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patterns that use photoresist for ogr aphy

preparation net hod HHE SANE ANDPRERARATIONMETHDDS 'T?IE’%E@ﬂi c
anti-reflective polymer is disclosed that is useful for fabricating
ultrafine patterns of 64M 256M 1 G and 4G DRAM sem conduct or devices. A

ot ref| ective coating | ayer made P ROSGREUNIEy Xeprlipé’l?'atyFamlwﬁ@mmﬂummn
t hereof are also disclosed. Description of the Background Art
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devi ces, s and reflective notching inevitably occur due to the

optical properti @h édoahiewRri-rkf ; . r..and e.to the
t hi ckness change of g?\o]t osér{sfi]%diﬁ\y'g#ﬁ{mn?w{r%&g i{ﬂ:ﬁgtk?,ac W&%«E\t“?@éﬁWﬁer

probl em of ['elayess aad etiminatesiitansting waye that evcats 4m %aus 8 fiHRkndid dhagded and
refl ectgd lOif?HStOE{Sf)srpaixE'%ohpmr film a}(agr,s. .Thus, it has been suggested to
introduce anfi-reflectrve cHat PIRGCIHAL IR apngs ltrafing ppitesvethal wg back

ref | ect i on pabtozesiso e lithokfibhA¥e sy i b 00 i.c_materjal show ng
hi gh absor?anfe t vvavgexlmgn?t ?Ta%égg]g%pg‘h%hrﬁ‘t?lé%&%%@gwt”&d 4% |ight
source. Anf<t%8Ft-ec & PaBUIANY, the arpads arti-eefldctivOpblateg ddisc1dsd tRAgani C
anti -ref | egkdMPROS PaA i.ng,. upon .t he rial used, or into .
absor ptive and iont?er dggf‘ggﬁwaﬂ??it?’ﬁéf’f@% gg&%oé&i’ Al HadeRANA t he
operation AeBitandtor devicesi crAOtohpOtGPEMAIRINBGubh b%]ggﬁic(a%f},5,ehggiygavel engt h)
radi at i1 n, ionor ani c lJ;o)lxer%tgli -reflective coating I's predom nantly used, while
Ti N and arrBrlefm? A Al Rlegdvegoating 1ayee mege thenefrord 28 @premrativnané®bi Ng

syst em ar ethRraf ayeslso dfFBRAAR™ - 7 SEP 2f10 In a fabrication process of
ultrafine patterns using ICrF | aser, SiON has been mainly used as an

inorganic anti-reflective film However, in the case of. an inorganic
anti-refl eﬁg'c\g ti‘:)i I teri.al - has been known which enables the control
of the intw#eien%@@%ﬁﬁ%% wavel ength of |ight source. Thus, there
has been great daalfabficRfohYrécst 8r & LS, compound as an

cﬁbesa gog%hﬁyaﬁ&n%ﬁﬁ) fe-pra@fjgéﬁ?‘i“‘\?égwa{i ng, the

anti-refl e(gylve coating. To organi ¢ an
fol | ovt’hg CHERLStalingevesandsalleativeatchiry interdbly @colr dudgo BRURIEET St

L d ' |t i ' ol t t | t take pl
conduct | nd P Ehan A sk dudnd VRl A ivs b e whievesse Rhuiasadl , o ol ded

‘coati ng mpotdsensitist fhrd 1A afi@itioh Ahefeqs srdtl i thout produci ng
any chem c %egsﬁowé/e-rproducf. (12) mg?n§g%(%t2&§§§w§g{'s&§§?gﬁ%)¥gr’éﬂ%ﬁe must not

mgrate i 3t qapeed by diffractedindexeflevted dight from thd dvseri inPecause
when aci d |gd¢ at I: O -reflective coating, undercutting occurs at a
 over partg%f %ﬁ hgﬁlﬁgatlﬁgsﬁd}\%\#lfﬁq%geftgg#? r@ge S‘rl}g'Eﬁdj‘?ﬁﬁééﬁC&atmgatmhleas ani ne
mi gr at%és. pi@jentihg betlcriflegtispaedonfer FG 18Rk by hskd @Rk v 1 g; ghoul d be
faster thag t hat, .of ‘1 he upper phot oslens?}ﬁrvglf lcﬁn&g%g"grgﬁﬁgtr#%%?% tate

et chi ng prot¥es }B§h agqquance at a wavelength range of the light employed as a light

source.
Anti-reflective coating is classified into inorganic and organic anti-reflective -

coating depending upon the material used, or into absorptive and interfering
30 anti-reflective coating based on the operation mechanism.  For microlithography
using I-line (365 nm wavelength) radiation, inorganic anti-reflective coating is
predominantly used, while TiN and amorphous carbon as absorptive system and SiON

as interfering system are employed.
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‘ It filrﬁas a mask. (4) Therefore, the anti-reflective cogtj
| ﬁng: ?Egnzlst!tx?n as possible to an 20 extent to sufficiently play a r@tpgﬁlﬁg
an anti-reflective coating. The existing organic anti-reflective materia
is mainly divi dedI I n .t\/\{o tépes, %5 30 specifically, (1) polyners i
cont ai ni ng chrormﬁ’h%fagf'c%?% O P30 Myra{le matierss neing Ko les) &?Mg?&grl gelrsg
the pol ymer maiilgl uged aok f&abyg%n{éé}ﬁ{-f@ﬂeht¥vevﬁ1§-A.fib ng'ﬁga”% epaag%{% 2 9 diytive
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' e | ' f pol ri.zation. Thus, if
115 des raa e paneor e ISy ellorddife oWl = BR ahiSrhEdhsgarine SRy
OF THE DI SCLOSURE bsiagedd orggaiv antinetlgotive d‘o@fingEEFx)é gc(s)lg‘dl‘d«iﬁgfcbx‘{cﬁtié?@}x&%e?”

' ' ' - tr- ective
' repar . thod are disclosed. 2 7S an :
I(:E)Zt Pngpcoan%(lt)lgﬁfcli%n conprising the aforenmentioned pol yner and a preparation

reChod Lhercof, a1e) g gt SO GAMINELRL SRl CE, o MELER o bt e

Is formed fromsuch an anti-reflective’coating

al so di scl d¥éiekeplagemaherrrondEsiR Pﬁt@rﬁicTﬂg&ﬁaFSEhrf%ﬁgWg goal, ,

] unds  havi ng Fornul as and 2 '
aro proe aad ae Roatl Qs GRIRRIRCE 1o R £ rrors-ekaderusare iithout prodocinyl & |
C = 8 CH3 lamytchemidaduea boipiddias, 1° Ra, Rb are .each independent!ly hydrogen

[ - - - ' ~3, -CO0H, -CHzZOH,
thyl; R, R_are each independently -H -OH) OCOC Vo .-
g:l miS Zubst i t ut & remifalsisueh aacidior aminetmst gbt médraty infkcoasht #oky 1heor

from . 2. iagafcbofe IR PEHER ehra B e st P ArioREDIG Lo
0.99. 3 RcoRing, undercutting occurs at a lower part of the pattern while footing may occur
15 when a base such as amine migrates. - ‘

(3) The etching speed of the anti-reflective coating should be faster than that
of the upper ph-otosensiﬁve film so as to facilitate etching process by using
photosensitive film as a mask.

(4) Therefore, the anti-reflective coating must be as thin as possible to an

20 extent to sufficiently play a role as an anti-reflective coating.

The existing organic anti-reflective material is mainly divided into two types,
specifically, (1) polymers containing chromophore, cross-linking agent (single
molecule) cross-linking the polymers and an additive (theimally variable oxidant) and
(2) polymers which can cross link by themselves and contain chromophore and an

25  additive (thermally variable oxidant). But these two types of anti-reflective material
have a problem in that the control of k value is almost impossible because the content
of the chromophore is defined according to the ratio as originally designed at the time
of polymerization. Thus, if it is desired to change the k value, it must be
synthesizéd again.

30

SUMMARY OF THE DISCLOSURE

A novel organic polymer for anti-reflective coating and its preparation
method are disclosed.
2



. - 7 SEP 2004 Formula 2 R, Z Ro R Further, in the above Formulas 23 itp)m@d
R~, are €éach independently straight or branched substituted Ci- 10 al koxy
alkyl; and R Z is hydrogen or nethyl. The conpound of Fornula 2 is
prepared by polynerizing (nmeth)acrolein to obtain poly(neth)acrolein
fol | owed by reactAngntifreflesbivaicnatthguomposition cpmpdsial thubiﬂarelmti@ﬁﬁli&ili o(r:I ol
i jtuted al kyl al cohpl, havi 1 t0,.10 carbon atons. In detail,
?%?L?thr3?2@#‘%"5*‘?‘??8f°P§ra§‘§B|%g°4 We%?ﬁpg'tcd’éﬁ?iddscgﬁeaent and added IdO 15 20
| ynmer3eagiti iridet i i n under
Vacuum 2t B0 1o 00t ot iresicRl B sl o AR s AT T ot oduct
i s reacted WiFeflsehveenatingbysubaiqgblithsgraphy dratabd disdigsed al cohol having 1 to
| 0 carhon atons in the presence of trifluoronethylsulfonic acid as a
catal yst” at a roomtenperature for 20 to 30 hours. In the above Process,
itabl e organic solvent i r nsisting o
tsg!tf'ghydrof gran (THF), cycF)olﬁgéggﬁg?ﬁgleﬁﬂefﬂg?ﬁoﬁﬁgﬁﬁde, .
di met hyl sul f oxi de, di oxBRESENThY!FRDFERREDEMBOTIE t E-NT‘bSO| uegte_, O)égldene and
' t her eof . ol ynerization initiator, it can be menti
gl, )2(t g;ggu si sobut }r}@rsff’ﬁ?ﬁe}"@ycemperﬂy‘?s havinedyarpenas)i %@,Z,g?pww i de,

I rd el : = Dt vk rpper oxi de or .
lj?tj'[Ybﬁ?;??er?glgfgg%%&y%dﬁgﬁﬁggg{%%(%r{rtrbﬁgﬁ%t%\t%cg)fagg%l kyl al cohol having | to
10 carbdn atons Eemauhdnol or nethanol. A preferred conpound of Fornula 2
is selected fromthe group consisting of the conpounds of the follow ng
Formulas 3 to 6: 4 - 7 SEP 200 Formula 3 H H~CO OCH~ Forrmula 4 H H3CHzCO
OCHZCH~ Fornula 5 CH3 I-ﬁCI) OCH3 Fgpxiula 6 C H3 H~-CH2CO OCHZCH3 The above -
conmpounds of For o 3;to 6 ; adi | ured in the presence of

| C
|
?
? (R'_?_—R')n
C==0 OH
L,

In the above Formulas 1:
R., Ry are each indcpcndeptly hydrogen or methyl; '
"R, R are cach independently -H, -OH, -OCOCHs, -COOH, -CH,OH, or
15 substituted or unsubstituted, or straight or branched alkyl 61‘- alkoxy alky! having 1 to
6 carbon atoms;

n represents an integer selected from 1, 2, 3, 4 and '5;

X, y each represents mole fraction from 0.01 to 0.99.



. 10 acid and other polyners having al cohol group. The pol yner of ED?WH¥ﬁzﬁ4
is prepared by reacting acetoxystyrene nononer, 15 hydroxyal kyl acrylate
nmonomer in an organic solvent and then polynerizing the obtained conpound
wth a polynerizgiionliiitiator. Any conventional organic solvent can be
used in this pro 4 a preferred solvent is selected from the group
consi sting of tetrahygdgofuran, toluene, benzene) nethylethyl ketone, di oxane
and m xtures therea{: pol ymeri zation initiator, any conventional --

radi cal polynerizat i nirtiator can be used but it is preferred to use a
conpound sel ected fromthe group consisting of 2,2'-azobisisobutyronitrile,
acetyl peroxi de) 5,,— oEP 2Qop~ | auryl peroxi de, and t-butyl peroxide. The
above pol ynerization reaction. is preferably carried out at a tenperature
rangi ng from about 50 to 90C and the nole ratio of each nmononer is in the
range of 0.01 ~ 0.99 : 0.0l ~ 0.99. An anti-reflective coating conposition

conprises a poly of. Formul a and 5 a polyner of Formula 2. A
preparation met hgg&h%f matﬁ‘:"g?fI Vé’r#‘t""ﬁﬂ?ﬁ 2:Rop prekRinee eacitindegpandeniy sesglithe
steps of diosbfalnuhétgsu%_smte)d_r@,r_logﬂ(oﬁgra@uaan and a conpound of Formula 2 in
an organi c solvent, filtering the Obtal solution, coating the filtrate
on a | ower IayerRaﬁﬂhﬂkﬁgﬂb@Mhm@ythe coated | ayer. Further, any
conventional or ' nt..can pe lo used in this process but a preferred
solvent is sel eg?g%g?nr?%g%\ﬁt% o PéFBHB’ %MF&??%BY BelyBrenzing(resthlagspbeiope onat e,
et Ao L e B A0 b D SRRl o
amount 'ra?&aﬁgffwlfdf?&r?tramwbgwt@cbalgybaapomémevzxﬁm.t%lfma&en%fp?ofn@.e total wei ght
0 e anti-reflgciet resid_use 1e preferred tenperature range
fox 15 hard- baki ng-a;{g_srgg'tgs%c?cg%nalﬁﬁft c.ﬁtﬁﬁ?vteg‘%B‘gﬂfg_a@ml"%@éﬁﬁ(&ﬁddyct or
AR i i e e S ey YR 4
hydr oxyal k@?&%‘%&ﬁéi’éq&%ﬁomﬁmham oRjained pelymesic pectiah iorsapbo kethwas fir st

hesi : . .t her ef: hi hi gh
Sbsor bance St R s SRR R AR ipe. 16 1 carteBaems i ew i mor oved
pr ?)g_er ti e@rmn?e pf Uﬁlm?ﬂnﬁ?glaﬂifcnia ragida Ls8f dalﬁacl%'s’;t ¥%fa FO5th it%iﬂﬁerﬁfﬁwféioqg od
nmol di ng prgperty, air-tightness, an i ssol ution resistance, an €époxy,
group was%qﬁW% uced to raise a cross linking reaction during a hard-baking
step figl | owi ng @, gRAKLPE . b ined, polyner is referred to as a
pri ma;ly p%lpg;riet '('cgt?tghlai: 5@%%&%&%2&#% g‘%Syi_’ﬂcﬁeﬁ frga*aitlgq g,rglppa f
secondary tineg of Yeloofjo , xandne, dAn&@ pabl e o
form ng a &k | § k% e.upon the reaction mﬁf% an a?ggﬁg%nggbup inresin
was al so syn? %‘3%]”?81’&‘ ?’odlf”g;?“r‘?\ Qee}yé%tgyﬁ_lqemécﬁeﬁﬂmmlqu, yleneapd i mary
e T the fom O 8 poty pehab e ARl Bl e b iRoned he o1 T cl ency of
"the cross#3-pabisispbubaeniirda (AIBR3 Jenizaylpsroxide, ic&t)ﬂ?é@khid?léu?ylf;ér%ﬁldé, adj ust

i ng

~the kyyal yu ti.-reflective.filmby contro][i t he proportion of
‘t he p%(lymarg uﬁ{lﬂ %angert i,ﬂg’é butﬁgﬁ@@ﬁ%&ﬁorgﬁ%{’r‘@flperPh@eantA-P(r@ﬁ-‘tred:chmpleoat ing

resin hasofisgjdalkyl slebhdliaving 1 ﬁ)lélarﬁfm %tla?nshy Q%Qﬁ@f gronr'}etﬁm yents while has a
g At

di ssol ution resistance in any of the solvents durin S?ﬂlbaking step. In

addi tion, no unddelged pgmpeuridoat Foruls 2 éxsredtentteh the grélg daBistig g on
process o pall because the anti-reflective coating resin
is 5 rradeﬁ}eﬁ"gyr”n{pgég;&ﬁ %@E?%%RV%&W“%%éﬁggl es hi gher etching speed
relative to that of the photosensitive filmduring etching process, the
etching selectivity is inproved. The foll ow ng exanples are set forth to
illustrate nore clearly the principles to and practice of the disclosure to
a person skilled in the art. As such, they are not intended to limt the

di sclosure, but are illustrative of certain preferred enbodi ments. Exanpl es
Exanpl e 1--Conposition of nol vfacetoxystyrene 2 hydrox;yethylacrylate)l
copolymer 15 20 A 500 ml round bottom flask was charged with 0.1 nol e of
acet oxystyrene / 0.1 nole of 2-hydroxyethylacrylate while stirring and 300
g of separately prepared tetrahydrofuran was added to. a conplete m xture.
Thereafter, 0.1 ~ 3.0 g of A




- 2,2 -azobi sisobutyronitrile was added to allow a polymerization regcggonygt
60 to 75C under a nitrogen atnosphere for S to 20 hours. Aver the

conpl etion of the reaction, the obtained solution was precipitated with
ethyl ether or n-Fexare3lsolvent and then filtered and dried to obtain
poIy[acetoxystyrene-(z-QédroxyethyIacrylate)) resin of the follow ng
Formula 7 (yield: 829 ornpla 7 x ~~JY 101l 1 HZz /2 OOHCOCH3 7 -
7 S E P Z00 Exanpl e (tion of noly[acetoxystyrene (3-

hydr oxyoronvl acrylate™)][ copolymer A 500 ml round bottom flask was charged
with 0. 1 nole of acetojystyrene / to 0.1 nole of 3-hydroxypropylacrylate
while stirring :ahe ofH,separately prepared tetrahydrofuran was added
to a conplete m xture. Thereafter, 0.1 ~ 3.0 g of

2,2' -azobi sisobutyronitrile was added to allow a pol yneri zatron reaction at
60 to 75C under gzﬁéékggen at nrosphere for 5 to 20 hour. After the
conpletion of th on, the obtained solution was precipitated with

et hyl ether or n-hexane solvent and then filtered and dried to obtain

pol y[ acet oxyst yrene- ( 3- hy@ir oxypropyl acryl ate)J resin of the follow ng
Formula 8 (yield: 80%. 8 C=0 CH3 15 20 Exanpl e 3--Conposition of
pol yf acet oxystyrene (4 hyg@roxybutyl acrylate)l copolyner A SO0 m round
bottom flask was charged with 0.1 nole of acetoxystyrene / 0.1 nole of

4- hydr oxybut yl acrieCHiC@Whi ["eastiar;i ng and 300 g of separately prepared
tetrahydrofuran was added to a conplete m xture. . Thereafter, 0.1 ~ 3.0 g
of 2,2'-azobisisobutyronitrile was: added to allow a polynerization reaction
at 60 tg 75C und ] ni.t rogen atnosphere for 5 to 20 hours. After the

conpl etion of thg—ggg%éion, t he obtained solution was precipitated with
ethyl ether or n-hexangysolvent and then filtered and dried to obtain

pol y[ acet oxyst yr ene-§4-|hydroxybutyl acrylate)] resin of the follow ng

Formula 9 (yield: 79 - 7 SEP z004 Formula 9 O=0 CH =0 0 H24 OH
H;CO OCH;
Formula 6
 CHy
HyCH,CO OCH,CH;

The above compounds of Formulas 3 to 6 are readily cured in the presence of
.10 acid and other polymers having alcohol group.

The polymer of Formula 1 is prepared by reacting acetoxystyfene monormer,
hydroxyalkylacrylate monomer in an organic solvent and then polymerizing the
obtained compound. with a polymerization initiator. Any conventional organic
solvent can be ilsed_in this process but a preferred solvent is selected from the grbup

15 consisting of tetrahydrofuran, toluene, benzene, methylethylketone, dioxane and
mixtures thereof.  As a polymerization initiator, any conventional radical
polymerization initiator can be used but it is preferred to use a compound selected

from the group consisting of 2,2’-azobisisobutyronitrile, acetylperoxide,
5



. Exanpl e 4--Conposi tion of }
po?;r}[)acet' oxys{rsrenez- hydr oxyet hyl net hacryl ate) |l copol yner 5 .4 500 ln?@?’uﬁﬂ’t
bottom flask was charged with 0.1 nole of acetoxystyrene / 0.1 nole o

' i rrj 300 g of separately prepared
2- hydr oxyet hyl | at e Ie%\?%lrrlng and of rately
tet)r/ahydrof Egrﬁ & %?%%3%‘%{3?‘(\2@!\“6 f-et dhpprbevErROlyTREEatiohtreactiofid ~ 3.0 g of

, 2' -azobi spffkdblyanddd ¢ WS, oAl a, po rization reaction at
ébzt o 75C uﬁder gw:]i '?[Irl ocgd)edrﬁét oS’ g{?ﬂeje #agr’% I?%meeglﬁ{)%.d%&ta@ﬂ tb?@fled .
conpl eti on Eictd{eadipmosanter tnin thérangbbADNEd 5.0 UDiAN. ¥@S5. p(fjec' pi b?aiGn

et hyl ether or néggxage olvent and then filtered and dried to of an .
pol y[ acet oxyst yr énB2{ '-rﬁfj/?ﬁt‘efffféﬁtllﬁﬂ torRRasHanGommr)ses Iaepmiynnﬁrfofffhgnérég %049
Formul a s10 4 ypbEhfér o8 ¥%muEermula 10 15 9 O OH C=O CHI -

Exanpl e 5--Cornaosition of polyf acetoxystvrene

( 3- hydr oxynr oovl n‘ephmr@lioatraathcd)pf)hrrofg@hic&nﬁ%ﬂ@&ti&@éﬁ%ﬁp?96&18mefsltﬁ‘es K was

charged witf 0. )| e .of aCfat oxystFy.rene_/ 10 0.1 nole o .

3- hydr oxypr {7 #éﬁ“f"fgivrlw 3 PalXRpariod Formula; lr@d@cbr@m;gl aﬁﬁofgfwzgtrfidw gr gpgr gf
| : N xture. erea ,, 0.1 ~ 3.

22 Cavobi o caburar cn e reng o SRIRLEL A 8 Fie BoY Rionea lovis st o at

\ATddards baking dhgeepastchiagah erBurfter, fyt@n2 Rl Sreafie (Elveh N b
Sgn;)FeZiS(c):n RE Hi -;lgggti n theggrt; ai lned _solyut ino.n was pigé@icpl {‘fg.ednyvlet h
et hyl &her™e h:IeQré)ﬁ%ssg’(])‘W@ﬁ"tfe% ls‘?tlﬁ"éﬁ it $q1?%¢%§fa?@e;g;o?cf1ﬁgﬂ?% Ialf gwi 9

o | .
For il o 11 (ool e By pae e D holyRh BhfE oo R0 4 o - d
pol y[ acet 0%}&35?’&@@1%9@VMW@P9¢'&¢Et Hassrpebfehe) Hiea R XRdm tRP0: Bh1vERun

' ith 0.1 nole of acetoxystyrene / 0.1 nole of
2%;8%2;33#?%@?%&%&%%%{ ‘rg'n\%& féorgtrglgp‘r‘ti 2oy OBX@H-‘Vsbmdaﬁmegyicpglegar egf
t et r ahydr ofwaight ofidlse adiadlcclvacs® |r8§iﬁu§@cﬁ’.<t Ut fre pr-glffL éa(ﬂfefn%rg{ait‘-gﬁr?rgg for Oﬁ at
2,2' -azobisi sobutyronitrile was added to all ow a pol ymner

60 to 75C gﬁifé?’a@nﬂirﬁmﬁfg‘&?@@hmmlﬁéﬁeabm 3508©. 20 hours. After the

' ' ' ' ipitated with
conpletion of th tion, the obtained solution was precipi \
et ml et her or nghs(rgggffc%l d§8‘i°€}8ﬁ‘f‘°%nffpﬁwégffqm PR¥pEHeafgresrantdned obt ai n

: ; ) the follown
ot it nwtemt kA L1 LT
7--Preparation o Wg mojlprer(aselosystyneae ocaomey, malront yralkylacrylate monomer)_
' having a large sized chromophore was first synthesized to enable for a polymer made
20  therefrom to achieve a high absorbance at the wavelength of 193 nm.  Further, in
order to allow improved properties to a produced organic anti-reflective coating, such
as good molding property, air-tightness, and dissolution resistance, an epoxy group
was introduced to raise a cross linking reaction during a hard-baking step following a
coating step.  The obtained polymer is referred to as a primary polymer (the
25 compound of Formulal). In addition, a secondary polymer (the compound of
Formula 2), a compound capable of forming a cross linkage upon the reaction W’ith an
alcohol'group in resin was also synthesized to form a cross-linked product with the
primary po]yrnér by a thermal reaction
In particular, the cross-linking agents used are in the form of a polymer are
30  designed to maximize the efficiency of the cross- linking reaction. Especially, it is
possible to freely adjust the k value of the anti-reflective film by controlling the
proportion of the primary polymer,



- A polyner of Fornula 1 as prepared in one of Exanples 1 to 6 and aﬂogky%‘
of Formul'a 2 were dissolved in propyl enegl ycol met hyl et her acet ate( )~
The obtained solution was filtered, coated on a wafer, and hard-baked at
100 ~ 300G for 10.1,000 seconds. Then, a photosensitive filmwas applied

t hereon and foll epyhieantirefiecsive coatiniresn pat 2 goond salbbilitptr alhophecess.
The cr oss=I| hikt : LSl .ormof a polymer is designed to 1 o
maxi m ze theydc‘[?gf??’?ﬁk?&enia’gﬁ?‘é% ES‘@@?‘H Eﬂfeﬁﬁ;a,“c?f“ ly B'é%isah"én&so'im@ y
modi fy the karddiabimgotepan lnragidition, abtundé@fitiag bi ¥dtmeat eRBerBh PRI 4Q! T ng the
proportion fg .a Fﬂri mar% p?l ymer. Thus, the present 71 nvention overcones the
prior art ptOBFEIRMHETESS AT piieras fispesialdy, bacdusy thewrat inedlentite qasiag bbsn is

Mor eovers, thed@fbim- (3 i nesi.ny i ncludes t nomer havi ng 15
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Formul 20 2: Bod thehdil@refSndldrisdl to obtain poly[acetoxystyrene-(2-hydroxyethylacrylate)]

resin of the following Formula 7 (vield: 82%). '
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. R~ R~ ' 7 SEP 20Q4 wherein, R o anal R 1 are each independently C.lo
al koxy or d.lo alkyl, and Riz is hydrogen or nethyl. 2. The - 7 SEP 2004
anti-reflective coating of claim 1, wherein the cornpound of Fornula x is
pol y[ acet ox 2- hydr.oxyetliylacrylate)]. 3. The anti-refleEtivc
coating of ; &3 HOR Qepeiyiacaiexdstmfene-OF-wtimxiprabylacrylate

pol y[ acet oxm(& hydr pxypropyl acrylate)l. 10 4. The anti-reflective
coating of clarm I Wherein the conmpound of Formula 1 is
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rangi ng from about 7200 to abputr 5, 000 . % based on the total weight of

11. The method according to claim
carried out at a tenperature
rangi ng from about ' . A seni conduct or devi ce prepared
fromthe anti-reflectise coating=eegposition of claiml. 15. 13. A
sem conduct or devi '< epared fromthe anti-reflective coating conposition
of claim'2, 14. A duct orp devi ce prepared fromthe anti=reflective
coating conpositionkQf clAaim3 | 20 15, A sem conductor device prepared
fromthe anti-reflectt™y€ coati nggng:posi tion of claim4. 16. A
sem conduct or devi ce pf[epared tqm e anti-reflective coating 25~ .
conposition of claimb5g 1.7. A sgm conductor device prepared from the
anti-reflective coating conposition of claim6 . , '18 .- A, serniconductor
device prepared fromtge=mnti-refl ective coating conposition of claim?7 .
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the anti-reflective
~ 8 ~; wherein the
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TS A’500'mI round boftom flask was charged with 0.1 muole of acetoxystyrene / 0.1
mole of 4-hydroxybutylacrylat¢ while stirring and 300 g of separately prepared
tetrahydrofuran was added to a complete mixture. . Thereafter, 0.1 ~3.0 g of
2,2’-azobisisobutyronitrile was added.to allow a polymerization reaction at 60 to
75°C undex_’ a nitrogen atmosphere for 5 to 20 hours.  After the completion of the

20 reaction, the obtained solution was precipitated with ethyl ether or n-hexane solvent

and then filtered and dried to obtain poly[acetoxystyrene-(4-hydroxybutylacrylate)]
resin of the following Formula 9 (yield: 79%).
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prepare tetrahydrofuran was added to a complete mixture. Thereafter, 0.1 ~ 3.0 g

of 2,2’-azobisisobutyronitrile was added to allow a polymerization reaction at 60 to
75°C under a nitrogen atmosphere for 5 to 20 hours.  After the cornpletion of the
reaction, the obtained solution was precipitated with ethyl ether or n-hexane solvent
and then filtered and dried to obtain

10 poly[acetoxystyrene-(3 ~hydroxypropylmethacrylate)] resin of the following Formula
11 (yield: 84%).

Formula 11

c—=0

CHj

Example 6: Composition of poly[acetoxystyrene-

15 (4-hydroxybutylmethacrylate)lcopolymer

A 500 ml round bottom flask was charged with 0.1 mole of acetoxystyrene / 0.1
mole of 4-hydroxybutylmethacrylate while stirring and 300 g of separately prepared
tetrahydrofuran was added to a complete mixture. Thereafter, 0.1 ~3.0 gof
2,2’-azobisisobutyronitrile was added to allow a polymerization reaction at 60 to

20 75°C under a nitrogen atmosphere for 5 to 20 hours. After the completion of the
reaction, the obtained solution was precipitated with ethyl ether or n-hexane solvent
and then filtered and dried to obtain
poly[acetoxystyrene-(4-hydroxybutylmethacrylate)] resin of the following Formula

12 (yield: 78%).
10
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Example 7--Preparation of an anti-reflective coating solution

A polymer of Formula 1 as prepared in one of Examples 1 to 6 and a polymer
5 of Formula 2 were dissolved in propyleneglycolmethylether acetate(PGMEA).- The
obtained solution was filtered, coated on a wafer, and hard-baked at 100 ~ 300°C for
10~1 OOO seconds. Then, a photosensitive film was app lied thereon and followed
'by a routine ultraﬁne pattern fabrication process.
| The cross-linking agent used is in the form of a polymer is designed to
10 maximize the cross-linking efficiency.  Further, it is possible to freely modify the k |
value of an organic anti-reflective coating by controlling the proportion of a primary
polymer. Thus, the present invention overcomes the prior art problem wherein the
control of a k value was not possible. |
Moreover, the anti-reflective coating resin includes two monomer having
“ 15 large sized chromophores, one of the chromophores has an effect of protecting
undercutting due to unbalance of acidity after making a film owing to a weak basic,
that enables a polymer made therefrom to achieve a high absorbance at the
wavelength of 193 nm.
Further, the anti-reflective coating resin dissolves well in all hydrocarbon
20 solvent, while does not dissolve in any of the solvents during a hard-baking step and it
does not experience undercutting and footing in a fabrication process of patterns.
Particularly, because the anti-reflective coating resin is composed of acrylate polymer,
11
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The present invention has been described in an illustrative manner, and it is
to be understood the terminology used is intended to be in the nature of description
5 rather than of limitation. Tt must be understood that many modifications and
variations of the present invention are possible in light of the above teachings.
Therefore it is to be understood that within the scope of the appended claims, the

invention may be practiced otherwise than as specifically described.
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" 1. Ananti-reflective coating composition co mprising &.compound of

5 Formulal: - | |

10 CHy

wherein: -

i

R,, Ryare cach mdependently hydro gcn or methyl

"R'and R"are each independently selected from the group cons1stmg of -H,

s -OH, -OCOCH3, -COOH, -CH,OH, alkyl havirg 1 to 6 carbon atoms'and alkoxy
' alkyl havmg 1to 6 carbon atoms;

n is an 1ntcger rangmg from 1 to 5; _
x and y each represent mole fractions ranging from 0.01 to0. 99,
anda compound of the following Foxmula 2: .
20 .

25

13



. U& ()->000211[ 2e2dEbCO< 9 10%& ()-F -7 SEP 2004
10960% () - mMLOYOL () -1 410%0% () - F@&L0%0% () -1y -

10%08 () - e2m2p2s22b332?2bC0<. 10%08' () -1 ! 3+

109008 () - 3' y10%0& () - 310%0& () -! F+10%00& () -

$10%08' () - 34RA+5,54,5051525g\ QFO< 100 100 100 10%0& ()-s910%0& () - 3
1090% ()-1 109%0% () - YEOMLOY%OL () - F25?51 SREWBA557=\ QFO< asz#109%& ()-!P

109& ()-& 109%& Rip2asFavae qayh@xdéip@wat(gc /@@%&y(o): -G R{ 48 2858aB\i9F0<

09Z& 1092& (
%0/;% (g)sft?f%é?%&/g‘ﬁf}‘g@f#loWP& () - 587898B8F8H8J8aB\ QFO< s109& ()-y9s*

10%& ()-3 | p94 10%& ()-! po4
10% } & () - MLOYZ&' ()-: t 109%Z& () - J8L8VBNBCB\ 8889yZ; 0<S10%M& ()- f 10%T& () -
F10%m' () -9d0%m&-()- KhelmtibEflEo8®s cdatitd of 01a2m518wﬁ5¥e¥m the c%ng‘pound of

0 F 10%r& ()-1 10%& (
0/< EEQ—@;LB ffﬁ’é‘}ﬁg%%&)(yfaﬁeﬁ % ?% ng?fOME’)gManate)] 10%m& ()-! | + )
10%1m8! () - (3L0%N& () - =>> >>>>>(>VVB0< 10%0& () - 8&10% ()- 10 10 10! aF.

109 ()-'fF " 109 ()-F s 109%m& ()-3 (>f>>??! @ @EvV80< ##10%0% ()-Z
3" 10%08& () - FF: B10%08 The-amti-e@4e8Y € Joating of claim. 1 wherein the compou.nd of

910%% BBaB 0<F410%3& ()-Y 210%0& ()~
10908 (§)TFf’6’3}&£& s(§>31¢f’éc@oxys erie-(3 Y droxypropylactylate)]. )
10 _ '
4, The anti-reflective coating of claim 1 wherein the compound of
Formula 1 1s poly[aoetoxystyrcnc-(4-hyd:oxybutylacrylate)]‘

5. The anti-reflective éoating of claim 1 wherein the compound of
15  Formula 1 is,pon[aoetoxystyrcnc-(2-hydroxycthyllmcthacry1atc)].

6. The ant1—reﬂect1ve coating of claim 1 wherein the compound of.

Formula 1 is poly[acctoxystyrenc (3-hydroxypropylmetha.cryla’cc)]

20 7. The anti-reflective coating of claim 1 - wherein the compound of
" Formula 1 is poly[acetoxystyrene-(4-hydroxybutylmethacrylat'e)].

8. A method for preparing an anti-reﬂectiv_e coating comprising:
dissolving a compound of Formula 1- and a compound of Formula
25 2 of claim 1 in an organic solvent to obtain a solution;
'ﬁltei-ing the solution to obtain a filtrate;
coating the filtrate onto a wafer resultmg in a coated
layer disposed on the wafer; and
hard-baking the coated layer.
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15 13. A semiconductor device prepared from the anti-reflective coating

composition of claim ‘2.

14, A semiconductor device prepared from the anti:reflective coating
composition of claim 3.

15. A semiconductor device prepared from the anti-reflective coating
composition of claim 4,

16. A semiconductor device prepared from the anti-reflective coating
25 composition of claim 5.

17, A semiconductor device prepared from the anti-reflective coating
composition of claim 6.

30 .. 18. A semiconductor.devioe prepared from the anti-reflective.coating

composition of claim 7,
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