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I T e e e e A e AR R RN
*159159* TI TLE Copol yner for gap filling materi al
conposition, preparation nethod thereof and gap

filling material conposition for antireflective -
coating layer 5 BACKGROUND 1. Field of the Invention

{111 Thg material  functioni ng as an anti ' ANMEAMIAIN®
coating layer, a nmethod of nmanufacturing a copg|syner

THL gap filling material, and a gap filling nmateri al
C osition including a copolyner 10 for a gap
filling material. 2. Description of the Related Art

seniconguctor,device is

R | . .
CoRpifr b 57 line Ha gL PP RES HER i rratian mathhthsreof and

egyal to Q.10 m crons has, been required for
galﬁﬂ“ﬁ‘ﬁdﬁtﬁpp “d“'?ﬂ?s'ﬂof‘ﬁ%r- anfjrgtlectivg coating lgyernt ogr at i on
(uLsl), and the like. Also, a lithography process
usi ng a wavel ength nmuch shorter than a wavel ength of a
conventional g-ray and i-ray area has been used. That
BﬁQEGRQUBEhI damascene is a method of formng fine
wiring, and is a mainstreamnethod used in a
manuf a&ield pHge prveeiaass for a fine seni conduct or
integrated circuit device. A damascene process forns
a fi picpanhgneangow erclares ate ianeepobtnienglor aay evap ofilliag material
sem conductor 20 substrate, accunul ates a netal -1 ayer
funghoningag ars entiefiastjve egating ilayet, adnetjodinf masifaa@uridg 4 bepolymer
W ring groove, and elimnates netal -l1ayer outside the
for\giap ifllgngymesviel, byd agapdiling wheriilo@mposidb@ivichaling a copolymer
polishing (CW) schene, thereby generating a fine
forligap éitlingi matexgpl. i nsi de the wiring groove. Al so, the
damascene process may be classified into a single 1
Frerrerererrerererrerererrerererrererrrr *ac0002*

2. Description of the Related Art

Recently, as a semiconductor device is high-integrated, a hyperfine pattern less
than or equal to 0.10 microns has been required for manufacturing in Ultra-Large Scale
Integration (ULSI), and the like. Also, a lithography process using a wavelength much
shorter than a wavelength of a conventional g-ray and i-ray area has been used. That is,
a dual damascene is a method of forming fine wiring, and is a mainstream method used
in a manufacturing process for a fine semiconductor integrated circuit device. A
damascene process forms a fine wiring groove on an insulating layer of a semiconductor
substrate, accumulates a metal-layer on the insulating layer including an inside of the
wiring groove, and eliminates metal-layer outside the wiring groove by using a
chemical mechanical polishing (CMP) scheme, thereby generating a fine buried wiring

inside the wiring groove. Also, the damascene process may be classified into a single
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damascene and the dual damascene. The dual damascene
process forns a via hole for accessing a
bottom | ayered wring, at a |lower part of a wiring
groove fornmed on an insulating |ayer, and buries a
metal -layer to both the wiring groove and the via hole
at the sane tine to forma wre, 5 thereby reducing a
nunber of processes to be progressing. The single
damascene process fornms a netal-plug inside a via
darhigxcénel and agbvdanRc&naRcknborms a buried wire inside the
W ring groove. According to the dual damascene

pr ocEg SduaPd&Rit &Rt Pforfhe \il G& hbR foPhdBREkifdNa bitom-layered
sem conduct or substrate, and a botton}layered Wi ring

witifz, hOA TR PaAr ST UPRRE vk fBfmedldh AN RsASMLRANGUEIOburies a
devi ce. The |nsulat|ng | ayer is accunulated on a top

mefii-1dyBe AR mwlaxga%vmd 9 viPhbI QR thE SIhEGhE Y& orm a wire,
coating layer is fornmed on the insulating [ayer, and a

theRID tr@ﬁ@c?rloSE duBEF of E)rdcggs@? ‘B@ pfrggreémo' r¢hé &hlle Qamascene

coating | ayer The photoresis ayer I's expoSe d

pro!fcesg IH) a‘lgy gfanglug u&'&fét 0%%%1e"i4?‘§ﬁ\‘?an Xﬁaafoprg gbﬁﬁéot \%l’rQ ds?de

cont i nuous eve o ed,
e ere an area of the vi a hoIe S opened S 15
ﬂmagéh%ggpﬁgd to the photoreS|st Iayer The

fl '
lagt y eo él?ncot to tl?e QRh4 n%ceneé%(gcets 3 r% nllcP?durc]td)r df‘GCPt ﬁzormela%n

eso Ion
oto

flected_ b surface o
o PRBORERs RS rg'ad wbP %at'axmf e el sg.agtwpw@n of
is . osed to ireflective,coatin Eag
e BT ek t i iy g nih S acoiBUELer aton b ¥iom-
referred to as a botton1ant| reflective coating

ayeremeym" CryAnSer HeE RS GRgURs layer s dpred of PR lv%%é%ﬂayeb and a
|ref%ect ve coat%ﬂ% | ayer . a d i ns atln

Ph?‘BreF‘éfr AYE ARTUREd ABfhs agHr %Weﬁgﬁﬂ' P¥F§ |ﬁ'§ﬁeﬁ’ %%ieﬁh% ‘W tis
t he toresi st layer as a mask. . The phot oresi st

exr?oa%? 8B PHasiga P*mrae& YReTE gatin Mplq By & fprmed, and is
elimnated and an inside of the via hole is filled

confinugusy deysloped.| andghirat @Riten Wherfeangip? of theivilghelatseneasd is
includes a dielectric conposition nearly identical to

trapscEbseh s thei phptgesisthlayaint The pniweflecyize cogtingntgyergis formed for

preventing lowering of a resolution and transmitting, to the photoresist layer, a light
reflected by a surface of the bottom-layered wiring, when the photofesist layer is
exposed to light. An antireflective coating layer formed on a bottom layer of the
photoresist layer is referred to as a bottom anti reflective coating (BARC). Dry
etching i1s performed with respect to the antireflective coating layer and insulating layer,
to form the via hole on the insulating layer by using the photoresist layer as a mask.
The photoresist layer and the antireflective coating layer are eliminated and an inside of
the via hole is filled with a gap filling material. The gap filling material includes a

dielectric composition nearly identical to a composition of the antireflective coating
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layer. To fill the inside of the via hole with the gap

filling material, the gap filling material is
accurmul ated on the insulating layer including the
inside of the via hole, and the gap filling materi al

on the outside the via hole is elimnated through an

et chback process. Wen the etch back process is

performed, a surface of the gap filling material 5

filling the via hole beconmes even, and a height of the
laystlr fTackll itlse imeide loy tiideia Sanewas ti gz?auﬁlfhﬂﬁeneﬁkfrlaﬁ NNBe gap filling

insulating laver. A second antireflective coating

makeX¥Bls acGunhi4tB®dn @ h&iBatink NSyl BHcludthel BY Biside ¥ ehediS BE1IRNEhd
phot oresi st laver is forned on the second

theAdHpi filBh¢ AfatdrMe on GRAbIEEHe HRVEE holENE «BRGFRAM BRRERLE Stchback
Iayer i's exposed to light by using a photonas wher e

Re I iANg Riot ; t
ey SIAHIRIARRNI LD b AT i S RN

fllﬁﬂoath\l,:‘Qla%dh,S b%%@%véns ahd qrh% k Q?gle sgrfgl{é 1s§1%%’?}€wf¥1tehsame as a

photoresi st layer. Dry etc |ng I'Ss orne

surfdee %?me 15&1&1?1‘3 l%?ong eﬁ&tt vg%o gﬁ%tlh)%? 1{ ﬁ%f%d on the

and is conti ntously per orne to a

mshﬂtn‘?J Iay@ry Ghd qlsgéo%?tﬂhﬁpo’res sp ?aﬁlgnlb % t{) er(ril (g]lgthe sacond angreflectlve

ve’on a
coﬁﬁlﬁ tl%\%felsﬁﬁ{ I Vcae:lcilnedr | goreﬁmt ‘faVﬁg]%sne%tpg%ﬂ é% ﬁt b)t %ir%ﬂiegphotgmask
reflect ive i.m nat ed, fil
Whﬁ% ae P FEPIE Rfhe bRnehad T soRinGgi frehRPecnd e s
urface the b tton} yered exposed .
Pa%ﬁm AR P o TR R FoNCE B e wcpvcﬁahqtgremst
f or med |nS|de the via hole and wiring groogve,
layer b5 etghigpels PF?OWM reaQPCéto dses .%gre@eﬁeﬁeoevnaalayer
ol d-platin gchege é insul ating |ayer including
andiy OREREY GFTIORENID 2 EVE SLH IDREINFT SiFg - die e
e copper-layer outside the wiring groove is
a “@PPWWH? B0 BYCR HehEKP holthertBe sovad gapetiyctivg ngrrfatebmr@red
that is used in the damascene process does not have an
afieribe secend RIOITRYst 1t isicBminaiadd  Shep trasscandgapreflpetivedgyer is
function when the via hol'e and a trench are pattern
elimpiaggd the gap BHing w&ate’ehflewa diectinholg igsorediminated, and the surface
Conventional ly, mat eri al having a high optica
of @%mttoyﬂ Haere@)efeﬁng:seéxmmd pug Jaweg rereofvthe viroheleand epper

w1r1n0 is formed inside the via hole and wiring groove. A copper-layer is formed, by a
sputtering scheme or a gold-plating scheme, on the insulating layer including an inside
of the via hole and the wiring groove, and the copper-layer outside the wiring groove is
eliminated by the CMP scheme.

The gap filling material that is used in the damascene process does not have an
anti-reflecting function, and only has a gap-filling function when the via hole and a
trench are pattern-processed on the semiconductor substrate. Conventionally, a

material ha\}ing a high optical density has been used for burying the via hole and a
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contact hole in the dual danascene process. However,
occasionally, the gap filling material is
insufficiently filled or a void is generated although
the gap filling material fills the via hole and
contact hole. Also, when a conposition of the gap
filling material is not |ight-absorptive, the
antireflective coating | ayer needs to be separately 5
inserted during a trench patterning process or the

co@idti Hodf regikidugl 6addstdt@ Pradess. 1owRar i dceMionhdy, Qﬁe GRRiIthe
over the conposition of the gap filling nmateri al

madefaP isSinRETiEioNt Y MldCRat VAd is Sdneldd@ ARSLAT 91%'035 filfifemERNal
havi ng an unnécessarily high unit cost- of

fillfRRM AL hile! Q- confdt BB, ATsITBIIRE] ?lcoﬁlpﬁﬁu&aﬁf e oy gan, f1|111r1°

anti-reflecting function and evenly ft s the vi

ma@al PR rlwhp%éfn&)h% ant by dgyal o Qggmoji%yélr{wag bfefaé]g‘)arately

aspect of ‘the presént Invention proVides a gap

msgﬁéoe(fdrﬁl a(‘tw&tiegﬂﬂloﬁgrtoggts of te! aﬁtu%ﬂeém/% Szrlhnﬁ;igyc’etr r1sarteceiu1red

hout “a voi d even

to b?gd’a?eiasd\ggthe%oglg)gs%?én otr[B %,Pe%mc aienrla g}o 2 apsg{é irngf%ggtlsng

hot or esi s

of ‘itl}eptpo][t&??sqt there%?etavglg %%I Lér]nﬁgeré%a\ﬁ g%sohglgﬁto (?Sl 0 r%anu actu%no

Ing nmateri a

e SRR s s S0 5050 HASaTRRe vi ee s

nven re is provided a copolyner for a gap
lm?ﬁmﬁﬁﬁﬂﬂﬁﬁF%Pg apedt unctioning as an antireflective

coating layer, as expressed in 20 Chemical Fornula 1
bel ow, [Chemical Formula 1] RR6 R7 a G d OOOHO O

suMMARY” ©

An aspect of the present invention provides a gap filling material composition
that fills an uneven substrate without a void and improves evenness, thereby increasing
a process margin when a lithograph process of a photoresist is performed.

Another aspect of the present invention also provides a copolymer for a gap
filling material included in a gap filling material composition, and a preparation method
thereof.

According to an aspect of the present invention, there is provided a copolymer
for a gap filling material functioning as an antireflective coating layer, as expressed in
Chemical Formula 1 below,

[Chemical Formula 1]

Ch P

m{v
o @] o O o @]

1 3 4
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R R RBR4 4 wherein R, R, R3, R4, R5, R6, and R7
are i ndependent fromeach other, R is hydrogen or a
Cl-10 al kyl group, each of R2, R3. and R4 indicates
hydrogen, the C-10 alkyl group, or a Cl-20 aryl al kyl
group, each of R5, R6, and R7 indicates hydrogen or a
nmet hyl group, and each of a, b, ¢, and d is a nunber
indicating a repeating unit in a main 5 chain, where
atb+c+d = 1, 0.05 < a/(a+b+c+d) < 0.95, 0.05 <

b/ (ashetét @), K, R;9R,, B, R, hd K/ fré@tigperfdbntFrdin &b &HQ R, is
0.05 < d/ (a+b+c+d) < 0. 95. According to an aspect of

hydrb€erPsr&SE N 0 lalKYE BlouPbach BERE R, Sarﬁﬂ@;"xh@*@ﬁesah}m%ﬁﬁdthé’tl 10
nanufacturlng fhe copolymer for a gap filling material

alk9f glohi® Or @at1-F@ hid Troup! h@ach %?k@qg hﬂpkygﬂd[}gteﬁ]hydroden ora

perform ng polynerlzatlon of a maleic acid

me®l ofRp Mk ¥haAH & 210, cC? For iy u%fggﬂrtﬁ@ﬁoea x%gpa(l)mé'ﬁ?ft iff® main

expressed in Chem ca ow;~ an orm ng

chdi€ GO0k 14 hgl @@s{r@%&{cﬁfe%@%of OB)[I%]bﬂcz W'd.%,b'b% )

a copol yner an al Ct

AR TR | 1,080 5,00
R Al AfIERRATRA OF B R RS0 Fye i RIS or

o B i R Hrr Lol iR, S bt

ol %w&%s&ﬁ% i o o i g

= 0.95, 0.05
co%ﬁ%@ﬁ;tgcq_e&%ra@ 6Opg§/<meg/a((§ge-;g:e%;e%) 1n<Chem1cal Formula below; and

performing reaction of the polymer of Chemical Formula 2 with the a copolymer and
C1-10 alkyl alcohol,

[Chemical Formula 2]

T

Ry Ra Ra
wherein R, Ry, Rs. R4, Rs, Rg, and R are independent from each other, R, is
hydrogen or a C1-10 alkyl group, each of R,, R, and Ry indicates hydrogen, the C1-10
alkyl group, or a C1-20 arylalkyl group, each of Rs, Re, and R indicates hydrogen or a
methyl group, and each of a, b, ¢, and d is a number indicating a repeating unit in a main
chain, where a+b+c+d = 1, 0.05 < a/(a+b+c+d) < 0.95, 0.05 < b/(a+b+c+d) < 0.95, 0.05 «
c/(a+b+c+d) < 0.95, and 0.05 < d/(a+b+c+d) < 0.95.

The polymerization is at least one of a bulk polymerization, a solution
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20 c/ (atb+c+d) < 0.95, and 0.05 < d/(atb+c+d) < 0. 95.
The polynerization is at | east one of a bulk
pol ynmeri zation, a solution 5 polynerization, a
suspensi on pol ynerization, a bul k-suspensi on
pol yneri zation, an enul sion polynerization, and a
radi cal polynerization. The gap filling materi al
conposition is spread on a top of a |ayer to be
etched, the spread conposition is harden through a
polpauktifegiofr @CRSSension hdlyiter@awor, id bumGubph8bh olynRerizition, an
accunul ated. Also, a photoresist is fornmed on a top of
emtiR®n@aRnierizhidhagaited Qtical polyohgizh@inred photoresist is
exposed and devel oped to forma photoresist pattern,
t he p filling material .is etched by using the
phot g‘?hés%agtfﬂlﬂ‘@trﬁfé?wl SeMBESikandh pRTgAdRIskioP £ 8 TayReto begiched,
is etched to forma pattern of the |ayer. Additiona
the sgrsad campesiiian ip bardem Hagush ahpkinstrieress. ad theezap Mg mayarial
~will be set 10 forth in part in the description which
1s gegpmpiaed anlso. # phesaresist iwj fprmegeonap pamr efnthe feap fllingematerial, the
description, or nmay be | earned by practice of the
formad phptorsist BREEPSQESCRIFVEICDRI OF fIHHE 2 DIRAWKNES pTtgsethe gap
and/ or ot her aspects, features, and advantages of the
fillingueaieiiabns wich¢d byl Bsihe thenphoaypint @atteraasd anerabinzematkl ynd the
appreciated fromthe foll ow ng description of
layerxie pohet tp fenmbo datreenofsthe tagkren i n conj unction with the
acconpanyi ng drawings of which: FIG 1 is a scanning

€ oo AR P EARGOP R RIS AL B BRReck o bl By TR W be et

conmposition O I's™spre
ubstr.at e 0 DETAI LED CRI PT] ON Ref erence will _now
roroR ol e AEiePTOl PR JRTYAT Peboibatorii B B Fom he
desBl[iSts ennE)r rl]gvgenlte!ir(r)lgd b exazic'?tPc'e%? th%finmitigrt] are illustrated
it head onpanylngyﬁ?aMAngs, |

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects, features, and advantages of the invention will
become apparent and more readily appreciated from the following description of
exemplary embodiments, taken in conjunction with the accompanying drawings of
which:

FIG 1 is a scanning electron microscope image of a gap filling material

composition of Example 1 which is spread on a substrate.

DETAILED DESCRIPTION
Reference will now be made in detail to exemplary embodiments of the

present invention, examples of which are illustrated in the accompanying drawings,
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6 wherein like reference nunerals refer to the |ike
el ements throughout. Exenplary enbodinents are

descri bed bel ow to explain the present invention by
referring to the figures. Hereinafter, a copol ynmer

for a gap filling material functioning as an 5
antireflective coating |layer is described. The
copolyrmer for the gap filling material having a

function of the antireflective coating layer is
whezefir BB edereficeChgnidraia| refe@rtaitha like R (htdigAbIGal Exemplary
Fornula 1] RRER7T abcl T d OOOHOOOOO O(g
emBbdiMEnRArd esdidbddedetow Blexgidn thiBpre&t if¥entidRbpy ARIHRY to the
are i ndependent fromeach other, R is hydrogen or a
fighrs. 10 al kyl group, each of R2, R3, and R4 indicates
hydr ogen, the Cl-10 al kyl group, or a C 1-20

aryldrdyified! QURopA ere@&h a0%za 525611 RP @1@1@1’157 fur{ml)ﬁ:lﬂg €& an
hydrogen or a methyl group.” Al so, each a, b, ¢,

t t
R S 2?( 22L+c'+3) P
0.9 0 / + 9
c/ (grh6+89"3’)y§“é?o(c‘%;h‘+c D e Oty e(‘g‘f é‘gcv:‘qa)a g of the
ant Eﬁéﬁﬁ@é’g tlﬁg aR’QI‘eltS gﬁgegsé& Jnué;%{rﬁ'&tl %om?ula F%globe variously

an aver age ol ecul ar

mel 0 i ncrease filllng ability, a second
IS ng%égdqﬁﬁma Iﬁght absorptive material of

| i ght-absorptive ch calﬁ to a ﬁaln chain of a

pol yner; and a th|; ct usi ng the
Iight-ﬁt‘ |aI "gfénl ng
O O O O
OHQ 9 Q
R4 R Ra R4

Here, Ry, Rz, R3, R4, Rs, R, and R; are independent from each other, R, is
hydrogen or a C1-10 alkyl group, each of R, R3, and Ry indicates hydrogen, the C1-10
alkyl group, or a C1-20 arylalkyl group, and each of Rs, R¢ and R; indicates hydrogen or
a methyl group. Also, each of a, b, ¢, and d is a number indicating a repeating unit in a
main chain, where a+b+c+d = [, 0.05 < a/(a+b+c+d) < 0.95, 0.05 < b/(a+b+c+d) < 0.95,
0.05 < c/(a+b+c+d) < 0.95, and 0.05 « d/(a+b+c+d) < 0.95.

A structure of the gap filling material may be variously designed. A first is
adjusting an average molecular weight to be low to increase filling ability, a second is
providing a light-absorptive material of light-absorptive chemicals to a main chain of a
polymer, and a third is respectively using the light-absorptive material and a hardening
agent polymer that is not able to absorb light. In general, the light-absorptive material
is separately used for adjusting an amount of the light-absorptive chemicals. Also, a

hydroxyl functional group, a glycidyl functional group. or an acetyl functional group is

-~
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20 agent polymer that is not able to absorb light. In
general, the |ight-absorptive material 1is separately
used for adjusting an anmount of the |ight-absorptive
chem cals. Also, a hydroxyl functional group, a
gl ycidyl functional group, or an acetyl functiona
group is 7 mainly used as the hardeni ng agent
pol ynmer. The copol ynmer for the gap filling materi al
functioning as the antireflective coating |ayer

ma@ P LIS thel HardehB gabet @olghiRAl cal Formula 1 introduces a
carboxyl group to enable I i ght -absorption and

t herrRs&ipbiyigr faNthel 8! HORS Aabd HufctRAind a”&»nmdd'nh%ect@e

known as having an excel | ent etching speéd

cozmaqamfe&&esse@lmg Qggveoéhamea%%uﬁ'mtrw&e&%%x{sﬁ eroup

for the gap filling material functioning as th

o SALS4Saltho o o USRS

knb@h agﬁ%% 1200 ek bdife] PchH‘PJ tlgl functioning as the

ant [&ctive O codt i I'ng | ayer expressed in Chenlca

For “Elr'éré’inéf]gér Cﬁ“}%&% G

em ca I%ornu

a-Y nr 1ozn{ilrt10|a(1)s [lrfbf? gmﬁfaweg*r% E dri)gﬁ a gcgment will

facl?r OUQJP]e nc%nury%% l{for i oap filling

dhpoun
b reachcfn ternedlate of Chen1ca| Forrmul a 2 and al kyl
egF%g 1" emical Fornula 2] R6 R6 R7 a b’ c4--~4- d

He, R4. R5
R6 ﬁwdcqa?%a}eé AP e PSR R i & s cHtg e

cofy i der grTed T GFTIEY FATRYE s Bapifagied typugh manuticturing

a polymer of Chemical Formula 2 by performing polymerization of the maleic acid
anhydride and an acrylate compound, and performing a reaction of a reaction
intermediate of Chemical Formula 2 and alkyl alcohol.

[Chemical Formula 2]

Here, Ry, R3, R4, Rs, R¢, and R7 are independent from each other, each of R,, Rs,
and Ry indicates hydrogen, the C1-10 alkyl group, or a C1-20 arylalkyl group, each of
Rs, Re, and Ry indicates hydrogen or a methyl group, and each of a, b, ¢, and d is a
number indicating a repeating unit in a main chain, where a+b+c+d = I, 0.05 «
a/(a+b+c+d) < 0.95, 0.05 « b/(a+b+c+d) < 0.95, 0.05 « ¢/(a+b+c+d) < 0.95, and 0.05 «

d/(a+b+c+d) < 0.95.
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R5, R6, and R7 indicates hydrogen or a nethyl group,
and each of a. b, ¢, and d is a nunber indicating a
repeating unit in a main chain, where atb+c+d = 1,
0.05 < 20 a/(atb+c+d) < 0.95, 0.05 < b/(atb+c+d) <
0.95, 0.05 < c/(atb+c+d) < 0.95, and 0.05 <

d/ (atb+c+d) < 0.95. 8 In this instance, the acrylate
compound is at |east one selected froma group

consi sting of nethyl acrylate, ethyl acrylate,

| SOPmeRY insAaEe kirtRryldle BERRYhd RC: Ydadli e s@ectBWEr¥in a group
acryl ate, isobornyl acrylate, 2-ethyl hexyl acrylate,

coRFdiRy bf ﬁethpggcwh@,t Ehyl GER ke, is%s‘topacarcy)hﬁ&.%-pﬂgg%%gm, n-

met hacryl a n- propyl nethacrylate,” tert-

bufwglég?l%{ey#ségcﬁnylgc légﬁt’lyelttr)’ﬁﬁegpﬁéggﬂth?,trﬁethgflﬁlqgg%cﬁ%tﬁ, ethyl

et hacryl ate,” cycl ohexy crylate,”iso

B 4 A R0 B OORIE Dy e -

acry zy
- h h .
L e
| 1- h t 2-
m RS M one AL YR PR 2 B et

el € BBl AR PR e ep S e ol fecny

structure, the carboxyl group hein nuf act ured by
ot i Gre T e e P o R i B e g Lo
Fornmula 2 with alkyl alcohol. The gap filling
a"WﬁF@F@ZV“ﬂﬁ%ﬁﬂa?he copol ymer manuf actured according to
an enbodi nent is spread on a substrate and is harden
dur i MGERORYKITALP FrReEeuth the ispdeBingiagepakaving & functional group
di ssol ution resistance agai nst a solvent. That is, the
sughads Fp12] pitythedikert 4prmf p |cFasslinkingositugienre. Kog earberd! aropp eing
hol e, and becones insoluble in a photoresist sol vent
magptagiurady nngrepeging of ghe rpactin insermediatredf<Hhpnmiesl Forgnuda 2 with
stability. Accordingly, the copolyner manufactured
alkybelephel-nglhecean Aillggspeemad yoing thergerolymes marufhgiyed agcgrding to
na% be used as the hardening agent polynmer in the gap
an embpdifgnivg safepdPn & sHpgaietandns hardentiemgtahimkingl pyoasss. dfereby
Chem cal Formula 2 is manufactured, a regular
having a dissolution resistance against a solvent. That is, the gap filling material fills a

contact hole and a via hole, and becomes insoluble in a photoresist solvent after the
photoresist is spread, thereby having a stability.  Accordingly, the copolymer
manufactured according to an embodiment of the present invention may be used as the
hardening agent polymer in the gap filling material composition.

When the polymer of Chemical Formula 2 is manufactured, a regular
polymerization, such as a bulk polymerization, a solution polymerization, a suspension
polymerization, a bulk-suspension polymerization, an emulsion polymerization, and the.
like, may be used, and a radical polymerization is preferable. A general radical

polymerization initiator, such as azobisisobutyronitrile, benzoyl peroxide, lauryl
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pol yneri zation, such as a bul k pol yneri zation, a

sol ution pol ynerization, a suspension polynerization,
a bul k- suspensi on pol yneri zati on, an enul sion

pol yneri zation, and the |ike, may be used, and a

radi cal polynerization is preferable. A genera

radi cal polynerization initiator, such as

azobi si sobutyronitrile, benzoyl peroxide, lauryl 9
per oxi de, azobisiso capronitrile,

perdZidbl SobR1kal @pPRitile] hzobdidvilerfiyl, aRY drbaRemQdlop&oxidRdand
the like, is used without limt, as an initiator for

thetln@ i A6HAGAkh RO MITEAs] 2 3hiki s fo?\tlféqm’lgﬁ rpbm{e'rl%ho%o' vent
is at | east one selected from benzene, "t ol uene,

xyl %E@lyn@ﬁ&&@ﬁﬁ@@l‘if@ﬂ iDRNERNEne sgle@lteBYIlonﬁgelﬁ%ne toluene, xylene,
tetrahydrofuran, esters, ethers, |actones, ketones, 5

haldPhaRll 8 Sene AdRAyY BBkt 28% M98 kG IR &L U efhekS lactones. ketones,
approprlately sel’'ect ed depe nglng on a type o the

and Q fde@t OA zgt%ﬁl @Hp@ﬁi&@gs gdtprc'(%; IDRW F]e%hté%if déptél?dino on a

ol ymer approprlate
typ@!ﬂgwlpet m%attée[?efthgg%gﬁélj n\é‘?l%llita 1str1 Lllt}olnatf%e g{),}léra]er {sea%%)}opnately

BSOS S APORTRL LT APl
Aﬁ b{ac§|on or & g |tat| n u5|n8 a 10 iolvent. VWhen
¥ erPa &eéﬁ%aoﬂn'al e OV ARG AP 4B UPEArRE MaBYECT e
tion qg H , %g_ e 5 a difficult in obtaining
in %rea%%%“—é’alpﬁﬁ? R & Politgretet RY 8t gHTa PR gL BieciPyafon using a
rn1%§ n chromato ra hy due to generated car boxylic
Solgféf}t Ateeo? dinggingne § aeis ap V\ﬂléf"gH% g uc{eﬁemp&eyf?é?uon
of Chemical Formula 2 which is pol ynmer prior to
COpROYTY- hETSds B gEHEY! iR dfripe ée%qeearﬂswulaé wiegghg fheoHel @ regular
when .t he | ecul ar, wei ght is 15 adjusted. That is,
ge]\/\B?rﬁﬁ%SloévgBQ‘@é‘&gWB\%@H? aP SRRt equxpiléc aeidynéﬁcefimﬂy
Chemcal Formula 2 in terns of polystyrene through
malqalag aeight Phihsshabyme i drhstigit dgryula 2 ‘&%‘Slmtls a Pokw@r pgor to
about 100, 000. Here, the polynmer of Chem cal Fornula 2
being ringeonsatd, with Chdf oHleohpkinerierprigd opeancthe mplenlart weight is
_ ht - aver aged nol ecul ar wei ght of the polynmer of
adJ@ﬁé% cEat Feanyi¢ightoaviernged afodachlsr weidho of U5 pdpmenofaBbernical
10, 000 considering a 20 solubility of the solvent, a
Foemleadn Ry [94 pela statens threughahelgel psuhiksion elmbmatography is about
crosslinking. Also,
1,000 to about 100,000. Here, the polymer of Chemical Formula 2 is the polymer

before being ring-opened.  Also, the weight-averaged molecular weight of the polymer
of Chemical Formula 2 is preferably about 5,000 to about 10,000 considering a
solubility of the solvent, a spreading characteristic, and a sufficient crosslinking. Also,
the molecular weight distribution of the polymer (PDI) is preferably about 1.0 to about
5.0, and particularly preferably about 1.5 to about 3.5.

Polymers expressed in Chemical Formulas 3 to 6 are detailed examples of the

polymer expressed in Chemical Formula 1. However, the examples are not limited

10



t he nol ecul ar wei ght distribution of the polyner (PDI)
is preferably about 1.0 to about 5.0, and
particularly preferably about 1.5 to about 3.5.

Pol ymers expressed in Chemcal Formulas 3 to 6 are
detai |l ed exanples of the polyner expressed in

Chem cal Fornula 1. However, the exanples are not
limted 10 thereto. [Chemical Formula 3] a bcl O+ d

OOHOOOOOOO [Chemical Fornmula 4] 4 aabcd O
the@t®HO 0 O OO OO [Chemical Formula 5] abca OO
CHO0O OOOOO [Chemcal Fornmula 6] 11 abcl d O1
=001 OO0O00QO f
[Chemical Formula 3]

[Chemical Formula 4]

%Mﬁ*ﬁ*ﬁ” -

O o O

{Chemical Formula 5]

"‘"’i“ﬂi“*o g
d@ A

[Chemical Formula 6]

11
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O Here, each of a, b, ¢, and d is a nunber indicating
a repeating unit in a main chain, where a+b+c+d=1,

~ 0.05 < a/(atb+c+d) < 0.95, 0.05 < b/(a+b+c+d) < 0.95,
0.05 < c/(atb+c+d) < 0.95, and 0.05 < d/(atb+c+d) <
0.95. 5 Hereinafter, a gap filling materi al
conposition for antireflective coating |ayer
according to an enbodi nent of the present invention

wi Il be described in detail. The gap filling nateri al
conmposi t i rdi nmbodi nent of the present
I NVention—re «hF i npr ove

per f opyae arfig har ' f %he ymer and a

['ight- tive teDi ab” Oad@)tloh to the copol yner

and the additive may dnefude €rosslinki ng agent and
a thermal acid gen Thegﬁgp filling materi al
conposi tion accordi 0 an odi mrent of the present
i nvention may include™a cogﬁgund including a |light-
absorptive light or may i ude a |ight-absorptive

mat eri al separate froma polyner that is not

i ght-absorptive. In general, the |ight- absorptive

”at el{léré"ea&r? PRI a%ﬁ&}i 1y?%qn|%)geﬂiﬁlcgﬁqr{u£gégo el At Qhin

absorp I'vé them ca

cha1 \%ere a-@+c}a—8—l Q)Oé e %/L I nClaﬁdld@% %O%r Ot%/&w nklﬁi‘}]ggﬁét 803 <

rargh
N P | i ght - absorptive
CKﬁﬁF@??hl %ﬁ (%@g ggp Formul as 7 and 8.
0

cal Fornul 0.0
g g{: eleﬁ-&sr a gap ?ll n]cy materia composmoan)or antlreﬂtctlve coating fayer

for the é {illipg 10 ﬂterlg/Jof Chem cal Formula 1,

according to an embodiment of the present invention will be described in detail.

The gap filling material composition according to an embodiment of the present
invention may include an additive to improve performance and hardening of the
polymer and a light-absorptive material in addition to the copolymer for the gap filling
material of Chemical Formula 1, and the additive may include a crosslinking agent and
a thermal acid generator. The gap filling material composition according to an
embodiment of the present invention may include a compound including a light-
absorptive light or may include a light-absorptive material separate from a polymer that
is not light-absorptive. In general, the light-absorptive material is separately used to
control an amount of light-absorptive chemicals. The light-absorptive material is a
polymer including a crosslinking site at an end of a side-chain or a straight-chain, and
also includes a monomer-typed light-absorptive material expressed in Chemical
Formulas 7 and 8.

[Chemical Formula 7]



(@)

10

OO0OCH3 IS S O 11 11 Here, RBis -0- 0 CH3 or and
RO i ndependently indicates hydrogen, a CI| -10 al kyl,
or a Cl -10 al koxy. [Chemical Forrmula 8 OOH 0.. ~
ORi RO10 HOOOCH3 -SI - OHere, RRois -0- , O
CH3 or | and R11 independently indicates hydrogen. a
Cl-10 al kyl, or a Cl-10 al koxy. The crosslinki ng agent
is a conpound containing at |east two crosslinking
functional groups, and exanples of the crosslinking
agent incbude an am noplastic 10 conpound, a

mul ti R§ingti onal epoxy resin, and a m xture of

di anhyglri Al so, _the crosslinking agent is at |east
one selpet/éd™ @ngéi%LQHp<§§Fsb 1'ng,.of Coxet anyl .
oxazol% n, cl oc nate®_af coho $T§%H

am nonet hyl ol . al koxynet hyl, aziridi r, Tethyl ol

i socyanat e, al koxynet hyl am no, and nail 1 functiona
epoxy. Exanpl es of the am noplastic conpound include
di net hoxynmet hyl gl ycougil, 10

di et hoxynet hyl gl ycourfl, a xture of
di met hoxynet hyl gl yceugi+ ang}—— o)

I
Here, Rgis —O0—, o CHs  or —”—

indicates hydrogen, a C1-10 alkyl, or a C1-10 alkoxy.

, and Ry independently

[Chemical Formula 8]

0
$—0H
— —i ORyy
Ry 40 i—f 0
HO
0
0 CHj
Il
Here, Rjgis —O0—, O CHy —JJ—,andRll

independently indicates hydrogen. a C1-10 alkyl, or a C1-10 alkoxy.

The crosslinking agent is a compound containing at least two crosslinking
functional groups, and examples of the crosslinking agent include an aminoplastic
compound, a multi-functional epoxy resin, and a mixture of dianhydride. Also, the
crosslinking agent is at least one selected from a group consisting of oxetanyl, oxazolin,
cyclocarbonate, alcohol silyl, aminomethylol. alkoxymethyl, aziridinyl, methylol,
isocyanate, alkoxymethylamino, and multifunctional epoxy.

Examples of the aminoplastic compound include dimethoxymethylglycouril,

diethoxymethylglycouril, a mixture of dimethoxymethylglycouril and

13
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13 di et hoxynet hyl gl ycouri |

di et hyl di net hyl net hyl gl ycouri |,

t et ramet hoxynet hyl gl ycouril, hexamet hoxynet hyl
mel am ne resin. and the like. Also, MY720. CY 179MA,
DENACOL, and the Iike may be used as the

mul tifunctional epoxy. It is preferable to use the
thermal acid generator as a catalyst to accelerate a 5
hardeni ng reaction. As an exanple, the thermal acid

die@RIR@M3ihOIgl ycBurdlt die@3FdimER PnfeflyBdy @ ril, frdtRMeth oy MMyl glycouril,
consi sting of toluenesulfonic acid, am ne salt o?

hedaodcd@R@SBInk DREIGmafeirthin, aRY HedikBe ABbIMSF20. CY179MA,
tol uenesul fonic acid, al kylsulfonic acid, am ne salt

DENAGOKYAnghd P rﬁa}gs%:i ed 23R4 rrﬂYt[f.lu%itiBﬁal%BM , of

al kyl sul fonic aci'd. An organic sol vent used for the
gap f is?réf?&gbl@'% frde! tﬁé thEP b %;Er%?atblsasaatca{a&gﬂo 20 %erat%gi
sel ected froma group consisting of propylene jiyco
et : col  nononet
AR, B e PR Ry CROREL M
et her

: - l. et . di | 1 de.
LB BSSEl e BleRgRHs oS P RE R 5
2t.hanol t hyl.. 3- net i onat e. d ethyl .
oo SN2t OB T R BERL 00 B R B b
it di.ng. nbodi t th t
andf REAE 5 oF REVISHECT S8t 0.1 wabto about 40 a6 of
l'igh -absor?tive terhg%m%P,a total  conposition, and

pr ef‘et ABAIC PHLIHS 1 22 T8 COTRPETILB 1St one

lliggg-absor tive material in the total conposition.
selogiegprom ﬁe‘ir@@w%wtmgﬁé PHARY lePs Blye Sraneeretybethei (BEMERD| v

i ncl udes about 0.1 woto about 20 W% of pol yner in the
Propylens lysotguaiomed! etheiaceia SPOMEL oeclaherrnong ethy! lapreist

15 W% of the crosslinkigg agent in the total
Propglspo &ves! Srprory §ther dunsipd formpmise (BMFD. vibpywlaska ety

W% and nore preferably about 0.01 ws%to about 15 w%
ethgpols Retheiesthanel. gty Atesthaxy propionagy MR apdethyl bin.

According to an enbodi nent of the present invention,
etharpropionpie (BRN)- process, such as baking and the Iike,

is performed after the gap filling materi al

conﬁ'&@i gap HHinggnaterial composition according to an embodiment or the present
invention includes about 0.1 w% to about 40 w% of light-absorptive material in a total
composition, and preferably includes about 0.01 w% to about 15 w% of light-absorptive
material in the total composition. Also, the gap filling material composition preferably
includes about 0.1 w% to about 20 w% of polymer in the total composition, includes
about 0.01 w% to about 15 w% of the crosslinking agent in the total composition, and
includes about 0.01 w% to about 20 w% and more preferably about 0.01 w% to about
15 w% of the thermal generator in the total composition.

According to an embodiment of the present invention, when a thermal process,

such as baking and the like, is performed after the gap filling material composition is
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14 spread on a wafer, acid is generated fromthe
thermal acid generator, a crosslinking reaction
between the |ight-absorptive material, the polyner.
and the crosslinking agent that is used as the
additive is accelerated wth the generated thernal

acid, and thus, a gap filling material that is
insoluble in an organic solvent is generated. The gap
filling 5 material fills the via hole and the contact

sproftl 8 aabgfer, heTdeR Yeehdifted iffth \Wel ihBGndl SicfiOgeiB ior! HcRI@hking
t he dual damascene process. Hereinafter. a nethod of

reat@rTbdi@ech BALLRLAbsOHptide HRIEHGO MY RherdNd GE cHREIMRidNGent
gap filling material conposition according to an

tha€ @ rzelme Rldidees Ec%ﬁe_?aﬁéd WM R b @Rrard thbrnl® 2885 G1d REY 4

in detai The met hod 1 ncl udes spreadi ng an organi c

00T ) TR0, SR S s
T S e
BB g 01 (1 9o (1111 e

L I AT TS

phot or €si's rR as an et I "

the. layer.to forma pattern of the . 15 er. The. ,
eob a3t Bauh 0 BRUH AT pGeg P rosiimcoon

. rat.ure of abaout 150 'C to.  about 250 "C for abaout
W“_%S’%ECE%TP&Q inodety ufh%nﬁq}?ﬂtlégl.“dfﬁl Poeadiye; @} oxgaRig gamAding

b ddi ti [
moieSiot ST BROBRdoib! 1y B Pa R R, PRGOHR he spread composiion
organj c/inorganic gap filling naterial conposition on
throughphbakfingaprgesser FREBIRL SpirpssBrK ofosmrasemHatiar efetbk gamfidling

t he baking process is preferably perforned at a
mafesigh SPRURG doPhotapttit o tep b thpearchillingemateriali exposing and

exanples will be described in detail. [Synthesis
deyelopiis) 9P R RhREsEstst PRugp| @ching thergap dbling mRtepall Ryvesingithe
for gap filling materi al

photoresist pattern as an etching mask, and etching the layer to form a pattern of the
layer.

The baking process is preferably performed at a temperature of about 150 C to
about 250 T for about 30 seconds to about 5 minutes. Also, after a hard mask is
spread, the baking process may be additionally performed before or after laminating an
organic/inorganic gap filling material composition on a top of a generated spin-on
carbon hard mask, and the baking process is preferably performed at a temperature of
about 70 C to 200 C.

Hereinafter, examples will be described in detail.

[Synthesis Examples]

Synthesis Example 1: synthesis of polymer A for gap filline material
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15 20g mal ei ¢ aci d anhydri de, 20.42g nethyl
nmet hacryl ate, 34.31g cycl ohexyl netacrylate, 299
tert-butyl nethacrylate, and 10.37g Al BN was di ssol ved
in 342g 1.4- dioxane and a pol ynerization reaction was
performed at a tenperature of about 80 C for four
hours. After the polynerization reaction was finished,
the reaction solution 5 was dropped to nethyl al coho
to filter out a generated precipitate, and was vacuunm
dri @dgahileic doei aghydasdiez) st Me®T Ayekhaatytad) 034, BIQVeycadhexyl
times (nol ecul ar weight: 7800, PDI: 2.84, yield:
mefadiate, @8 g 23H bMACHBIMME IaRY aRDL Y BBRS AN whs @&Sol@dtin 342¢ 1.4-
tol uenesul fonic acid nonohydrate was mixed with 342¢

dioRBieinld 2ps1PheH zatigi thadridieRed pRforBS aPLlchpef®e ofhbdt 80 C
tenperature of about 80 C for 20 hours. After the

for "TEB@CAJUR) Wﬂ&_rfthf{‘i)@bﬁgmzaﬁlhﬁ rddtib £ 3al FARKEL I LRI Iution
dropped to distilled water to filter out a generated

wapaﬁ)ﬁ,b&i foa&@thvlaﬁgoho‘f‘@?ﬁ}’téc&ﬂf@ g@?@@% : 1ta|EEe,'aH%xV\yX§§'PSHJm—

distilled water (yield esl's

driéd iiﬁéfri)tel'h%s\!v%h (Ly i Ilﬁ&ﬁ{/l 5 Cd;tlg[ s&/@ﬁ#fti:nlehgﬁﬁlegﬁgre[v%l@ht. 2/%90

ei ¢ aci acr
rofs SR %@Wﬁm S L p——
) Tl
ac1<]' ‘m%fnoﬂiézgé %er’hel%(e%n\gl[ﬁ g?ﬁgr élm%]yf :%l ?nagé%aég%cgpn s rperformed

Aft th ti t fi
: %?emr? o i PTG SR o
t t t at d
Ao TR 40 S S e

t I I . 78 PDI: 2.79 | d:
wafs%ﬁ’mé&”g% SO Ei o Bl ekt 47 %! ©
t ol h .

te rat re of abo t 80 fér 20 hours A¢te- th
r eg%SP ¢ dh? Wﬁsach ﬁ?téVHé‘ae e mady| asthagyiaig |W1\&a‘é‘/‘310hexy]

0 qvto distilled water to filter out a %enerated
me&ﬁ@@f % benzyy meacriale qitn! 4P A 1B tve dbeplnef WatRed 4-
Wi th dlstllled water (yield: 59% . Synthesis Exanple
dioganesand el yraerization, Fepaan was prrfogapr £1 4 lempgraise of pbgut 80 C

for four hours. After the polymerization reaction was finished, the reaction solution
was dropped to methyl alcohol to filter out a generated precipitate, and was vacuum-
dried after being washed with methyl alcohol several times (molecular weight: 7800,
PDI: 2.79, yield: 59%). 65.28g vacuum dried polymer and !.lg toluenesulfonic acid
monohydrate was mixed with 365g methyl alcohol, and reaction was performed at a
temperature of about 80 C for 20 hours. After the reaction was finished, the reaction
solution was dropped to distilled water to filter out a generated precipitate, and was
vacuum-dried after being washed with distilled water (yield: 59%).

Svnthesis Example 3: synthesis of polymer C for gap filling material
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16 20g mal ei ¢ aci d anhydri de, 20.42g nethyl
nmet hacryl ate, 35.93g benzyl nethacrylate, 299
tert-butyl nethacrylate, and 10.53g Al BN was di ssol ved
in 347g 1.4- dioxane and a pol ynerization reaction was
performed at a tenperature of about 80 "C for four
hours. After the polynerization reaction was finished,
the reaction solution was dropped to nethyl al coho
to filter out a generated precipitate, and was vacuunm
dri edgaibielc bad nghhyésdee ROM2deh miagiyhythetrdceine) 3598er abenzyl
times (nol ecul ar weight: 7800, PDI: 2.82, yield:
mefR8y1at009d tertViatyi Undtbch B ste RAUVIEE ¢ NIBNI w dissolved in 347g 1.4-
t ol uenesul foni ¢ aci d nDnohydrate was mxed with 347g

dioWBtcild ApA P zatiom ebab @ACKAOPe RSP8I § RuiRANAL of about 80 T
tenperature of about 80 C for 20 hours. After the

forMBRAChMRN V)@t?erfth@})&bﬁgmzatuhﬁ réRA6E WAL fihRha&P ! HABI MBS Iution
dropped to distilled water to filter out a generated

waP Ei%'p@d k)aﬁ@bhyﬁﬂgoﬁ’(\@% ﬁM@IC(IJ{HrQ gernkﬁgzdg/r&g 1tapee'aH@ »\y@%&qlm—

th distilleéed mater yle esi's Exanpl e

dnéh Fﬁéﬁﬁe‘i}ﬁﬁ\'}vﬁ’sh %“g rﬁ&ﬁm @gr R ;.Aek (&gleremﬁe%&kt.%%ao.

eic acid an g net acryl a

D%S’) %39\,1@ n75¥>%7n%t &, hoa%é{llu%t 81’1%3‘3?(1@31% Q{&cf élayto%gﬁesgffé/rﬁg acid

hacryl at e,
378
P %g%#zd%get%ﬂ?coﬂoléeg LI B

f h th t :
ity 6 g e div it Dot T b G Gt Al giton

al.cohol filt t a {ated reci itate, and
solf&” Y diabpet o U p i e o R Rl Fiars nd was

| cohol |t | 7800, PD1:
Va‘%”%‘i“%‘l ‘%ger“&z%;hggi’”ﬁg@ﬁ%ﬁ%ﬁ%&@ﬁ%%8@1 ymer and 20

1. 19 toLuenesqu _' ] onohyd as n1§§d with

a tenperature of ab for 2 hours After
rearg)WN&%a?mﬁ@W&ﬁ Hﬁmyrpgmﬁﬁm%n%%@c b“””
dro ed to distilled mater to filter gener at ed

fa* 3513 B2 dRdYiRas saeumsihylathes r%ﬁﬂeaéfyl%l #Y hWhdted BN

mnth distilled water (yield: 60%.
was dissolved in 378g 1,4-dioxane arid a polymerization reaction was performed at a

temperature of about 80 C for four hours. After the polymerization reaction was
finished, the reaction solution was dropped to methyl alcohol to filter out a generated
precipitate, and was vacuum-dried after being washed with methyl alcohol several times
(molecular weight: 7800, PDI: 2.94, yield: 62%). 71.1g vacuum dried polymer and
1.1g toluenesulfonic acid monohydrate was mixed with 3782 methyl alcohol, and a
reaction was performed at a temperature of about 80 C for 20 hours. After the
reaction was finished, the reaction solution was dropped to distilled water to filter out a
generated precipitate, and was vacuum-dried after being washed with distilled water

(yield: 60%).
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17 [ Exanpl es] Exanple 1: manufacturing of gap filling
materi al conposition A 1.908 polyner for a gap filling
mat eri al manufactured by Synthesis Exanple 1, 2.85g

| i ght-absorptive material, 1.43g

t et ramet hoxynet hyl gl ycouril. and 0.10g thermal 5
generator was dissolved in 93.73g propyl ene glyco
nononet hyl ether acetate (PGVEA), and the solution was
filtered through a nenbrane filter having a dianeter
of [Bxampesjand thus, the gap filling materia
conposition A was manufactured. Exanple 2:

manyagipld! i: dehnGfaciARe bi Jdplfngnmaz@ﬁm%m%emaw lon B
1.908 polymer for a gap fillTing materral manufact ured

b & 8
o QAR ST O SRR BREPSPH AR Py

78tsh%mazlbsor%ﬂ,£h%¥e951 W?g?g = %Qgﬁbmﬁ%ﬁmane 2 oﬂl%f-‘lnal

the“sol ution was fil rou

oerlaaa%rngva@ g yiRtet, %‘37% 2 PP v@n@' uggc ; um%n(?m%gﬁ f{h'er' g@&aw

mat eri al COﬂpOSItIOﬂ red

(Pdﬁgg&aﬁh l1‘1&3I JE)%U?)B \'\gil@QlllfeJ'e :(t}kljf}%vhn? lt*n%miarane € o%{nt]g;ach ﬂpeé%r of

ertal o nand

02 “Wﬁu?sth %@PE% fng%g 5 ﬁ%{ ﬂ@%S%f?ﬁ%}?Jf i 0. 109

. and
SromAtaes &0 THY : it filter
h t f fi II|n
ngtvé aﬁm?veb%%%a%omp@ alring Emf:c&ﬂ S Yhasieding

facturin ing materi al conp03|t|on
2 8i° é‘gﬁ‘ %6‘1??%? mfl%fl 13‘3{5 t?f{ain}emg yRghake spurita sk 6499 hegmal
nt hesi s Exa 2.85g |ight-absorptive
gefﬁgat‘%y 2y dlSSf’lwsln?gﬂ%n%@w&éy rf*gfl HYT grlyeaurps filterd torongga
nerat oy was djssolved in 93.73g PGVEA, and

melREE o o s AT B O HBlugid alh Uty sthehHin (ERterial

having a dianmeter of 0.2 m and thus, the gap filling
corﬂmsglpina}ﬁ was manufactured. .

Example 3: manufacturing of gap filling material composition C

1.90g polymer for a gap filling material manufactured by Synthesis Example 3,
2.85g light-absorptive material, 1.43g tetramethoxymethylglycouril, and 0.10g thermal
generator was dissolved in 93.73g PGMEA, and the solution was filtered through a
membrane filter having a diameter of 0.2 pm, and thus, the gap filling material
composition C was manufactured.

Example 4: manufacturing of gap filling material composition D

1.90g polymer for a gap filling material manufactured by Synthesis Example 4,
2.85g light-absorptive material, 1.43g tetramethoxymethylglycouril, and 0.10g thermal
generator was dissolved in 93.73g PGMEA, and the solution was filtered through a

membrane filter having a diameter of 0.2 pm, and thus, the gap filling material
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18 conposition D was manufactured. [Test Exanpl es]
Test Exanple 1: stripping test A gap filling materi al
conposition was spin-spread on a silicon wafer, and 5
baked for one mnute on a plate heated to about 230 C
and thereby a layer for gap filling material is
formed. In this instance, the gap filling material may
be manufactured by Exanples | through 4. After
crosslinking, a thickness of the layer for the gap
coipdditidhoD WAL @lah@acrwea. measur ed, and the wafer coated
wth the layer for the gap filling material was dip
in greqlekembieset hyl lactate, for one mnute. After 10
conpletely elimnating ethyl [actate, the wafer was

bakeghsf BXanie1 MeiPbif PR @ plate heated to about 100
C, and the thickness of the |ayer for the gap filling

mat eA'O%b fWﬁﬁ‘o Prc@rqp@sg% LV flf@plﬁ E&“ {1 o&l]%(ﬂ-n wafer, and

measurenent, ere was no er enc ckness

bal&fd ftongé Mflte 09 ! Oﬁl&? heﬁgc? Eo Ql?otuY\@%] @ ef rfc:ir %er%é g?yer r}gr gap

ethyl lTactate an processi ng et

L f@"@?iﬁ%f@éac TELEH SRR o
oA GRS LRSS Pt o

mat eri al Hp05|t%ons

oy ST T TR TS TS0 S OR B6° WA so%ﬁwgﬁa@er Ly for the
' f d T checkin
S ﬁiﬁén%ﬁ Z%%%Hﬁﬁm ¢ G4k PV Gigagdof [ pgute.  After

nq 3 ap ing material conpositions
comp Fiebdegn@amcaetgv h‘éF‘é‘eaﬁ’& wafgy &/afhéill@doff)f angjgrpute on a plate
damascene pcess and was spin coated on a substrate,
heaiegy fm%éfﬁoe& 8¢ teni@ickness 06 thenlayes fpn de @amddlinggmeterial was
about 230 C. and thereby the layer for the gaP fillin
MERHIE PEAINWaRS aniePilF AE LR Basurgmenk; herenwas Ae eiffergecegipthe
filling materi al may be manufactured by Exanples 1
‘hl‘flﬂlmuﬁtha laygp fon the é%vef BetWepie befafs Priorgssing ethal daciasg andhsfter

identified through a . . N
processing ethyl lactate, with respect to all gap filling material compositions

manufactured by Examples 1 through 4. Accordingly, since the gap filling material
compositions manufactured by the examples is completely hardened, the gap filling
material compositions was not intermixed with the photoresist while a lithography
process is performed.

Test Example 2: checking filling-characteristic of layer for gap filline material

A gap filling material compositions filled a contact hole and a via hole of a dual
damascene process and was spin coated on a substrate, and was baked for one minute on
a plate heated to about 230 C. and thereby the layer for the gap filling material was
manufactured. In this instance, the gap filling material may be manufactured by

Examples | through 4. The layer for the gap filling material was identified through a
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19 scanning electron mcroscope. FIG | is a scanning
el ectron m croscope image of the gap filling materi al
conposition of Exanple 1 which is spread on a
substrate. Referring to FIG 1, a void does not occur

during a filling process of the dual damascene
process. Also, the gap 5 filling material conposition
has over 95% of a sufficient filling-characteristic
and has an excellent surface evenness after filling.

scdmﬁm@ug@mam&ﬁMk@%enplary enbodi nents of the present
i nventi on have been shown and described, the present

I nvemei PN iaSsdafting eMctEd rﬁn@roEJb%e dgasd 'op(?ﬁje gﬁﬁﬁ@lr@r aterial
enbodi nents. Instead, it would be appreciated ose

c01§ shttcﬁ’l%f'E}aﬁlB% Bhhich R hﬁgpr%%gf&b%IQalgayRé?&nﬁg‘ij@Ff@ 1. a void

ese exenpl ary enbodi nents w t hout depart romthe

doe\fl%lqu o SRk %ﬁnndaﬂ g’dl%gglylgrbﬁ es® t) tHRG1L Y, nag(?ats?I rpr&Q?s S 939? e 2P

s defi alns a equi va

flll‘lorﬁcrﬂcrltgljleng:oﬁlgo{]p&l ! zﬂb&g} g?‘%ncffer%ﬁgca%ltfd J[rh: O9edl e[‘lS{IC and has

osition't S not

anEﬂ%l8ﬁ§ﬁk§£brgﬁé$%®gF5@F|lent filling characteristic,

an excel fesi ve property and safekeeplng

h s a fast.d e
oot o5 Hoen 308w raEnG ard SpRebsBb P BREE St ibudae been
o R el R AT o] e i
coBQUREF L BAGRL LSHTR i Stbb g B B S
eg? nts, a filling material conposition is
max me e‘"aﬁOémSF.eéFf@H‘tﬂDye'a #nts sfithawt departing gpm the principles

occurring when t ap filling material conposition
anq §P‘§‘5<|86§'é¢d"tvéml'qngﬁlﬂe 8PE Ry WhiFh tih dglingdny Preoelaisrs aid deir
heing filled. Also, the gap filling materi al
eqy Sition is not interm xed with a photoresist, an

antireflective coating |layer, a dielectric material,
and Aserdingde the sebpdigicatshy gap &iling mejerial composition that is not

intermixed with a photoresist, has an excellent filling characteristic, has an excellent
adhesive property and safekeeping property, and has a fast dry etching speed, may be
obtained.

According to the embodiments, a void does not occur during a filling process of
a dual damascene process, and a gap filling material composition sufficiently is filled so
as to have over 95% of evenness.

Also, according to the embodiments, a gap filling material composition is able
to sufficiently absorb reflective light occurring when the gap filling material
composition is exposed to light during a lithography process after being filled.

Also, the gap filling material composition is not intermixed with a photoresist,

an antireflective coating layer, a dielectric material, and the like, and has a high etching

20



20 selectivity between a gap filling materia

conposition and the photoresist. and a gap filling
mat eri al conposition and a bottomanti reflective
coating layer. Therefore, the gap filling materia

conposition sinplifies a process. and prevents waste
of cost through omtting an unnecessary process. 21
WHAT IS CLAIMED IS: 1. A copolyner for a gap filling
material, as expressed in Chemical Formula 1 below,

selgdtivapribeatectrar gapl falidd nfdrRl Bmpdditdn] dird*th€ Iphbtofksis abt @ &p
CHOOt \RL R R3 R4 wherein R R2, R3, R4. R, RG,

fillaOn&vri A lc6mbbgeReRdeNbotfon® B Al B @htindRaydrS. Therefore, the
hydrogen or a C 1-10 al kyl group, each of &2, R3. and

ga B eHabda P nkPodii0n 8itpl iR € a Frobest CandFrdhis HaQ B Q¥ tHolfeh
ﬁgzb aryl al kyl grbup,lggzhag# %BLnRg% anﬁ ﬁ? inaicgte§

omhMAE RD8heSssAy pfRERY! group, and each of a. b. c. and
d is a nunber indicating a repeating unit in a main 10
chain, where atb+c+d = 1, 0.05 < a/(atb+c+d) < 0.95,
0.05 < b/ (atb+c+d) < 0.95, 0.05 < c/(a+b+c+d) < 0. 95,
and 0.05 < d/ (a+b+c+d) < 0.95. 2. A nethod of
manuf acturing a copolynmer for a gap filling material,
the nethod conprising: performng polynerization of a
mal ei ¢ acid anhydride and an acryl ate
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conmpound to generate a first polymer as expressed in
Chem cal Formula 2 below, and perform ng reaction of
the first copolymer and Cl-10 al kyl al cohol to
generate a second copol ynmer as expressed in Chem ca
Formula 3 below, [Chem cal Formula 2] 22 R6 R7 rdi O
O000000 RBER4 and [Chemcal Fornmula 3] RR6 R7
abl & d 0OOCHOOO0OO000O0O RL RR R3R4 wherein
Rl. RR. R3. R4. R, R6, and R7 are independent from
WRATK CLABMEDRS: is 5 hydrogen or a Cl1-10 al kyl group,
each of R2, R3, and R4 indicates hydrogen, the Cl-10
al kyll. gr ospsoporym@r Gdr 30gapr filliak kithteGH10UpP expREdRd Oh Bhemical
R6, and R7 indicates hydrogen or a nethyl group, and
Foeaghl eélod, b. c. and d is a nunber indicating a
repeating unit in a main chain, where atb+c+d = 1.
0. O5Crerd{chiddRmerhd) < 0.95. 0.05 < b/ (at+b+c+d) < 0.095,
0.05 < c/(atb+c+d) < 0.95, and 0.05 < d/(atb+c+d) <
0.95. 10 3. The neRkod of Rgl ai m B; wherein the
sel ected froma
ryl at et hyl acryl ate,

wherein R, Ry, R3. R4, Rs, Re. and Ry are independent from each other, R, is
hydrogen or a CI1-10 alkyl group. each of R,, Rj. and Ry indicates hydrogen. the CI1-10
alkyl group, or a C1-20 arylalkyl group, each of Rs. Re. and Ry indicates hydrogen or a
methyl group, and each of a. b, c. and d is a number indicating a repeating unit in a main
chain, where a+b+c+d = 1, 0.05 < a/(a+b+c+d) < 0.95, 0.05 < b/(a+b+c+d) < 0.95, 0.05 «

c/(a+b+c+d) < 0.95, and 0.05 < d/(a+b+c+d) < 0.95.

2. A method of manufacturing a copolymer for a gap filling material, the
method comprising:

performing polymerization of a maleic acid anhydride and an acrylate
compound to generate a first polymer as expressed in Chemical Formula 2 below; and

performing reaction of the first copolymer and C1-10 alkyl alcohol to generate
a second copolymer as expressed in Chemical Formula 3 below,

[Chemical Formula 2]

[\
[\\]
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n- propyl acrylate, n-butyl acryl ate, isobornyl

acryl ate, 2-ethyl hexyl acrylate, nethyl nethacryl ate,
et hyl methacryl ate, isopropyl nethacrylate, n-propyl
nmet hacrylate, tert- 15 butyl nethacrylate, n-butyl

nmet hacryl ate, isobutyl nethacryl ate, cycl ohexyl

met hacryl ate, isobornyl nethacryl ate, diethylene

gl ycol nononet hyl ether nethacrylate, 2-ethyl hexyl
met hacryl ate, benzyl nethacrylate, 1-naphthyl nethyl
nmet hacryl ate, 2- n?ﬂhthylgfthyl Wﬁthacrylate,

9- ant hryl net hyl netdacr,yl atfe, [1-anfhryl nethy

nmet hacr . ] ; crylate. 23 4.
The thed q I"ai ! | ymerization is
at Ig§§t dhétg aQ” bubk deri 1on, a solution

pol yneri zati on, 'suspenﬁgon poldyneri zati on, a bul k-

suspensi on pol ymerfzations an e sion ppyynerization,
and a radical polynerization. 0 5. The nethod of
ClaH@héanh%ﬁﬁbﬁfﬁn initiator for the radica

pol ynerization s at | east one selected froma group
consi sting of azobRgi sobuRyronitrR,le, benzoyl

perodefw bi §1.59..capronitrile,
azobi si_ spvaleBoni t
6. Th —ﬁét hg%f

ilb,l ang tel but\ylq hydroperoxi de. 10
U“@ rej @)polymerization

sol vent ©6tOthe Tradicall poly ization is at |east

one selected?iroﬁha grofa consiRxting of benzene,

tol uene, xyl ene, hal ogenated benzene, *di et hyl ether,

tetr f U .. RStar I'Se i ONES R, ;

am ot B R R Ry B IS & AR m EER RS R, i

hyd’i@.é&m{aa@ﬁﬁ@gﬁt% %hﬁ%ﬁé}@{;f N\Eilig,hatnd.ltqn&iﬁz{t&ﬁ%’(afooen. ptnfi/ Cil-SIO

pofystyrene thfough a gel pérnission chronmdtogra

alk?pQ-HBp,]cyrg%)l-ﬁ(?aryﬁih&y%ro%g,oeagﬁ)gf Rs. R, and Ry indicates hydrogen or a

methyl group, and each of a, b, c. and d is a number indicating a repeating unit in a main
chain, where a+b+c+d = I, 0.05 < a/(a+b+c+d) < 0.95, 0.05 « b/(a+b+c+d) < 0.95, 0.05 «

c/(a+b+c+d) < 0.95, and 0.05 « d/(a+b+c+d) < 0.95.

3. The method of claim 2, wherein the acrylate compound is at least one
selected from a group consisting of m.ethyl acrylate, ethyl acrylate, isopropyl acrylate,
n-propyl acrylate, n-butyl acrylate, isobornyl acrylate, 2-ethylhexyl acrylate, methyl
methacrylate, ethyl methacrylate, isopropyl methacrylate, n-propyl methacrylate, tert-
butyl methacrylate, n-butyl methacrylate, isobutyl methacrylate, cyclohexyl
methacrylate, isobornyl methacrylate, diethylene glycol monomethyl ether methacrylate,
2-ethylhexyl methacrylate, benzyl methacrylate, 1-naphthylmethyl methacrylate, 2-
naphthylmethyl methacrylate, 9-anthrylmethyl methacrylate, 1-anthrylmethyl

methacrylate. and 2-anthrylmethyl methacrylate.

23



10

20 8. The nethod of claim 2, wherein a nol ecul ar

wei ght distribution of the first polyner is about 1.0
to about 5.0. 9. Agap filling material conposition,
the conposition conprising a |light- absorptive
material, a thermal acid generator, a crosslinking

agent, and a copolyner for 24 the gap filling
mat eri al conposition as expressed in Chem cal Fornmul a
4 below, [Chemical Fornula 4] R- ,~, R RTablcT

d O0OOHOOOOOOO R R2 R3B R4 wherein R1. R2.
R3, R4. R5, R6, and R7 are independent from each

ot hey, R TheSm&hbyf QYR Whertidthe %leﬁJeKYzltloQHQM%as@@fﬁrbf a
of R2, R3, and R4 indicates hydrogéen, the d-10 alkyl

bulﬂ[}a@%en@ﬁmﬁ\ Hol@forAsoryiéretliond @ﬁ’s‘ﬁens‘%ﬁ%l AherBariod?8 ’buﬁ<n d

i'ndi cat es hydrogen or a nethyl group, and each of

susPensibn p%'lyn?crﬂf%aﬁjod @n @mﬂl‘éﬁggt)glrrﬁgkﬁﬁ%' AR aaraﬁlgﬁ%wr&glzytmn

in a min chalin, where +c+d =
a/ (a+tb+c+d) < 0.95, 0.05 < b/(a+b+c+d) < O 95, 0.05 <
c/ (atb+c+d) < 0.95, and 0.05 < d/(a+b+c+d) < 0.95 10

10. The gﬁp n{n!atlh{%égg tfr\,\;h%iem an 1 RlsalotrlforQh Ta &elal m 9,

mhereln t orpt Ve rater ral
ve mater as .ex

polrrglnp %ﬁlont@/ a‘?‘?d locl%nr%nh,l %:legtb(igoglt ! & SEOUPGO, \S/\IIS[”[Cd'{ éﬁ?bé%? blggg% rlée,

benz]oyl pe90x1de, lauryl peroxide. azobisiso capronitrile, azobisisovaleronitril, and t-

butyl hydroperoxide.

6. The method of claim 4, wherein a polymerization solvent for the
radical polymerization is at least one selected from a group consisting of benzene,
toluene, xylene, halogenated benzene, diethyl ether, tetrahydrofuran, esters, ethers,

lactones, ketones, amides.

7. The method of claim 2, wherein a weight-averaged molecular weight
in terms of polystyrene through a gel permission chromatography is about 1,000 to

about 100,000.

8. The method of claim 2, wherein a molecular weight distribution of the

first polymer is about 1.0 to about 5.0.

9. A gap filling material composition. the composition comprising a light-

absorptive material, a thermal acid generator, a crosslinking agent, and a copolymer for

24



O OHOORBOOH ORq 1500 CH3 -SI- 0O wherein R8
is -0-, IOCH3 or I , and RO independently indicates
hydrogen, C 1 -10 alkyl, or C 1-10 al koxy, and 25
[Chemical Formula 6] OH 0 ORlI1 RRORO0oO1HOOO
CH3 IS S O wherein RRois -0- 0 CH3 or , and R11
i ndependently indicates hydrogen. Cl1-10 al kyl, or
Cl-10 al koxy. 5 11. The gap filling nateri al
conposition of claim9. wherein the crosslinking
theggp fillingSmAert:d BEApaHili R R & aprodsag)inaCheintds Fofma 4 below,
crosslinking functional groups,
[Chemical Formula 4]

Ayt ﬁ*ﬁ”‘”

R, R Rs R4
wherein R, Rj. R3, Ra. Rs, Re, and R are independent from each other, R, is
5  hydrogen or a C1-10 alkyl group, each of R.. R;. and Ry indicates hydrogen, the C1-10
alkyl group, or a CI1-20 arylalkyl group. each of Rs, Re, and Ry indicates hydrogen or a
methyl group, and each of a. b, c, and d is a number indicating a repeating unit in a main

chain, where a+b+c+d = 1, 0.05 < a/(a+b+c+d) < 0.95, 0.05 < b/(a+b+c+d) < 0.95, 0.05 «

c¢/(a+b+c+d) < 0.95, and 0.05 < d/(a+b+c+d) < 0.95

10
10. The gap filling material composition of claim 9, wherein the light-
absorptive material includes a monomer-typed light-absorptive material as expressed in
Chemical Formulas 5 and 6 below,
[Chemical Formula 5]
Rep
HO
0 —0 U Re, )
_%Y‘ORQ
15

O

+
}:o

O

wherein Rgis —0— .and Ry

independently indicates hydrogen, C1-10 alkyl, or C1-10 alkoxy, and



and is at |east one selected froma group consisting
of an am nopl astic conpound, a nulti-functional epoxy
resin, an anhydride, and a m xture thereof. 10 12. The
gap filling material conposition of claim9, wherein
the crosslinking agent is at |east one selected from
a group consisting of oxetanyl, oxazolin,

cycl ocar bonat e, al cohol silyl, am nonethylol,

al koxynet hyl, aziridinyl, nmethylol, isocyanate,
al kqgyemichyfoamuiag) and nul tifunctional epoxy. 1J 13.
The gap filling material conposition of claima11,

wherein the am noplastic conpound is at |east one

selected froma groS sisting of
dlnethgxyneLhyIglycoﬁ?ﬁﬁﬂHQiethoxynethylglycouriI, a
3 oxYﬂeghylglycouril and

di et Rppgy e l glyc il,026

di et hylHdi-set hyl et hyl gl ycouri |,

t et ramet horynet hyl gl ycouril. and hexanet hoxynet hyl
mel amine resin. 14. The gap filling materi al

conposi tion of claim9, whereigythe thermal 5 acid

generator is at |east ope sele ted from a group
consi sting of tol uenesubfoni rd, arne salt of

toluenesulfonlc cid, p¥ridinessalt of toluenesulfonic
aci dVhesgikfiedsy| Foni ¢ accl%d am %IZ s81t of al3iRoul fonic
acid, and pyridine salt of al kyl sul fonic acid. 15. The
mdgafpldﬁntm lpﬁlgatﬁfah\éim%rl Chhpakkik porldP akiosy.m 9, wherein
an organic 10 solvent used for manufacturing the gap
filling material conposition is at |east one selected
froma group consisting of propylene glycol nononethyl
et hell. ( PGV gap fphagpyhiend cqgmpositiompindaret hyheetrhibe
acetate (PGVEA), cycl ohexanone, ethyl |actate,
crosslpsinigengent g y conpaung copsihingahlenst ted presdhipking furefpeke groups,
(DVF), y-butyrol actone, ethoxy ethanol, methoxy
anégtshalradt oneretlévydd fBomre ghopyropriopigohat emhhvvRitic cangoeddyy|
3

multi-functional epoxy resin, an anhydride. and a mixture thereof.

12. The gap filling material composition of claim 9, wherein the
crosslinking agent is at least one selected from a group consisting of oxetanyl, oxazolin,
cyclocarbonate, alcohol silyl, aminomethylol, alkoxymethyl, aziridinyl, methylol,

isocyanate, alkoxymethylamino, and multifunctional epoxy.

13. The gap filling material composition of claim 11. wherein the
aminoplastic compound is at least one selected from a group consisting of
dimethoxymethylglycouril, diethoxymethylglycouril, a mixture of

dimethoxymethylglycouril and diethoxymethylglycouril,

26
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15 et hoxtypropionate (EEP). 16. The gap filling

materi al conposition of claim9, wherein the gap
filling material conposition conprises; about 0.1 wW¥%
to about 30 we of the copolynmer for the gap filling
material 20 conposition; about 0.1 wbto about 50 w
of the |ight-absorptive material; about 0.01 wito
about 30 wl of the thermal acid generator; and about
0.01 W to about 25 web of the crosslinking agent. 27

diethyldimethylmethylglycouril, tetramethoxymethylglycouril, and hexamethoxymethyl

melamine resin.

14. The gap filling material composition of claim 9, wherein the thermal
acid generator is at least one selected from a group consisting of toluenesulfonic acid,
amine salt of toluenesulfonic acid, pyridine salt of toluenesulfonic acid, alkylsulfonic

acid, amine salt of alkylsulfonic acid, and pyridine salt of alkylsulfonic acid.

15. The gap filling material composition of claim 9, wherein an organic
solvent used for manufacturing the gap filling material composition is at least one
selected from a group consisting of propylene giycol monomethyl ether (PGME),
propylene glycol monomethyl ether acetate (PGMEA). cyclohexanone, ethyl lactate,
propylene glycol n-propyl ether, dimethylformamide (DMF), y-butyrolactone, ethoxy
ethanol, methoxy ethanol, methyl 3-methoxy propionate (MMP), and ethyl 3-

ethoxtypropionate (EEP).

16. The gap filling material composition of claim 9, wherein the gap filling
material composition comprises;

about 0.1 w% to about 30 w% of the copolymer for the gap filling material
composition;

about 0.1 w% to about 50 w% of the light-absorptive material;

about 0.01 w% to about 30 w% of the thermal acid generator; and

about 0.01 w% to about 25 w% of the crosslinking agent.
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