsu Chemical and baking at 100C/60sec so as to obtain
a 90 nm thiER&MPIe s Reresainapesisnest With a 193 nm Nikon 306 D scanner. A post exposure

bake of 90C was EEEIied. The wafer was then developed with n-butyl acetate for 30 seconds. The
patterned ith an oxygen plasma in a ULVAC NE-5000N Etcher for 2 seconds
to transfer g-parrow. trench (30-45 re in neutral layer. The torgsist pattern was then
stripped us%}%{% %(gwgﬁ}@&%hﬁé%) wléiqé ch%é%r@gpgﬁ/%gr \év%t%é]?%!folgl(')%k
Copolymer?@MEb&tﬁm\fEWa@m&@ dndwwsabmm@qndramlgmed b@@@ﬁ)ﬂ'@iﬂiﬁh@@em(FT 40 nm).
The wafer wapignalyredihadHron MARRIEbMAlRIR iRRe B e dhiyReciReldya 6 times

multiplied directed self allgnegﬁﬁattern relative to the original photoresist pattern was formed by the

block copoféroTigadtiRf Adird AN Nestealpalymead EhebcERARPIS oWt @ Zft¥spaces from

the originalppioresisdi RRfigHer GaithetcARawsR! 1Byer composition for directed self assembly of
block copolymers comprising at least one random copolymer having at least one unit of structure (1),

at least onAufiinodSIAZCINIE (1K) 2D st leattafieetiveit afaingctunagdition available from AZ
Electronic Materials, Somerville, USA) was formed on a silicon wafer with a film
thickness of 26.6 nm after a bake of 255°C for 1 minute. Then a layer of the neutral
polymer or polymer blend was formed with a film thickness of 19 nm after a
neutralization bake of 255°C for 2 minutes. Over the neutral layer was coated a
layer of a block copolymer with a film thickness of 40 nm after an annealing bake
of 225°C for 2 minutes from either the block copolymer solution 1 from Example 5
(22k-b-22k MMA/STY) or the block copolymer solution 2 from Example 6 (18k-b-
18k). The formulations and results are given in Table 1. A neutral result in Table 1
for line/space pattern shows that the block polymer was able to successfully form a
self directed assembly of the polymer over the neutral layer as was seen by a

fingerprint image seen in a scanning electron microscope.

Table 1 summarizes experiments in which the neutral polymer of synthetic
example 1 and 2 were blended to ascertain if self assembly with block copolymer

formulation 1 was occurring through the finger print test. For line/space (L/S)
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application the block copolymer block phase-separates from each other and align
perpendiculérly with the substrate because of its neutraiity to either block segment
forming a swirling pattern will form resembling finger print but with regular intervals
between the swirls indicating the phase separated regions region of the block
copolymer oriented perpendicularly to the surface of the neutral surface. The data
in Table 1 indicates that a -wide range of blends ranging from 20 mole % MMA to
60 mole % MMA can be made while retaining neutrality of the neutral layer

composition.

Table 1: Self Assembly on Neutral Layers consisting of blends of Polymers containing 20% 4-
vinylbenzocyclobutene

Neutral MMA Neutral layer | Neutral layer | Finger Print Neutrality | Finger Print
Layer mole % polymer 1 polymer 2 Result L/S Pattern Neutrality Result
Formulation | in the Weight % Weight % 22k-b-22k bep L/S Pattern
Example # blended 18k-b-18k bep
polymer
mixture
1 20 0 100 Neutral Neutral
2 25 13 87 Neutral Neutral
3 30 25 75 Neutral Neutral
4 35 38 62 Neutral Neutral
5 40 50 50 Neutral Neutral
6 45 63 37 Neutral Neutral
7 50 75 25 Neutra] Neutral
8 55 88 12 Neutral Neutral with many
defects
9 60 100 0 Neutral with many Neutral with many
defects defects

Example 8: Screening Experiment 2

Finger Print test method

The neutral layer compositions for testing were prepared as 0.7 wt% solution in
PGMEA solvent using the individual polymer or polymer blends as indicated in
Table 2. The solution from which the blended polymer layer were spun consisted of |
a wt % blend of a 20 % MMA neutral polymer (Synthetic Example 3), with a 60%
MMA neutral polymer (Synthetic Example 4).

A film of AZ ArF 1C5D (an antireflective coating composition available from AZ

Electronic Materials, Somerville, USA) was formed on a silicon wafer with a film
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thickness of 26.6 nm after a bake of 255°C for 1 minute. Then a layer of the neutral
polymer or polymer blend was formed with a film thickness of 19 nm after a
neutralization bake of 255°C for 2 minutes. Over the neutral layer was coated a
layer of a block copolymer with a film thickness of 40 nm after an annealing bake
of 225°C for 2 minutes from either the block copolymer solution 1 (22k-b-22k
MMA/STY). The forrﬁulations and results are given in Table 2. A neutral result in
Table 2 shows that the block polymer was able to successfully form a self directed

assembly of the polymer over the neutral layer.

Table 2 summarizes results in which- the polymer of synthetic example 3 was
blended with the polymer of synthetic example 4 and neutrality was tested through
the “finger print test.” For the test result ‘neutral’ in the L/S application designates
the domains of block copolymer aligned perpendicularly to the substrate due to the
neutrality of the film to form a swirling pattern resembling a finger print but with
regular intervals between the swirls indicating the phase separated regions of the
block copolymer oriented perpendicularly to the surface of the neutral. Thus, a
neutral result shows that the neutral layer functioned successfully to force the

correct orientation of the block copolymer.
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Table 2 Self Assembly on Neutral Layers consisting of blends of Polymers containing 30% 4-
vinylbenzocyclobutene

Neutral Layer MMA Neutral layer Neutral layer Neutral pattern
Formulation IT.lOIC % polymer 3 po]ymer 4
Example # in the Weight % Weight %
blended
polymer
mixture
10 20 100 0 neutral
11 25 87 13 neutral
12 30 75 25 neutral
13 35 62 38 neutral
14 40 50 50 neutral
15 45 37 63 neutral
16 50 25 75 neutral
17 55 13 87 neutral
18 60 0 100 neutral with many defects
Example 9

The neutral layer composition for testing was prepared as 0.7 wt% solution in
PGMEA solvent using the single neutral polymer made from feed ratio 40% MMA,
30% Styrene, and 30% 4-vinylbenzocyclobutane. A layer of the neutral polymer
was formed with a film thickness of 19 nm after a neutralization bake of 255°C for 2
minutes. Over the neutral layer was coated a layer of a block copolymer with a film
thickness of'40 nm. after an annealing bake of 225°C for 2 minutes from the block
copolymer solution 1 (22k-b-22k MMA/STY). SEM inspection shows that the block
polymer was able to successfully form a self directed assembly of the polymer over

the neutral layer.

Example 10

Soaking test: The neutral polymer blend (Formulation #18 described in Table 2)
was coated and baked at 240°C for 2 min to form a film of 17.6 nm. The film was
soaked with an edge bead remover solution (PGME/PGMEA:70/30) for 30 seconds.
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The film thickness was measured to be 17.8 nm after the soaking process, which

indicates no detectable film loss.

Example 11

The neutral polymer blend (Formulation #18 described in Table 2) was deposited
and baked at 255°C for 2 min to form a film of 16 nm. Over the neutral layer was
coated a layer of photoresist AZ AX2110P (available from AZ Electronic Materials
USA Corp., Somerville, NJ) and baked at 110°C for 60 seconds so as to obtain a
120 nm film. This film stack was flood exposed with a 193nm Nikon 306D scanner
at dose of 20mJ/cm? in a open-frame mode. A post exposure bake at 110C for 60
seconds was applied. The wafer was developed with AZ MIF300 (available from
AZ Electronic Materials USA Corp., Somerville, NJ) for 30 seconds. The block
copolymer solution of Block Copolymer formulation 1 was coated on the substrate
and annealed at 255°C for 2 minutes (FT 29 nm). The wafer was analyzed in a CD
SEM (critical dimension scanning electron microscopy, Applied Materials Nano 3D)
where it was seen that the block polymer was able to successfully form a self
directed assembly over the neutral layer, which indicates perfect neutrality was
maintained after the complete photoresist exposure process. Thus, no damage to

the neutral layer from the exposure process was observed.

Example 12: Comparative Results

AIBN (0.4944 g , 0.003 mol), 4-vinylbenzocyclobutene (0.6543 g, 0.005 mol) ,
styrene (16.54 g 0.14 mol), methyl methacrylate (10.52 g, 0.105 mol) and 90 ml of
2-butanone were charged in a 250 ml flask equipped with a magnetic stirrer, water
condenser and gas bubbler. After nitrogen gas was passéd to purge for 30 minutes, .
the flask was immersed in a 80°C oil bath and stirred for 19 hrs. The reaction
mixture was cooled to room temperature and the solution was poured slowly into

methanol (2.5L) under stirring. The polymer obtained was isolated by filtering
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followed by reprecipitation from 2-butanone solution in methanol, then dried in a
50°C vacuum oven until constant weight of 16.37g was obtained. The polymer
yield was 59%. The polymer had a Mn of 10218 g/mol and Mw of 15854 g/mol with
PD (polydispersity) of 1.55. A 0.7wt% solution of the polymer in PGMEA was

formulated as a comparative formulation

A comparison tesf was conducted with a formulation of the above comparative

polymer and the novel formulation Example 14 from Table 2.

The two solutions, both 0.7wt% solution of the polymer in PGMEA, were coated
separately on silicon wafers followed by a bake at 255°C for 2 minutes. The films
were then subjected to a rinse with AZ EBR7030 (an organic solvent mixture) for
30 seconds. Film thicknesses were measured thereafter. The results are shown in
Table 3.

Table 3: Impacts of solvent rinse

Comparative Formulation 14
Formulation
Film Standard. Film Standard.
Thickness | Deviation*. | Thickness | Deviation*
nm nm
Before Solvent 18.3 03 18.5 0.3
Rinse
After Solvent 3.7 2.1 18.1 04
Rinse
Film Loss 146 | - 0.4 -

*25 measurements

For Formulation 14, the film thickness was unchanged after the solvent rinse.
However, significant  film loss (14.6nm) was observed with the comparative

polymer (2 mole% 4-vinylbenzocyclobutene).
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The two solutions of comparative formulation and formulation 14, both 0.7 wt%

solution of the polymer in PGMEA, were coated separately on silicon wafers

followed by a bake at 255°C for 2 minutes. Both the coatings were rinsed with AZ
EBR7030 for 30 seconds and spin dried; and then spin coated with poly(styrene-b-
methyl methacrylate) block copolymer solution (1.5wt% in PGMEA) to form a layer
6f 40nm. The films were annealed at 255°C for 2 minutes to promote the
alignment of the block copolymer. The wafers were then inspected in a CD SEM
(NanoSEM 3D). The comparative formulation gave a film with many defects. The
Formulation 14 gave good alignment and separation of the domains with good

pattern uniformity with no defects.

The two solutions of comparative formulation and formulation 14, both 0.7 wt%
solution of the polymer in PGMEA, were coated separately on silicon wafers
followed by a bake at 255°C for 2 minutes. Both the coatings were not rinsed with
solvent and then spin coated with poly(styrene-b-methyl methacrylate) block
copolymer solution (1.5wt% in PGMEA) to form a layer of 40nm. The films were
annealed at 255°C for 2 minutes to promote the alignment of the block copolymer.
The wafers were then inspected in a CD SEM (NanoSEM 3D). The comparative
formulation gave a film with many defects and no self alignment of the block
copolymer. The Formulation 14 gave good alignment and separation of the

domains with good pattern uniformity with no defects.

Example 13 (Graphoepitaxy)

An antireflective coating material AZ ArF-1C5D was coated on a 200 mm bare
silicon wafer. The coated film was subjected to a bake at 255°C for 1 minute to
obtain a film thickness of 26.5 nm. A layer of Neutral Layer Formulation #14 (16
nm), described in Table 2, was coated on top of the ArF-1C5D film followed by a
bake at 255°C for 2 minute. On the above described stack, a photoresist process
was carried out which consisted of coating with the resist ARX3520 (JSR Micro)

and baking at 130°C/60 seconds so as to obtain a 70 nm film. This film stack was
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(2)(2)(3) where R1 is selected from the group consisting of a Ci-C8 alkyl, C1-C8 fluoroalkyl, Ci-C8
partially fluorinated alkyl moiety, C4-C8 cycloalkyl, 04-08 cyclofluoroalkyl, 04-C8 partially fluorinated

cycloalkyl, aRgpf3r6zkydroxyalkyl; R2, R3 and R5 are independently seleqteghipodogsoup
consisting of H, C1-C4 alkyl, CF3 and F; R4 is selected from the group consisting of H, C1-C8 alkyl,

C1-08 partially fluorinated alkyl moiety and 01-08 fluoroalkyl, n ranges from 1 to 5, R6 is selected from
the group consisting of H, F, G1-C8 alkyl and a C1-C8 fluoroalkyl and m ranges from 1 to 3. 2. The
composition of claim 1, where the polymer is capable of forming a crosslinked neutral layer relative to
a block copolymer. 3. The composition of claim 1 or 2, where the polymer is capable of forming a

crosslinked neutral layer which is not soluble in an organic solvent for photoresist. WO _
2013/041953PCSE BAD12 N ikpp080a Dr seacmeipoditonB iy oite for dlamnutetwds whpliedhe polymer

is capable af forming 3,gSiRIReHITR! IR MRS REtSAUAIEAR 20 ASHEGuS AlKaling developer.

5. The composition of any one of claims 1 to 4, where the block copolymer comprises a block of

monomerict@RsahigPRIGhTatch ratRueR WasicRPEEEh biRiEes ChRsPRRICISRI Bt ORHEI8 il PRisma

comprising¥g¥Resbpolymer solution of Block Copolymer formulation 1 was coated on the
photoresist pattern and annealed at 2250C for 2 minutes (FT 40 nm). The wafer
was analyzed in a CD SEM (Applied Materials Nano 3D) where it was seen that a
pattern was formed by the block copolymer within the photoresist pattern. Thus the
neutral layer successfully was used to define narrow lines and spaces within the

original photoresist pattern.

Example 14 (Chemoepitaxy)

An antireflective coating material AZ ArF-1C5D was coated on a 200 mm bare
silicon wafer. The coated film was subjected to a bake at 255°C for 1 minute to
obtain a film thickness of 26.5 nm. A layer of Neutral Layer Formulation #14 (16
nm), described in Table 2, was coated on top of the ArF-1C5D film followed by a
bake at 255°C for 2 minutes. On the above described stack, a photoresist process
was carried out, which consisted of coating with a positive photoresist from Shin-
Etsu Cherﬁical and baking at 100°C/60sec so as to obtain a 90 nm thick film.
This film stack was exposed with a 193 nm Nikon 306 D scanner. A post exposure
bake of 90°C was applied. The wafer was then developed with n-butyl acetate for
30 seconds. The patterned wafer was then etched with an oxygen plasma in a
ULVAC NE-5000N Etcher for 2 seconds to transfer a narrow trench (30-45 nm)
removing the neutral layer. The photoresist pattern was then stripped using AZ
EBR7030(PGMEA(30)/PGME(70)). The block copolymer solution of Block
Copolymer formulation 1 was coated on the substrate and annealed at 225°C for 2
minutes (FT 40 nm). The wafer was analyzed in a CD SEM (Applied Materials
Nano 3D) where it was seen that a 6 times multiplied directed self aligned pattern

relative to the original photoresist pattern was formed by the block copolymer. Thus
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6. The composition of any one of claims 1 to 4, where the block copolymer comprises a block of
monomeric units with high removal rate and a block of monomeric units with low removable rate in a
solution. 7. {}\¢ £R5Aesdtion of any one of claims 1 to 6, where R1 is selegigeq {131 26 syouP
consisting of a C1-C8 alkyl; R2, R3 and R5 are independently selected from the group consisting of H
and C1-C4 alkyl; R4 is selected from the group consisting of H, C1-C8 alkyl, and n = 1; and R6 is
selected from the group consisting of H, C1-C8 alkyl and m = 1. 8. The composition of any one of
claims 1 to 7, where the unit of structure (3) ranges from 10 mole% to 45 mole%. 9. The composition
of any one of claims 1 to 8, where the block copolymer is poly(styrene-b-methylmethacrylate). 10. The
use of a composition according to any one of claims 1 to 9 for forming a neutral layer for directed self

assembly dfi¢loektcd payemsuscedsialiproesssskal fordeifigeamameg érisp grap hpapisfyooothprising:
original photoresis’i pattern.
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g) forming a coating of a neutral layer on a substrate; h) heating the neutral layer to form a crosslinked
neutral layer; O providing a coating of a photoresist layer over the crosslinked neutral layer; j) forming a

pattern in theyrhoiesRsistsk) applying a block copolymer comprising an etcp#egisigildaiagk and highly
etchable block over the photoresist pattern and annealing until directed self assembly occurs; and, 1)

etching the block copolymer, thereby removing the highly etchable block of the copolymer and forming
a pattern. 12. The process of claim 11 where the photoresist pattern is formed by imaging lithography
selected from a group consisting of e-beam, broadband, 193 nm immersion lithography, 13.5 nm,
193nm, 248 nm, 365 nm and 436 nm. 13. The process of claim 11 or 12, where the photoresist is

positive or negative. 14. A process for forming an image by chemoepitaxy comprising:
Claims

1. A neutral layer composition for directed self assembly of block copolymers
comprising at least one random copolymer having at least one unit of structure (1),

at least one unit of structure (2) and at least one unit of structure (3)

Fonft o F3 e 11

R1
( 4)n (RG)m (I)

D 2 3)

where Rjis selected from the group consisting of a C4-Cg alkyl, C4-Cg fluoroalkyl,
C+-Cs partially fluorinated alkyl moiety, C4-Cs cycloalkyl, C4-Cg cyclofluoroalkyl,
C4-Cg partially fluorinated cycloalkyl, and a C,-Cg hydroxyalkyl; Ry Rz and Rs are
independently selected from a group consisting of H, C4-C4 alkyl, CF3z and F; R4
is selected from-the group consisting of H, C4-Cs alkyl, C1-Cg partially fluorinated
alkyl moiety and C4-Cg fluoroalkyl, n ranges from 1 to 5, Rs is selected from the
group consisting of H, F, C4-Cs alkyl and a C;-Cg fluoroalkyl and m ranges from 1
to 3.

2. The composition of claim 1, where the polymer is capable of forming a

crosslinked neutral layer relative to a block copolymer.

3. The composition of claim 1 or 2, where the polymer is capable of forming a

crosslinked neutral layer which is not soluble in an organic solvent for photoresist.
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i) forming a coating of a neutral layer on a substrate; j) heating the neutral layer to form a crosslinked
neutral layer; k) providing a coating of a photoresist layer over the crosslinked neutral layer; 1) forming

a pattern in thg)RlPiRigsigt layer to remove the unexposed photoresist, thepehyifarmiggs3 uncovered
crosslinked neutral layer region; m) treating the uncovered crosslinked neutral layer region, n)

removing the photoresist, 0) applying a block copolymer comprising an etch resistant block and highly
etchable block over the neutral layer and annealing until directed self assembly occurs; and, p) etching
the block copolymer, thereby removing the highly etchable block of the copolymer and forming a
pattern. 15.The process of claim 14 where the photoresist pattern is formed by imaging lithography
selected from a group consisting of e-beam, 193 nm immersion lithography, broadband, 13.5 nm,
193nm, 248 nm, 365 HOMpREYDE phany one of claims 1 to 3, where the polymer is capable

“of forming a crosslinked neutral layer which is not soluble in an aqueous alkaline

developer.

5. The composition of any one of claims 1 to 4, where the block copolymer
comprises a block of monomeric units with high etch rate and a block of

monomeric units with low etch rate in plasma comprising oxygen.

o. The composition of any one of claims 1 to 4, where the block copolymer
comprises a block of monomeric units with high removal rate and a block of

monomeric units with low removable rate in a solution.

7. The composition of any one of claims 1 to 6, where R, is selected from the
group consisting of a C4-Cs alkyl; Rz, R3 and Rs are independently selected from
the group consisting of H and C;-C4 alkyl; R4 is selected from the group
consisting of H, C4-Cg alkyl, and n = 1; and Rs is selected from the group

consisting of H, C4-Cg alkytand m =1.

8. The composition of any one of claims 1 to 7, where the unit of structure (3)

ranges from 10 mole% to 45 mole%.

9. The composition of any one of claims 1 to 8, where the block copolymer is

poly(styrene-b-methylmethacrylate).

10.  The use of a composition according to any one of claims 1 to 9 for forming a

neutral layer for directed self assembly of block copolymers.

11. A process for forming an image by graphoepitaxy comprising:

g) forming a coating of a neutral layer on a substrate;
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16.The process of claim 14 or 15, where the photoresist is a negative or positive photoresist. 17.A
process for forming an image by chemoepitaxy comprising: g) forming a coating of a neutral layer on a

substrate; h)\hgalingthssgeutral layer to form a crosslinked neutral layer; )prpyidig,é fRating of a
photoresist layer over the crosslinked neutral layer; j) forming a pattern in the photoresist layer; k)

applying a block copolymer comprising an etch resistant block and highly etchable block over the
photoresist pattern and annealing until directed self assembly occurs; and, I)etching the block
copolymer with a plasma, thereby removing the highly etchable block of the copolymer and forming a
pattern. 18.The process of claim 17 where the photoresist pattern is formed by imaging

h) heating the neutral layer to form a crosslinked neutral layer;

i) providing a coating of a photoresist layer over the crosslinked neutral
layer;

j) forming a pattern in the photoresist;

k) applying a block copolymer comprising an etch resistant block and
highly etchable block over the photoresist pattern and annealing until
directed self assembly occurs; and,

) etching the block copolymer, thereby removing the highly etchable block

of the copolymer and forming a pattern.

12.  The process of claim 11 where the photoresist pattern is formed by imaging
lithography selected from a group consisting of e-beam, broadband, 193 nm

immersion lithography, 13.5 nm, 193nm, 248 nm, 365 nm and 436 nm.
13.  The process of claim 11 or 12, where the photoresist is positive or negative.

14. A process for forming an image by chemoepitaxy comprising:
i) forming a coating of a neutral layer on a substrate;
i) heating the neutral layer to form a crosslinked neutral layer;

k) providing a coating of a photoresist layer over the crosslinked neutral

layer;

I) forming a pattern in the photoresist layer to remove the unexposed
photoresist, thereby forming an uncovered crosslinked neutral layer

region;
m) treating the uncovered crosslinked neutral layer region,

n) removing the photoresist,
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lithography selected from a group consisting of e-beam, broadband, 193 nm immersion lithography,
13.5 nm, 193 nm, 248 nm, 365 nm and 436 nm. WO 2013/041938PCT/1B2012/001905 19. The

process of clgigh {304 k3s Where the photoresist is a negative or positive ppeiRfgsish nd9es e process
according to any one of claims 11 to 19, where the coating of a neutral layer is formed from a neutral

layer composition according to any one of claims 1 to 9.

o) applying a block copolymer comprising an etch resistant block and
highly etchable block over the neutral layer and annealing until directed
self assembly occurs; and,

p) etching the block copolymer, thereby removing the highly etchable block

of the copolymer and forming a pattern.

15.  The process of claim 14 where the photoresist pattern is formed by imaging
lithography selected from a group consisting of e-beam, 193 nm immersion
lithography, broadband, 13.5 nm, 193nm, 248 nm, 365 nm and 436 nm.

16. The process of claim 14 or 15, where the photoresist is a negative or

positive photoresist.

17. A process for forming an image by chemoepitaxy comprising:
g) forming a coating of a neutral layer on a substrate;
h) heating the neutral layer to form a crosslinked neutral layer;

i) providing a coating of a photoresist layer over the crosslinked neutral
layer;

j) forming a pattern in the photoresist layer;

k) applying a block copolymer comprising an etch resistant block and

highly etchable block over the photoresist pattern and annealing until

directed self assembly occurs; and,

1) etching the block copolymer with a plasma, thereby removing the

highly etchable block of the copolymer and forming a pattern.
18.  The process of claim 17 where the photoresist pattern is formed by imaging

lithography. selected from a group consisting of e-beam, broadband, 193 nm

immersion lithography, 13.5 nm, 193 nm, 248 nm, 365 nm and 436 nm.
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19. The process of claim 17 or 18, where the photoresist is a negative or

positive photoresist.

20. The process according to any one of claims 11 to 19, where the coating of a
neutral layer is formed from a neutral layer composition according to any one of

claims 1t0 9.

47



