DESCRI PTION TI TLE OF THE | NVENTI ON: COMPOSI TI ON FOR FORM NG PATTERN
REVERSAL FI LM AND METHOD FOR FORM NG REVERSAL PATTERN TECHNI CAL FI ELD

[ 0001] The present invention relates to a conposition for formng a pattern
reversal filmand a nmethod for formng, a reversal pattern using the
conposition. Mdre 10specifically, the present invention provides a
conposition for formng a patter DESSREPSEONfi | mthat can forma reversal
pattern capabl e of being renpbved with an organi c sol vent. BACKGROUND ART
15[ 00021 In the sem conductor device manufacturing process, photoresist
patterns are forned t hrough photoresi st application, pre-baking, exposure,
post - bakiIMQE GINGHESN GEN TS| em@msme&ggwowmq THeRNt years, al ong
wi th the advancenent of h integration of the sen conducto Ig\gvi ces, there
is an i MRITEBERSAH RIENBANT MET D@ﬂN@FKH@“QF@&“%YEBﬁéLéﬁgaéS phot or esi st
patterns, and a nethod for form ng a reversal mask pattern as a pattern
forndng nethod ai m ng at hi gh-precision size control and a resin
conposition for pattern reversal for use in forrninn the reversal mask
patterrn?ﬂQ¥ﬂHHQQE6%€HD(Patent Docurment | and Patent Document 2). Prior Art
Docunments 25 Patent Docunents [0003] Patent Docunent 1: Japanese Patent

Appl i cation Publication No. HO5-267253 (JP 1105-267253 . A) Patent Docunent

2; Japanese; gl £NLyORL LG A Rl GAb QB nB:itieh 92 ARG dakBrr2002- 110510

Al SUMVAR E 11 emto be I ved by the lnvention
[0004] Ir@vérgcﬁ QR R0n0d f& ﬂ?ﬁl@ihg 88l cttal PatdrB uBingthecagsasiticanc dat
a

defective patterns cannot be avoided nore or less, and in this case,

recyel | eaﬁ@algfﬂl%iﬁ?gseﬁhﬁwsﬁmﬂlfﬁremd@@h tedlpSsiteonoiok fngiing s phsdrn atvessabn whi ch
defective patterns ‘are formed are being performed. by ashing (oxygen

pl asma) #heabiBRtfort Aesieall phtt@sicapableaiheing retrogad methtan @gariheolvike. Al so
in the above reversal nask pattern, a reworking property (that is.

rewor kabl e or 10easy-to-rework property) is demanded, but because reversal
pattern materials so far devel oped contain silicon atons, any attenpts to
per f or m BADKIGEROUSE ARAt cause alteration and hardening to silicon oxide,
whi ch nmakes renoval inpossible. Because a cross-liking reaction proceeds in
the pattern through baking treatnent, renoval by chem cal treatnent using a

conventional resist remover is also difficult. .
15 [0002] In the semiconductor d%vwe manu acjturlng process, photoresist patterns

are formed through photoresist application, pre-baking, exposure, post-baking, and resist
development processes.
In recent years, along with the advancement of high integration of the
semiconductor devices, there is an increasing demand for reducing the size of the above
20  photoresist patterns, and a method for forming a reversal mask pattern as a pattern
forming method aiming at high-precision size control and a resin composition for pattern

reversal for use in forming the reversal mask pattern are developed (Patent Document 1

and Patent Document 2).
Prior Art Documents
25  Patent Documents

[0003]  Patent Document 1: Japanese Patent Application Publication No.

H05-267253 (JP H05-267253 A)
Patent Document 2: Japanese Patent Application Publication No. 2002-1 10510 (JP

2002-110510 A)



15An obj ect of the present invention is to provide a silicon-containing
conposition for formng a pattern reversal filmthat can be reworked by an
organic solvent that is nornally used for the renoval of resist patterns.
Means for Solving the Problem[0005] The inventors of the present
invention, as a result of earnest stu for 20achi eving the above object,
have found that a conposition containing polysiloxane having a specific
structural unit and a specific additive is conposed, thereby obtaining a
conposi tgieaMARYIOF THRINYVPETI@NN reversal filmthat enables a reversal
pattern to be renoved by chemi cal treatnent using an organic sol vent

wi t hout Rishleg oy Sspeditglthehermntal s, and have achi eved the present

i nvention. [0006] The present invention relates to, as f.irst aspect,
a conposi ti 0Kpr Maherfarpatiopaf 2 phetoyesizepaiigm, g %Cuﬁﬁ%‘%@td@?‘?"%‘a by
conprising: polysilexane;, an additive; and an organic solvent, where the
pol ysi | opedinmnsivasnad bs ereidedimare oliess. apd inghinsase, (%’g’gﬁ?ﬁia‘};{?@?lﬂgt ural unit of

Formula (2): (where R is a Cal kyl group), .and n + 5(where
Rl is an(ﬂaa@rrwﬂéwék@g} &r"%ﬁi}&m&?) %bﬁ&t%%%vﬁ’{igl%@?ﬁg‘é‘? é%;%)‘saaﬁ f%qn%?(sa@an i nt eger
of 2 to 4), and the addi.tive is apn organi Ci [Palol two of a
car boxy Ber“%ﬁlﬁﬁrgﬁﬂ‘/egrbyé‘g}ﬂ?a:(%&geﬁP%ﬁ%‘?pg%%f&h%ng?%ls(g%%ﬁ?eﬁ{}%%ﬁ on rel ates
to, as a second at%?ﬁg[ the conposition for formng a pattern re-versal
film acc‘i'j?aa‘inﬁ@’ o “first aspect, where the additive is an 10organic acid

selected 1 oML REndLONR r9\9%1§413@4ﬁ§ afm RASISRAL pfbpcfiy ((liabispribrkadd drcyl 1 c

aci d, 3-hydroxybenzol c aci roxybenzoi c aci 6- di hydr oxybenzoi e

aci dyq 3, %sg_itmgmq@@%&g@ G @Gk Mde@ut beeadsd Wyerpditpaabinanatetials spyaronel | i tic

acid, an scorbic [ 0008] The present invention relates to, as a

third aspgelopel BontarpQwintatdins, a0y aftenpls ngpaforat 4shing trevmeesakudd | m accor di ng
to the first "or second aspect, where the organic 15solvent is selected from

C.2.10 ahle9h@nsand hardeh@08]siliKbe opideswhichinmkentdanarvat shpaseble. o Begausg of ourt h
aspect, the composition for formng a pattern reversal filmaccording to
the any omes-Bking bencfion ptocasisan the pattetr ﬂawlmb@@kmg,treéﬁmr&crﬁaww% in that the
pol ysi | oxane contains the structural unit of Fornul %f%ll and the structural
unit of Hemnudldrep@yent psiagiaroneentioael resigremoveds pigo §611§uitoo[ 00101 The

present invention relates to, as .a fifth aspect, a nmet.hod for f.orm.ng a
reveitsal patAmppiectidhhRIEFHHE IVERIT SitAgrO e}ﬁlhﬁol’écc?%g%‘flgﬁg Barr éﬁéﬁg&% a

substrate to be treated; lying the co i.tion 1 .pattern
rever sal fqrming HB2UFES &Vﬁﬁégﬁﬁ%}/}ﬁﬁga %%reg’f)weﬁzoyﬁnrosr gingé f)éelg%l{qt%gtl e fourth

compos  PeRelb 55 Lt BTG SreBOG Y5 TRB0G, and Torning A pattern
Means for Solving the Problem
[0005] The inventors of the present invention, as a result of earnest study for

20  achieving the above object, have found that a composition containing polysiloxane
having a specific structural unit and a specific additive is composed, thereby obtaining a
composition for forming a pattern reversal film that enables a reversal pattern to be
removed by chemical treatment using an organic solvent without using any special
chemicals, and have achieved the present invention.

25 [0006] The present invention relates to, as a first aspect, a composition for
forming a pattern reversal film, characterized by comprising: polysiloxane; an additive;

and an organic solvent, where the polysiloxane has a structural unit of Formula (1) and a

structural unit of Formula (2):



25reversal film etch-backing the pattern reversal filmand exposing the
surface of the resist 4 pattern; and renoving the resist pattern and
form ng a reversal pattern. [001l] The present invention relates to, as
a sixth aspect, a nmethod for renoving ? pattern reversal film the nethod
conprising peeling a pattern reversal Tilm obtained by covering a resist
pattern on a,substrate to be treated with the conposition for formng a
Spattern reveRgal filmas described in any one of the first aspect to the
fourth aspgct!l and byiheatin?1-he conposition, together with the resist
pattern ustnds fyggni ¢ solvent. [ 0012] The present invention rel ates
to, as a seventh aspéct, the nethod for renoving a pattern reversal film
according to the sixth aspect, where the organic solvent is one or two or
mor e sel(ebted fis afi;htkyygomp).codsi sting of propyl ene gl ycol nononet hyl

et her, propyl ene glycol nononethyl ether acetate, ethyl |actate, and

cycl ohexanone. Effects of the Invention [ 0013] The conposition for
formng a pattern reversal filmof the present invention can forma pattern
rever sal fi(&ﬁfﬂ ?n p be renoved with an organic solvent. The conposition
for formng ajpattern rever 5 filmof the present invention in particular
15can for aé erniyrevers filmthat can be renoved using

general - puy p fpani ¢ sol vents such as a conbi ned sol vent of propyl ene
gl ycol nonot net hyl ether and propyl ene glycol nononethyl ether acetate. For
this reason pat t ' ' Youbhgn £ I@Sihteb o200

t hi msng@%ﬁgjt@%l?r?}l?g{ e?}gg)yfélﬁﬁhlog?hﬁlgkéﬁg%gﬁ}{ Ei n%’enti on can Ee easily
renoved f rﬁ{qtﬁe S4BELE RLA orgMND 8N d Balias bsledsiitivd@fhichibok@pimin ad/cad def ect s
in a reversal pattern forned fromthe pattern reversal filmare created.
The subsﬁ};d%,@,é‘raﬁb.be recycled or reused, and the present invention can
contribute to a reduction in the cost of the sem conductor manufacturing
process. FU'[MIHF NOTig: présend im@htier radiecouasesechhé agsat 8 nestion fetorming a
pattern reversal filmof the present invention can forma filmthat

sati sfi efprmBgui peeerNtese@EafEint meopking wrthe fesy appeal. VWhergihe additive g
Consequently, the conposition for form ng_ a pattern reversal. film.of the
preseEnt érgwmdnbéidneleand fonuthedresn swwishye AEPAIRaYab sy 3o farll’é?yh‘éﬂﬂg’act ure
of LSIs for which further size reduction j xpected to proceed in the
future. 3Jhy@ﬁxﬂren@@smdpﬁmwbWlm%%ééﬁﬁygwggeftzﬁf‘t{%@] FIGI is a

pi cture showi ng a section

1al EM i. f . i st tte LLL:
D Ubst 1 ot Bowhhieny bergunrad sl Tagantieatidh FRsie IR 4 Dpddsuib ab8o"
i ct howi ti . SEM i f t bt ai ned
by Usi gt ha0&BHpothe PERERaT BPRIg e tpar s BT Fhlur BYRbABpliby B
Exanpl e é()tr@qg]l‘_gﬁa pdﬂenp ree'ver35af Bind a&:‘o%iﬂé ® ﬁl@ LRy s@co%@%%ﬁ&ﬂ%he?@fﬂe'o?%ﬂ: of a

resist p

15  solvent is selected from Cy.19 alcohols.

[0009] The present invention relates to, as a fourth aspect, the composition for
forming a pattern reversal film according to the any one of the first aspect to third aspects,
characterized in that the polysiloxane contains the structural unit of Formula (1) and the
structural unit of Formula (2) in a molar ratio of 50:50 to 99:1.

20 [0010] The present invention relates to, as a fifth aspect, a method for forming a
reversal pattern, the method comprising: forming a resist pattern on a substrate to be
treated; applying the composition for forming a pattern reversal film as described in any
one of the first aspect to the fourth aspect so as to cover the pattern of the resist pattern,
heating the composition at a temperature of 80°C to 180°C, and forming a pattern

25  reversal film; etch-backing the pattern reversal film and exposing the surface of the resist



and a pattern reversal filmwth theiapper pan of the resist pattern
exposed. 10[HG 4] FIG 4 is a picture show ng a sectional SEM Pmage of a
reversal pattern obtained by using the conposition for formng a pattern
reversal filmof Exanple 1. [FIGS] FIGS5 is a picture showing a sectional
SEM i mage of a result obtained by patterning the organic underlayer film

with the,abtabResn@nes Saledaiphen aad fdihng erokingpattsk. [no. 6] FIG6 is a
pi cture showing a sectional SEMinage of a resist pattern on a silicon
substrate W§011an Digassant ivestidragebtesftb) amd Sxtiredpect.fl 1Gethpd Ar@empving ag

pi cture showi ng a sectional SF,Mimge of a resist pattern nd a

pat t er n gagvereatrsiliflim, dicttethbé cuppésinpaealingfa naternyigssrs! fmy th@'%g‘%d after
funning a 20pattern reversal filmusing the conposition for formng a

pat t er n aoevensakesst patteshoaiarssbstiate Rhgriffatedrgith [}FICG“PPQUOB??rngHP‘@E&r e

showi ng a i [ i :
or gar 8pﬂ§§f§;§r§%ﬁﬁﬁrﬂfﬁ{; ég)érggggg s PR A aPR B B PERSU BS ¢ ne
6 sj Po |g ylfalroia& ftwmm&ﬁgai Vggtflsfx‘ivﬁh 81668%&8‘5‘?}38%%3’%%“&%%@?‘% o g'y EN_TI >
havi g a st 100Gk afbeperotsimiegPa el i ArE b AR AP michhoiby YR T 2
(2): R Srie(r)n%’vi?ng(é/%lzﬁ{exen Rl ﬁ}lmcé}mgrcﬁﬁgw thd 5 QUPAspe ANAhECTR) Biganik (&lvedt103/
is one or two or more selected from the group consisting of propylene glycol monomethyl
10 ether, propylene glycol monomethyl ether acetate, ethyl lactate, and cyclohexanone.
Effects of the Invention
[0013] The composition for forming a pattern reversal film of the present
invention can form a pattern reversal film that can be removed with an organic solvent.
The composition for forming a pattern reversal film of the present invention in particular
15 can form a pattern reversal film that can be removed using general-purpose organic
solvents such as a combined solvent of propylene glycol monomethyl ether and
propylene glycol monomethyl ether acetate.
For this reason, a pattern reversal film obtained by the composition for forming a
pattern reversal film of the present invention can be easily removed from a substrate,
20  when defects during film formation and defects in a reversal pattern formed from the
pattern reversal film are created. The substrate can be recycled or reused, and the
present invention can contribute to a reduction in the cost of the semiconductor
manufacturing process. Furthermore, as a matter of course, the composition for forming
a pattern reversal film of the present invention can form a film that satisfies requirements
25  as the pattern reversal film.
[0014] Consequently, the composition for forming a pattern reversal film of the

present invention can be used extremely advantageously in the manufacture of LSIs for

which further size reduction is expected to proceed in the future.



(where R2 is an acryl oyl oxy group or a nethacryl oyl oxy group; and n is an
integer of 2 10to 4), [0017] Exanples of R in Forrmula (1) include a nethyl
group, an ethyl group, a ftpropyl group, an isopropyl group, a ft-butyl
group, an isobutyl group, a tert-butyl5 group, pentyl group, a heptyl group,
a hexyl group, an oetyl group, and a cycl ohexyl group. R is preferably a

met hyl  gyqQup rPrs@RPatiOW OBMIpDRAVISGEN t he pol ystloxane, the ratio of the
structural unit of Formula (1) and the structural unit of Forrmula (2) is

preferably 50:50 to 99:1 in a nolar ratio, and in particular, preferably
70:30 to 95;5. The structural unit of Formula (1) and the structural unit
of Formul a [(2) 5]N#YGS qRTGahis aspirted shoavingie sestionalrdddmagopbl (st PAatETh| ock
copolymer, and an alternating 20 copolynmer. [0019] The pol ysil oxane

cont ai nex i silidodnesubsrmpowithiao wrgapic tﬁrﬁﬁﬂﬁ}‘ﬂj ﬁémfilafm%@-n reversal filmof the

present invention is obtained by, for exanple, subjecting.a silane conpound
of Fértimd (3) BéGaIHERd & spic Sf@d%%ﬁﬁ%ft@flal%f%gf §§a3gtfegqv to a

cohydrol ysi s-condensati on reaction. RI1Si 3. . ere R s the sane
def i ni t ireyerss fim obisinad by ysiie ‘glﬁ GORBOYHN é’%‘)“?lﬂ% 86’%%3&?@3% ﬁi?*k. y1l group.)
R2(C12),,Si(. . =(4) (where R2 and a are the sane definition as in
For mul a 4oisediREXaPlE b each i ndependently 5a G _4 al kyl group.) [0020]

Exanpl es of the &l&gaéa]% %;ﬁoay :chile Eﬁl)%viﬁ%%ﬁgl]@i’onﬁmﬂ%e of a FQidiphteerh 3) and

Forrmula (4) incl roup, an group, a n-propyl group, an

i sopropyl .gr 3 l drSQhhé Feklst PAtRLR dda tert-butyl
group. ﬁg%&%ﬁg%ﬁ%‘f}sﬁﬁ%‘pwﬁﬁgﬁﬂ%my a rretshgl grgﬁlgd%or an et hyl group.

101 ngFornul a (3) r@aads ey ida ptlure HovARS a Réctivay] $leMeiacize af b révvesabane or
partially di fferL,-nt. [ 0021] Specific exanples of the sline conmpound of

For mul a (:3). JHineiEby b diRIdoalpooXips ifbeibemBigapaasrmey rphltfilimetihexpdd | me,
nmet hyl t ri et hoxysi |l ane, nmethyltri-n-propoxysil aide,
met hyl trj i sopropoxysil ane, nethyllti-n-butoxysilane,
[FIG. 5] FIG. 5 is a picture showing a sectional SEM image of a result
obtained by patterning the organic underlayer film with the obtained reversal pattern as

15  an etching mask.

[FIG. 6] FIG. 6 is a picture showing a sectional SEM image of a resist pattern

on a silicon substrate with an organic underlayer film formed.
[FIG. 7] FIG. 7 is a picture showing a sectional SEM image of a resist pattern
and a pattern reversal film with the upper part of the resist film exposed after forming a

20  pattern reversal film using the composition for forming a pattern reversal film obtained in

Example 18.
[FIG. 8] FIG. 8 is picture showing a sectional SEM image of a result obtained

by patterning the organic underlayer film with a reversal pattern obtained by removing
the resist pattern as an etching mask.

25
MODES FOR CARRYING OUT THE INVENTION

[0016] The following desctibes an embodiment of the present invention in detail.

[Composition for Forming Pattern Reversal Film]



15nmet hyl tri t sobut oxysil ane, and nmethyltri-tert-butoxysilane; and
ethyltrial koxysil ane such as ethyltrinmethoxysilane, ethyltriethoxysilarie,
ethyltri-n-propoxysilane, ethyltriisopropoxysilane,
ethyltri-n-hutoxysilane, etbyltriisohntoxysilane, and
ethyltri-tert-butoxysilane. Arong these, nethyltrinmethoxysilane and
nethyltrieLﬁQ%%gbkgﬂe-are preferred. 20Wth regard to these silarte
conmpounds of Formula (3), one of them may be used singly, or t or .nore of
them may bernisgdysilxaandindnédin. thi CORMsiBpelor formiesanplies rofervh8le of ane
conmpound of Formula (4) include 3-aeryl oyl oxypropyltri thOx%iélane, 3-
acryl oy liexypsapitiveniiat smoysilbaue, haginget tiaerydl st fiorsp @) 362 hoxy51l ane,
3- et haeryl oyloxypropyl triethoxysilarte,

252- acr ylhoytuosk yett ey Fomwe(Hoxysi t ane, 2-acryloyl oxyet hyl tri et hoxy-sil ane,

2- met haer yl oyl oxyet hyl tri net hOxysi | ane, and

2-i nét hacryi oyl oxyet hyl tri et hoxysil ane. Anong these,

3-i net hacryl oyl oxypr opyi ni met hoxysll ane and

3-nethaery|gg% xypropyl triethOxy51l 3ne are preferred.. Wth regard to these

silarie, c tnds o Forrrul.{z (4), one of themmay be used S singly, or
two or wm%c%@ga%&y—be (l éd i n conbination. [0023] The
cohydrol ysi s- !) tion reaction of the slinme conpound of Forrmula (3) and
the silane conmpound of Formula (4) is generally perforned in the presence

i n,{fr gani ¢ base and an inorganic base.

of a bas %#ﬂﬁh %@;]
Pr ef erre(lc‘iV ge%fr{psﬂ}ézéél'so t e cpz’[ al yst include potassium hydroxi de, cesium

hydr oxi de, i m@ydr oxi de, tetranethyl ammoni um hydroxi de, tetrabutyl
anmoni um hy i&gn @d a phosphazene base (for exanple, a phosphazene base
P14-Bu sol yti ¢n). The anounf2df the basic catalyst to be used is generally
0. 001 parj_%__%!géél part by mass with respect to the entire 100 parts
by mass of \t h& "SI conmpound of Forrmula 10(3) and the silane conpound of
Formul a (4). The cohydrol ysi s-condensaticin reaction i erf.or rreddfzf or -a
Ti e, undemwheteRs Brpacgiaylexgmdpior ameasaceieyloBy SHEP; { ES]a“fH?ger
concentration of the polysiloxane in the conposition for formng a

10 to4).

[0017] Examples of R; in Formula (1) include a methyl group, an ethyl group, a
n-propyl group, an isopropyl group, a n-butyl group, an isobutyl group, a tert-butyl group,
a pentyl group, a heptyl group, a hexyl group, an octyl group, and a cyclohexyl group.
R, is preferably a methyl group or an ethyl group.
15 [0018] In the polysiloxane, the ratio of the structural unit of Formula (1) and the

structural unit of Formula (2) is preferably 50:50 to 99:1 in a molar ratio, and in particular,

preferably 70:30 to 95:5.

The structural unit of Formula (1) and the structural unit of Formula (2) may form

any structure out of a random copolymer, a block copolymer, and an alternating

20  copolymer.

[0019] The polysiloxane contained in the composition for forming a pattern
reversal film of the present invention is obtained by, for example, subjecting a silane
compound of Formula (3) below and a silane compound of Formula (4) below to a
cohydrolysis-condensation reaction.

25 R;Si(OR3)s...(3)



pattern reversal filmof the present invention can be appropriately

adj usted, which can be, 15 for exanple, 1% by mass to 30% by mass, and in
particular, 5% by mass to 20% by mass. [0025] <Additive> The additive
contained in the conposition for formyng a pattern reversal filmof the
present invention is an organic acid haying at |east two of a earboxy group
and/ or gwﬁé&@ IRQAY th@rsamp deffifoa aadtdF drinuda (13; gdeR errabish iadersngerlyc Get d
selected fromthe group consisting of naleic acid, citric acid, salicylic
acid, 3aqhwtlpexphenzoi c acid, 4-hydroxybenzoic acid, 2,6-dihydroxybenzoic
acid, 3,5-dihydroxyberizoic acid, gallio acid, phthalic acid, pyrontilitic
acid, and arg£6ih),8i(QBud...ED026] The anount of use of the additive in the

conposition for formng a pattern 25reversal fil f the .present, i.nvention
is, for (ehemmend. 04 heppmesistinitionpgdy B?F“H‘g% é)mf“f ﬁ‘? %@r?@ﬁmggpetnﬁeeﬁt ss of
the polysiliaxane (solid content), preferably 0.1% by nass to 5% by nmass.
[0027] <& getid gg¥ibdent > The or gani ¢ solvent contained in the conposition

f f ' tt fi ft ' i i I
the organi cloRabh deemesidn Fuestine P b AR HE b RPueins 16, V@
| cohol s. ! ' di | t hei ' id

"< nsoa andfgrenedaraipl fuithERhul B RBRESR Lk aRPRe] AFsObRR" © o

cat1 5 a0t 00 ot TRy S SRS AT, B BB Nt ahoch, ks gtousol ven

rmxin a bresist pattern does not occur.

[0028] T 2b1 fONQLSn BRY, BeyRA¥uef strai ght-chain, branched-chain,
and cycﬁ?@gger{ggl?%alﬁ%} glzégrrp es of lflggml?ncl ude et hanol, 1-propanol,

2- prgpanol ,IIPFM@J@I) an¥ $6tmulpOPR; eneRgmag bk eag it drei same br pertiakp|

2- butanol, 2-nethyl-I-propanol, 2-nethyl-2-propanol, Isi-butanediol,
pent anol iffdrefiet hyl -1 - but anol , 2-nethyl -1 -butanol, 103-nethyl-I-butane',
cycl opentanol, hexane', 4-niethyl-2-pentanol, eyel ohex.anol heptaaol,
cycl ohept anfi021pct Speciicotaoiplesmdiily si @@W@P?umkﬂﬁﬁOUQP@dﬁgF?hﬂ$ethyIene

gl ycol, dipropylene glycol, triethylene glycol tripropyl enc giyeol,
di et hyl emethgltsiglbbxysiamesiehas mﬁéﬂtrlmeﬁh@%ymn@eéﬁybgsﬁo}é%‘%%et hyl et her,

4- met hoxy- 1| - butanol . propyl ene gl.ycol nononeth t.he r ene gl ycol
nonoet hyinedyham-piopepisilaie n@ﬂ"@/ﬂglls%‘?ﬂ?ﬁy B‘B%?F’ @%tbi% r,l'nl'é%tP g’f)s@%éﬁe gl ycol

monehrityl ether, and_ propylen | ycol, rnonephen her
Addi 15 vemsthyltrllsvhgowﬂgﬁ%i%ﬂ Gt ﬁ?x?egf?ﬁt%’&sgg%ea?%{‘heF’tﬁkf{r@%‘/ﬂé‘? s’%ﬁg’?é. ?u%%f t he
present invention may.contain,. if desi Al | i of additives such
as surf a%sc%ﬁhilrf]g}m‘ftb@@%]lﬁiﬁe e@'ﬁ'ﬂf%@f’ﬁ%&f aflé%giﬁ' 1%[11 d#) | véﬁlgﬁlé’i nprovi ng the
applicability of the 20co Lt g LANG rgdersal film
Known' surPH aRreP SN Re O ook lah LA SO RELI e M

ethyltri-tert-butoxysilane. ~Among these, methyltrimethoxysilane and

methyltriethoxysilane are preferred.

20 With regard to these silane compounds of Formula (3), one of them may be used
singly, or two or more of them may be used in combination.

[0022] Specific examples of the silane compound of Formula (4) include
3-acryloyloxypropyltrimethoxysilane, 3- acryloyloxypropyltriethoxysilane,
3-methacryloyloxypropyltrimethoxysilane, 3-methacryloyloxypropyltriethoxysilane,

25  2-acryloyloxyethyltrimethoxysilane, 2-acryloyloxyethyltriethoxysilane,
2-methacryloyloxyethyltrimethoxysilane, and 2-methacryloyloxyethyltriethoxysilane.

Among these, 3-methacryloyloxypropyltrimethoxysilane and

3-methacryloyloxypropyltriethoxysilane are preferred.

With regard to these silane compounds of Formula (4), one of them may be used



surfactants and fluorine-based surfactants may be used and nmay he added to
the conposition for formng a pattern reversal filmof the present
invention in a ratio of, for exanple, 0.01% by mass or nore and 0. 5% by
mass or |less, for exanple, 0.2% by masg or |less, preferably 0.1% by mass or
| ess. 25[0031] Specific exanples of the surfactants include: nonionic

surf act gm,gyg;bb aSmpBR) araxyie iyl tensedirkgdmtendtems i ncl udi ng pol yoxyet hyl ene
lauryl ether, polyoxyethylenc stearyl ether, polyoxyethylene cgtyl et her,
and pol yoxypihy| ergeaborydrobisherondpoihtiaxyeaetinn efribe alldgicampousd Rer s such as
pol yoxyet hyl ene octyl phertyl ether and pol yoxyet hy] ene_nen I‘xf envl ether,
pol yoxy atdmlkn@) aal thexipreopyiuad NoErmyla Ef%é%ﬁ‘?ﬂ r%e,rfoé’ES‘F%i’ fatty acid
esters such as sorbitan nonol aurate, sorbitan rmnonal.rq'ot at e e%gr[} j tan
monost egmredeace sfor tristcanataip Guthesstas, orgaNHPIsE ANE AP FIBRTES P4ty LB Can

tristearate, and pol yoxyethyl ene sorbitan .fatty acid e r has
pol yOxy etxayiplesef dwrastalyh inebiis nelsaive b ?’98‘?«9‘8%[1%’1 %éoééeﬁbl rgér#ﬁ&n

imtat I t hyl bi t
T S LR B S S AL BB S b o

f1uori ne-based surf t h i . tnadermar k] EF301,
EF305. | aoRIRESE (Harr BT B B R bk P Bl AR i & eher cal s
Co., Ltd. JE I bagialyen 601 baademmedto Fpalt. FI 73,
and R-30 (%ﬁ%@éf“&?ﬁ%‘b"{s&%@@tg%%gfégtl% %ﬁ%{rﬁr LU%%IA%‘ RCA30. Ltgd]pFC431 |

(manuf a ' ' 3Nkt 0 par®BAITdss CUARRIpegispemddf Formdemar k]
AG/10, MW%?%&#%& tl’laden’al?’ak 2-9\382, 8001, SCI 02, SCI 03, 8004,

SC10R, 311'360) DEHRG 6N ARkl 0e Boluldsahi G ass Co., Ltd.); and

or ganosi I oxane pol yner KP341 (manufactured by Shin-Etsu Chem cal Co.,
Ltd.). 15W tihe cogaelytio-cohdseatiun eartoaris perfamedofor ehemplyayndse thtdded si ngly,
or two or nore of them nmay be added in conbination. [0032] [ Method for
For m ng Ratgepitite Rendtisabf 60Cho 80°C. A nethod for forming a pattern reversal
filmusing the conposition for formng a pattern reversal .film.of the

g. !
present invepad4pn The eonvenidebn afdhepelbigloxappintha GOPReSHHR EIIYLIE? 8n f or
formng a pattern reversal filmonto a substrate; baki.n t a. ature
of 80C t patkBOCVemAllifwphihagresc ifyention cgy Bﬁal?réra@?%}gﬁ/oadi‘%ée%s&“ ‘s°f“f°§?§,5’ a

sem conductor substrate such _as a silicpn substr i ¢ t epped
Sohsts ot brectmple. Tdnanasds 060 Y BRIHER Rttt ST 20 Bakt ©PP

[ Met hod for Form ngéﬁ versal Pattern] The nmethod for formng a reversal
pattern of t[%zﬁlre§ ViGent i on i ncl udes: (a) formng a resist pattern on

a substrate £9 Qi 2o5Eea i heABMoSLTEn HiTofRMR A bAI el ASal MirdGe &

pattern rev VB FPEARTS rate so as to cover the resist pattern,

heating the conposition ; f tarbbx Qs /or@onni ng a
pattern ng}télg‘})e IP?ﬁs]a%%%mg%%ﬁg@%%%ﬁ:taﬁemgggﬁern ?g\%erusngllmfoirl m and

exposi ng,t he face of the resist pattern; 11 and (d) renoving the resist
pattern Exﬁofgggﬁuﬂg a reversal pattern. [0034]in (a) formng of a resist

patt %@n on apsubskiAtie ptderiBlytahentAek adill bsléctedfromsthe groupranasting ofi s appl i ed
onto“the substrate to Be treated by an appropriate nmethod such as a spinner

and coat er.1a0didr iR Rid, dalicpatial sihgdokybeneicacid 4800rewbegBes tddf or m a
resist 5 |al m The filmthickness of the resist is generally 10 nun to 1000
am [ 00351 Thakeakyginzoicheid, 8si-dihydrokybdngoierxpids gallie aeidgphihalicisid.sour ce such
as visible
pyromellitic acid, and ascorbic acid.
[0026] The amount of use of the additive in the composition for forming a pattern
25  reversal film of the present invention is, for example, 0.01% by mass to 10% by mass

with respect to the mass of the polysiloxane (solid content), preferably 0.1% by mass to

5% by mass.
[0027] <Organic Solvent>

The organic solvent contained in the composition for forming a pattern reversal film



rays, ultraviolet rays, and X-rays through a mask with a predeterm ned
pattern, and the exposed part is devel oped with a devel oper. Post exposure
bake (PEB) is pert-brined as needed to forma predeterm ned resist pattern.
10[ 0036] Wth regard to the substrate tp be treated, a substrate used for
the mantilbcture of precision integrated circuit devices may be used (for
exanpl e,,rahSeBicatRIuatdar caaubsbhatiee sigatic asidsisthcahligumdiapefeslidred with a
silicon oxide film a silicon nitride film or a silicon oxynitride film a
si |'i con gRicticll d@nsahstal@ihels. a Whar dizorgaubs solaens thai dgeaset despbicrths @8pRificl udi ng
non-al kali glass, lowalkali glass, and crystallized 15gl ?.ss \ ang a gl ass
subst r atidois usdi, dte cdfects TOtHe prasdns irfventpasaipay not be gehiryed sarplackerilyy 4R ¢ ~or

i norgani c underlayer filmhaving an anti-reflective propert.y. may.be farmed

i n advaneganinsdlhet suiySorthereontpitbe rasistarleent tp B LKt ?féf}%mgo ThE resi st
mat eri al, both negative type and positive type ones may be used. Exanpl es
of tHe rreshigrttamdocs APt 99§81 ude a positive type resist 20i ncluding a novol ac

resin and 1, 2- napht oqui nope. dj azi de sul f.onat . i Ve i fied
resist incl Wﬁbpa?heﬁ%mo&gehafsg%% eaatn(¥r0féﬁ%ilggt_%}?aﬁ%@?%cg%{iﬁgalg%doup t hat
deconposes_by an id so a Q_iLNer ) i Al t] te, a
che m'rrgal ‘lyyh%li%%‘fs'r 1 ‘IH‘WE Ss‘ff t‘t“% :nlljc ?%Sélgaﬁl t"g ﬁo}?‘]SE%?dé %gﬁ?rag?lb?mglﬁ (E:Il@an

| kal i -sql ubl e bi,nd d t ; tih giasl( b

e a so et R R e R B e and

acid so a Issolution rate of the resist, and a
cheri cal |y, AMRbL b 6hol 99 ichBbl AN phekpachdaganbnatiof lahdamlbi nder
havi ng a group tha 8e’corrposes by an acid so as to increase the al kali
di ssg Uti-ﬁ%ﬂ%ﬁﬁ-lﬂﬁﬂlcﬂ‘ dyenanlagsiuhetancopnethdl-2-hattaddcoympdsssndly an acid to
increase the ‘al'kali dissolution rate of the resist. Exanples of the resist
materi al pd ou@?cleﬁaia&l,amylmhaﬁ5oﬁy1rmbélohainey,l atehal, diathirlere BycBuni t omo
Chem cal ., Ltd.) ‘and AR2772IN 12 (trade nane, manufactured bﬁlgﬁ,SR
Cor por at figrypyldn®@BBbMttidthylegagiycoldriptpy ey elyspk dietiylenqgypidpaioe aqueous
solution of alkalis may be used, and exanples of alkalis.include: inorganic
al kal i s stiehtrishyasi gimdhycmoxicts] ether, 47pehexy-drRuwaneh¥PRIdeSFYTUm
carbonate, sodiumsilicate, sodiumnetasilicate, 1and 5arim)ni aré)A’atl%{lfer
primary muhomsthslgherapropylepe ahicabmanerthyl sy irany e el ElgRAIMCATRES such
as diethylanline and di-n-hutylam.ne; tertiary amnes as triethylam ne
and Het hptogylenaglysplinarebuyl €gis| a0 PR @es&!.%w‘f&gonaf’ﬁ%‘}%@g%hano| am ne and
tri et hanol am ne; quaternary.anmoni um salts such as tetramethyl ammonium
hydr oxi de, {3% et ﬁ?ltheé%ﬁivﬁﬁ? hydr oxi de, and chol i ne; and cyclic am nes
such as pyrnile and .10pi idi ne. Th ' fnhkah keymay he
Anaspiapsof S dhnlind Sp GR ARURE AuS A bRk !

used with a S such as i1 sopropyl. alcohol and

surf act ant 5. $uch 8542, 0NN AR AYLedon s Rieliied devel oper arong t hese
Ion O

is an aqﬁ‘é‘%‘g’ a quaternary anmonium salt, nore preferably an

aqueous sol '-tbbﬁg Ofry L Sl itk MY APLTMRIN LY tipto0MigdRe applicability ofAhter t he
resist films dev Pope w th the devel oper including the al kali aqueous

15sobyt i | fY i iRe Wah@smadekrshl Yilmg Ehewgendaahity spar dsoromedid or t he
| at e?élpr g@ggé\%@@ {68039]1 %ﬁ@subsequent ly perforned (b) applying of the
conposi t k@adigis £ flidMhedbased surfactants may be used and may be added to the

composition for forming a pattern reversal film of the present invention in a ratio of, for

example, 0.01% by mass or more and 0.5% by mass or less, for example, 0.2% by mass

or less, preferably 0.1% by mass or less.

25 [0031]  Specific examples of the surfactants include: nonionic surfactants such as
polyoxyethylene alkyl ethers including polyoxyethylene lauryl ether, polyoxyethylene
stearyl ether, polyoxyethylene cetyl ether, and polyoxyethylene oleyl ether,
polyoxyethylene alkylaryl ethers such as polyoxyethylene octylphenyl ether and
polyoxyethylene nonylphenyl ether, polyoxyethylene-polyoxypropylene block



pattern reversal filmonto the substrate so as to cover the resist pattern
and formng a pattern reversal film the conposition for formng a pattern
reversal filmis applied onto the substrate with the resist pattern
formed on its surface (stepped substrq e) by an 20appropriate application
met hod such as a spinner and a cower. Baking at a tenperature of 80C to
180C i s bhaPmBR! idbitderl ackiasters hiehpattreitm mevelselte, fspibiten Baki ng at a
tenperature” of preferably 80C to 150C can vol atilize an organic, sol vent

Wi thin thghopRpliiagd sbibitah prooogthmte, Thbitdakpnepledtesorbitagarieleatel 31910 seconds
to 300 seconds, preferably 30 seconds to 180 seconds. 75The filmthickness
of the paititen mristeveesald folyamyeliylesh soditapfatlyiasid &P fUGHAS i cul ar, is
generally 10 inn to 1000 run, preferably 50 rimto 500 urn. [ 00401
Ther eaf tpetyoxyethylene berbdakinegolgiraithe pattern reversal film and exposing the
Slit face of the resist pattern and ( re in f. the resi pattern and
f or nng palyosyethylghe perbitet WOaPléal‘ﬁ‘@@?eopﬂé%yegg'i@}efgﬁogﬁ}wo%%sg a?a\%%ck treat ment
is perforned on the pattern., 13 reversal filmf o, cri bed above to
the ext em’ﬂyomghylteﬁ%S@bﬂ?‘égéﬂ?ﬁte’taﬁg pP@Q?‘%?tE%IS?? Seorréllqi%gtrfgﬁesggezd, and the

ist patternis th d ' | to f
" desi r SorBeRne AT eRr o b T2b e ATk e PR B e oo
t her eof @%'agde d%ét&g%bgy' sl i'slliiq\/lﬁtfeﬁﬁl's@é&%ﬁimwc%@osmb. @smfor4, wet

et chi ng Taps ion of an organic acid or an organic base or

an or ganjmﬁé[ ﬁlg%gxggggﬁﬁgtf[Igg@tep@immaﬂqomh,emmahmm @oaifichoed can he

appropri e renoval of the resist pattern, any known
dry gf chj @@Bg{o%}b%) NEYUOR ATS BG4 3 @n@d TR 31 (eahuibetiraiondSuiiderso 8dh be
appropri }y ad] usted. 10100411 [Method for Removing Pattern Reversal

Film  @BhesRat Ry ARDeedisated tiademarfk] AIGE7 19 BERALQ rsastesss tradgmatiher
words, the 'pattern reversal filmobtained by covering the resist pattern on
the subsgngtestmibECt0BHED3aRE]1 0BG IHg, @@G(@mga&hﬂ%hw\ﬁ@l FStrate

to he treated together with the resist pattern using _an or i c.sol vent
that is g@ernhal); yndJe@dncbsﬂoxalhﬁep(rlemwﬁl)3‘6?@@31@%“6@@’ «.5%1‘1‘5.&5%@6% esent

invention is also directed to a nethod for renoving the pattern reversal
film Af€erLidrnm ng a reversal pattern fromthe pattern reversal film only

the reversal pattern may he renoved. e organic .soj] v Shfe LEMOVEr
her el5 whi ch Wigh regerd) tp thase §uiteigid?1ang g}e o @gﬁ%ﬁgdéeﬁ{psrng%&’i SR g)ﬁf:{ls e(?%ct ed in
accordance with the corrposibt iagn for formng a pattern
them may be added 1n combination.
[0032] [Method for Forming Pattern Reversal Film]
A method for forming a pattern reversal film using the composition for forming a
pattern reversal film of the present invention is a method including: applying the

20  composition for forming a pattern reversal film onto a substrate; baking at a temperature

of 80°C to 180°C, and forming a film.

With regard to the substrate, a semiconductor substrate such as a silicon substrate is
used, and a stepped substrate with a resist pattern formed on its surface is used.
[0033] [Method for Forming Reversal Pattern]

25 The method for forming a reversal pattern of the present invention includes: (a)
forming a resist pattern on a substrate to be treated; (b) applying the composition for
forming a pattern reversal film onto the substrate so as to cover the resist pattern, heating
the composition at a temperature of 80°C to 180°C, and forming a pattern reversal film;

(c) etch-backing the pattern reversal film and exposing the surface of the resist pattern;



20reversal filmand the resist material used. [0042] In the present

i nvention, exanples of the organic solvent used as the renover for use in
the renoval of the pattern reversal filminclude: suifoxides such as

di met hyl sul f oxi de (DWVS0), sul fones sgqh as di net hyl sul fone, diethyl

sul fone, his(2-hydroxyethyl ene)5ul folle, tetranethyl ene sulfone, and

sul f ol a%ﬁi'i #%%x%ﬁng%%e@ﬁt péatedh bhdliomipyd feoemvalnpattern.
| NT- net hy rmandi de, N, N- di met hyl acet am de, N-net hyl acet am de, and

N, N- di et hyl @ggijamides) foasingne aseudit page-aat dhyubs2atpye botreaiehdirst, a resist

N- propyl-2-pyrrolidonc, N-hydroxynelhyl-2-pyrrolidOne, and

N- hy dr oxygédul 1s @phiyd batd HOrebstiagab dnétsatsd b aSPPoprialsi Betaed s as 2
y-butyrol anone, Thval erol actone, 5-valerol actone, 7-¢€ gé)l act one; .atlnd
s- capr ol spipheneid doried azdiidd aonemperieh of sererg (G f@t@sl - R FRREEISE di none,
1,3-diethyl-2-imdazoliditione, and 1, B%LE%E{O %z)é 2-t hil da. zol i di none;

pol yBydrfilm. alTdeHdinsthisiaess4 tha 1§§iFE 814 : tﬂa B8 ycol monomet hyl

et her, ethyl ene glycol nonpoethyl _ether, ethylene.gly ohut: et her,

di et hyl ene” gI0§&bl ,%{ltﬁr@tﬂwlté%esaf 9@6?5 P eé‘r%éfr}%ﬁ llgtﬁgﬁ%"eg&e}‘t%w‘%&lg gl ycol
Snorai et hyl ether, diethylene glycal nma I Q%r{ L£984 geycol ,
propyl erféyy PVWIOI%HMP%% Tadp ﬂgguf‘ﬁjd? BF %gg’ﬁéﬁé’ rgCF yco mér?rfol%g%rret’ hyl et her |
glycerin, 1,2-butylente 1, 3-b gl 0 k3 PEBYiseREoghacal ; ester
et hers sUeRS a&t%}‘}?‘éﬁi‘épeélv%%#%#ﬁeﬁ%%ét hg(?s?gyt(%%r acet gt e, yes?ﬁyl ene gl ycol

nmonoet hyl §%£&)rf8ﬁ1§%té)% ,t%rﬁﬁlqledolreggylga%ﬁ]_gl ycol monomet hyl ether acetate;

et hyl | & ycl ohexanone, '10Anpong these, preferred organic solvents

are @| met hygqo%m f OWiﬁLere%Qhri@mwubétmtaazw firelitanio B eubsiaredsey fache ani de,

sul | bl ane, yrol act one, propyl ene glycol nononethyl ether, propylene

gl ycol nppamsiid ofekhigsionart@ted oty dpytamengbywsel (foomsmmplehy| et her,
ethyl lactate, and cycl ohexanone. The nost preferred organic solvents are

propy! engngkyeRitorpitamatchykh et bisicon prhopyt snecrgd yibla SRR ENer
15acetate, ethyl lactate, and cycl ohexanone, or any conbi nati on of two or
nore of §ihesn nikeniihesr  BD®8H Phenifrilel [ow, agilives ditrige subshHatep? 84&Ht i nventi on
indetail with reference to exanples. However, the present ipaineréti on is
not |imi ubdirtte, 4 glessubxtzatp (ivsludMgaoaxbradisalpgntov-plkpl gassfgd cgistdliy f'he
description of these exanples are based_on.mass 20unl ess ot herw se

speclfi cglaby), ddscglasseubstrate on phbhan HRLIRRISIRIDEer age nol ecul ar wei ght s

shown in the follow ng synthesis exanpl.es t.he. present [y ,on are
measur ement If dssypd.SnBFEYBe OpBOREALS Meﬂﬁbf%%?l&’gy g%haf/l a%ﬂerre g?ﬁgf tpg(%%

abbreviated as GPC).. A neasurenent ar a measur enent conditions, and
the Ii kerrm’é’eé‘éﬂﬁ%llIP@QEE‘.‘“"F@IB(EE%%&F%I%E%ETEr@‘()fi‘appar atus: HT: C-82206PC

manuf act ur ed Tosah Corporatio ; gp% ji

'Erademar K] 1. Wlakﬁﬁlf&oéﬁ%reﬁ%%@éﬁgf fé&hﬁ%@? ure Eﬁﬁﬁ%ﬁﬁﬁﬁ%ﬁko K. K)
Col um tenperature: ,40 . E iteltypd Fsiskl ow r at e:
1.0 mr nPRASS r%"’t‘yaﬁ%‘éﬁgg' sé&n%?lézés ég}:ﬁ;é?ta%?terﬁgt?{l?ﬁrg%ﬂwa%%?ﬁ%&eb%’pS?g\l/?/a D\(,avnko K.

K-) 20 including a novolac resin and 1,2-naphtoquinone diazide sulfonate, a chemically
amplified resist including an photoacid generator and a binder having a group that
decomposes by an acid so as to increase the alkali dissolution rate, a chemically amplified
resist including an photoacid generator and an alkali-soluble binder and a low-molecular
compound that decomposes by an acid so as to increase the alkali dissolution rate of the

25  resist, and a chemically amplified resist including an photoacid generator and a binder
having a group that decomposes by an acid so as to increase the alkali dissolution rate
and a low-molecular compound that decomposes by an acid to increase the alkali
dissolution rate of the resist. Examples of the resist material include PAR710 and

PARS55 (trade name, manufactured by Sumitomo Chemical Co., Ltd.) and AR2772JN



[ 0045] <Synthesis Exanples 1 to 3: Preparation of Resin 1. to 3 for use in
Conposition for Formng a Pattern Reversal Filnr [ Synthesis Exanple 1:

Synt hesi s of pol yfinethyl - co- 3- net haeryl oyl oxypropyl ) si | sesqui oxane:
1(nethYD8103/21o.sokinethaerleyIOxquEyfiSiCB/2]0.2ei 80 g of toluene,
0.10 not of 3-nethacryl oyl exypropyitrimnmethoxyse, 0.40 not of

10net hylffdsmihoxmaifaenged By #8R olpoedtiongt er, 1 g of an aqueous cesium

hydr oxi (ge sol ution (50% by mass), 200 g of nethanol, and 40 r’r? of .

2, 6-di -tertpbsgly 1-Witheidayd phtedtveigree falibe geist iantaguepuiisakikion 6f pkakar e a
transparent solution, The solution was rethixed for 1 hour,mﬁ%h stirring to
remove the ixolsenind(examples ofetkabinvicludeTiergaarc alkelizgych ay 1derm 8¥HPrSed,  and
t ol uene of the sane anount as the renpved_sol vent was added in.,order to
15mai nt giomssiundnsiraride, sofuentareantee srdivmi sdicateapeBrmBees s rdiflanol  was
renoved, the solution becanme turbid. After %QF refl ux was qufher conti nued
and the ssohoemvaigasprBAD\ASINSHHICH 38 slEianing %‘Bf%yraé‘?fnf?esc?g% 4 anspar ent
agai n when nost_of water wa

\ s repoyed. Next, the te t [:hcr eased
Lo aboutaniosauch Fbdic g BB AL M INAER 25 UL PEEIT ar et e R P et
thor ot o.4nq T GBI R TR e AR, e B Ll BRE S e ot rred
for 0.5 hours., The resu ut it i ildrefidgesal t ed
wat er t HPEBaRqARYE: ‘Fﬁaeellé%ﬁpu%?%ghl\%is&p ﬁ\é\ﬁaﬁgﬁt&%%& EJtﬂrr11rillfglgﬁlut er}‘dE)(:lr;efij with a

pour si Zt%tracx)e];ﬂg;ll ralﬂn%ni&lﬁq]yfd?o%&%&é, AR chdilre! AEcyvBs aphaskgach asyyorde HAC rot ary

evapor at of enove tol’uene. The resul tant 25product (solid resin) was
dr i e UNRLHAC UUMAqUEOR ol @RBRITAIKUIiE nfagihe Ashbutth b appibiite aResinhofl. The
wei ght - rage nol ecul ar weight (Mv) of Resin | was 26, 000.

[ 0046] [ SypiHaesiush BX aBtopyPalc&wi bhié surgactits such as a nonionic one added. A

pol y( et hyl - co- 3- met hacr yloyloxypr Opye5i | sesqui Oxane: .

[firiet hytfeficdaydbsaRumephase yd fydeyw: Gbitions i @epmEzRry ampgnonium §gft.y of
tol uene, 0.10 nol of 3-nethaery|oyloxypropyitrinethoxys%gSne, 0.40 nol of
i net hyl ninort frefey:sily amequeRng tolninin of tetiamethylapmmrgushydioXitfueous cesi um
hydr oxi de sol ution (500/0 by nass), of met hanol

' ) .300 nol . a@g 50 rrg of
2. 6- di 4ert - Atey hedesist fhiy iidevelopedwitla t genen inplgdmeihadkall 39sPEhar e a

transparent solution. The solutjon was refhixed. for u i Lrring to
renole t srduti, Wephing waihIvfeadfyge pre Wra\lfé{fpef%gnﬁ%éor?}? T atee\r%%:%ﬁ?slte%ued, and

tol uene of the sane anpbunt as the r ved,so i rder to

mai ntain a YRS anin %’@PWﬁP&%B?f Wﬁgﬁ? (IR Hgg{r}l r‘%@% O%g gﬁg‘?ﬂhfgﬂgllng%as
removed, the solutjon bec tur bi t I f her conti nued
hna 1 e BEITR AL ATO T Rk S0 aSld el B8 L plilend tUENE

transpar g%tegg %'Srnsg]‘t’)\%]ﬁn?, tg%é(&ngés(i)t fof fd?’ﬁﬁn%% EBY&H reversal i@ is applied bgaper at ur e

was i ncr y over about 1 hour. Thereafter, the

resul t a”gptgpgsf%&g@gﬁgghé@kﬁ{ HRARPBRMEQBh 8Y sudnd (HePsHd s3BErge)dy dnol uene was

added th acetic acid was added thereto, and the m xture was

stirsed i [Siiod RRHRASUER &Y sifhditah@n comsr. Wadiérdy atiatthmpO@tund . . of
&sal%(gd \%\é{m Eﬁo%c i Tﬁ% 15r esul t ant srgl ution was then filtered with filter

paper wi {he@d8UR0St ZEMeh pdrftied b ormetiel fattartn refdrbdlifie was charged into a
50C rotary evaporator to renove toluene. The resultant product (solid

resin) was dyicag Aadenpyacielof piefaradm80¥irpet € Groen olatifizhauewaris obt ai n
Resin 2. The weight-average nol ecul ar wei ght (My) of Resit- 2 s, 13, 000.
[0047] [ Syméhesilsn Beapplied 8im Syompibsi Thefbakagitineis srpgiimiesse

20( 65/ 30/ 5)] 27.08 g (65% bc;/ nol e) of tetraethoxysilane, 1030 g (30% by
mol e) of 30@tdvpids, petftrokiysia seaendsitod 89 s¢xuslhy nol e) of

phenyl trinmetini xysilane, and 59.65 g of acetqne were.chakged j. fl ask.
A codbing piPe filasthigknassiddhe patiert %e"ﬂsé]s@,m’é(ﬁt'l&hlsﬂ'logbﬁft}ﬁ% i ﬁéellhé)r\’/vgss set

into which 13. 15 of an_ aqueous ochloric acid solution
| | generally 10 gm to 1000 ngll,J pre%era{)]lgl%ro nm to 50Fndc! utt

[0040] Thereafter, (c) etch-backing of the pattern reversal film and exposing the
surface of the resist pattern and (d) removing of the resist pattern and forming a reversal

pattern are performed. Specifically, etch-back treatment is performed on the pattern



25(0.01 non) separately prepared was charged. At roomtenperature, the
aqueous hydrochloric acid solution was added dropw se slowy, and the

m xture was stirred for several mnutes. The m xture was caused to react in
an oil bath at 85C, for 4 hours. After,the term nation of the reaction, the
flask containing the reaction liquid was |left to be cooled and then

attac he‘i‘exle? aﬁﬂlxﬁ‘fﬁﬂ%aars@'ésdrfbe& aB®ao ehdanait tge tier sriade diihienesittpatiern 7
reaction, Tere y obtaining a reaction product (polysiloxane). Furthernore,
acet one ;Was,k&PhLAg it rékitipakeinrie tiieylremdvarehyt, fvsixanplen §2 84 gHE®)IP to
obtain a solution of Resin 3. The solid content concentration of the

obt ai nedyResidBsiddwaser2B Yatymmass as a result of the measurement by the

baki ng net hod. The wei ght - average nol ecul ar wei ght. of 5t.he i ned
Resin 3 wasV\Bt}ﬁ@@ardImﬂierﬁtc%l-bmketrqaéﬂeﬂtrﬁ&aﬁ@lfi:?rﬂé%r%%mél;‘\/‘/ﬁ% H’@fs‘?@ng‘s’z 3%%#% does
not fall under the polysiloxine having a structural, unit { (1) and
a st suctfitoainebasad gak sEr aa/l B, (V2§ ctching Ui A8 PAUCOER gﬂlﬂ)’lﬂgg 0119{ 08 1{5%1%

Conpar ative Exanples 1 to 9: Preparatign of.Co it kmEQrm ng Pattern
Rever salor@inlopganiQpas QFph @rgfmcpqgﬁ\{éﬁt, i"ﬂ‘;g’@o@}ﬁlmn%@?% ]a{‘lh it tg&l%% by mass

sol ution was obtai ned using.5 g otf Resin 1 (polyner) obtained in Synthesis
Exanpl e qonéﬁ’@nﬁsalbbf’o‘ﬂmﬁ@ﬂféfmj'Ia-J-u§-6 entartol, 0.025 a (0.5%by mass with
respect to the_mass of sin. f  a [on 8%/ Qciphd a t@s @fay be used,

4- et hy1- 2- 58%@8%‘?‘0‘\?@rog%éeargselégl%agte{rhgﬁ}g%@ut i gﬁl, %ng@t e sol ution was

filtered h a fil i ShdRel9fadfisitedpi N 15t 0 obtain a
conposi t?n\(gfrf ‘f’g?atFISP{rngo:?gma&[%g?? g?‘rrl]ﬁprrel{)/erzgla %SI m [0049] [Exanple 2: Resin |

Maal gj ¢ aci 1090 by HESS/iSOPMtdr@ Rew@sal Glilneli ned using 5 g of Resin 1
(pol r) oE@%%edﬁ\({n Synt hesi s I%am)l e 1 and 45 g of 4-net hgl- 2- pent anol .

0.025 g (0. 5% by BRTSvaMdl k@S PeCHresant triventins $n otheResids, thy paficTiral ei ¢ aci d
and 75 g of 4--inethyl-2-pentanol were 20added to the sol ution, n?ind t he

sol ut i on,yagalffilhi E6tededbYy Boerirglheresist piitean pothe ssbsteatefo ke 4l obtain a
conposition for formng a pattern reversal film LOOS_O&h[fExa le 3: Resin
1/ sal i cyhéginachibé addived Feonatteunbstrage Bobcyeaisaggther Wit d%lgﬁ’a s

solution was obtained using 5 g of Resin 1 (pol r% obt ai ped i ynt hesi s
Exanpl e dsiagan dfgagicoblvénntbnhiy nogn@ibh@sgﬁévr.thermé'ggo Yf?‘égxé’%(}]mr?as rsT h?vi th

75respect to the nmass of Resin 1) of salicylic acid an
4- et g y 1 p@see mentipn wealee dergtsd t??? I’E“Ff@"ikﬂr 15%?’8“,% BWGP at(i)T‘rE{’f(:el1 %’gf%%liqgﬁl was

filtered with a filter with a pore size of 0.1 [ 8] Bat&@APOSi tion
for for niddigr forprang ergyersaleatisH) Pl'1@"inl the p’[‘%(% iﬁvef%&éﬁﬁﬁloélﬁ%h%%grn Pa

113t hydr oxybenzoi caci d] A 10% by nass sol uti on was obtained using 5 g of
Resin 1 (poIbpieRyVeht ained in Synthesis Exanple | and 45 g of 4-n

et hyl- 2-pentanol . Q.025 0, 5% R Gimited ihpertivass, cah Resin
1) ofil-hydr 8?‘?“28%1 el%cq(sad %Sn%p%%§g?r@f4{v%?ﬁflﬁ2- plentla%t were added to

the sol ution, and 1he sol.uti HntigE sSinpbditorafok fdrheihg wiphttera pore si ze
of 0.1 [i ﬁ&plf’r(?pB%FItA’iSﬁleg%gg}ﬁﬁg%rqﬁ%%{or for mﬁ%g a pattern reversal film

[0052) [ EXAMR) B anfBR! Bsidhdatbysng¥yberi zoi ¢ aci d]

[0042] In the present invention, examples of the organic solvent used as the
remover for use in the removal of the pattern reversal film include: sulfoxides such as
dimethyl sulfoxide (DMSO); sulfones such as dimethyl! sulfone, diethyl sulfone,
bis(2-hydroxyethylene)sulfone, tetramethylene sulfone, and sulfolane; amides such as
25  N,N-dimethylformamide, N-methylformamide, N,N-dimethylacetamide,
N-methylacetamide, and N,N-diethylacetamide; lactams such as N-ethyl-2-pyrrolidone,
N-propyl-2-pyrrolidone, N-hydroxymethyl-2-pyrrolidone, and
N-hydroxyethyl-2-pyrrolidone; lactones such as B-propiolactone, y-butyrolactone,

y-valerolactone, 8-valerolactone, y-caprolactone, and e-caprolactone; imidazolidinones



A 10% by mass sol ution was obtained using 5 g of Resin 1 (polyner) obtained
in Synthesis Exanple 1 and 45 g of 4-nethyl-2-pentanal. 0.025 g (0.5% by
mass with respect to the mass of Resin 1) of 4-hydroxybenzoic acid and 75 g
of 4-nethyl-2-pentanol were added to ahe solution, and the sol ution was
filtered with a filter 10with a pore élze of 0.1 urn to obtain a

conposi .tshapasf 05_df AL DB Ri RS KBRGh, eBeatisnll-1-ihidazplodibG]e, pianpl e 6: Resin
112, 6- di hydr oxyber zoi e aci d] A 10% by mass sol uti on was obt ai hed usi ng
5 g of RefiifscbrdRebyifRidzofibiahagwlihydSy alchiel sudbasmphdene @liienl4Bhyers

4- et hyl-2-pentancii. 0.025 u (0.5% by nass with respect to th% n'ﬁss of
Resi n 1 )glbol moBiosieytetaxy biagleat glyaol moarrthyl Sthr.cthyiens: ghse e Bt anol
were added to the solution, and the solution was filtered with a filter
With a poee ditaglens glQcdl, dicthylinetabyasbmminamgthybaipes HetBhcHotY¢Vr mi ng a
pattern reversal film [0054] [Exanple 7: Resin 1/315-gi h%/drméyherotlzoi c

aci dp  monbelG¥ethyr, ditlsylens! alyQd manaEUEheths i BEPPYLENR gl ol PEFPYR gl

CHACHEE T He s bR A SR
ol ut | oSN Ensodbtidr Tdsiere PLEPLa W Lhes oFo T Fr P ore oi 2o of -
[ Examp emrormesiyitier 45008 v Y RS ERsnE BRa R SR Rl M on
1and gt gPedley BT Rehel PR S BRI R D s wiih respect to -
the ppss of A%@@g}g@emgxfefére 2B O YSILEnty e A by beil fdxafed difetlyylof

4- met'hy1l- 2- pen re added to the solution, and the sol ution was
filter eyl Bigirbht ! dhnetyldle@miey, culsiiae, phuladladione.propylait glyerla
conposition for formng a pattern reversal film [0056] [Exanple 9: Resin
| i pht hal jugn@ab}1 etdd, propyend f8ebymomssetbyl cther opetolasdiphraiare #lesl ng 5 g of
Resin 1 (polyner) obtained in Synthesis Exanple | and 45 g of .

4- met hy 1m3n@aahangher, @hPidactgte( Shdbfchyheramsew The mesipaeteries ofF@ hass of
Resin 1) of phth.alic acid and 75 of 4-nmet hyl-2-pent anol e, added to

t he sol ugdlemts @agrdpyéens glycol m@nmmgt%tyl pthets prppPyfonm ghyep F‘PB?mﬁﬁ\fgLetgerpor e size
of 0.1liiin 5to obtain a conposition for form‘_n%_a(ﬁa}ttern revgghs | film
[0057] [ metaplethyl (rctaReoind cyglohexanoms:, B AREFENRIBTHO BT T EC ] uﬁfl”L A 10%
by mass sol ution was obtained using 5 g of Resin 1 (polyner) obtained in
Synt hesi Ex&rplapl e 1 and 45 g of 4-inetlayl-2-pcntanol. 0,025 g (0.5% by
mass with respect to the masg of. Rosin |) of 1.. -

tetracar boxip&c?’] acilBe EHpwise ae%flbisoti‘-e ﬁéets%ﬁ}l 1p\éqn61§%§'%§%t?ﬁ&\éﬁlg%£eéggg Qo the
solution, and the_solution was filtere L t:0 l | e size of
0,1 um t BXBMEs n V&*‘d’ﬁfy&@? PICEA 15} %in\riwéhg“%%ﬁ {ehtfﬁé?’ég&ﬁ e T m [ 0058]

[ Exanpl e 11: Resi,n 1/.cithiG.. @cCi 109% SSnsIes HleiRBed\@smaly ai ned
using 5 GUSPSSEIS| RS @Y f’n’é?%eie%%@%egqu%gg%t helzli s Exanple 1 and 45 g of

4- mhg{)lhﬁfpg’sg(}}b?argv%e-S&Q%iﬁgﬁgg%fgri@g@ by mass with 15respect to the nass of

Resi ica g of 4-tnethyl-2-pentanol were added to the
sol ution, angoihie ok uldia. Aeket ol wids hofun ihahe fillohvisg potlessi ze of
tal iti

0.1 pntoo a conposition for forming a pattern reversal film
examples of the present specification are measurement results by gel permeation
chromatography (hereinafter abbreviated as GPC). A measurement apparatus,
measurement conditions, and the like are as follows:

25 [GPC Conditions]
GPC apparatus: HLC-8220GPC (manufactured by Tosoh Corporation)

GPC column: Shodex [registered trademark] KF803L, KF802, and KF801 (manufactured

by Showa Denko K. K.)

Column temperature: 40°C



[ 0059] [Exanple 12: Resin 1l/salicylic acid (additive anmount: 0.1% by mass)]
A 10% by nmass solution was obtained using 5 g of Resin | (polyner) obtained
in 20Synthesis Exanple 1 and 45 g of 4-nmethyl-2-pentanol. 0,005 g (0.1% by
mass with respect to the mass of Resinsl) of salicylic acid and 50 g of
4-nmettyl-2-pentanol were added to the solution, and the solution was
filteredoMdnh Rtrhhjdrefurad (ITHB pore size of 0.1 uni to obtain a conposition
for formng a pattern reversal film [0060] [Exanple 13: Resin 1l/salicylic
aci d (addpwirme: BOBINin0. 25% by mass)] 25A 10% by mass sol uti on was
obtained using 5 g of Resin 1 (polyner) aobtained ig{swt hesi s Exanple | and
45 g of Samdatdsahae:fRysyrehe (roampfzosurgd E.Sbg%ll]ﬂ_%ﬁnﬁ% fth respect to the
mass of Resin 1) of salicylic acid and .50 %POf 4nelt%y%1 2-u8elnt anol were
added to t hi0d5] utmthesisdtmplesol o SR AT RGB! W1 78 M ter with a
pore size of 0.1 t,trn to aobtain a comggéigtion for formng a pattern

r everssal Compepitionior Fousing A Halgpf eV i in/salicylic; acid (additive
anount: 0.75%.b % by mass sol ution was obtained using 5 g

: maslszle A 1£ :
of Resi rlSyn{sds xemplechSxrhees Ph synt hesis Exanple | and 45 g of
4-nmelhyl- 2- t |, 0,037 9 : it h t toth f
eIy G RE A R R R R-aIR UL D recpect Lo the rmes of
t he sol uf(llm(e){hgl)gg?}gﬁOgg%ﬁg{h%ggml rJ]Jyll)tSﬁbg%‘]'o_z\S‘] th a filter with a pore size

of 0.1 p conpositi for formng a pattern reversal film
[0062] [ Exagpl Qifl@herﬁé‘%il@ b ISARBL G Ery RS ckypaggittimeehoxasibanet 0.40 Wdbpf mass) |
A10% by mass &0l Ut on’ was obtai ned usi ng 5 g of Resin 1 }(Dg)olyrrer .obt ai ned
in Sypt hgsin 1t§ﬁ1%fﬂék25i1an@,@4(45mgof)vﬁvatfér,rieg bifydn Rrpent @abim hpdrosidg spluveby nass
with respect 10to the mass of Resin 1) of salicylic acid and 50 g of

4-fri et hysboRbpaRtaNE wef metededatda g Glati-sr; burd-rrendpiae] Bfwas
filtered wwth a filter wwth a pore size of 0.1 tmto obtain.a (é(%n;ggsition
for for nimged ipatd Sask to evepassad trinspmen] 906810 [ Bhasplusiongvasgellixed Py i cyl i ¢
acid (additive amobunt: 3% by mass)] A 10% Db s .50l utj on obt ai ned
usi ng 5 bowfwiRestirring tq yoropgshe scbmnaimaighy W‘%@&@it h@%‘? ?ﬁéﬁﬂﬁ\%ﬁﬁ”‘lﬂari d 45 g
of 4-nmethyl-2-pentanol. 0,15 g (3% by SsS Wt hdrqsgrﬁct staﬁdéc{]f?l o0 Of
Resin 1) caftinged,iaog toluengcoidhe pamapmguias MRy e L heht RSt wer e added to
the solution, and the solution was. filtered w ' i lRore size
of 013 urrwrtt@n@wpai;tﬁntasogwﬁb%fgic?l?‘aarsﬁ‘of‘or rmov*géfi}n%g% Aéﬁ"%{srré@té?es‘gf film
[0064] [Exanple | 7: Resin, 1/salicyli i.d. ( Y Aol entS%4sby nmass) ]
20A 10% WumEecémed‘c“ibb‘ﬁ v@éeritﬁ? it a&?ﬁﬁger@ﬂg}é@éd@g i) (pol ymer)

obtained in nt hesi le.. - rifandér Was25 5%
by rr:ass Wlnﬂ‘hve &gﬁtﬁqo%f@@ﬁngo%é% %g%n%zé%ﬁﬁ%fﬁodféﬂswﬁﬁn?? acid and 5099( of

4- met hy1- 2-$er('it anol were added to the solution, and the solution was
filtered Wi filter with a pore size of 0.1 )trri to obtain a

conpost {1 on Nk et M B Pld iSERalcRNGuRAL 1064THIchANGE) dbEwanphe. 18: Resi

2/ ascorbi c aci mass sol ution was obtained using 5 g of Resin

2 ( p?hymif LR 2iHRG sl AnSYaHs PashiSsoR RIS BoRddartBabguo?30 g of toluene was
4-met'hyl- ? pentanol. 0.025 g (0.5% by mass with respect to the nmass_of

Resin 1) ,afc@peRidi @ @6f stedndcidGhsgddéd thernes, fapil LR pedwEnvls stied fardhed t o
the solution, and the solution was filtered with a filter with a pore size
of 0.1 jihgurs. The resultant solution was washed with 100 mL of desalted water three times.

The solution was then filtered with filter paper with a pour size of 1 pm. The resultant

filtrate was charged into a 50°C rotary evaporator to remove toluene. The resultant

25  product (solid resin) was dried under vacuum at room temperature for 2 hours to obtain
Resin 1. The weight-average molecular weight (Mw) of Resin 1 was 26,000.
[0046]  [Synthesis Example 2: Synthesis of
poly(methyl—co-3-methacryloyloxypropyl)silsesquioxane:

[(methyl)SiO3/2]0,30[(methacryloyloxypropyl)Si03/2]0.20]



21 to obtain a conposition for formng a pattern reversal film [0066]

[ Conparative Exanple 1. only Resin 11 A 3.5% by mass sol uti on was
obtained using 3.5 g of Resin 1 (polynmer) Obtained in Synthesis Exanple 1
and 96.5 g of 4-nethyl-2-pentanol. The solution was filtered with 5a filter
with a pore size of 0.1 pmto obtain a conposition for form n% a pattern
reversal figom ofl19RGAE, O CompPRs 23 -imeehacrdoyibeyRopyResnethGtysdhie Pl4lonelifd]
0.0125 g (0.5% by nmass with respect to the mass of Resin 3 (solid content))
of sal i gktiytriagitsbxasiar)2 g0ofol4f metdryd s 2-gfentanicl casne laddeddt o 10 g of a
solution of Resin 3 10(polyner) obtained in Synthesis Exanple 3, and the
sol ut i ogolwesn {304 by ethssy, 360 g of metlmnoliprd S msaife size of 0.1 p.mto obtain a
conposition for formng a pattern reversal fjilm 100681@%@ arative

Exanpl e 23-diResibutd/Bmisihgtmepplenosichaged g]to 0 foglo® Repyc896aH§PHEEs wi t h
respect to the mass of Resin_3 (solid cont Ent. of 3- hgdé}gxxfentzoi c acid
and 50 golofion- mEhensplutpanpwsi igABrCdNoF & houyaysBITE 1§ 'PO% ¥EIS0t8h 150f Resin

3 I bt ai ned i n Synt hesi le 3, td iltered
i th (RS mTERC S phrcreli s tughg o g Rpe LR SPK AR Rl o €
]lc ?L?nggiaﬁat@gfe%]%‘r’% %ﬁ%ﬁ%?&%ﬁé@édﬂ% o[ré)eorqg lna[i&i%%o?ﬂa%@so%%&&eﬂfrat%.s' n

solution was obtained using 5 g of Resin |

| bt aj ned _i ' i er the reflux was
(pol ymer fgﬂg Sté"%t gﬁ%lﬁf_hga‘?‘%%%&?%%‘ﬁ i TR ecand tdBid Z Ofer the refl

4- et hyl*. y mass with respect to the nmass of

Resi n Dfd?l%ﬂ?@{[%[gjeg a?g g YMbnd Wal r&ﬁo%ﬂ%h{ihﬁblrs%i; perbrmoh baemes added to the

sol ution, "an olution was filtered with a Iter with a pore size of

0, 119M 4QnQRk@i Agfn GHERGSbs: bPWafcofvak affibd. a pattern reversal film Benzoic
acid used I'n the present conparative exanple does not fall under the

or gani ¢ acigehame Menpdralueashs insasdd @ aBbeElioxR wloyylp wpeaatwiibt hauhydr oxy
group. [0070] | Conparative Exanple 5: Resin I/4-i ethyl benzoic acid] A
10% by Mmsgasel tid @auluastrabpaieneshlusimyascaplast ambahant 339 gl yekaene Wt ai ned
in Synthesis Exanple | and 45 g of 4-methyl-2-pentanol, 0.025 ((1(9 5% by
nmass W taddedtpeed. tibgDﬁecemiagsidd%’amsiieﬁt@fetefanﬂ-th@WE?eW%?tgreé%P and 75 tz
of 4-inethyl-2-peritanol were added to the sol %io ,,and the salution was
filteredhownst h Taefresuitent spiutipnavasorashed yithg 09 %LP&U ??aﬁ‘iﬂ WRIST 800 mddSi ti on for

formng a pattern reversal film .4-Methyl benzoic aci.d d in-the present
conpar atrespétanbaahioa ‘M%ﬁééelhﬁktelﬁélwlt}h%g“érpai’?few EJQHWCS‘ZdeC?udele H2Vi ng®at | east

t f b d/ . [0071 { Ex I
Lo of 2 ear boxy. oroup and/or & IV, 81 94Pueol S0%Hbyd GRRE Arhye Exarpl e

resultant product (solid resin) was dried under vacuum at room temperature for 2 hours to
obtain Resin 2. The weight-average molecular weight (Mw) of Resin 2 was 13,000.
[0047] [Synthesis Example 3: Synthesis of Resin 3: TEOS/MTEOS/PTMOS
20 (65/30/5)]

27.08 g (65% by mole) of tetraethoxysilane, 10.70 g (30% by mole) of
methyltriethoxysilane, 1.98 g (5% by mole) of phenyltrimethoxysilane, and 59.65 g of
acetone were charged into a flask. A cooling pipe was attached to this flask, and a
dropping funnel was set into which 13.15 g of an aqueous hydrochloric acid solution

25  (0.01 mol/L) separately prepared was charged. At room temperature, the aqueous
hydrochloric acid solution was added dropwise slowly, and the mixture was stirred for
several minutes. The mixture was caused to react in an oil bath at 85°C for 4 hours.
After the termination of the reaction, the flask containing the reaction liquid was left to be

cooled and then attached to an evaporator to remove ethanol generated during the



A 10% by mass sol ution was obtained using 5 g of Resin 1 (polyner) obtained
in Synthesis Exanple! and 45 g of 4-inethyl-2-pentanOl. 0,025 g (0, 5% by
mass with respect to the mass of Resin |I) of 4-bronpobenzoic acid and 75 g
of 4-methyl -2-pentanol were added to the solution, and the sol ution was
filtered with a filter with a pore size of 100.1 p.mto obtain a
conposi tda@fod, Fherbipy ohtagirg Pahtiermproduae (selysiOrane)- BFBIBUEWZHi%ECIET Watised in
the present conparative exanpl e does not fall under the .orgggi ¢ _acid having
at | eastegined ofithad-aatibdRypgrtawpusing Ao Fvaporsier i:0ptar 8 §PIUUPBET TSI Conpar at i ve
Exanpl e 7: Resin 1/4-am nobenzoic acid] A 10% b% ﬂ% s sol ution u}f%% obt ai ned
usi ng 5 Te ofliResitent togrnbypien b BRI Re5MEEPHEAGTSIERARFTE Y And 45 ¢
of 4-nethyl-2-pentanol. 0.025 g (0.5%Db ss With respect ss of
Resi n |)theaheaasueamﬁnﬁbbélﬁﬁzml%n%@ie@wénd{??%gvg{%f'aﬁ@rﬁ%etIﬁﬁ%-c _afogﬁ{ ?‘%é Q’\)Agirae added
to the solution, and the solution was filtered w t ' bichiogs Por e
si ze5of tie abteiped %Slﬁﬁt‘ﬁ?ﬁ’?@é%ong?fg}V\?PBtﬁmlegﬂnﬁl Py Sﬁgt %néﬂglts {SS:?(?\ ever sal
film 4-Am noherizeic acid used in the @ ine, 8XR_ARAIE does not
fall und@Ffaﬂlﬁéldé?éérﬂokysge’l‘@eﬁ?%nﬁga %81“941213@?’ tftl:%}ﬁgl? (ai ear boxy group and/ or
a hyci rox%/ﬁfgé:oglg. [?073] [ Conparati ve Exanple 8: Resin 1/1/1, -a-tocopherol]
A 10% by oZBaiFbn was obt ai ned usi ng 5 g of Resin 1 (polyner) obtained
in Synt hesi 4bg i datfeBlamfies2- 6 iPrépmdtion®f025 g (0. 5% by
DOBKE T SrtnE Rl Gom ey

mass with r e mass of Resin 1 t ocopherol and 75 g of
4- et hyl. 2- [P Eo e PadaadkR5tsal Fie>sol ution, and the sol ution was
filter e?%ﬁngﬁﬂgﬁﬁoftgr wngth a pore size of 0,1 pmto obtain a conposition
for fhor m ngrraRRId ermesieV@E@abicatidin DE- a-t ocopherci| used in the present
conpar ative exanpl e does not fall under the organic acid having at |east
two of a eapbowybghspsantiowasoliydedxsings @ Reo0y golyagrpiieacdve Exanpl e
9: Resin 1/ DE-G -tocopherol acetate 23 A 10% by nps %ol ution,was
obt ai nedsyusiies Exagdé | Red ith glof Gpoktre?pepignali ndd2 PRESES Biinpl e 1 and
45 g of 4-inethyl-2-pentanol. 0.025 g (0.5% b S W respect to the
mass of mgsichtolhe ofass oCReshed bof aéé@tbi%a%%@r?@ﬂgg‘i'“&\@f&%ﬁ?en% of ek
4-rnet hyl - 2-pentanol were added to the solution. and.the soluti S
filtereddded bo thefsplution, andithe solpdewas gBerafi veitha filtet it i')P8r|§tS:‘ﬁl‘!’nd‘fg’nl HiA
conposition for form.ng pattern reversal fifJ m DE-o, -t oeopherol acetate
%g?r é% llm

usedlS n totedigin asempPosy apyyige “Yd&E Mot fall under the organic

acid having at |east t of a r hox oup and/or a hydroxy group. [0075]
[ Per f or manc &4874 E[‘;ﬁ“b‘ﬁ?zﬂ%‘ésuf‘gﬁl%%c%a%gest was perfornmed on each
conposi tion f orm ng a.pattern 10 .r sk Rediin eholeanRIbeshed iho 18 and
Conpar at i veAEﬁL?ﬁ{Wé’%asig?lgtlgr.’wagogﬁ?’f%ﬁug;cf)%‘pog)ti on fglé F?c‘)lran a pattern

reversal .fi]m th ) AL GRIBAT af.0) Cyasassasittappl i ed
onto a sﬁmth%c’rlﬁoé %QFE%%HEQ?%%L%ELYZd%at 110C fozr'ﬁ%gxseconds to obtain a
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A 10% by mass solution was obtained using 5 g of Resin 1 (polymer) obtained in
Synthesis Example 1 and 45 g of 4-methyl-2-pentanol.  0.025 g (0.5% by mass with
25  respect to the mass of Resin 1) of salicylic acid and 75 g of 4-methyl-2-pentanol were
added to the solution, and the solution was filtered with a filter with a pore size of 0.1 pm
to obtain a composition for forming a pattern reversal film.

[0051] [Example 4: Resin 1/3-hydroxybenzoic acid]

A 10% by mass solution was obtained using 5 g of Resin 1 (polymer) obtained in
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with a pore size of 0.1 pm to obtain a composition for forming a patlern revetsal film.
5 [0052] [Example 5: Resin 1/4-hydroxybenzoic acid]
A 10% by mass solution was obtained using 5 g of Resin 1 (polymer) obtained in
Synthesis Example 1 and 45 g of 4-methyl-2-pentanol.  0.025 g (0.5% by mass with
respect to the mass of Resin 1) of 4-hydroxybenzoic acid and 75 g of
4-methyl-2-pentanol were added to the solution, and the solution was filtered with a filter
10  with a pore size of 0.1 pm to obtain a composition for forming a pattern reversal film.
[0053] [Example 6: Resin 1/2,6-dihydroxybenzoic acid]
A 10% by mass solution was obtained using 5 g of Resin 1 (polymer) obtained in
Synthesis Example 1 and 45 g of 4-methyl-2-pentanol.  0.025 g (0.5% by mass with
respect to the mass of Resin 1) of 2,6-dihydroxybenzoic acid and 75 g of
15  4-methyl-2-pentanol were added to the solution, and the solution was filtered with a filter
with a pore size of 0.1 pm to obtain a composition for forming a pattern reversal film.
[0054] [Example 7: Resin 1/3,5-dihydroxybenzoic acid]
A 10% by mass solution was obtained using 5 g of Resin 1 (polymer) obtained in
Synthesis Example 1 and 45 g of 4-methyl-2-pentanol.  0.025 g (0.5% by mass with
20  respect to the mass of Resin 1) of 3,5-dihydroxybenzoic acid and 75 g of
4-methyl-2-pentanol were added to the solution, and the solution was filtered with a filter
with a pore size of 0.1 um to obtain a composition for forming a pattern reversal film.
[0055] [Example 8: Resin 1/3,4,5-trihydroxybenzoic acid]
A 10% by mass solution was obtained using 5 g of Resin 1 (polymer) obtained in
25  Synthesis Example 1 and 45 g of 4-methyl-2-pentanol.  0.025 g (0.5% by mass with
respect to the mass of Resin 1) of 3.4,5-trihydroxybenzoic acid and 75 g of
4-methyl-2-pentanol were added to the solution, and the solution was filtered with a filter

with a pore size of 0.1 pm to obtain a composition for forming a pattern reversal film.

[0056] [Example 9: Resin 1/phthalic acid]
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A 10% by mass solution was obtained using 5 g of Resin 1 (polymer) obtained in
Synthesis Example 1 and 45 g of 4-methyl-2-pentanol.  0.025 g (0.5% by mass with
respect to the mass of Resin 1) of phthalic acid and 75 g of 4-methyl-2-pentanol were
added to the solution, and the solution was filtered with a filter with a pore size of 0.1um
5  to obtain a composition for forming a pattern reversal film.
[0057] [Example 10: Resin 1/1 2.4.5-benzene tetracarboxylic acid]
A 10% by mass solution was obtained using 5 g of Resin 1 (polymer) obtained in
Synthesis Example 1 and 45 g of 4-methyl-2-pentanol.  0.025 g (0.5% by mass with
respect to the mass of Resin 1) of 1,2,4,5-benzene tetracarboxylic acid and 75 g of
10  4-methyl-2-pentanol were added to the solution, and the solution was filtered with a filter
with a pore size of 0.1 um to obtain a composition for forming a pattern reversal film.
[0058] [Example 11: Resin 1/citric acid]
A 10% by mass solution was obtained using 5 g of Resin 1 (polymer) obtained in
Synthesis Example 1 and 45 g of 4-methyl-2-pentanol.  0.025 g (0.5% by mass with
15  respect to the mass of Resin 1) of citric acid and 75 g of 4-methy!-2-pentanol were added
to the solution, and the solution was filtered with a filter with a pore size of 0.1 pm to
obtain a composition for forming a pattern reversal film.
[0059] [Example 12: Resin 1/salicylic acid (additive amount: 0.1% by mass)]
A 10% by mass solution was obtained using 5 g of Resin 1 (polymer) obtained in
20  Synthesis Example 1 and 45 g of 4-methyl-2-pentanol.  0.005 g (0.1% by mass with
respect to the mass of Resin 1) of salicylic acid and 50 g of 4-methyl-2-pentanol were
added to the solution, and the solution was filtered with a filter with a pore size of 0.1 pm
to obtain a composition for forming a pattern reversal film.
[0060] [Example 13: Resin 1/salicylic acid (additive amount: 0.25% by mass)]
25 A 10% by mass solution was obtained using 5 g of Resin 1 (polymer) obtained in
Synthesis Example 1 and 45 g of 4-methyl-2-pentanol.  0.0125 g (0.25% by mass with
respect to the mass of Resin 1) of salicylic acid and 50 g of 4-methyl-2-pentanol were

added to the solution, and the solution was filtered with a filter with a pore size of 0.1 um

to obtain a composition for forming a pattern reversal film.
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[0061] [Example 14: Resin 1/salicylic acid (additive amount: 0.75% by mass)]

A 10% by mass solution was obtained using 5 g of Resin 1 (polymer) obtained in
Synthesis Example 1 and 45 g of 4-methyl-2-pentanol.  0.0375 g (0.75% by mass with
respect to the mass of Resin 1) of salicylic acid and 50 g of 4-methyl-2-pentanol were
added to the solution, and the solution was filtered with a filter with a pore size of 0.1 pm
to obtain a composition for forming a pattern reversal film.

[0062] [Example 15: Resin 1/salicylic acid (additive amount: 1% by mass)]

A 10% by mass solution was obtained using 5 g of Resin 1 (polymer) obtained in
Synthesis Example 1 and 45 g of 4-methyl-2-pentanol.  0.05 g (1% by mass with respect
to the mass of Resin 1) of salicylic acid and 50 g of 4-methyl-2-pentanol were added to
the solution, and the solution was filtered with a filter with a pore size of 0.1 um to obtain
a composition for forming a pattern reversal film.

[0063] [Example 16: Resin 1/salicylic acid (additive amount: 3% by mass)]

A 10% by mass solution was obtained using 5 g of Resin 1 (polymer) obtained in
Synthesis Example 1 and 45 g of 4-methyl-2-pentanol. 0.15 g (3% by mass with respect
to the mass of Resin 1) of salicylic acid and 50 g of 4-methyl-2-pentanol were added to
the solution, and the solution was filtered with a filter with a pore size of 0.1 pm to obtain
a composition for forming a pattern reversal film.

[0064] [Example 17: Resin 1/salicylic acid (additive amount: 5% by mass)]

A 10% by mass solution was obtained using 5 g of Resin 1 (polymer) obtained in
Synthesis Example 1 and 45 g of 4-methyl-2-pentanol.  0.25 g (5% by mass with respect
to the mass of Resin 1) of salicylic acid and 50 g of 4-methyl-2-pentanol were added to
the solution, and the solution was filtered with a filter with a pore size of 0.1 pm to obtain
a composition for forming a pattern reversal film.

[0065] [Example 18: Resin 2/ascorbic acid]

A 10% by mass solution was obtained using 5 g of Resin 2 (polymer) obtained in
Synthesis Example 2 and 45 g of 4-methyl-2-pentanol.  0.025 g (0.5% by mass with
respect to the mass of Resin 1) of ascorbic acid and 100 g of 4-methyl-2-pentanol were

added to the solution, and the solution was filtered with a filter with a pore size 0of 0.1 pm

limt[O Exanple 10 121.9 mm



Not nore than detection lower Iimt Exanple '3L 160.5 P11

DI _ cti . 11 Not nore than
deteciion linker limt Exanple 14 159,9 rim Not nore than detection |ower
limt O Exanple 15 158.9 Illrt Not nore than detection |ower Enmt

Example 16 155.8 M| : Not nore thapdetection lower limt Exanple 17

152.6 cm
to obtain a composition for forming a pattern reversal film.
[0066] [Comparative Example I: only Resin 1]
A 3.5% by mass solution was obtained using 3.5 g of Resin 1 (polymer) obtained in
Synthesis Example 1 and 96.5 g of 4-methyl-2-pentanol.  The solution was filtered with
5 afilter with a pore size of 0.1 pm to obtain a composition for forming a pattern reversal
film.
[0067] [Comparative Example 2: Resin 3/salicylic acid]
0.0125 g (0.5% by mass with respect to the mass of Resin 3 (solid content)) of
salicylic acid and 60 g of 4-methyl-2-pentanol were added to 10 g of a solution of Resin 3
10 (polymer) obtained in Synthesis Example 3, and the solution was filtered with a filter
with a pore size of 0.1 pm to obtain a composition for forming a pattern reversal film.
[0068] [Comparative Example 3: Resin 3/3-hydroxybenzoic acid]
0.0125 g (0.5% by mass with respect to the mass of Resin 3 (solid content)) of
3-hydroxybenzoic acid and 60 g of 4-methyl-2-pentanol were added to 10 g of a solution
15 of Resin 3 (polymer) obtained in Synthesis Example 3, and the solution was filtered with
a filter with a pore size of 0.1 pm to obtain a composition for forming a pattern reversal
film.
[0069] [Comparative Example 4: Resin 1/benzoic acid]
A 10% by mass solution was obtained using 5 g of Resin 1 (polymer) obtained in
20  Synthesis Example 1 and 45 g of 4-methyl-2-pentanol.  0.025 g (0.5% by mass with
respect to the mass of Resin 1) of benzoic acid and 75 g of 4-methyl-2-pentanol were
added to the solution, and the solution was filtered with a filter with a pore size of 0.1 pm
to obtain a composition for forming a pattern reversal film. Benzoic acid used in the
present comparative example does not fall under the organic acid having at least two of a
25  carboxy group and/or a hydroxy group.
[0070] [Comparative Example 5: Resin 1/4-methylbenzoic acid]
A 10% by mass solution was obtained using 5 g of Resin 1 (polymer) obtained in
Synthesis Example 1 and 45 g of 4-methyl-2-pentanol.  0.025 g (0.5% by mass with

respect to the mass of Resin 1) of 4-methylbenzoic acid and 75 g of 4-methyl-2-pentanol
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were added to the solution, and the solution was filtered with a filter with a pore size of
0.1 pm to obtain a composition for forming a pattern reversal film. 4-Methylbenzoic
acid used in the present comparative example does not fall under the organic acid having
at least two of a carboxy group and/or a hydroxy group.
5 [0071] [Comparative Example 6: Resin 1/4-bromobenzoic acid]
A 10% by mass solution was obtained using 5 g of Resin 1 (polymer) obtained in
Synthesis Example 1 and 45 g of 4-methyl-2-pentanol.  0.025 g (0.5% by mass with
respect to the mass of Resin 1) of 4-bromobenzoic acid and 75 g of 4-methyl-2-pentanol
were added to the solution, and the solution was filtered with a filter with a pore size of
10 0.1 pm to obtain a composition for forming a pattern reversal film. 4-Bromobenzoic
acid used in the present comparative example does not fall under the organic acid having
at least two of a carboxy group and/or a hydroxy group.
[0072] [Comparative Example 7: Resin 1/4-aminobenzoic acid]
A 10% by mass solution was obtained using 5 g of Resin 1 (polymer) obtained in
15  Synthesis Example 1 and 45 g of 4-methyl-2-pentanol.  0.025 g (0.5% by mass with
respect to the mass of Resin 1) of 4-aminobenzoic acid and 75 g of 4-methyl-2-pentanol
were added to the solution, and the solution was filtered with a filter with a pore size of
0.1 pm to obtain a composition for forming a pattern reversal film. 4-Aminobenzoic
acid used in the present comparative example does not fall under the organic acid having
20  at least two of a carboxy group and/or a hydroxy group.
[0073] [Comparative Example 8: Resin 1/DL-a-tocopherol]
A 10% by mass solution was obtained using 5 g of Resin 1 (polymer) obtained in
Synthesis Example 1 and 45 g of 4-methyl-2-pentanol.  0.025 g (0.5% by mass with
respect to the mass of Resin 1) of tocopherol and 75 g of 4-methyl-2-pentanol were added
25 to the solution, and the solution was filtered with a filter with a pore size of 0.1 pm to
obtain a composition for forming a pattern reversal film. DL-a-tocopherol used in the
present comparative example does not fall under the organic acid having at least two of a
carboxy group and/or a hydroxy group.

[0074] [Comparative Example 9: Resin 1/ DL-a-tocopherol acetate]
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A 10% by mass solution was obtained using 5 g of Resin 1 (polymer) obtained in
Synthesis Example 1 and 45 g of 4-methyl-2-pentanol.  0.025 g (0.5% by mass with
respect to the mass of Resin 1) of tocopherol acetic ester and 75 g of 4-methyl-2-pentanol
were added to the solution, and the solution was filtered with a filter with a pore size of
0.1 pm to obtain a composition for forming a pattern reversal film. DL-a-tocopherol
acetate used in the present comparative example does not fall under the organic acid
having at least two of a carboxy group and/or a hydroxy group.

[0075] [Performance Evaluation]

The following test was performed on each composition for forming a pattern
reversal film of Examples 1 to 18 and Comparative Examples 1 to 9.

Each composition for forming a pattern reversal film of the above Examples and
Comparative Examples was applied onto a silicon substrate and was baked at 110°C for
60 seconds to obtain a pattern reversal film, and the film thickness was measured using a
film thickness measurement apparatus (NanoSpec 6100 manufactured by Toho
Technology Inc.) (the thickness after application).

Next, immersion treatment was performed using an organic solvent (propylene
glycol monomethyl ether acetate (PGMEA): propylene glycol monomethyl ether
(PGME)=7:3(mass ratio)) to perform a peel test on the pattern reversal film. Thereafter,
the film thickness on the silicon substrate was measured in the same manner as the above
(the film thickness after reworking treatment).

Because the measurement lower limit of the above film thickness measurement
apparatus is not more than 10 nm, a result of film thickness measurement of not more
than 10 nm was regarded as "not more than detection lower limit."

[0076] From the film thickness results after reworking treatment, reworkability
was determined with a case of not more than detection lower limit expressed by o and a
case in which the film thickness was measurable (the film thickness exceeding 10 nm)
expressed by X.

Obtained results are shown in Table 1.
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[0077] Table 1

Film thickness after Film thickness after reworking

application treatment Reworkability

Example 1 103.3 nm Not more than detection lower limit o
Example 2 122.9 nm Not more than detection lower limit o}
Example 3 122.2 nm Not more than detection lower limit o
Example 4 122.2 nm Not more than detection lower limit o}
Example 5 121.8 nm Not more than detection lower limit o}
Example 6 122.5 nm Not more than detection lower limit ¢}
Example 7 122.5 nm Not more than detection lower limit o}
Example 8 122.8 nm Not more than detection lower limit o}
Example 9 122.1 nm Not more than detection lower limit o
Example 10 121.9 nm Not more than detection lower limit o}
Example 11 122.8 nm Not more than detection lower limit o
Example 12 160.5 nm Not more than detection lower limit o
Example 13 160.5 nm Not more than detection lower limit e}
Example 14 159.9 nm Not more than detection lower limit o}
Example 15 158.9 nm Not more than detection lower limit 0
Example 16 155.8 nm Not more than detection lower limit o}
Example 17 152.6 nm Not more than detection lower limit o}
Example 18 120.1 nm Not more than detection lower limit o

o o 100.4 nm 86.7 nm X
Example 1

Compaiise 81.6 nm 227 nm X
Example 2

Compatative $1.4 nm 41,0 nm X
Example 3

(Compatanc 1213 nm 104.7 nm X
Example 4

Comparative 121.2 nm 101.8 nm X
Example 5

Comparsive 118.9 nm 65.7 nm X
Example 6

e il 119.0 nm 60.9 nm X
Example 7

R 114.1 nm 106.0 nm X
Example 8

Comnae 113.7 nm 105.1 nm X
Example 9

[0078] As shown in Table 1, it is confirmed that the composition for forming a
pattern reversal film of the present invention can be removed with an organic solvent and

is reworkable.
5 [0079] <Patterning Example 1 Using Composition for Forming Pattern Reversal
Film of the Present Invention>
An ArF resist solution (PAR8S5S, trade name, manufactured by Sumitomo Chemical

Co., Ltd.) was applied onto a silicon substrate with an organic underlayer film with a film
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plate formed a resist film with a film thickness of 100 nm. Using an exposure apparatus
for ArF excimer laser (S307E manufactured by Nikon Corporation), exposure was
performed under predetermined conditions. With 65 nm line and space as target line
width, after the exposure, baking (PEB) was performed at 105°C for 60 seconds, and then
alkali development and rinse treatment were performed to form a resist pattern. For the
obtained resist pattern, its sectional shape was imaged by an SEM. The obtained
sectional SEM image is shown in FIG. 1.

The composition for forming a pattern reversal film obtained in Example 1 was
applied onto the obtained resist pattern. By spinning at 1,500 rpm for 60 seconds, the
organic solvent within the composition was spin-dried, and baking treatment was
performed at 110°C for 60 seconds to form a pattern reversal film. For the obtained
pattern reversal film, its sectional shape was imaged by an SEM. The result is shown in
FIG. 2.

[0080] Next, using RIE-10NR (manufactured by SAMCO Inc.) as a dry etching
apparatus, dry etching was performed under the conditions CF4/Ar=50/200 sccm, 15 Pa,
and 200 W to expose the upper part of the resist pattern. An SEM image observing the
sectional shape of this state is shown in FIG. 3. Next, dry etching was performed under
the conditions 0,/N,=10/20 sccm, 1 Pa, and 300 W to remove the resist pattern and
obtain a reversal pattern. A sectional SEM image of the sectional shape of the obtained
reversal pattern is shown in FIG. 4. Thereafter, when dry etching was performed under
the conditions CF4/Ar=50/200 sccm, 15 Pa, and 200 W with the obtained reversal pattern
as an etching mask, patterning on the organic underlayer film could be achieved. A
sectional SEM image of the sectional shape as a result of the patterning is shown in FIG.
5.

[0081] <Patterning Example 2 Using Composition for Forming Pattern Reversal
Film of the Present Invention>

Based on the same method, apparatus, and conditions as Patterning Example 1, a

resist pattern whose sectional image is shown in FIG. 6 was formed. Next, a pattern

Film
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(where R is a Cy.g alkyl group), and
(CH2)R2
l
‘{‘ SiOap }—
(where R, is an acryloyloxy group or a methacryloyloxy group; and n is an integer of 2 to
15 4),and

the additive is an organic acid having at least two of a carboxy group and/or a

hydroxy group.

2. The composition for forming a pattern reversal film according to claim 1,
70  wherein the additive is an organic acid selected from the group consisting of maleic acid,
citric acid, salicylic acid, 3-hydroxybenzoic acid, 4-hydroxybenzoic acid,
2,6-dihydroxybenzoic acid, 3.5-dihydroxybenzoic acid, gallic acid, phthalic acid,

pyromellitic acid, and ascorbic acid.

25 3. The composition for forming a pattern reversal film according to claim 1 or 2,



pyroinellitic acid, and ascorbic acid. 28 wherein th i i

sel ected from C2_10 al cohols. 4. The conposition for ?o(r){ngﬁglg ;g![;/gp; o
reversal filmaccording to any one of claims | to 3, characterized in
that the polysilexane contains the stryctural unit of 5For mul a (1) and the
structural unit of formula (2) in a 1??01211 ratio of 50:50 to 99:1. 5: A
met hod fQk, & Qe Rgardc §@VaTtsadelqadd feomn Cotihelcomtihiod conpri si ng: forming a
resist pattern on a substrate to be treated, applyingthe °
conposition for formng a pattern reversal films claimed in any one 10of
claims 1 to 4 so as to cover the pattern of the resist. pattern ating the
conposition atThe tmrpmmmfoef@msg)a:p@%erms%,rsaéﬁ&nfaﬁ? Wétﬁa%f)?ee&ﬁ revgr sal

film etch-backing the pattern reversal, film ang]ﬂ%)s(tgﬁ%‘ilﬁgp}‘tipgf surface of
0

the resicktimpatto 8y charastefized iditiah fietnedy sHEZFECORRRS 'Mhg a reversal

tt .1 | i
Bt hod o dinpmbisi(Ayand the SrugBe B OB PRERSLN 2vRTGHE P PO oRarbad by

covering a resist pattern on a substrate to be treated w iti
_ _ wi th the conposi
for formng a pattern reversal filmas clained in any one of claingpl tglzn

and by heating the composition todether Wrthnidis EGahsdin@at tern using 20an
2! 7TPRE et hod f o

n
or gani
g c solv e r'renoving a pattern reversal Film

according 1o £l o IO NELEh | heuBugan: bsehent 1o uric or lwo of more

selected fro p ‘consisting of pro
pyl ene gl ycol nononet hyl ether,
propyl ene gl yeol . nORAMRLNLiSh 6! foRaRigal Pitteft Rybrshiaiitraiselaiared in any one

cycl ohexanone,
10 of claims 1 to 4 so as to cover the pattern of the resist pattern, heating the composition at
a temperature of 80°C to 180°C, and forming a pattern reversal film;

etch-backing the pattern reversal film and exposing the surface of the resist

pattern; and

removing the resist pattern and forming a reversal pattern.

15

6. A method for removing a pattern reversal film, the method comprising:
peeling a pattern reversal film obtained by covering a resist pattern on a substrate
to be treated with the composition for forming a pattern reversal film as claimed in any

one of claims 1 to 4 and by heating the composition, together with the resist pattern using

20  an organic solvent.

7 The method for removing a pattern reversal film according to claim 6, wherein
the organic solvent is one or two or more selected from the group consisting of propylene

glycol monomethyl ether, propylene glycol monomethyl ether acetate, ethyl lactate, and

25  cyclohexanone.



