SPECI FI CATI ON ANTI-REFLECTIVE CQOATI NG COVPCSI TI ON -

TECHNI CAL. FI ELD The preSent I'nvention relates to an anti-reflective
coating conposition and in particular to an anti-reflective coating
conposition for preventing a reduction in pattern di mensional accuracy
(change in pattern dinmensional wi dth) caused by interference, in a
photoresist film of incident light and reflected Iight off a photoresist
surface, with reflected Iight off a substrate surface, upon

phot ol i t hographically form ng a pat BBERIIH-AL W0t oresist film and a

met hod for formng a pattern by use of said anti-reflective conposition.
BACKGROUND ART: In the production of sem conductor el enents,

| it hographic technique i syaRPREEEECTTIV cdrErNghebapesSttiof il mis frorned on
a substrate such as silicon wafer, then exposed selectively wth actinic
radi ati on and devel oped whereby a resist pattern is fornmed on the
substrate. _. In recent years, pattern technology to formfiner

pattern by TEQW PEELD process has nmade a rapid progress in order to
attain a higher |on LSI atterns
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ef fective ffnr'prgheqtingne yaduahion, inipattesn ginemsicrmluacagramefichange in

ul travi ol et ra s sych as KrF excimer |laser (248 _nnm), ArF exciner |aser
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short - wavel en our ces, y sensitrve em calrty anmpli
reflected light off a substrate surface, upon photolithographically

forming a patfern .on a photoresist film; and a method for forming a

pattern by use of said anti-reflective composition.

BACKGROUND ART-

. In the prodqction of sefniconductor elements, lithographic
technique is applied in which a photoresist film is formed on e substrate
such as silicon wafer, then exposed selectively with actinic radietj,on
and developed whereby a resist pattern is formed on the substrate.

In recent years, pattern teehnolegy_ to form finer pattern by

P

lithographic f.orocess has made a rapid progress in order to attain ahigher
degrees of integration in LSI. In forming finer patterns, various
proposals have been made for exposure apparatuses,’ photoresists,
anti-reflective coatings etc. in a wide variety of | processes. For
exposure apparatuses, processes usmg a shorter—wavelength light source
effective for hlghly fine patterns, that is, processes using deep—
ultraviolet rays such as KrF exc1mer laser (248 nm), ArF excimer laser
(193 nm) etc., X-rays or electron beams have been preposed and some come

to serve for practical use. In the lithographic process of using such '

short-wavelength light sources, highly sensitive chemically amplified



resi-sts corresponding to short-wavel ength energy rays are proposed
(Japanese Patent Application Lai*d-open.Specification Nos. 209977/90,

19847/ 90, 206458/91, 211258/92, and 249682/ 93). The process of
using such a short-wavel ength |ight source and chemcally anplified
resists is sensitively affected by acidic subst ances, basic substances
and water present in an atnosphere. Therefore, there is the problem'that
if resists are allowed to stand for a long time after exposure until post
exposur e bak@sSIFiEB)CopgsPerAing piaf shaxt afavel enate| epergt IassomreT psiogpedd
(T top) in of LEiVv resists .or. post exposure delay (PED)  takes
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such PEDand/ or st andi ngwave effect. Conventionally, a conposition so
in an organfer solerntinecftas asposere batéd putyerpostre bake (PEB), pavpesed

as a material faqr fo nina an_anti-reflective coating in the ARCOR nethod. -
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t hese probl ens are solved, another new problemw ]| occur. .

resists were left. . '

Further, if a short-wavelength and single-wavelength 1light
source is used, incident light generally interferes with reflected light
in the photoresist/substrate and photoresist/air interfaces, resulting
in another problem (standing wave effect, multiple reflection effect)
that the substantial magnitude 6f light exposure in the layer is altered
to adversely affect resist patterns.

A method of forming an anti-reflective coating on a photorésist

film (ARCOR method) has been proposed as one method for solving such

N

PED ar_xd/ or standing wave effect. Cohventionally, a composition soluble

in an organic solvent such as halogen-based solvent. etc. has been

proposed as a material for forming an anti-reflective coating in the

ARCOR method. Recently a large number of processinglly advantageous |
compositions soluble in resist developer solutions (aqueous alkaline

solutions) have been proposed. _l However, compositions proposed

heretofore are not adequate in the effect of solving the PED and)or

standing wave effect, or even if th'es.e problems are .solved, another new

problem will occur. |

For example, Japanese Patent Application Laid-open Specification



For “exanpl e, Japanese Patent Application Laid-open Speci fication

2 No. 188598/ 93 dj scl'oses a.conposition devel opable with aqueous
devel oper, conprising a fluorocarbon conpound, a water-sol uble polyner
bi nder and an ani ne. However if an anti-reflective coating made of this

conposition is formed on a resist film an residue undevel oped
(insolubilized | ayer) may be generated on the upper |ayer of the resulting

resist pattern_after devel opment. This phenonenon occurs presunably
because t heNQu}$8r28/98 digelpees arcampasiitdopsisyelapablerith aqueourderelepey

the interact A nents in the anti-reflective coating, and
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chem cal ly anpli
conponent  angkthed, il refractive index of the anti-reflective coating consisting

of this composition devel'opab'le with aqueous developer, comprising a
.fluoroca'rbon compound, a water—soluble polymer binder and an amine is
far from an ideal refracti.ve index. .

. Japanese Patent Application Laid-open Specification No.51523/94
discloses a composition comprising various water-soluble fluorine-
coritaining chpounds such as N-propyl-N- (2-hydroxyethyl)
perfluorooctane sulfonamide etc. having a water solubility of 1 % by.'

" weight or more, but the dimension stability of this composition when

using short-wavelength light sources is hardly compatible with coating

—~~.
4 ..

‘suitability for @ various resist materials and various stepped
substrates.

Japanese Patent Applicatibn Laid-open Specification WNo.
118630/94 proposes a coating composition for .chemically amplified
resists, comprising a water-soluble film-forming component and a proton
génerating substance. The problem of this coating composition is that
the problem of PED cannot _be_ solved because its high refractive index |
makes the reflection preventing effect inadequate a;nd a weak acid salt
of ammonium exemplified as the proton generatiﬁg substance inactivates

an acid generated from the chemically amplified resist and present in



generating substance. The problemof this coating conposition is that the
probl em of PED cannot be sol ved'because its high refractive index makes
the reflection preventing effect inadequate and a weak acid salt of
anmoni um exenplified as the proton generating substance inactivates an
acid generated fromthe chemcally anplified resist and present in _

3 the surface of the resist. Japanese Patent Application
Lai d- open Specification No. 148896/ 94 di scl oses a-conposition conprising
a wat er - sol t¢ esyyfiage off BherNRpicsnponent and a fl uorine-containing surface

active agent, whe a _poly(vinyl rol.idone) hanmopol yner i.s .nmentioned as
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Lai d- open Spexmingadmumonelt. #iPaEudhidescontseiningComiaid active et Bhéde
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fluorinated aliphatic. carboxylic.acid an de_such as 2-chl oro- .
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amount of antj-reflective coating conposition is required in appl ying the
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i ndex and hedritgieniagld@Fackctive agent, and a water-soluble fluorine compound

of fluorinated aliphatic carboxylic acid amide such as 2-chloro-
2,2-difluorocacetamide etc. However these compositions are poor in
coating suitability for vérious resist materials and various substrates
such as stepped substrates, so there are problems that resist materials
to be app_lied or substrates as the object of coating are limited or a
large amount of anti-reflective coating composition .is reguired in
applying the substrate. Fuither, these compositions cannot solve the
problem of PED in the chemically amplified resist. '

(' ' | The present invgntors previously found Fhat an anti—reflecj:ive
coating composition having low refractive index and being excellent in
coating stability can be obtained by use of a composition cbmprising
perfluoroalkylsulfonic - écid, monoethanolamine, ' poly(vinyl
pyrrolidone) ;@ water—solubie alkyl siloxane polymer and water
(Japanese Patent Application Laid-o.pen Specification No. 291228/ 97);
or by use of a combination of two or more fluorine compouhds diffe;ent
in the length of the alkyl chain and a perfluoroalkyl group-containing
sulfonyl amide compound. (Japahese Patent Appiication Laid—épen
SpecificationNo. 3001/98) .. However these compositions had the problem

that coating defects in a streak form occur on stepped substrates such



coating stability can be obtained by use of a conposition conprising

per fl uoroal kyl sul foni c acjd, “=gpReet hanol am ne, poly (vinyl
pyrrolidone), a water-soluble al kyl siloxane polyner and water (Japanese
Patent Application Laid-open Specification No. 291228/97), or by use of a
conmbi nation of two or nore fluorine conpounds different in the |length of
the al kyl chain and a perfluoroal kyl group-containing sulfonyl am de
conpound (Japanese Patent Application Laid-open Specification No.

3001/ 98). &bwkegic tlfestcconpositions had the problemthat coating defects

in a streak form gccur on _stepped_ substrates such . . . )
as | BgFrdiagdve. thie ‘object xpf g REEFent HinuHtdon & tqprovide

4
present inveptiaqn i Vi : | =l Lve coat i 41 on
ree of t neotistd rReifellA ceteifl ioalPLfEidl ot oBe Mot AN I and
thereof, thatméthod @fPESMIIIRy ANpattéin Y/ uge! tNEréOR! ithatC 9BPOd (prvidBdad
nmet hod of formng a pattern by use thereof where the conposition is

capabl e of awtitreflecsireERoatdngnadmppsidioncgnad @ mehbodhof ifpkmingfd pattemn

ff d h | | ' i1 f | yi ' £si
i or ol o o YR (WS eebdioiR Hhe epBepP LM % ERRPARpPF CHEN T thecRRD
s af el | SIS SpeE
D1 SOl OsURE CHERS ERATGREE SRE AR LPTe R BXIn R S ADRRE B G} Fone

sol ve the abevsahindiletor EpplyiHeNbAr Yardoid Baist hmapeebhEssand evalyes
by use of an anti- reflective coating conposition conprising at |east the -

fol | owi ng (SYpstyates, (specifipabhyl beknganplisabhg in premadllyaneintlof dumipdaid

afd the present inventipon t her eby conpl et ed. That is, the first
i SVent i on i a‘f’d’gprn(?v%%beﬂg %%le-cgﬁf'ﬂé%‘?i% SEERPEA G SERRRYE30n conpri si ng
at least the followwng (A, (B), (C, (D and (E) and having a pH val ue of .
1.3 to 3.3, ' _ ' o

DISCLOSURE OF THE INVENTION

As a result of thei_r eager study to solve the above problems,
the inventors found that the problems are solved by use of an anti-
reflective coating composition comprising at least the following (A),
(B), (C), (Dj and. (E)' and having a pH value of 1.3 to 3.3, and the present
invention was thereby completed.

That is, the first invention is to provide an anti-reflective
coating composition comprising at least the follov;ring (p), (B), (C),

(D) and (E) and having a pH value of 1.3 to 3.3,

.-/‘\\

(A) perfluoroalkylsulfonic acid represented by the general

' formula:

CyFp SO3H (1)
Qher'ein n is an integer of 4 to 8,
(B) organic amine, |
(C) water-soluble polYmer,
(D) perfluoroalkyl sulfonamide represented by the general

formula:



(A) -perfluoroal kyl sul fonic acid represented by the general formula:

Clerr] Flerr]S Jerr]H . , s~ k1) wherein nis an integer of 4 to
8, (B) organic am ne, ' (O water-soluble polyner,

(D)= perfluoroal kyl sul fonam de represented by the general formula:

5 CerriFlerr]S Jerr]NH err]

(I'') wherein nis an integer of 1 to 8, and (E) water.

The second invention is to provide an anti-reflective coating conposition

described in the first ipventi ein the organic amne is
nonoet hanol anmi ne. en%nhelgﬂ?mgznvent ion is ¢¥)provide an
.anti-reflective .coating.conpositio escry bed in the first or second

i nvention v%éerrﬁlﬁl 'nd® "t -eQSFUBEePpEﬁ ;ﬁnma’\ds pol y(vi nyl pyrrolidone)
and/or poly(acryl i@ wagkd)- The fourth invention is to provide an
anti-reflective coating conposition described in any one of the first,
second and thi r d Thensegcbhdninwdrdriennis hto rmtoviday aneagbi-oéflective coating

perfl uoroal kyl sul fonic acid (A), organic amne (B), Wwater-sol uble polyner
(O), and p&mResisarRrydescribedianthe fipsti inventicmphereinthporganisyamine

that (A)/( = ta 7.0/0.1to 1.0/0.01 to 2.0 assumi ng ‘that the
rati o of @%%SFﬁﬁ?gOmer (O is 1. The fifth invention is to
provi de a method 19fe t@AFINSINPHLRDNTs Wol %?GQHEréﬁeénEi‘-eréﬂl%Et%e aﬁé&ﬁ/ﬂd@@

a conposition described in any one of the first invention to fourt

i nventi on cumposiphonodesisibed im &hd first or second invention wherein the
(- water-soluble polymer is poly(vinyl pyrrolidone) and/or poly(aqrylic
’ " acid). '

. The fourth‘ invention is td provide an anti-reflective coating
composition described in any one' of the first, second and third
inventions wherein the ratio by' weight of perfluoroalkylsulfonic acid .
(7), -o'rganic' amine (B), water-soluble polymer (C), and perfluoi:oalkyl
sulfonamide (D) in the composition is set such that (A)/(B)/(D) = 2.0
to 7.0/0.1 to 1.0/0.01 to 2.0 assuming that the ratio of water-soluble
pol).rmer (C) is 1.

The fifth invention is to provide a method of forming patterns
which comprises the step of applying a composition described in any one

( of the first invention to fourth invention onto a photoresist film and
heating it as necessary. ' o

A general method of forming a resist 'pattérn by the ARCOR method

r comprises e.q. thé step of applying a photoresist composition onto a

semiconductor substrate, the step of baking the'fo_rmed photoresist film

as necessary, the step of applying an anti-reflective coating

'composition on said photoresist film as necessary, the step of post

exposure bake said photoresist film and said anti-reflective éoating

film as necessary, the step of exposing said photoresist and anti-

reflective coating layer through a mask in a predetermined pattern, the
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heating it as necessary. ~7- = A geperal nmethod of formng a resist
pattern by the ARCOR nethod conprisgSwe.g. the step of applying a
phot or esi st conposition onto a senmconductor substrate, the step of baking
the  forned photoresist film as necessary, the step of applying an
anti-reflective coating conposition on said photoresist film as necessary,
the step of post exposure bake said photoresist filmand said
anti-reflective coating filmas necessary, the step of exposing said

phot or esi stSEERICRRPST sxpesuEe PakecFAB) P PayRFSATHod® thentkap ¢fdgveloping
pr edet er m 1 . . . . . 6
step of pors%q' 83 Ol'{soﬁt';og egggg ?'IE’% ntl-reflsst 378, CRAE PN IR oW R RIS

sai d phot or84a3tinendottion.ef | ective coating filmw th an aqueous al kal i ne
sol uti on. First, the perfluoroal kyl sul fonic acid used as conponent
(A) in the anti-Figistecthe perfhuorepldyhsudifonbn aufid heegasseatpomarant(Aprir s
used as aéﬁ_‘%\rgr(l)n_ent for reduci ng the refractive index of the L
anti-refle Antigefleghive coating gogpogition ok kherresent invention is used

ti-refl j i Al - - t it i d
nocessary £ SGREPHEhE £ AERiRg e ke MEctITE ThiBL M the k- EERELAS S
Formula 1 coating. [err] wherein n[ferr] is the refractive

index of an anti-reflective coating, and n[err] is the refractive index of
a resist. Formul & order to achieve excellantr]antjiereflectiiver epropiries

is the thickness.of an antj-reflective coating, [err] is the wavel ength of-
an.ener gy P&??raﬁgyPX éﬁ‘é’m}"%@ matbgd, it is C%R§ feredinpgassprynte sfy
formil ae, @hiyitebhe ot adDhi tile |£0198MER BEHLd A ARl pact i ve: i ndexes
of an anti-reflective coating andea résist”at the wavelength of an

obj ective IFoghtilsolrce and by the thitkness of the anti-reflective coating.
The refractive index of the anti-reflective coating should be | ower than
that of the resist withint rangg,j n which the above conditions are
satisfied. It i's knowm wrhat #eestst uori ne atom cont ai ni ng conpound
indicates a low refractive index resulting fromthe characteristics of the
| arge - '

wherein n.,. is the refractive index of an anti-reflective coating, and
Neesise 1S the refractive index of a resist.

Formula 2

d,.=x-Al4n,,

(._ wherein d,,. is the thickness of an anti-reflective coating, A is the .

wavelength of an energy ray, and x is an odd integer.

As is evident from these formuiae, anti-reflective abiiity is
determined by the refractive indexes of an anti-reflective coating and _
a resist at the wavelength of an objecfive light source and by the
thickness of the anti-reflective coating. Th.e refractive index of the
anti—refle.ctiv_e coating .shoulc_i be lower than that of the resiet within
the range in v)hich the above conditions are satisfied.

It is known that the'.fluo:.:ine atom~containing compound indicates

a low refractive index resulting from the characteristics of the large



7 - nmol ecul ar volune and smal | refractive index of fluorine atom
and the value of its refractivé index-is alnost proportional to the
content of ~fluorine in the conpound. The conpound represented by the
general fornula (Jerr]Flerr]SJerr]H above is one effective as a
fluorine-containing conpound having | ow refractive index and devel opabl e
with aqueous devel oper, which is a conmpound preferable for denmpnstrating
anti- reflective performance. If the perfluoroalkylsulfonic acid
r epr esent ediPhPAHrgeping angr skl cpfractivs dndereet |flusrdne atombsapdtthe

Sut 1 of ont 100 1 REEE SR PORE 5, pRabdE briBrst 5 L R0t Fe clpifnt of

effect, restiddriaedinedHst &Qxﬁ?édhd.heTﬁie”EBﬁﬂ:&ﬂ?d AR Eant el byNEht €§eidral
According to the findings of the present inventors, the _

per f 1 uor oalfopmellaf GRF 4., 3@Hd apdver rilsF[oprer |SHeeti}el) abr iangilurdme-doht &imitg
stability with tine for the.coating, depending on the chain length of the
per f I uor oal9&POLRPe PAVEDS LPW =ref ea¢hivey dgidex; ﬁ@h@%&@?ébb@ with ?aqueous_
| ong-chai n | 8. used_ a j ncrease the content, o .
fl ugri ne i e?i]eé.gﬁ rgrg}o eggf‘%ﬁoﬁs p%rg{:> rﬁ%‘?‘%ﬁ?éﬁ%ﬁﬁ?&ﬁfec Qi &em8P§§‘F%1ngzaﬁqtdn
of Rf groupedfiecesds WpbPréimEhcd.hus causipgg t *Eeﬁﬂ%&oaiﬁgiﬁmﬁinic acid
generation of turbidity and cracking in the coating. On the other hand, If

a short - chepremRengedupyi thesgenerak fefmudet iGiE,,j,804k adovehdl s eshsdrnithg the
coating is i ncigased, and the ob'gect,i ve anti-reflective performance _cannot .

be: obt ai neFeSPLEHNY hFEATIRABRAL a0 %H?Ee?ﬁ%s’é%ﬁﬁaqté"&sélﬁl% aﬁ’éﬁf@&&é tlgf
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nmore preferably the conpound with n =.7 and/or 8, the corrpou_nd wth n
and the conpound®@conding foandhter findirgsised sthwil presents| invefihersf t¢heup

Chai n 1 ongPRekper ol ot ePPeR et (B nringRo sbout | different
stability with time for the.coating, depending on the chain length of
the perfluoroalkyl (C,F, = R¢) group in the molecule. If a long-chain
Re group is used as R; group to increase the content of fluqrine in the
molecule of .perfluoroalkylsulfonic acid, crystal.lization of R¢ group
proceeds with time, thus causing the fatal problem of generation of
turbidity and cracking in the coating. On the other hand, if a

short-chain R, group is used, the refractive index of the resultihg

N

coating is increased, and the objéctive anti-reflective performance
cannot be obtained. From this viewpoint, it is necessary to use the
compound wherein n in CJF,,,SO,H is 4 to 8 as the chain 1engt_h' of the
R group. Preferably, the compound with n = 7 and/br 8 and at least
one compound selected from those havingn=4 to 6 are used simultaneously,
and more preferably the compound with n = 7 and/or 8, the cémpound with
n = 6, and the compound with n = 4 and/or 5 are used simultaneously.
The Ry group may be straight-chain or branched. Whén compounds.having
different R chain lengths are used simultaneousl?, their mixing ratio

though being different depending ¢on the objective anti-reflective



t.hough being different depending on the objective anti-reflective

8 performance, the resist materials used, the wavel ength of the
light source etc., is generally as follows: -(conpound with n =7 and/or 8)
/| (at |east one conpound selected fromthose with n =4 to 6) = 99/1 to
1/99, preferably 80/20 to 20/80, and (conmpound with n = 7 and/or 8) /
(compound with n = 6)/(conmpound with n = 4 and/or-5) = 10 to 95/4 to 80/1
to 70, preferably 20 to 80/20 to 60/5 to 50, nore preferably 40 to 65/20
to 45/5 t PEECTRICEY nhresisitomplersd shiused, the Wal‘ﬁ%l%wéhioé shendight
conmponent ( 1 anti - ' 0O ( &o0RAs)itis of re

i nvention issl%)uzfl %o%%’de%% g&é%%%}?lf%f%? oF (ig{é%f us(t“l n U@ ﬁgwﬁgﬂoq tﬁgﬁ%’é%’i ?ﬁgt(at
conposi ti ordast! Be GUnpSURY' Se1GR-t@A0ErdP thbee WMith A +13i £8réyN <099 NF01/99,
various resists or substrates. The organic amne is not particularly
limted i ngufefierablyt80/20ato @048A; @ndafcorpamebwiihl nus ddandfoe B i/ doakbyurmdd
known in the art. anpl es of . the or gani am nes I ncl ude

nononet hyl é‘ﬁiti’e,n =Eéi/n@f’ﬁ‘?93ﬂ¢ feith poT r?ef"ﬁ??‘éﬁifﬁe,: s tRyRakEe R0/1 to 70,
di et hyl am (] y ) r | api e, 1 SO- ] ne

- but 1 am RESSEEePLRY 2SI Bo/20 e 6% 881 36 i BLEBLEANY %0 vo 65/20 to

et hyl enedi a8/%eto 30, in terfiseblyrerislivymd@geghtt etraet hyl enetri am ne, :
cycl ohexyl am ne, nonoet hanol am ne, di et hanol am ne, triethanol am ne,

pr opanol ami ne et &Che fxgarier amineof copnanenttBheln tine avti—ve et ttl venooat iny
conpounds such as tetrafef:}t}%l anm%gi_um hydr oxi,de, tetraethyl amonium. )
hydr oxi de &OFPORELIONLPTE NG PreIis dNVERE1BRei8ne CRTRARPRY PESeRial fared
by these e r thevi ' qfs _sol vi "PEDR.: [

of 1 ow r ef FaBrrvan i, PH SEL O |oHRehE oo TionCLY e CriniR| PASHE R

conposi ti oforafidrmbtald hintifowint dodtiitieg oh vimei@natresgses Cor tdibstratesablme

organic am ne | .. ) L. . _ '
organic amine is not particularly limited insofar as it is an organic

amine compound used conventionally and known in the art. Examples of
the organic amines include monomethylamine, dimethylamine,
trimethylamine, monoethylamine, diethylamine, triethylamine, n-
propylamine, iso-propylamine, n—butylamine, tert-butylamine, di(n- .
.butyl) amine, : ethylenédiomine, diethylenediaminé,
tetraethylenetriamine, cyclohexylamine, . monoethanolamine,
diethanolamine, t.riethanolamin'e, propanolamine etc. Further, the
('Z' organic amine includes organic ammonium compounds such as tetramethyl
ammonium hydroxide, tetraethyl amonium hydroxide etc. As a métter of
course, the present invention is pot limited by these examples.
From the viewpoint of solving PED, maintenance of low refractive
index, compatibility with other components in the composition, and
stability with time of the coating etc, the preferable .organic amine
is alkanolamines such as monoethanolamine, di'ethanolamine,
triethanolamine, propanolamine etc. among which monoethanolamine is
more preferable. T
Adjustment of the anti-reflective coating composition to the

range of pH 1.3-3.3 with the organic amine was found to be preferable



I s -al kanol am nes such as nonoet hanol am ne, di et hanol am ne,
tri et hanol am ne, propanol am ne etc. anong whi ch nonoethanolanmne is nore

pr ef er abl e. ‘Adj ustment of the anti-reflective coating conposition to
the range of pH 1.3-3.3 with the organic anmne was found to be preferable
9 to solve PED, to exhibit coating suitability onto resi st

surfa(_:és of various shapes or resists, and to attain the stability with
time of the resulting coatlrg- If the pH of the anti-reflective coating
conposi t i ont® ssalste REDhi to sahdbil Faaing isuisebbhity dinftiol sebist cunfaceseofit

| east one of_these, characteristics t sol ubI e p r
of the compBREITES, BRSPRE PRetosiRtr PR PEEATD AP I oY w&n e o LRE
resent inv 2 el Slls n
e resi st T D O e B P o iRl FEof
surface of isiengtesishifidaid pHheangsd,elitsbécdnes AbEybeul ey hehﬁékye Qﬂﬁléa@ﬂ

conventionally and known in the art insofar as it is a polynmer having a
wat er sol ubPne ta£ @%elmwm%ﬂ-%r more. Exanples of such water-soluble

pol ynmers i ncl ude ono nmer.s: or S _contai.nin as_co tutlo al

monoMer units, h%rbpq%eré”ai}ﬁrrt §°gﬁ%ﬁ % £a ol °"‘Pﬁ§?ﬂ? ;@r yT"i‘cnhe

acid, 2- |%‘r@fim9é‘ftl@%hve &Hgﬁiﬁfcé&}&ﬁtlon‘l o@y@hgxﬂéfs&lt nvention is a

(met h) acrylate, glycosiloxyeth (meth) acrylate, vinyl met P’iyY et her,

vi nyl pyrr otompmnent wdtioh ﬁmmnsghyxoalt;nglsnahde veitth tinsnon et rewi stefi fvafber

be made of water-soluble f]uori ne cont ai ni ng 8‘2 érrers used faor )

i-refl em%cormatragndgﬁam% asvstpge oftthepesist folm.
L i d- 5 4 5 15/ 9.7 d
17623?82net c.’ %é{:éfaé r ?o'%%gr Se, % ?’e&sneént%g?ﬁvée)n [ o%zbngg%( an

by these exaimhesart insofad B8 ¥Bi8ra wlyhé.e. HiAiN w@fte.@mmll&tpgf 631 sbe
produced in any process, and the process for .producing said polyner is not
by weight or more. Examples pf such water-soluble polymers include

_homopolymersbrcmpolymérscontaining,asconstitutionalnwnomerunits,
hydrophilic unit_s such as. vinjrl alcohol, (meth)acrylic acid, 2-
hydroxyethyl (meth) aérylate, 4-hydroxybutyl (meth) acrylate,
glycosiloxyethyl(meth)acryiaté,vinYlnethylether,vinylpyrrolidone,
ethylene gly.co.J. ; glucose etc., and mention may further be méde of
water—soluble fluorine-containing polymers used for anti-reflective

' coating agents disclosed in- Japanese Patent Application Laid—open |
(3_ gpecification Nos.110199/94, 234514/95, 50129/97, 90615/97 and
| 17 623/98 etc. -As amatter of course, the present invention is not 11.m1ted

by these examples._ o

The _water—soluble‘ polyme; of component (C) may be produced in-
any process, and the process for producing said polymer is not
particularly limited. Introduction of the hydrophilic unit into the
water—solublé polymer may be effected by any polymerization method such

as bulk polymerization, emulsion poiymerization, " suspension
polymerization or solution polymerization of the- hydrophilic unit
itself according to polymerization mechanism such as radical

polymerization, anionic polymerization, and cationic polymerization,

10



particularly limited. Introduction of the hydrophilic unit into the _
wat er - sol ubl e polyner may be effected by any pol ynerization nethod such as
bul kK polynerization, enul sion polynerization, = suspension
polymerization or solution polynerization of the hydrophilic unit itself
according to polynerization nmechani smsuch as radical polynerization,

ani oni ¢ polynerization, and cationic polynerization,

10 or alternatively by a method of producing a hydrophilic
unit-free g @/lﬁernaé;naeﬂ.h@w ameichad of prgducing ahydnephyliophit+ireapel yner

t hese net hods t sol ubl e pol

preferably ap%il §HH%§ 71'3? %F&Pgdjo%é‘)lth Ehﬁﬂb\“y\a ?‘V' A ARARLE Qd:c%ggs?r'ﬂ?ﬁrtc?%s
Vi ewpoi nt dability for resi st surfaces of different shapes
or resists, stablFl yvmthtlrre of the coating, dinensional stability of
the resist, |ow rierwaidnadloBes polynee Sobubferahly pol\ﬂﬁnyﬁlf p$ réBiddHe) -
treat nent at a high tenperature of 150 to 160 [err]|C he wei ght
aver age: noladddparpalat (ghrybic alsddhafinom the vbeeppbtty af rcqa$lpgea‘uartabb.§uﬂ;y(mﬂ:

to 10, 000, f 5,000. If the ar wei i's
PR R S TRt R R S E A R SR

| t
o1 Ancosbeddinost Abilarial ol el 4 e G314 1oy ABREEASEH 1 <
time of coandngoluil ittye inpweicsk rfter baking aakiatgent dtha heghsStenpedatgel S
poor, so a uniform coating cannot be fornmed by using a.small amount of the

“conposi ti o®f 150 to 16th°Che anti-reflective coating corrp05| tion, the

fl | kyl I f d f t (D t ener.al
pert L oroa k! Al onam A ol rﬁ?fw&a AR e L R ﬁu@%&o@w
the nost cha dﬁféﬁﬂaﬂlw P eBerd, dov, t Asreh &abny@tdo@ntoﬁﬁ%oﬁsagﬁf ehe
|

this conmpoun n the Conposition ( eads to drastic Inhprovementd in coating _
sui tabili tmoiecﬂa:emeaghtsmé dess thhandilf,0680gntt Seapmes odi FATWESto obtain a

specifically,in unifaorm
P Xl form coating, .and smultaneously the stablllty with time of the

coatJ.-ng is decreased, while if the molecular weight is more than 10,000,
the threading occurs at the time of coating, and the spreading of the
coating on the resist surface is poor, so a uniform coating cannot be
formed by using a small amount of the composition. _

In the ahti—reflective coafing composition, the perfluoroalkyl

sulfonamide of component (D) represented by the general formula

~~

CF2n1SONH, wherein n is an int'eger of 1 to 8 is the most characteristic:

component in the present inventien. The usage of this compound in the

composition leads to drast;i.c improvements in coating suitability for

resist surfaces of different shapes or resists, specifically in uniform

coating properties when the compositien is applied in a small amount
of drip, as well as in coating suitability for stepped substrates.

The perfluorocalkyl sulfonamide represented by the above general

formula is a compound having a solubility as very low as 0.05 % or less

in water. The solubility of said compound in the anti-reflective

. coating composition is increased to about 1.5 % by adjusting the pH of

the composition containing the above perfluorocalkylsulfonic acid etc.

11



coating properties when the conposition is applied in a small anmount of
drip, as well as in coating suitability for stepped substrates. The
per fl uoroal kyl sul fonam de represented by the above general forrmula is a
conpound having a solubility as very low as 0.05 %or less in water. The
solubility of said compound in the anti-reflective coating conposition is
I ncreased to about 1.5 % by adjusting the pH of the conposition containing
t he above perfluoroalkylsulfonlc acid etc

11 n the rRRI¢ ffgPHot - HHa. 33%89 an %rblfé’ﬁ‘muﬁ?r‘b%fiﬁ é@&ntﬁans%qnat%n
b d Th h
oo o ont” LR AR e T Hhen " BRehEr@pLL AR UL BARIIR s

pH adj ust ed:drd@ohbﬁtrm)g@s Qlddbd3td Q;h% éinti—t}.%fdjé&@mré cﬁﬂam&age:dngiwﬂﬁonmekh
static surface tension of said conposition are decreased, and

si mul t aneousieypH raljwstedriq phepangeesf df- 3 he T.Gat tey Obmamltccaunf@wartiensm
surfaces of various resists are |nproveds(§t,6c~1s the result, coating
r

sui t abi | i tf’\dors@FéﬁpéHrgﬁ‘E%tF%l?%’é’q LY &HWSF%?BV%Hetﬁeﬂ%eld and
h t { n
[ e ConSinaeaRboa Ml Sl (RLR00068 A0 Rl HdTRoRRREOR! EyaF

l'i t hogr aphite@l kdrpacse sEedaridits ¢ealbty £ ibprevsd) yAéemé/Q@sbth, l%tsa/ulr@nd
conventional aqueous devel opnent. In order to decrease the dynamc
and static ssuftﬁba;blmn@ror@:@pedt subghratesfiecidassicadly ngnpzmmds it avakend

fficiently tt e£S on. resist.s ces, use of the
ver f | uor oali@ géﬁ e anreRtifd WhichoES Bl e05 e RIS et £ie seoatidr

cﬁal nis 14 1

Clerr]F[er r] sq er r N% G_*EJ_ e"Lee{r rFéFieééﬁgé err i Elﬁ({‘}r]t ?Fl d|rslp6 E}lrtheg),

are pref easfiike, 11tl-m@dapri:ieaiIJ]3Fbeb{:§a§£{:&,r thiH®itihg ¢sn bpagddidy aemyved by

preferable. Perfluoroaklyl sulfonam des ma{ be used alone or in

conbi nat i ofhown and copmeatigpak pinsiin deFplopmerfe anti-reflective coating

conposi tion

In order to decrease the dynamic and static surface tensions of
the anti-reflective coating composition and efficiently improve
wetting properties on resist surfaces by use of ‘the perfluoroalkyl
sulfonamide, it is necessary to use one wherein n in the R chain is
1 to 8, among which CFy,SO,NH,, C,F;;SO,NH, or CgF,,SO,NH, (n is 6, 7 or 8)
are preferable, and C¢F;SONH, 1is particularly preferable.
Perfluoroaklyl sulfonamides may be used alone or in combination.

Water of component (E) in the anti-reflective coating c_omposition

s
N B

of the present invention is not particularly limited insofar as it is
water, but it is preferable to use water from which organic impurities,
metal ions etc. were removed by dlstlllatlon, 1on—exchange treatment,
filtration, and various adsorption treatments.

For the purpose of improving coating properties, a water-soluble
organic solvent can also be used with water. The water—-soluble organic
solvent is not particularly limited insofar as it is dissolved in an
amount of 0.1 % by weight or more. Examples of th-e organic solvents
include alcohols such as methyl alcohol, ethyl alcohol, isopropyl

- alcohol etc.; ketones such as acetone, methyl ethyl ketone etc.; esters

12



of the present invention is not particularly limted insofar as it is
water, but it is preferable to use water from which organic inpurities,
netal ions etc. were renoved by distillation, ion-exchange treatnent,
filtration, and various adsorption treatnents. For the purpose of
| mproving coating properties, a water-soluble organic solvent can al so be
used with water. The water-soluble organic solvent is not particularly
limted insofar as it is dissolved in an anount of 0.1 % by wei ght or
nore. Exanpiuah af matdivdr agefiatesoftlent acekatadet el ic aRdIRelarc Robvenns sypch as
ool e e A 200 ROPAORY 1L GRS B S P RRTT088F Ve 225655055,
such as melfily1aeel Risd1ve! 1185815 dcltace, B A0LALA SOk ML EState
I I I |l e, Cellosol ve,

di met hyl f or mam de, di nmet hyl sul foxide, nethy osol ve,

butyl Cel | cestud.veThéind exeap s awetiaserilind b neaeletaniplesasthotgdniae sdh¥ents,
etc. These exan‘ﬁl es are described as nere exanpl es -of organic solvents,
and the or ¥ &heopraanicisedvent uredinsthe prraemt davestien ils pptelimited
t hese sol vent $h Q\__s descri bed above, the respective conponents (A),
(B, (O, ?tlﬁ} Sha f%]}veﬁg'si- mul t aneously incorporated into the

anti -1 ef | ective  moabseLeRrRIoyd,| She IR vEROMBBNbNES! (S 1P, qent |5
conposition being capable of uniformcoating in a small anount ‘of drip

onto a w dendva(E)etgref stulittanebaslpndnberpgrstegdr into i thantntieféfiddtiare
effect can be obtained and the superior dinmensional stability of the
rtﬁasi st can CBFEIPEFTRAFILIARL Yherabyethe anlci1rpd leshiva gaating) compgsEitiane
i cor por at ¢d, ti ' i . iNn.th ent invention. whereby
tho. pr obl entane PP 8E SFGER FBAd"¢by S a5 O affecs Mioe
each conporertebytofbilsthatidicasy BREAhSigeralidreth Rftit-Rer1&SPRA b¥€ect can

conponents. _ - :
be obtained and the superior dimensional stability of the resist can
be realized. That is, the respective components (A) to (E) are
incorporated as essential ingredients in the present invention, whereby
the problem-of the present invention is solved not only by the effect
of each component but also by the synergistic effect of the respective
components. _
The compounding ratio of components (A), (B), (C) and (D) in the
present ihvention is not particularly limited insofar as the pH of the
(’ h anti-reflective coating compos-ition is regulated within the range of
1.3 to 3.3, and their compounding ratio though being different depending _
on the objective resist materials, exposure apparatus, anti-reflective
performance, surface shape of substrate etc., 1is preferably
perfluoroalkylsulfonic. acid (A) /_organi‘c amine (B)/perfluoroalkyl
sulfonamide (D) = 2.0 to 7.0/0.1 to 1.0/0.01 to 2.0 in temrms of ratio
by weight assuming that water-soluble polymer (C) is 1, and more
preferably (A)/(B)/(D) = 3.0 to 5.0/0.15 to 0.5/0.12 to 1.3 (ratio by
weight) assuming that (C) is 1. )
The resist materials on which the anti-reflective coating

composition of the present invention is applied, may be any ones known

13



The.conpoundi ng ratio of conponents (A), (B), (C and (D) in the present
invention is not particularly limted insofar as the pH of the
anti-reflective coating conposition is regulated within the range of 1.3
to-3.3, and their conpounding ratio though being different depending on
the objective resist materials, exposure apparatus, anti-reflective
performance, surface shape of substrate etc., is preferably

per fl uoroal kyl sul fonic acid (A) /organic am ne (B) /perfluoroal kyl

sul f onam deigDyhe- &xrt0and Fr&d/mMetlpaotic@ldxlyl timi2ed. i Bxamphes obf rHdtel meshyt
wei ght assum ng t hat water-sol uble polyner (C .is 1, and nore  preferably
(A)/(B)/ (D) mét%?’eﬁhlxso lg.cgyl@? 13 RAFiE: P—o{'??k%'gg hptorgsigt thased g B ae¥ahrkg
that (C is : r.esi ' ' t ti- '
coating corr’f)%”z‘}rt1 i) rJf ulg?‘ gt ehe aglr %@een({&f %\%ie{%ﬁ%ér)l r}i°\gﬁl§%§f‘i %gd, %%aé %a?ﬂgﬁ:%ﬁgéggne

known  diazide derivative; a chemically b#plified positivd-iRrkihgakdsfse
not particularly limted. Exanplés of the resist materials includée a

posi t i ve- worqnpesgsh of opekyhndrexyetlyvena paodiedky swssititasedby 4 pratective
aqueous al kal i ne. sol uti on. and..on napht hoqui pone, di azide derivative; a
cheni cal |y SFOIS £P ETCBERT thesispirhion duah alkalinsderejioper and be réleased
ol yhydr ox ' Y. It ] | e
Phe’ d ssol i AHRNErBeddodibpyar? dest, it BRloB 2o GEfEtaedr olhBKRChS, RLCHEN
of an aci d,upsn Exposuaeitb Jdght adtd. Jenaeght dge-woridng rePLst XROTPHLat th

light etc.; a negative-working resist incorporating a binder polymer suc
as novol ak % &sindegnpolymsarosuck rass spvakak gresjanand suphose-eressilzinkingaagent

Fesin cuch SIS (R ery Pogbrnaral £9, ahek PR edtifintr Ring yhertes
crossl i nki ngoggantingUsh a8ka {ElAwIE rd8ihVahil Cad oLy @RLRILEIrdAL)t NS
presence of an acid, and a triazine. ) , .
novolak resin as a’binder polymer, a crosslinking agent such as amelamine -
derivative for crosslinking in-the presence of an acid, and a triazine
type. photo acid generator generating an acid upon exposure to light,
etc. | - o
The method of forming a resist pattern by using said anti-
reflective coating composition in a lithbgrapﬂic step upon
manufacturing semiconductors is described by reference to the following
example. |
( _ First, a photoresist is applied at a predetermined thickness onto
a semiconductor substrate by spin-coating. The steps thereafter shall
be selected by the user depending on some conditions, but followed in
general by a resist bake Step on a hot plate.' Depending on the resist
‘used, or depending on the arrangement of the applicator, the resist bake
step may be elirﬁinated. Subsequently, the anti—refiective_ coating
composition is applied at a predetermined thickﬁess by spin-coating in
the same manner as in applying the bhotoresist. In this step, if a
water-soluble coating material is to be applied b§; spin-coating onto
the resist filmwhich is highly hydrophobic, the phenomenon of repelling

or radial coating unevenness may occur on the resist surface in general,
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type photo acid generator generating an acid upon exposure to light, etc.

The nethod of formng a resist pattern by using said anti- reflective

coating conposition in a |ithographic step upon nanufacturing

sem conductors is described by reference to the followi ng exanple.

First, a photoresist is applied at a predeterm ned thickness onto a

sem conduct or substrate by spin-coating. The steps thereafter shall be

sel ected by the user depending on sone conditions, but followed in general
by a resi stopalensa sgeppedPAbte asLomedconiithg sapstiratpesioatingymgvenness

dependi ng -on_t.he rangenent _of. the plicatqr,, the resist bake kB step.m

ber ol i nat BB, RS BOEA Bh e JEZERE T PRI arTErterh FEgm: thity Sneb bt PaRCrEH-
applied at Aopéwsie! ehBhnesk WHtGKPEETedi v icBat PR Hhy d}.j]t% 62 The"RESENES
in applying the photoresist. In this step, if a Water-sol uble coatihg .
materi al i sihvertei arpps ivsedpygeneirattontdfngucinicoatihg defeicss darl be \prevBnted.

hi ghl'y hydrophobi ¢, the phenonenon of repelling or radial coating
unevenness may octierenftese theret isuthgcetPn géndaking the resist and the

14 - or en.a stepped pattern is _f.arned, ogn th bstrate, coating
unevenness 0%t t%e\glreg}:hv%fccga%@tnﬁe ﬁy%frbgadgn’é?ﬁ%td %"‘gim%t{ﬁﬁ fP Bayyakso
pattern.  Howeyeiminghes aé;;%rﬁilhb- 6ﬁfé&i&ﬂt\i%n§9at1f%a§%§0§été&{au%fteghsfter
present invention is used, genération of such coating defects can be _
prevent ed. forming theeamai-reflethive daatling daper ofithdki ogndiietede geaeralmy
the anti-reflective coating |layer on said resist, but.this step may also
be el i m natd%d adEpBPREAHG TSNS RdOheE Ihan the digmpgraiugsntric baiing ithe resist
fdrming th fé}i -reflective coating layer, it is conducted generally at a
t enper at ure no 'higher than the tenperature for baking the resist alone.
Subsequently, saishieRfehesy slsadBtbiitoresebt agld ¥8t Coat Itk Boating £ilm

is irradiated wii:h light through a mask in a predeterminéd péttern in
an exposure appaJ.:_atus. As the expdsure apparatus, those with g-line,
‘i-line or excimer laser light source can be used, but the exposure
apparatus is not limited to the above.

| Following this exposure step, baking treatment on a hot plate
is generally conducted for improvement of fhe resist pattern shape or
for progress of the réaétion when the chemically amplified resist is
used; As amatter of couréé , thisbaking treatment may also be eliminated

depending on the resist compositionused. Inparticular, the chemically

/-\-:\

amplified resist may be influenced by an alkaline component. in the
atmosphere in which it is left after exposure to 1ight,' thus causing
deteriorationof the resist pattern shape after develoi:ment in some casés .
The influence 6f its being left (PED) can be prevented by said
anti-reflective coating formed on the resist. |

The resist and anti-reflective coating layers after subjected
to exposure treatment are developed during a development step using aﬁ
aqueous alkaline solution (using 2.38 % aqueous te;tramethyl ammonium
hydroxide in many cases) to form a resist pattern.

As a matter of course, the present invention is not limited by
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Is krradiated with Iight through a mask in a predetermned pattern in an

exposure apparatus. As the exposure apparatus, those with g-line, i-line
or excimer laser light source can be used, but the exposure apparatus is
not- limted to the above. Fol | owi ng this exposure step, baking

treatnent on a hot plate is generally conducted for inprovement of the
resist pattern shape or for progress of the reaction when the chemcally
anplified resist is used, K Asamatterofcourse,this baking treatnment nay al so
be elim nat"g‘tf3 aé’é’ﬂ@né?ﬁﬁl%’rf: {4eSCrERt X conposi ti on used. In particular, the

chemcally anplidi S ot . | .kal in nent. in
the atnosphere |$1H§g?{(€:ﬁs%%lles% ?‘é.g% og?. Eé?e%’%g’gs? g*rélé&tqfﬁl tfjjgéhf)f:g?%gcsn.?g‘é%@%]hod}
deterioratich Bk 4bSlLiRFlifla RRblErdniidPeradt &y cHe¥eAraPIRpk bf rERTE SRS
The influence of its being left (PED) can be prevented by said

anti - ref | e@s ablopaposg fesistd chemibeliyeimplified resifhetcesiad thedcoating
anti-reflective coa%%\r;_gpl ayers .after, sybjected to, exposure treatnent are

devel oped -dMsn§o iyedy Rétahe myLEbRke xefdprhton sitdertmnd
(using 2.38:% agquao t - i (41 s cases) t.o.form
a resist pSPtEtﬁér%BS Eéaiféép\?ﬂ% rgré]lt) ?%g%?i J%%t’?’égl?g?h%@a&rlgs}g%{] glfngii%t]i)eosﬂ‘slts,
not limted by Hereinafter, the present invention isl®escribed in éé\,%ialb'%?e
speci fic description. The anti-reflective coating conposition o

t he presentreferenceoto theabxamplgspane Compazat ue |IExamples, ofhith powever axe
type of resists such ' as.al]-purpose resist, chemcally anplified resist -
etc., and &Bﬁ??%d to il SN APEERF YRRy Fhﬁifﬁﬁ {Rerksf trefiexrs
refl ectiongef ' PED, ' 1kResSUPEES di mensional stability
of the resitgt .E)S%Saﬂg weI—JI'(:}dr]_:‘eQi Hg?%éér ,eéétmeg%ﬁrggsg [ nlvéearit ion is described in
detail by Example 1 , '

1.0. part of poly(vinyl pyri‘olidone) with a weight average
molecular weight of 3,000, 4.0 parts of CgF,,SOH, 0.35 part of
monoethanolamine, and 0.1 part of C,F,;SO,NH, were uniformly dissolved
in 94.55 parts of pure water by heating them to 70 °C. The solution
was returned to room temperature (23 °C) and confirmed to be uniform.

_ The solution obtained was then passed through a 0.05 pum filter to prepare
an anti-reflective coating compgsition. The pH value of this anti-
reflective coating composition at 23 °C was 1.63. Table 1 shows the

( static and dynamic surface tensions of the resulting anti-reflective
coating éompoéitidn and the contact angle when said composition was
dropped on the surface of a resist. |
Static surface tension, dynamic surface tension and contact angle
were detefmined by the following measurement methods.
Stati F : A

Determined at 23 °C with an automatic equilibrium-type electronic
surface tension balance ESB-IVmodel (Kyowa KagakuK. K.) by th:e,Wilhé'lmy
method by use of a platinum plate. )

D . e I .

Determined by evaluating the hysteresis of the surface tension
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reference to the Exanpl es and Conparative Exanples, which however are not
intended to limt-the present invention. The term"parts" refers to parts
by wei ght unl ess otherw se specified. Exanple 1 1.0 part of
poly(vinyl pyrrolidone) with a weight average nvolecular wei ght of 3,000,
4.0 parts of CJerr]F[err]SOerr]H 0.35 part of nonoethanolam ne, and 0.1
part of Cerr]Flerr]SOerr]NH err] were uniformy dissolved in 94.55 parts

of pure water b hgating themto Z%Féerr]c. The sol ution was returned to
room terrper%?’i‘:‘?‘%j WIS Er S SOlubhan fd MRgdChangrd wvccseRilvelyiel & diimesofirom
obt ai ned epnpassed _t hrpu 0.05 Jerrlmfilfer .,toprepare an ,
anti-reflectl &g g%a | net @oﬁﬁg%%hﬁ_' gﬂsﬁ%e}cﬁ a %eé%fétlﬁf USgnPF an ABEPEREIGe
coating corgiasintiicoBugfads tHedsibe M&Fankbed BSTIAD Mode1s NRYSwE NEa i KagaRd K.

dynanm c surface tensions of the resulting anti-reflective coating
conposi ti oK.-dnd $pecifiveddy, dhgl hystenesd si fbrredjus the A9 thashahgenysesiadopt &b
surface of a resi.s atj c.surface tension, dynam c surface

t. St
tensi on and®% SHELeCeatOFE SREFIYILLEr M fled by the fol | owi ng neasur enent
met hods. m&:a&\[;‘s_aﬁ%‘._etension: Determined at 23 [err]C with an.
automatic equilibriu ype el ectronic surface tension bal ance ESB-1V nodel
(Kyowa Kagaku K. The) vAlud b d¥htiting®s Redtbyansia: of t& Phatbrasy BEREE the
Dynam c¢ surface tension: Det erm ned by eval uating the hysteresis of

t he surfac@ntdntpfhective coating composition was dropped ontb6the surface of a
formed when its solution area, was _changed successively 10 tinmes from 20 to

85 cnf err] TES1§tr A% Igreamingd at 23, c¢ byaan AntoppEi € agntact anglmmetiesGh-Zc

dinam ¢ supfbRe® (RHISHD KA eAN \1 gmgde &ﬁﬁ i men Kagaku K., K ).

Speci fically, thg mter esig ﬁ?%g_b!ﬁ\t tlfrerqioltﬂﬁéc%a geelés\}/asadopt ed as surface
| oss ener gExghplesr? tal)l5 Contact angl e: The val ue of contact

angle just (about 2 to 3 seconds) after the : _
, Example 1 was repeated using the compounds in the amounts (parts)

* shown in Tables 1 and 2 to give the anti-reflective coating éompositions
in Examples 2 to 15. The pH values of the resulting anti-reflective
coating compositions were as shown in Tables 1 and 2.

The static surface tension, dynamic surface tension and contact
angle of the anti-reflective coating composition in each exampie were

determined in the same manner as in Example 1. The results are shown

in Tables 1 _and 2.
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antk-reflective coating conposition was dropped onto the surface of a
resist, as determined at 23 [err]C by an automatic contact angle neter CA-Z
nodel (Kyowa Kai men Kagaku K. K.), was adopted. Exanples 2 to 15

Exanple 1 was repeated using the conpounds in the amounts (parts) shown in
Tables 1 and 2 to give the anti-reflective coating conpositions in
Exanples 2 to 15. The pH values of the resulting anti-reflective coating
conpositions were as shown in Tables 1 and 2. The static surface
tensi on, dynam c surface tension and cdﬁﬂé&tjangle of the anti-reflective

coating cdnposition in eaq n r g NEEL L. V0 Sa T —aS
In Exa?rpl emi. The results gﬁ?%h%m%pw?ngtg& e% ean%‘?.'e Exa"pﬁe m%xa{'me (Exa"'ﬂe
17 ol é 17 . 8
Exanpl e BPaMSYeY! perralidondd | EL Byl el OEqanpRe Ek@rrpT el.OExpndi® | EXdadmplle 1.0
1 2 (w =33, 000) 4 5 6 7 8{ poly(vinyl
pyrrol i dorje) pely(agryec acid) 7. 0 0.2 o8 1.0 1.0 1.0 1.
1.0 My 3= 2, $00) poly(lacrylijc acid) - 0] 8
(Mv = 2. 300) ¢F,sonC err] F.err] SRherr]io 1.6 $80 | 184|016 | 4.9
1.6 C,F,sSOHO 1.6 .0 0.1 0.1 0.1
CyF,3 SO, H 1.2 |- 1.4 1.8 1.2 1.2
GsF, SO,H . 0.5 0.5 0.5
C,F, SO, H : 0.2 0.5 0.2 0.2
. monoethano| amine 0.35 | 035 | 03 | o038 0.38 0.38 0.45 0.25
. diethanolamine :
dimethylethanolamine
G F;; SO, NH, 1 01 - .
GF.SONH, | o1 . 0.1 0.7 1.2 0.4 0.7 0.7
Gy Fy7 S 0, N(C; H)GH, GH, OH
pure water 94. 55 94, 55 94. 55 94, 32 93.72 94. 62 94.25 94.45.
 pH .63 | 1.69 | 161 | 194 | 195 | 192 | 322 | 138
Static surface tension | 23.5 | 248 | 21.7 | 17.4 | 15.9 19.6 1.1 | 1.7
(m N/m) '
Surface loss energy 66 205 55 51 57 63 40 66
(10%m) -
Contact angle (deg.) 42 40 39 21 25 32 25 32

i
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C[eFr]F[err]S O[err]H 0.1 0
0.1 Clerr]Flerr] SO[err]H 1.2 1.4
1.8 1.2 1.2 Cerr]Ferr]SO[err]H
0.5 0.5 0.5 Clerr]Flerr]S O[err] H
0.2 0.5 0.2 0. 2 nmonoet hanol am ne 0. 35
0. 35 0.35 0. 38 0. 38 0. 38 0. 45 0.25
di et hanol am ne di net hyl et hanol am ne Cerr]Flerr]S O[err]NH err]
0.1 Cerr]Flerr]S O[err]NH[err] 0.1 0.
1.2 014 0.7 Ex Examle | Eamle | Exampl
Clerr]F[er ]SO[err]N(C[err]?—(] err] Cdrr [{era';]a-l T:e Eﬁre Wa:?’eer
94.55 9415 g4 55 . D32 Q4125 .
pH W'V‘VTV'@;%'"°“°'T€’69 1. 0 1.6 | 1@ 9410 [11os| Lo photo [ 22
1.38 Static syt 53800 ansilon 23. 5 2418 21.7 171 4 15.9
19.6 | 7 .p0ly (acryl it 7acia) ( N m SUI’fche | 0$s enefgy 66 205
55 51 M 52, 500) 63 40 66 (10[err] nj
Contact angle (dggsoH 42 o093 [4Bo | 3.89] o8 |21s 1.625 1.6 |32
ig 32 G,Fs SO, H 006 | 02 | 02 | 005 | o1 o1 .| o1
Exanpl e F Fis i E3edadel ol 081 d2 giakd o 1.2
9 10 GFjSOH - 2029 L] 0.9 ]4025 9% boPy(vii n¢b
pyrrol i dong) C.JF, $0,H 1002 | 041004 b.10| 02 [1.02 0.21.10
1.0 Mtnoroeghailfibhine  [P@I28(dCymi ¢ 8@y d) o2 | 48V F 2,500)
' diethanolamine 0.67
dimethylethano!amine 0.57
G F,SO,NH, : :
Gy FisS O, NH, 0.7 0.7 0.7 0.7 0.3 0.7 0.7_
C,F, SO, NH, 0.4
Cs F1 S 0, NG H)CH, CH, OH
pure water 95. 97 90. 76 90. 63 96.30 94.31 94.03 94.13
pH 1. 91 1.97 3.25 1.93 1.89 1.91 1.92
- Static surface tension | 17.5 17.5 16.8 1.4 18.0 17.6 17.5
(m N/m) -
Surface loss energy 56 59 45 55 64 59 _ 58
(10%ms) . 3
Contact angle (deg. ) 38 46 23 30 34 28 30
C Comparative Examples 1 to 7

Example 1 was repeated using the compounds in the amounts (parts)

.1

7

shown in Table 3 to give the anti-reflective coating compositions in

Comparative Examples 1 to 7.

The pH values of the resulting. anti-

reflective coating compositions were as shown in Table 3.

The static surface tension, dynamic surface tension and contact

angle of the anti-reflective coating composition in each comparative

example were measured in the same manner as in Example 1.

are shown in Table 3.
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C[er:r]F[err]SO[err]H 0.93 3.0 3.0 0.8 1.6
1.6 1. Clerr]F[err]. SO[err]H 0. 06 0.2 0.2
0. 05 0.1 - 0.1 0.1 Cerr]Ferr]SO[err]H 0.7
2. 3 2.3 0.6 1.2 1.2 1.2
C[err]F[err]SO[err]H 0. 29 0.9 0.9 0. 25 0.5
0.5 0. C[err]F[err]SO[err]H 0.12 0.4 0.4
0.1 O 2 .2 .2 nonoet hanol ani ne 0.23 0.74
0. 87 0.2 0 39 di et hanol ani Bable 3
0. 67 di mgthytettmar T _
0. 57 Cerr]F[e bf"l”ng[l'?r] NH[{er r2] 3 dler r4] Fller r!] SOf er F] NH[ er7r]
0.7 Z 3 0.7 7 .
C[ er r] F[ er r{polg(finyd wyrxplidoned | 1.0 1.0 1.0 1.0 1.0 1.0
0.4 CJerr]HLerr 309 N(Clerr]Hlerr])QH err] €H err]{OH pur ¢ wat er
95. 97 90.|76poly a89Li&3cid) P6.30 | 94. 31 9403 94. 13 1.0H
1.912  1.97 (M 3= 22660) . 93 1.89 1.91 1.92 Satic gurface
tension  [17.5 c‘,|=,,soaﬂr7 55,5 3214816 |16 | 1.619- 016 | %0 0| 49l S
rface | os 5 : 5 64 -59
gg ' S( fg 2 1450,4,!', ebn®dlardie 2 1 o1 o1 | ol g
30 :_A_cu_%“ 2h 2Anplar 4t3 v gl k21 fo 7
Exanpl e 1 Jas r ép&f0M- usi hg the |colrpoundd.& n|t ek aroudss [ parts) sho
Table 3 to|give ¢Rsoanti-refloectijveogoafti pg comosi tjii opg i h  Compar ati e
Exanpl es. 1 10 wfuoothli5idibe V2 6701 0% TF80E 10 AT~ 0.b°T| PFGEY ng
gnposi t1 offs—v S SowWn - —Tajre o= He—statt St -
t ehsi on, dyad i e EQMW[_%DQI elof thel anti-jefl ectli ve
coating cormp digethy lgthanofeming - conparativel exanple wede neaslred ih the ganme
manner as i n Ex@ApS@NR. Thpe resuljts arje shown in Tgble 3.
éQ. . C,F.SO,NH, @jppqrativeg 1 047 73]  F 150
° 0 1 laFssoncwoheHdETT C PR X‘ el LE',!,.‘,”L'ELN N '
1.0 Nas _peyemq 90.32 94. 47 95.12 94 20 | o4 50 ’94.65- 94. 65
pH 1.97 1.76 1.77 3.46 - 1.21 1.73 1.76
Static surface tension 17.4 17.8 26.0 ‘| 16.8 17.7 271.2 27.4
on N/m) . : _ ' : :
Surface lcss energy 57 2000 | 57 54 70 55 120
(10°mJ) - .
Contact angle (deg.) 29 41 49 20 38 50 53
Example 16
(- According to the evaluation methods described below, coating
properties, coating stability, refractive index and 1lithographic

characteristics of the anti-reflective 'coétin'g compositions obtained

in Exaniples'1 to 15 above were evaluated.
4 and 5. The refractive index in the tables is a value at 248 nm.

A chemically amplified positive-working resist,

The results are showh- in Tables

AZ® DX1100
(Clariant (Japan) K.K.), was applied at a thickness of 0.75 um after
baked onto an 8-inch silicon wafer treated with HMDS, and 'subj ected to

baking treatment at 110 °C for 60 seconds on a hot plate to brepare a
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C[epr]F[err]SO[err]H 3.2 1.6 1.6 1.6 1.6 4.0
4.0 Clerr]Flerr]SO[err] H 0.2 0.1 0.1 0.1 0.1

C[err]F[err]SO[err]H - 2.4 1.2 1.2 1.2 1.2

Cerr]Flerr]SO[err]H 1.0 0.5 0.5 0.5 0.5

Cerr]Flerr]SO[err]H 0.4 0.2 - 0.2 0.2 0.2

nonoet hanol anine 0.78 0. 28 0. 28 0.5 0.2 0. 35 0. 35

di et hanol am ne di et hyl et hanol am ne Cerr]Flerr]S O[err]NH err]
Clerr]Fler rqhgtﬁt@ﬂt}?l\ﬁqree\rqluatlong Then, an anti- reflectlv@caatlng camfn’os:.tlon

pur e vt o1 SARRIG 43S SXpnes 13 0pTieg 08¢0 thie bove sabsbrate Ppgeans of a

gﬁr face t enrsel"sol%?: coétgxﬁLAR%%?[m ]3060403 (thli%t?%:k Lt%;)_,std %.Ele?rgmlﬁ \ ' o unt

(m Nm)  Surdfathel @depedet:giﬁposﬂﬁon ned@88ary f057forming5é unifor?tp coatin Jh
120 (10[err Contact angle (deg.) 29 %

38 50 the 8-dpc B(%@ﬁ)lh@swomparatlvedmmrdilugtedm the eval uat | on net hods
descri bed bel ow, atin erties ti abilit ractive |ndex
and | ithographic sc%r? g?’%f ?cge%‘fsq &% 1§éf W@ﬁtf"%@l’c‘%&at‘?‘?@ a 6-inch
conposi ti onsuk-ataeRith g Bxaprdes bobd dng %&Fflﬁl&ge]b%er, o

results are shown in Tables 4 and 5. The Te ractlv In t

a val ue at aBthem baked|irathesank maraterngs piroplke Talbeﬂe—descrlbedqeﬁﬁ@fﬂm‘e’ﬁﬂ.y
anplified positive-working resist, AZ DX1100 (dariant (Japan) K K. ), was-
appl i ed at 90tEn| Hikites Substantes yas r dreRped: anﬁakQPP]é-l% em snthcreglaction

e L eated Wg%‘*lg‘}'%“?agﬁf%’ BYREEL S Lhe PRSI ot hen? 105
20 (Lithubsetk atel.for apd At idoaRing h&ftexa@pﬁﬂttoé@éd Sl &B.«:&P@é%;f%r

conposition sanple was dropped and applied onto the above substrate
means of aitiseststecundesr al ARCroEddP\ 1000 (Lithoteck Ltd.), and the

m ni mum arrg t Ef t he drogged CO;E osition necessary for formng a uniform
coating on : _ I '

The coating formed in the evaluaticn,of coéting ’pJ;'operties was

kept in a clean room and observed for its state with time. Evaluation
of coatlng sta.blllty was conducted accordlng to the follow1ng criteria.
A: No problem | _
B: Fine needle crystsls are o_bserved but there is no problem for
use. . '
(‘ . - C: Precipitationof fine crystals is observedbut there is noproblem .
for use.
D: Nof usable with crystels precipitated. .
Evaluati f refracti index:

An anti—i'eflective coating composition sample was applied at a
thickness of 450 angstroms after baked onto a 6-inch silicon wafer by
means of the resist coater LARC—ULTIMA 1000 (Lithoteck Ltd.), and then
subjected to baking treatment at 90 °C for 60 seconds on a hot plate,
and its refractlve index was determined between 193 mm and 930 nm by

means of Spectral Eripsometer ES5G (Sopra Ltd.).

E:!a | ]]atj on Qf | j tbggrapbj C Charagterj St j cs:
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the.8-inch wafer was conparatively eval uat ed. Separately, the
resi st AZ DX1100 was applied onto a 6-inch substrate with a step of a 5000 -
angstrom hei ght silicon oxide layer, and then baked in the sane manner as
in the above-described experinent. Onto this substrate was dropped and
applied an anti-reflective conposition sanple by use of the resist coater
LARC- ULTI MA 1000 (Lithoteck Ltd.),- and the coating after spin-coated was
observed for its state under a m croscope. Evaluation of coating ‘
stability: A Jhenicediliyngmpdi fibedl ipodiltd vev absbst orAZS DIAOONIClariant
properties was kept in a clean roomand observed for its state with tine.
Eval uati on ({APEYaf-Kg) stvas PPPYieRatcantivieimessces iy umoatter fakiedwomip

criteria. L3 I B; ' I y I e pbserve ut
there is _noa péz)Jb emp%i(;lrt?m'%ﬁl m'rafe.r Eggjf‘:t&f iH@: Iﬁdr]%{fi B atsslu%HeSI?e‘ii 2 ga}gmg
crystals i stifelenttabuloeefst 66 saRoRASIeAMot plate, & aHSfiti-rePielPive
usable with crystals precipitated. Evaluation of refractive I né’ex:

An anti - r ef¢Qatiingecemens itg onopausliet Was thenpnplied e itdtasn appltorknessl pf
450 angstrqQus b n waf er by neans of the

ft .baked, onto.a,6-inch_ silj: ¢ {
resi st ‘coatpe]?e(%&ﬁeénﬂjf’%Eﬁ%@%lgﬁl?%gtc%f&?ﬁbgg}?gé?ﬁ’dtpﬁelﬂasﬁlﬂfecfpé@ui@e 1.

baki.ng tre t 0 r : QF t t nd,its,
refracti veaélﬂrggxa]\%l%@'dg%lgr%le%egeb%%omgéﬁg %@%%Ba%ﬁ%elﬁ%‘?%aﬁééﬁsg;@f C for
Sﬁect ral Eré(psewends &SEGhoBoplatétahd therabusdded tof liz.%lﬁﬂqfﬁ!tﬂpkh:@‘ excimer
characteristics: : . .
A cheni cal 14AS@¥pstereer NSR-20056 FXL0R { (anagxppaunno appruatust fron Nigan)K.K.,

K(K:), was ,gppl.i at g, thickness of 0.75 [err after baked onto a 6-inch
silicon vvaf@? Prggf e‘a'\?a‘t#}?) ,,S%‘:gﬁﬂjétepgﬂ‘] TBQ%%IG’WQ’S“’:?r%%]E%Iﬂt ‘a0 °f10

[err]C for £ 90C8866nd ch BOhoP!Bilte, 2RE] BowH iy pEEHES IAMR og,:ﬁéh'tnﬁor 60

conposition sanple was then applied onto it at an approxi mate _
pr edet er m reegondsnby hisd el smaforganba ka Yigaldn delrel bpest AZHI000MIF! d@edelo
2 above, ar'].scci)lu%?.gni érggfcesdu ?)jyegiggiatzgt b(%l;ipgrq) té.eKa.t)r.ren}t\fgetr %%v[eiggngné,orthe |
sectional shape of the pattérn was observed under-a scanning eiectron
microscope $-4000 (K.K. Hitachi SeisakushO) (“resiéi; patterh profile”
in the table). - |
. Separately, the above exposed wafer was allow to sténd for 12
hours till PEB aftgr,exposure, and then developed in the same mariner,
and the stabilization effect on PED (post exposure delay) was evaluate'd-
( in the same manner (“shape deterioration by. PED” in the table).
' Evaluation of resist pattern profile and shape deterior_ation by
PED was made according to the following criteria: |
A: No problem.
B: Dark erosion (DE) tends to be increased, but there is no problem
for use. o
C: Resist pattern profile tends to be T-shaped, but there is no
problem for use. | - |

* D: Dark erosion (DE) is too large.

E: Resist pé\ttern profile is T-shaped and not usable.
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60 seconds on a hot -plate and then exposed to light with KrF excinmer

| aser stepper NSR-2005 EX10B (an exposure apparatus from N kon K. K., NA
0.55, a: 0.55) and subjected to PEB (post exposure bake) at 70 [err]C for
90 seconds on a hot plate, followed by paddl e devel opnent for 60 seconds
by use of an organic al kali devel oper AZ[err]300 MF (devel oper sol ution
produced by d ariant (Japan) K K ). After devel opnent, the secti onal
shape of the pattern was observed under a scanning el ectron m croscope

* S-4000 (K. K. Hitachi Seisakusho) ("resiEﬁb¥&¢iern profile” in the table).

Separ at el y,[ The abové expoy 24 STeal 1 tand, f TouT t+
PEB after exposure, and the‘ra;Ig W\F/}’e op\fv?i3 Eﬁ 'ﬁy S 'me na 'neuéx gnlhgfﬁz b‘"‘""
st abi | i zat iton—etfest—on—PED (dost] exposprd dbl ) lnad evalibated Tn-|he8
sane mannerCoatingproperties oy | ratiod by PHD' in the tlabl e) . Eval pati on
of resist pathearinimpr @éunt 6f Jng Hh pg_d,'hat R il ataglp b.‘i O Cqy di ng
to the foll Oﬂiethewoﬁped A:l No prijobl em : 5!,?}5 kv%ﬁogaon ?D qg"

tends to ‘b¢ §‘§+ there i s no probl ¢m f use.
Resi st patt er I'I' 10 e {‘Eﬁd? +o--he "T"""%‘fipedﬁ’f'btﬁ'"t'he{'e"k S"'HG"' """""""""""
S

probl em fof (&Eine provestieqpn || opisijon 0K o6K| gr gk OE: [Re®kst| oK
pattern pr qf theesteppedmubstrateed and ot usabple. _ :
22 Coating stability B B ' B A 'Rabl e lh
Exanpl e Ex ma%t‘,i'\%? '?4%”“%'4% szaxir.ri)zi Exanpte EfanpteExanphe

1 2 142 | 742 | 1.435 |cdafd rlg tofopler t-Aks|
The i ni nuibitherephic of 3.|5m 4. 0 3. pni 2. 5m 2.5 3m
2. 5m istiéshe conpositidn dropped |on the 8-irch wafler Joat i ng
properti es| OResist patedfn profile . K C T OK €
OK  the stepped-substrate- Cooét-i-ﬁg--&abi-l-ﬁt-y..---ﬁ ......... A fB.A ] = U B..B
A A pe deterBratlon by | Ap B A RefrhpctA vi;i adey (248nMm ¢ 1. 4% .
1. 42 114%2 1 40 1.43 143 1.4 143 -
Table 5
Example | Exemple |Example [Example | Example | Example | Example
9 10 11 12 13 - 14 15
Coating properties '
The minimum amout of | o 55 | 35wl | 3500 | 2.5ul | 3.0m | 2500 | 25l
the composition dropped ’ .
.onthe 8-inchwafer | | ! :
Coating properties on 0K oK oK 0K ok | slight | slight
the stepped substrate : : .
( . ] , streation| streation
. Coating stability A c c A A A ' A
' " |Refractive index (8m) | 146 | 141 | 14 | 147 | 12 | 13| 1a
Lithographic ’ :
characteristics
[ Stape deteriorationby | & | x| e | .| LT
- A A | e A A A

Comparative Example 8
Coating properties, coating Stability, reffactive index and
lithographic characteristics of the anti-reflective coating

compositions obtained in Comparatiire Examples 1 to 7 were evaluated in
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Li t kographi c characteristics . Resist pattern profile B . B

B A A A C B Shape deterioration by
B B B A A A C B PED
Table 5 : Exanpl e Exarrpl e Exanpl e Exanple Exanple
Exanpl e Exanpl e 10 11 12 13
14 15 Coating properties The m' ni me anount of 2.5m 3.5m

- 3.5m 2.5 3.0m 2.5 t he conpaosition dropped on the
8-inch waf efhe seglgt}uﬁan%p ety g§alaﬂle 16 O(The resulgg are shqwn in Tapke 6.
(04 sl i ght sl i ght t he stepped te
streation streation Coating stability fm—ﬁa A C C
A A Komparative| A Rgf rezct ive 8ndgx @24nnm) 5 . 46 $. 41
1.44 1. 47 1.42  Example|l. 43 1.42 Lithographi c chayacter|stics
Resi st pat {&LR.P : A A T A A A
A Shape d,chueﬁ-?bU% by A A € : A
A AThepmininum amount of | 3 5y | gal 8ml 30mA| 3.0al | Tml 8ml

Conpar ati ve thrzemppsitien dropped Cdat i ng |properties, doating| stabifity,
refractive|iendeh 8eindh wafert Nqgr aphijc characteriistics | of the

-----------------------------------------------------------------

anti -refl e¢tgoding E?H,&gm dqomgosiltions %Itategtl ned"L'IJ'f:'C5""2'5?'5:’[’1"\7'(5’,;%5('&??]51,es 1

to 7 were ¢vgl to ton | [Streation} streglon

t he sane e —asS -1 EAaHF:C +H61—TFhe—restttstrare—sHowr—n—Fabler6-

Tabl e 6 ing Roaratijved 1 A B D4 A5| D6 B 7
Exanpl e Coalzdmguw nmr(maﬂ _ 1T‘{Qe 1n44rmm ,aqg)umt 104‘4 3. o4 . L%ﬁ . 1_§£ﬂ
3\0mM 3.0 —8m ttre—cgnposTtirondrgpped o the— =Tt watel
Coati ng pr 3‘?? - K| stredgtion dtreati-¢gn K ‘OK | streafion
streation "Fﬁie"d#r'ﬁ?npd subllstratd Coatilng stahility D A |- A :
D A | Repstpattergondile dotiave |index (249nnf  £.49 pl 44 p1.f3 p 14
1.41 1.45 };SElna;; -dBRr ioration by A | b D - E D D D

. From Tables 4, 5 and 6, the enti—reflective compositions in

Comparative Examples have problems with at leas’e one of coating
properties, coeting stability, -refra{c'ti\'re index, and lithographic
characterlstlcs, whereas those of the present :anentlon are superlor

1n any of the characterlstlcs including ‘coating properties, coatlng
stability, refractive index, and lithographic cl_;aracterlstlcs, and it
-is understeod that the present invention can provide a composition with

no problem for use.

EFFECTS OF INVENTION

The anti-reflective coating composition of the present invention
canbe applieduniformly in a small amount of drip onto any type of resists,
for example all-purpose resist, chemically amplified resist etc.
regardless of  the surface shape of a substrate’ as the object of
application. The coating thus formed can effectively inhibit the

multiple reflection effect, standing wave effect and PED, whereby a
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Li t hographi c characteristics Resist pattern profile A D E

D - D Shape deterioration by A D D- E D D
D PED From Tables 4, 5 and 6, the anti-reflective conpositions in
Compar ati ve Exanpl es have problenms with at | east one of coating
properties, coating stability, refractive index, and |ithographic
characteristics, whereas those of the present invention are superior in
any of the characteristics includin coatlng properties, coating
stability, ¥etistcpaVieermersellend in divrnsismad stabiddtarand i@§ec‘amnalt shape
under st ood that thrEﬁasent i nvention can provide a conposition with no
problentfor ECTS OF | NVENTI ON The anti-reflective coating
conposition of the present invention can be applied uniformly in a snall
anount of drip onto any type of resists, for exanple all-purpose resist,

chem cal ly anpl i filest rmicshimé@.is:r egardl ess of the surface shape of a
substrate as the object of - lication. The coating thus forpmed can .
effectively inhiblt Arhéntamr@ ativef reating @rm@ﬂtlgnaﬂ@nmm@eabflmt

and PED, r ist
pattern e% ?ré’tl‘amﬁlla? méNgi R K anil P (3PLAE) ﬁnﬁe*a‘tldt%ﬁ Efflla‘f?&uecaﬁ i‘e’
formed. = o 3.3,Wat is clained is: - 1. An anti-reflective coating
conposition corrpr|5| ng at least the following (A, (B), (O, (D and (E)

and having a pH v@)uepafflhotoalkyBsB, fonic acid An)egnﬁés‘ént@doaiy(y&mllcj@mﬁl

acid represented by the general
formula:

CaFunSOH (D)
wherein n-is an integer of 4 to 8, |
(B) organic amine,
(.C). water-soluble polymer,
(D). perfluoroalkyl .sulfc;namide_ represented by the general
formula: | , |
Ca Fyt1 SO, NH, | (1)
wherein n is an integer of ‘1 to 8, and
(E) water. '
2, An ant_:i—reflective céat:ing composition according to claim 1,
~ wherein the organic amine is monoethanolamine. |
3. An anti-reflective coating COntposition according to clait_n 1,
wheréin the water-soluble polymer is poly(vinyl pyrrolidone) and/or
poly(acrylic acid) . | .
4. An anti-reflective coat_ing composition according to any one
of claims 1 to 3, wherein the ratio by weight of perfluorocalkylsulfonic
' acid (A), organic amine (B), water-soluble polﬁer ~(C), and
perfluoroalkyl sulfonamide (D) in the compositior is set such that
. (A)/(B)/(D) =2.0 to 7.0/0.1 to 1.0/0.01 to 2.0 assuming that the ratio

of water-soluble polymer (C) is 1.
_

(e
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f or qul a: - (err]Flerr]SOerr]H () _
wherein n is an integer of 4 to 8, (B) organic am ne, (O
wat er - sol ubl e pol yner, . - (D) perfluoroal kyl sul fonam de represented
by the general formula: Cerr]Flerr]SOerr]NH err]

(1) wherein nis an integer of 1 to 8, and (E) water. :
An anti-reflective coating conposition according to claim1, wherein the
organi ¢ am ne i s nonoet hanol an ne. 3. An anti-reflective coating

conposi tion accordi dgmeghed apinformihgr @i patternawbickototprises yiver step of
pol y(vi nyl r,ral i done) and/ o ol y(acrylic acid), . 4. An,

oty 1 et | e ARRRADER e G drpoE e Ry a SEot g, SOkl om deseribaririn anypne
wher ei n t he L % i gh p ] i 1G] ) -an]

A ne (B). Sinearrma b Aot s BhoS ARk Sl beabihd a5 BEERR.
in the conposition is set such that (A)/(B)/(D) = 2.0to 7.0/0.1 to
1.0/0.01 to 2.0 assuning that the ratio of water-soluble polyner (C is 1.
25 5. A nethod of formng a pattern, which conprises the

step of applying the anti-reflective coating conposition described in any
one of clains 1 to 4 onto a photoresist filmand-heating it as necessary.

A A
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"~ DISCLOSURE OF ABSTRACT

The anti-reflective coating'compbsition comprising at least
perfluoréallesulfonic acid (A) represented by the general formula:
CoF2uaSOH (n is an iﬁteger of 4 to 8), organic amine(B), wai:er—soluble
polymer (C), perfluoroalkyl sulfonamide (D) repfesentedey‘the general
formula: .C_an;,ﬂSOzNHz (n is an integer of 1 to 9) and water. (E) and having‘
a pH valﬁe of 1.3 to 3.3 is applied onto a photoresist film formed on
a substrate, th\ié forming an anti-reflec_tive coating. The photoresisf
and anti-reflective coatiﬁg are then exposed to light and developed to
give a resist pattern. The coating composition can form a uniform
anti-reflective coating free;of standing wave,-mpltiple reflection(
T-top and PED(Post Exposure Delay) in a small amount of drip onto any

types of resists regardless of the surface shape of a substrate.
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