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COPOLYMER AND COMPOSITION FOR ORGANIC ANTIREFLECTTVE
LAYER 5 10Background of the invention Technical Field Thepresent
invention relates to an organic anti-reflection coating composition for
preventing reflection at the undercoat layer and preventing standing wave
during a as lithography process, and having a high dry etching. rate. More
particularly, the invention relates to a novel polymer which can be used in
the production of an organic anti-reflection coating that is useful for
semiconductor ultrafine patterning using an ArF excimer laser, a light 20
absorbent, and an organic anti-reflection coating composition containing
theser.yMERhEND esenbowention aisA Ieleiesie amethed-farattarming af
semiconductor devices using the organic anti-reflection coating
composition. Description of the related art The recent high integration
of semiconductor devices has led to a demand for ultrafine patterns with a
line width of 0.10 micrometers or less in the production of ultra-LSI and
the like, and a lithography process using light having a smaller wavelength
than the conventionally used light for exposure having a wavelength in the
region of g-ray or i-ray, is also demanded. Thus, microlithography
processes using KrF excimer laser or ArF excimer laser are currently used
in 10 the processes for producing -semiconductor devices. As the size
of the pattern of semiconductor devices is ever decreasing, only when the
reflection rate is maintained to be less than 196 at maximum during the
progress of the exposure process, uniform pattern can be obtained, an Is
adequate process margin can be obtained, and a desired yield can be
achieved. Therefore, a technology of disposing underneath a photoresist,
an organic anti-reflectiBACe#iPig comaintihg okgarictrhotecules which are
c@gé@!ﬁg&@bﬂ@%@g light, in order to reduce the reflection rate as far as
20 possible, and thereby regulating the reflection rate to prevent reflection
at the undlercgat layier angtpJemaye standing waye, has begome ,
important. AccordlngIy,theorgan|cant|-reﬁect|oncoat|ng

reflection coating composition for preventing reflection at

anti-

the undercoat layer and pre&enting standing wave during a
lithography process, and having a high dry etching rate.
More particularly, the invention relates to a novel polymer
which can be used in the production of an organic anti-
reflection «coating that i1is useful for semiconductor
ultrafine patterning using an ArF excimer laser,‘ a light
absorbent, and an organic anti-reflection coating
compesition containing these.

The wpresent invention also relates tb a method for
patterning of semiconductor devices using the organic anti-

reflection coating composition.

-t



composition should satisfy the following requirements. -25First, the
organic anti-reflection coating composition should contain a material
which is capable of absorbing light in the region of the wavelength of the
exposure light source, in order to prevent reflection at the undercoat layer.
Secondly, the anti-reflection coating should not be solubilized and
destroyed by the solvent of a photoresist during the process of laminating
the anti-reflection coating and then laminating a photoresist. For this, the
anti-reflection coating must be designed to have a thermally curable
structure, and curing should be accelerated by 10 carrying out a baking
precess.aftercoatingdn the progess for laminating anti-reflection coating.
Thirdly, the anti-reflection coating should be able to be etched faster than
the pHdteresistamtheupger partese asitoredice adess ofthe-photorgsist .« s
esul 'n%from etching of the undercoat 15 layer. Fourthly, the

anti-reflectich oatAgtonBasitioh SHould nbe beGERRtVA B thie 1ine width

photoresiskindherdpRePAL Alsa.campaynds such as amine oragid .
should migrate to the photoresist layer, because these compounds may
eadséfefdriiation e tiee photoreSistpatterncsueh asifagting @ 2thaving a
_eEFLceorat waggggacul%% Fifthly, the anti-reflection coating composition

nd .
gﬁgu d have optical Propettias that are apSropridtador-varibtexposhire for
pranesses inanosdance wituyaious subsliates,that is.2n appropiate
refractive index and an absorption coefficient, and also shodl ve 25 ’
gBocPadResRASIESIEED the Shivstrateamcthitptutomgsist. Haweverundeling
the-current situgtion,an anti: reflection coating which is satisfactory in the
proces}é%%)%%ﬁrgﬁﬁee Eaﬁérrh‘ﬁg USg ATF Ii%ﬁ%,eﬁasaﬁ& FEER FevelopsdLoin

tare Theteforedin aislerde queventstanging waveand steflestion
generated upon exposure, and to eliminate the back-diffraction at the
underéSat 1&Fer*dfd tRfinfilienee bt pafiecedd kgt devetspmentiefages is

araanieantgedecionMAriglbving. lalde posoiplion fra spegle. ..
wavelength is conSideredas an urgent pro om to be S51vad: io%ﬁﬁﬁ&ed
ofthednveasionthan 1% at maximum during the progress of the
exposure process, uniform pattern can be obtained, an
adequate process margin can be obtained, and a desired yield
can be achieved. Therefore, a technology of disposing
underneath a photoresist, an organic anti—reflectionvcoating
containing organic molecules which are capable of absorbing
'light, in order to reduce the reflection rate as far as
possible, and thereby regulating the reflection rate to
prevent reflection at the undercoat layer and to remove
standing wave, has become important.

Accordingly, the organic anti-reflection coating

composition should satisfy the following reguirements.

First, the organic anti-reflection coating composition
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Accordingly, an embodiment of the invention provides an organic
anti-reflection coating composition capable of absorbing a reflected light
generated upon exposure during 15 an ultrefine patterning lithography
process using an ArF. excimer laser having a wavelength of 193 nm.
Also, another embodiment of the invention provides to design the
fundamental structure of the anti-reflection coating to be a chemical
structure capable of accelerating 20 the etching rate of the organic
anti-reflection .coating, to produce a polymer based on thestructure, and
to provide a method for producing an organic anti-reflection coating based
omthie paymex itherebyfaciiiating iheielghing progess, 2:Alse, another ;
embodiment of the invention provides a method for patterning of
Sefhicohbuétyt desited usifig the ofgamiésrreflettishcoatipgsure 1ight
sitiay), whi ethod is, capable of eliminating undercut, footing or
ﬁg‘%ﬁ(@e a?]{jhac%%ce(g\]ﬁ%]g Le%?celkﬁér?t L?Iﬁéfin%e?a g%ﬁég 5Atcotding trdercoat
Je'mbudimmScnfdmg,in\;temioantheﬁég&@@taeﬁ-r@ﬁ%@g%cgq;mgorw he
using a novel copolymer for organic anti-reflection coating and a light
HSrbEntEan BHrovids YerryaFreSistanke teebRamt, andl cantrblosfthesist
fhenamenan of light. interfer s.well as a high. etching 10rate. ‘_
The?g(?re, an%fcge?lge%]t %éc%?%nﬁ%ﬁ%s%ﬁév%&ﬁo?%%lu fi5fife coating
peiteirieg provessatsing a Hghpisousee at 93 nmrard thusan exgcellents ; -
Pg%ttterg to.rggle can be obtained regardless of the type of substrate. Also,
contrbution can 15 HePmatto Mbre SREVERRA lBEMEFVST highlyhermally
diegrated semicanductor ic ing the, trial benefits obtainahle
by rapidly etching the anti-grg#e(i(?gnﬁcggatingﬂ%%%édfé%:)ripﬁgﬁ% ?ﬁéte by
EFARITIGS 20 The ab&peand otiverckestures ofsomea embpdimentseofghecess
mnyvention. will become readil arent from the description that follows,
%/[vzit r}e?gﬁer}lac%l&)gth%ngﬁéc%%d? §rgét\ﬁll?1@s"?r? ating. Tglrdly' the anti-

reflection coating should be able to be etched faster than

the photoresist in the upper part, so as to reduce a loss of

the photoresist resulting from ‘etching of the undercoat

layer. Fourthly, the anti-reflection coating composition

should not be reactive to the photoresist in the upper part.
Also, compounds such as amine or acid should migrate to the

photoresist layer, because these compounds may cause

deformation in the photoresist pattern, such as footing or

undercocat in particular. Fifthly, <the anti-reflection

coating composition should have optical properties that are
appropriate for various exposure processes in accordance
with various substrates, that is, an appropriate refractive

index and an absorption coefficient, and also should have

good adhesiveness to the substrate and the photoresist.
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which: Fig. 1 is a 1H-NM5 spectrum of a copolymer produced 25
according to Synthesis Example 1. Detailed description To overcome
such problems as described above, an object of the present invention is to
provide a novel polymer which can be used as an organic anti-reflection
coating capable of 5 absorbing a reflected light generated upon exposure
during an ultrafine patterning lithography process using an ArF excimer
laser having a wavelength. of 193 mm, a light absorbent, and an organic
anti-reflection coating composition containing the materials. 10It is another
object of the invention to design the fundamental structure of the

anti-refleqtien coatingto. be aghemical stuicture capgble;of accelerating .
the etching rate of the organic anti-reflection coating, to produce a

BEyART BaSed-on thastruclre, and se picvidetamethad forel HRERGUSING o r

q ic anti-reflection coating based on the polymer, thereby
B Ttatng e SHCrAg Prackes Kise: AndtiEFbiEForthE [AeeRti keioped

providera methad toratierning of semieondyctordevices ysing the .
organic anti-reflection coating composition, which method is capabre of 26
dIfhirfhE EndePERT f3Ghg W the ke emikachieving excellantniltrafise the

Q)agg_q{nglgff l,gnger the purpose of achieving the objects as described
above, the organic gnﬁr}reﬁggic}ﬁl COA6RG ConpSitiGhOf e prderience of

inegntion edmptises, 'a aepelyspaictor organimantiipfection.coating. A light,
absorbent, a theLnial acid generating agent, and a curing agent.The
S3aRic-anti-1RYiLRHont &34fin G EBATIISIIIN dlss cemprises Ahcorganielength

salvent, andsmay futther contain syrfactants and,varius additives. 5The
method for patterning of seniiconductor devices of )
Summary of the invention

Accordingly, an embodiment of the invention provides an
organic anti-reflection coating composition capable of
absgrbing a reflected light generated upon expoéure during
an ultrafine pétterning lithography process using an ArF.
excimer laser having a wavelength of 193 nm.

Also, another embodiment of the invention provides to
design the fundamental structure of the anti-reflection
coating to be a chemical structure capable of accelerating
the etching rate of the organic anti-reflection coating, to
produce a polymer based on the structure, and to providé a
method for producing an organic anti-reflection coating
based on the polymer, thereby facilitating the etching

process.

Also, another embodiment of the invention provides a



10

15

20

25

the present invention comprises the steps of coating the organic
anti-reflection coating composition on top of layer to be etched, curing the
coated composition through a baking process, and forming

cross-linking bonds to form an 10 organic anti-reflection coating.  The
copolymer for organic anti-reflection coating is represented by the

following formula 1. [Formula 1] wherein R1, R2 and R3 are
independent to each other, and R1 represents hydrogen or an alkyl group
having 1 to 10 20 carbon atoms, R2 represents hydrogen, an alkyl group
having 1 to 10 carbon atoms or an aryialkyl group having 1 to 20 carbon
BRMS WhifPR3 Peresenis ydrégesonamethyt gooURRMARG N using the
roelpgrg%elzrét raelpgﬁgn% nitstin the main chain, while m+n=1, and they satisfy ‘
theexpressions 0.05 < fitmn} <550 95 HMPO B5- & 4igm¥A} <o Bgthod is
in=ganeral, an apiiellestoneoaing san be designed lohave g stiygure
in various forms. In one case a light absorbent which'is a chemica

§5ecied tapaptest lghttabdérptidhris geatdined:inghe main chain of the
polymer In anather case, two different chemical species, namely, a
light a%gg%%%%% d%op(ﬁ%%grlc%?fhbsa&ﬁ WHichRVRRApEBle dIRyheTIanic
absorptien; ate separately used seanerally s the light ggggﬁbe%ﬂfo%?ggr for
separately used so that the amount of the chemical species forlig

ASGIPtion 20'can5é tBRtrbfled.coansmneral pelyrhedticudbg @geats, can

PRlyeLS C%@@QQ a_gysd{gglnfggct'onal %{fu , & glycidyl functional

group, an acetal functional group an thei evarrétfreqqﬂe%tlﬁfé%ﬁ‘?lrn e the
presennmventiofi, thegtapalyer repeaseniediby well as a high etching

rate.

Therefore, an excellent process margin is provided for

an ultrafine patterning process using a light source at 193

nm, and thus an excellent pattern profile can be obtained

regardless of the type of substrate. Also, contribution can

be made to more active development of highly ‘integrated

semiconductor devices using the industrial benefits

obtainable by rapidly etching the anti-reflection coating.

Brief description of the drawings
The above and other features of some embodiments of the

invention will become readily apparent from the description

that follows, with reference +to the attached drawings in

which:

Fig. 1 is a *H-NMR spectrum of a copolymer produced

according to Synthesis Example 1.
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15 the above formula 1, which has a carboxylic acid functional group
introduced to enable thermal curing, and contains maleic anhydride known
to have a high etching rate, is used as the polymeric curing agent,

together with the compound capable of light absorption. The polymer can

be produced by 20 polymerizing maleic anhydride and an alkyl
acrylate-based compound to produce a polymer of the following formula 2,
and then reacting the reaction intermediate of formula 2 obtained from the
polymerization reaction, with an alkyl alcohol having 1 to 10 carbon atoms.
25(Formula 2 wherein R2 and R3 are each independent, R2 is
hydrogen, an alkyl group Haxiag letd 36 €arign agems or an arylalkyl

group tﬂ%vigg 1 to 20 carbon atoms; R3 is hydrogen or a 5 methyl group;

m and 1 aré repeatingfits RFGR ki Baife dilcbed netorad they object
satisfn the, expEessi mi(m-i-n) < 0.95 and 0.05 <.n/(m+n) < 0,95,
As for the%) alky! acry?a?i%gs@e%cé%nnp%ﬂ n%?%ﬁédseeleactré%vf% Revgieuphich
COHsistigi6f ethylacrylage péthyhatctylates 18ds0propyd Aciyiate, pymal o+
ggggkggﬁylatg, n%rglal bcut | acrylate, isobutyl acrylate, tert-butyl acrylate,
cyclohexy! acrxlate, isobornyl atiiate S Eth§itsky FReHy at&nnatd  during

raethacrytate; ethybmetbasrvate, isepapyl nigfhatrylate, normal propyl
methacrvlate, tart-butyl methacrylate, rﬁ%?ma%}% E%tylcess uSJ_rPg s ArE

iSRG Vlaté Fs6Butyl midthacrydatereysidkexylh  of 193 nm, a light

e isobornylmethacrylate,2-ethylhexyl methacrylate, is used.
WIth(-:-g}cﬁaq%c%?(éy'lic acid functional gratpegeferatPBy SUbfEctRi tHePreactiont ing
intenmediateeompotschohiprandaxr:2Q £q Lng-opening with an alkyl
alcohol, is reacted with a curinc agent having an acetal functional orodp or
the like- %o fotm3RefSsElinRBdaSfuCRife. the Timvantireflection ceatigg the

arnplexiag s Rocymer. Hndsroess curing during the baking process after

the coating on a substrate, and attains resistanice 1o didBofttdniAS o be 2

sepanitsa T histisuotimpartstabiity se thata:phepgmenon iewhichiihe, .+
argi-gleglection coating is not dissolved in the solvent of photosensitizer
during the"¢§aIMG of APRdIB5EASTIZER affeAtHe mitatbhchihe 2 polymer

anleaflection coating, andhe-polymercanhe preferably used asa .
polymeric curing agent in the organic anti7reflection :
producing an organic anti-reflection coating based on the

polymer, thereby facilitating the etéhing process. Also,
another object of the invention is to provide a method for
patterning of semiconductor‘devices using the.organic anti-

reflection coating composition, which method is capable of

eliminating undercut, footing or the 1like, and achieving

excellent ultrafine patterning.

Under the purpose of achieving the objects as described

above, the organic anti-reflection coating composition of

the present invention comprises 'a copolymer for organic

anti-reflection coating, a light absorbent, a thermal acid
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10 coating composition. The polymer can be polymerized by any
conventional method, but radical polymerization is preferred. The radical
polymerization initiator is not particularly limited, as long as it is used as a
general radical polymerization 15 initiator, such as azobisisobutyronitrile,
benzoyl peroxide, lauryi peroxide, azobisisocapronitrile,
azobisisovaleronitrile, or t-butyl hydroperoxide. The polymerization can
be conducted by a method of bulk
polymerization,solutionpolymerization,suspension 20 polymerization, bulk
suspension polymerization, emulsion polymerization or the like, and for

gRnpelyrigrizationsolveatdat leastioneselegied from bgazene, dolyeng, . . _
X Ig@g, Qalogenated,benzene, diethyl ether, tetrahydrofuran, esters,

ethers, lactoneS Kethes STIRMIECR usSeE 25 Frepoipnerizatiorrrganic
temperature gg@th%wlymgg apprapriately selected.and used in ,
accordance with the type of initiator. .~ The mo e%ta atravr\%lsghtaéaigtriBﬁﬁbﬁuS
GPHELpdIgMer can be appropriately controlled by changing the amount of
use of.5 the polymerization initiator and the reaction time. After completion
of the polymerization, it1s preferablé s rethoRe Ry SRFESsRY rHenbnser of
aihe sigde qreducts ierainivg in-the reaction mixture, by precipitation in
solvent. To control the molecular weight, since it is ues?ijsallyO%O aRficdtdo 0o
GBtE e nMidlecukaideihi eronga yeh peimeationchvomategraphy of =
(GRE) inthe case where ring-gpened maleic anhydride is contained/
refrence shoulcj%ghrﬁgde (t:(‘? tHE MoteTulRP WaGhCOFPRSp&ARerdmproh a
alsauenformute2s whicknis the pelymer betarertheying-opsning with 18.an
alcohol having 1 to 10 carbon atoms. That is, the weight average

Mofecttar FRTght ffd&stirérby-eef peemeation chromatography and

normadkized wi t lystyrene, of the reaction intermediate
represgﬁ%ed%b%/gt{?;%%% UCIEBZQ, W ¥gﬁ 1§ the Polymar befsre fRg-GoaRimRe ists
Hpivatly<n 060 2¢ ta160000, @andits peafarakly 5,000 to 50,000 from the
viewpo'rﬁusofs lubilityinsolvents,coatability, sufficient cross-linking
bendiné;, AhetH fike. The polydispersity index (PDI) of the polymer is
preferably 7 . 0 to 5.0, ar;gg particularly preferably 1.5 to 3.5. Specific

/e

examples. . mey Ehresented by the
H
Q

ol
H R1 RE

wherein R;, R; and R; are independent to each other, and
R; represents hydrogen or an alkyl group having 1 to 10

carbon atoms, R; represents hydrogen, an alkyl group having 1

to 10 carbon atoms or an arylalkyl group having 1 to 20

carbon atoms while R3 represents hydrogen or a methyl group;
m-and n represent repeating units in the main chain, while
m+n=1,

and they satisfy the expressions 0.05 < m/(m+n) <

0.95 and 0.05 <« n/(m+n) < 0.95,
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formula 1 according to . the pre sent invention include, . but not limited to,
. the following polymers haying the structures of the following formulas 3
to7.[Formula3]5ii P C!,0, HCH3CH3 Formula430fl0000H
20[Formula 6]

In general, an anti-reflection coating can be designed

tc have a structure in various forms. In one case; a light

absorbent which is a chemical species capable of light

absorption is contained in the main chain of the polymer,

and in another case, two different chemical species, namely,

a light absorbent and a polymer curing agent which is

incapable of light absorption, are separately used.

Generally, the light absorbent is often separately used so
that the amount of the chemical species for light absorption

can be controlled.

As general polymeric curing agents, polymers cdntaining
a hydroxyl functional group, a glycidyl functional group, an
acetal functional group and the like are frequently used.

In the present invention, the copolymer represented by

the above formula 1, which has a carboxylic acid fﬁnctional

group introduced to enable thermal curing, and contains

maleic anhydride known to have a high etching rate, is used

as the polymeric curing agent, together with the compound

capable of light absorption. ‘The polymer can be produced by

polymerizing maleic anhydride and an alkyl acrylate-based

compound to produce a polymer of the following formula 2,

and then reacting the reaction intermediate of formula 2

obtained from the polymerization reaction, with an alkyl
alcohol having 1 to 10 carbon atoms.

(Formula 2]
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wherein in and n are repeating units in the main chain, while m+n=1, and
they satisfy the expressions 0.05 < m/(m+n) 5< 0.95 anq.0.05 < n/(m+n) <
0.35. The light absorbent is contained in the colfloosition to. provide an
organic anti-reflection coating having a high etching rate, and_ is
represented by the following formula 8. 10 [Formula 8] 0 0 Ri R2

wherein R; and Ry are each independent, R, is hydrogen,

an alkyl group having 1 to 10 carbon atoms or an arylalkyl

group having 1 to 20 carbon atoms; R; is hydrogen or a

methyl group; m and n are repeating units in the main chain,

while m+n=1, and they satisfy the expressions 0.05 < m/ (m+n)

< 0.95 and 0.05 < n/(m+n) < 0.95.

As for the alkyl acrylate-based compound, one selected
from the group consisting of methyl acrylate; ethyl acrylate,
isobropyl acrylate, normal propyl acrylate, normal butyl
acrylate, isobutyl‘acrylate, tert-butyl acrylate, cyclohexyl
acrylate, isobornyl acrylate, Z-ethylhexyl acrylate, methyl
methacrylate, ethyl methacrylate, isopropyl methacrylate,

normal propyl methacrylate, tert-butyl methacrylate,

normal
butyl methacrylate, isobutyl methacrylate, cyclohexyl
methacrylate, isobornyl methacrylate, 2-ethylhexyl

methacrylate, is used.

The carboxylic acid functional group generated by
subjecting the reaction intermediate compound of formula 2
to ring-opening with an alkyl alcohol, is reacted with a
curing agent having an acetal functional group or the like,

to form a cross-linked structure.



wherein F1 is an alkyl group having 1 to 10 carbon atoms, R2is
hydrogen, an hydroxyl Or an alkyl group having 1 to 10 15 carbon atoms;

in and n are repeating units in the main chain while mfn=1, and they

satisfy the expressions 0.05 < m/(m+n) 095 and 0.05 < n/(m+n) < O._95.

The above polymer can be produced by polymerizing maleic anhydride

and a styrene compound to produce a polymer of the following forml_JIa 9
and then reacting the resulting 5 polymer obtained from the polymerization
reaction, with an alkyl alcohol having 1 to 10 carbon atoms. [Formula 9)

P" 10wherein F1 represents hydrogen, hydroxyl group or an alkyl group
havingd«o khcarherfatorospin ard a-aedepeating ity indheMaifo 1 yrer
chain, while m+n=1, and they satisfy the expressions 0.05 < ,m/(m+n) <

B9 BRGT 05 ARy ot he - pelyRrerebthedrmula Beallows: ing
the carbouyic.anid lungfignay lgup genarated lrom thengropenngcl, 5,
maleic anhydride uéing an alkyl alcohol, to react With & curing agen

hayingna functiings gicupSuthmasratesal atal thus,fosm a geassslinkesh omenon
StFUCE}]Jre. An anti-reflection coating )20 employing this polymer undergoes
elring ttfing thePBaking Protess Hter IRe tHatiAG o4 stibatralgsshdn the

curng duifing
adainsnt  of photosensitizer during the coating of a
photosensitizer after the lamination of the anti-reflection
coating, and the polymer can be preferably used as a
polymeric curing agent in the organic anti-reflection
coating composition.

The polymer can be polymerized by any conventional
method, but radical polymerization is preferred. The
radical polymerization initiator is not particularly limited,
as long as it is used as a general radical polymerization
initiator, such as’ azobisisobutyronitrile, benzoyl peroxide,
lauryl peroxide, azobisisocapronitrile,
azobisisovaleronitrile, or t-butyl hydroperoxide.

The polymerization can be conducted by a method of bulk
polymerization, solution polymerization, suspension
polymerization, bulk suspension polymerization, emulsion
polymerization or the 1like, and for <the polymerization
solvent, at least one selected from benzene, toluene, xylene,
halogenated benzene, diethyl ether, tetrahydrofuran, esters,

ethers, lactones, ketones and amides is used.

The polymerization temperature for the polymer is

10
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resistance to dissolution in solvents.Thus, no problem arises ,during the
coating of a photosensitizer after the lamination of the anti-reflection

coating. Furthermore, since the above polymer contains a

chromophOre having high absorption so that the polymer can absorb Light
having a wavelength of 193 rim, the polymer of the above formula 1 can

be preferably used as a light absorbent in the organic anti-reflection

coating composition with regard to a light source at 193 rim. Also, since

the 10 polymer contains a large quantity of oxygen atoms, an organic
anti-reflection coating composition having a high etching rate can be
preauced -atethe fightabsorizast caselse polyaterizethbya corvientional ype
rg%thggigyggggical polymerization is preferred. 15 The radical
polymerization initiator is not particularly limited as long as it is used as a
generafragdieal pelymerizatiominitiater such-as azekisisabutyropitile, can ve
benzoyl peroxide, lauryl peroxide, azobisisocapronitrile,

a2 BBIISHAEFANitrikE TGrBUSA hydropErexida: 20 he polymefizatibncem of
be,gongueted by A pethod of ulk polymerization. solution polymerizatign

O 1
suspension polymerization, bulk suspension polymerization, emufsion After

polymerzdtion of thedikepansdet te pelymarizationselyeptatdeast ongove
selected from benzene, toluene, xylene, 25 halogenated benzene, diethyl -
effit, tBlraRGarSRiraretss, r§ 49toREe RitbRes aR@ bmides, is  the

usede: . Jepolumerization JAmperalus for e pelypgris appropriately

selected and used in accordance with the type of Initiator. The molecular

weight Bistribeioncdf théd potymen tan bewappropriately-eontrolled byisualiy
cgar}%'n t e amount of use of the polymerization initiator and the reaction
iffie- AffeHcompiRtioR DFIHB poffifieriFRidit H-R preféra®it to fetraveanygel
upesacied manomerand side produgtspemaining in thesgagtion, mixture., |
by precipitation 10 in solvent.  To control the molecular weight, since it
iSRRIy diffiéalito ebiain thdemolecutarvweibhet dhrougli get peemedtiond be
chromatogra (CPC) in the case where ring-opened maleic anhydride is
cé“rﬁilt%fne%, re?grgenlé‘g %%%‘blré be ‘”i%lﬁvél%e ?é trgéhrgo%%%gi’%eiﬁﬁt o%;liﬁe above
palymericf the abQ\@fOimLﬂae?,M?ﬂé&th%@Qb’én%%geﬁﬁﬁéh%pening with
ring-opening with an alcohol having 1 to'10 carbon atoffis. Typically, the
weiyht uveidde Mideealar weight, meaRaredbyyel pefireatibh, the weight

chygmatggrappy,and pormalized with respect 1o polystyreng,,  ermeation

chromatography and normalized with respect to polystyrene,

of the reaction intermediate represent‘ed by the formula 2,
which is the polymer before ring-opening, is typically 1,000
to 100,000, and is preferably 5,000 to 50,000 from the
viewpolints of solubility in solvents, coétability,
sufficient «cross-linking bonding, and the like. The
polydispersity index (PDI) of the polymer is preferably 1.0

to 5.0, and particularly preferably 1.5 to 3.5.

Specific examples of the polymer repreéented 'by the

11
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20 of the light absorbent before ring-opening is preferably 1,000 to
100,000. As for the light absorbent of formula 8, one selected from the
polymers having thefollowing formulas 10 to 13 may be used, [Formula
10]\1cl 0=n'-0.7... 00 HCH3 -*..../ [Formula 11] [Formula 12]

OH [Formula 131 wherein in and n are repeating units in he main
chain, 10while m+nel, and they satisfy the exoressions 0.05 < mi(m+n)
0.95 and 0.05 < ni(mtn) < 0.95,

formula 1 according to the present invention ihclude, but

not limited to, the following polymers having the structures
of the following formulas 3 to 7.

[Formula 3]
O O O
0Q C
H  CH CHs

[Formula 4]

9 \
H  CHs CHa

[Formula 5]

.\MF %mw{&g;}?
O O o)
00 G
H ) )
(Formula 6]

u»\w\, \—@wx

[Formula 7]
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Meanwhile, as light absorbent used in the invention, a compound having
the following formula 14, 19 or 20 can also be used to provide an organic
anti-reflection coating having a high etching rate. [Formula 14] HO
0-Pmc,_//OH CH3 11 0 10wherein 121 is selected among -lc--OCH3I!
R2 and R3 :represent each independent hydrogen, an alkyl group having
1-10 of carbon atoms or alkoxy group having 1-10 of carbon atoms.

0 o0
/ \
H CHa

)

\__/

wherein m and n are repeating units in the main chain,

while m+n=1, and they satisfy the expressions 0.05 < m/(m+n)

< 0.85 and 0.05 < n/(m+n) < 0.95.

The light absorbent is contained in the composition to

provide an organic anti-reflection coating having a high

etching rate, and is represented by the following formula 8

[Formula 8]

O{WFQ“'%O e

o0 |
H Ry /

Rz

wherein R, is an alkyl group having 1 to 10 carbon atoms,

Rz is hydrogen, an hydroxyl or an alkyl group having 1 to 10

carbon atoms; i ' in 1 i
s; m and n are Iepeating units in the main chain,

while m+n=1, and they satisfy the expressions 0.05 < m/ (m+n)

13
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The compound of the formula 14 contains two hydroxyl 15 .groups per
compound, and thus can form a cross-linked structure when used together
with a curing agent containing a functional group such as epoxy or acetal.
An anti- reflection coating employing this compound undergoes curing
during the baking process after the coating on a substrate, 20 and attains
resistance to dissolution in solvents. Thus, no problem arises during the
coating of a photosensitizer after the lamination of e anti-reflection

coating. Furthermore, since the above polymer contains a chromophore

havin%high absorption so that the polymer can absorb light having a
wavElergf 8 298 hm, e potymer bf #fe above formula 14 can be

- preferaply used as a I% ; ferSPVbeQQ in the organic anti-reflection coating

composition with regard 19 a light Sourca at T AR Hso2sincBthgmerizing

poljmeér centaids ailarga quantity o6& 9Xydematoms, an %Qémﬁ:ce a polymer
anti-reflection coating composition having a high etching rate can be

prGdUCEd. THe ABVe comPatAd 2andieobithffedisp rsdctingzblenydsulting

Hvatives with.dicarb r with 1,2-epcxy-3-phenoxypropanein the
Slrgesgﬁgeg o%ﬁsﬁﬁa?g%&s% Olz%%heé?n} e gsl zagh ight abSBibertusetin 2an
ti#e- 1 Blingéntibn] alcompoundthaving dae-fallowing:fermula 15 to 18 can
also be used to provide an organic anti-reflection coating having a high
etching rate. [Formula 15j Ho

[Formula 9

]
0 0 0 I R
o
Ry

wherein R, represents hydrogen, hydroxyl group Or an
alkyl group having 1 to 10 carbon atoms; m and n are
repeating units - in the main chain, while m+n=1, and .they
satisfy the expressions 0.05 < m/(m+n) < 0.95 and 0.05 <
n/{m+n) < 0.95.

The polymer of the formula 8 allows the carboxylic acid
functional group generated from the ring-ocpening of maleic
anhydride using an alkyl alcohol, to react with a curing
agent having a functional group such as acetal, to thus form
a cross-linked structure. An  anti-reflection coating
employing this polymer undergoes curing during the baking

process after the coating on a substrate, and attains

14
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200H (Formula 16-j) HO 'OH [Formula 17] H:Hz0 CH\CHz 0O

resistance to dissolution in solvents. Thus, no problem

arises during the coating of a 'photosensitizér" after the

lamination of the anti-reflection coating.

Furthermore, since the above polymer contains a

chromophore having high absorption so that the polymer can

absorb light having a wavelength of 193 nm, the polymer of

the above formula 1 can be preferably used as a light

absorbent in the organic anti-reflection coating composition

with regard to a light source at 193 nm. Alsoc, since the

polymer contains a large quantity of oxygen atoms, an

organic anti-reflection coating composition having a high

etching rate can be produced.

The light absorbent can  be polymerized by a

conventional method, but radical polymerization is preferred,

The radical polymerization initiator is rot particularly

limited as long as it is used as a general radical

polymerization initiator, such as azobisisobutyronitrile,

benzoyl peroxide, lauryl peroxide, azobisisocapronitrile,
azobisisovaleronitrile, or t-butyl hydroperoxide.

The polymerization can be conducted by a method of bulk

polymerization, solution polymerization, suspension
polymerization, bulk suspension polymerization, emulsion
polymerization or +the 1like, and for the polymerization

solvent, at least one selected from benzene, toluene, xylene,

halogenated benzene, diethyl ether, tetrahydrofuran, esters,

15
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OH [Fointula 1E] OH [Formula 19] The compound of the formula 19
contains four hydroxyl groups per compound, and thus can form a
cross-linked structure when used together with a curing agent containing a
functional grout) such as epoxy or acetal. An anti- 5 reflection coating
employing this compound undergoes curing during the baking process

after the coating on a substrate, and attains resistance to dissolution in
solvents. Thus, no problem arises during the coating of a photosensit zer
after the lamination of the anti-reflection coating. Furthermore, 10 since

the above polymer contains a chrotophore having high absorption so that
the-pelamel eahabsorbiight haviag @ wavelesgth of $934nm, the polymer

of the above formula 19 can be preferably used as a light absorbent in the
organic afiti-rEfleeMsiT L6atingTontSBEIEaT Witkereghed to Allight P6lsowrce is
aLL934um; Rise,sigce dhe polymer caniaing jarge quantiies of oxygen.
atoms and nitrogen atoms, an organic anti-reflection cogtlng compogﬁllbn Ype

hafing-aihightetching rate cambequdducede Thetabave eompounshcagde s e
Obé?ilined by reacting bisphenol A diglycidyl ether with 4-hydroxybenzoic
25 AT T thePresRnceBPA BASIG E&taly sCIRBFMA€2010y  changing the

amount of use of the polymerization initiator and the
reaction time. After completion of the polymerization, it
is preferable to remove any unreacted monomer and side

products remaining in the reaction mixture, by precipitation

in solvent.

To control ‘the molecular weight, since it is usually

difficult ‘to obtain the molecular weight through gel
permeation chromatography (GPC) in the case where ring-

opened maleic anhydride 1is contained, reference should be
made to the molecular weight of the polymer of the above
formula 2, which is the polymer before the ring-opening with

-an alcohel having 1 to 10 carbon atoms. Typically, the
weight average molecular weight, measured by gel permeation
chromatography and normalized with respect to polystyfene,
of the light absorbent before ring-opening is preferably
1,000 to 100,000.

As for the light absorbent of formula 8, one selected

from the polymers having the following formulas 10 to 13 may

be used.

16



II_ 00 ANC OHOeik'200H 0-0 HO.") The compound of the formula
20 contains 3 hydroxyl groups per compound, and thus can form a
cross-linked 5 structure when used together with a curing agent containing
a functional group such as epoxy or acetal. An anti-reflection coating
employing this compound undergoes curing during the baking process
after the coating on a substrate, and attains resistance to dissolution in
solvents. Thus, no 10 problem arises during the coating of a
photosensitizer after the lamination of the anti-reflection coating.
Furthermore, since the above polymer contains a chromophore having
high absertion: sedhat the polymer can absorb light having a wavelength
of 193 nit, the polymer of the above formula 20 15 can be preferably used
as.aJight absorhent in the organic anti-reflection coating composition with
re :(6‘%%1: source at 193 nm. Also, since the polymer contains large

uantities ygeh atoms and nitrogen atoms, an organic ant-reflection
coatin@c&nposi aving a high etching rate can be produced. The
above compblind Sarf be obtained by
reacting-tris(2-carboxyethyl)isocyanurate with 1,2-eooxy-3-
phenoxyRprapane 'hnlt]he presence of a basic catalyst. Various compounds
may be used as the additives for 3 helping curing and perfoLmance

functional g
can react with the carboxylic acid functional croup of the polymer for
anti-reflection coating and the carboxylic acid functional group of the light
absorbent, or Xvith a hydroxyl group, should be used as the curing agent.
For ex rﬁpﬁ%?a?ni%g lastic compounds, 15 polyfunctional epoxy resins,
anhydridesjandrmixtures thereof may be mentioned. The cross-linkable
groumn is sereqted from the group consisting of a methylol
giewp, an al xymethyl group, an oxetanyl group, an oxazoline group, a
cyclgearbonate g PUD’ an alkoxysilyl group, an aziridinyl

H CHs —

0

OH

[Formula 13)

wherein m and n are repeating units in the main chain,
while m+n=1, and they satisfy the expressions 0.05 < m/ (m+n)

< 0.95 and 0.05 < n/(m+n) < 0.95.
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20 group, an isocyanate group, an alkoxymethylamino group,

aminomethyloi group, and a polyfunctional epoxy group, all substituting

the hydrogen atom on the amino group of a glycoluril compound, a urea

compound, benzoguanamine compound, or a melamine compound.

Specific examples thereof 25 includenexamethoxymethylmelaine,

tetramethoxymethylbenzoguanamine,1,3,4,6-

tetrakis(butoxymethyl)glyooluril,1,3-bis.(hydroxymethyl)-

4,5-dihydroxy-2-imidazolinone,1,37bis(methoxymethy1)-4,5-

dimethoxy-2- imidazolinone and the like. Examples of 5 commercially

availablespraciicts |@wdgmh@gm§mkypg§ggla@n% com oygdg

such as Cymel 300, Cymel 301 and Cymel 350; butoxymetﬁyl nhionsa

metan cBﬁ‘ﬁdlﬁnd%%cﬁoéslmvmtSGGMCEMyQQan@O&IgI)@QpI@@h also
ds s 3nmel-1170 and Powderlink 1174; butylated urea

e ORI, O 10 VAR DR AT GARAY: Soating naving

@realfprmaldehydehased resins such as Bekamin 0r-300S, Bekamin

P-955 and Bekamin N, and analogous products thereof. As for the

polyfunctional epoxy compounds, products under the trade names of

MY72Q,£¥M§A\A@@nd DENACOL, and analogous products are preferred.

15As a second example of the additives, a thermal acid generating agent

is used as a catalyst for accelerating the curing reaction. Itis

preferable to use a compound represented by the foIIowmg formula 21 or

23 as the thermal acid generatlng 20 agent. Since i compound

represented by the follow gf uIa 21 shews’a g O_d ur|
eff|C|en y n used toge having the \ / s
above-fme _8var u§func ional grou the compound has properties

appropriate for the an Hreflectlon coating composmon for 25 which the
heating time for curing' is limited to less than 5

0 CHs
I
—5— 0
wherein R, is selected among —©°— O Chs

H t

R; and Rj; represent each independent hydrogen, an alkyl group

having 1~10 of carbon atoms or alkoxy group having 1~10 of

carbon atoms.

The compound of the formula 14 contains two hydroxyl

groups per compound, and thus can form a cross~-linked

Structure when used together with a curing agent containiﬁg

a functional group such as epoxy ©or acetal. An anti-

- e . . .
reflection coating employing this compound undergoes curing

du;ing the baking process after the coating on a substrate

and attains resistance to dissolution in solvents Thus, no
. ’

18
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minutes. [Formula 21] OH [Formula 22] 0, [Formula 23] _ o---s _--/
Moreover, as for the organic solvent that can be used . in the organic
anti-reflection coating composition of the 15 present invention, at least one
solvent selected from the group consisting of propylene glycol
monomethyl ether (PGME), propylene glycol monomethyl ether acetate
(PGMEA), cvciohexanone, ethyl lactate, propylene glycol n-oropyl ether,
dimethylforramide (DMF), gamma-butvrolactone, 20 ethoxyethanol,
methoxyethanol, methyl 3-methoxypropionate

problem arises during the coating of a photosensitizer after

the lamination of the anti-reflection coating. Furthermore,

since the above polymer contains a chromophore having high

absorption so that the polymexr can absorb light having a

wavelength of 193 nm, the polymer of the above formula 14

can be preferably used as a light absorbent in the organic

anti-reflection coating composition with regard to a light

source at 193 nm. Also, since the polymer contains a large

quantity of oxygen atoms, an organic anti-reflection coating
compesition having a high etching rate can be produced. Th

e

above compound can be obtained by reacting phenyl

derivatives with dicarbozyl group with 1,2-epoxy-3-phenoxy-
propanein the presence of a basic catalyst.

Furthermore, as an light absorbent wused in the
invention, a compound having the following formula 15 to 18
éan also be used to provide an organic anti-reflection

coating having a high etching rate.

{Formula 15]

HO

N \ °f°“©
ar H/_H}—Qﬂ

OH

{Formula 16]

19



(MMP), and ethyl 3-ethoxypropionate (DEP), is preferably used. the
organic anti-reflection coating composition according to the present
invention, the polymer of the formula 1 which is used as the polymer for
organic anti-reflection coating, is preferably contained in an amount of 0.2
to 40% by weight in the total anti-reflection coating 5 composition, and the
light absorbent is preferably contained in an amount of 0.1 to 40% by
weight in the total anti-reflection coating composition. The curing agent is
preferably contained in an amount of 0.01 to 40% by weight in the total
anti-reflection coating composition, and the 10 thermal acid generating
agent is preferably contalned in an amount'5f 0.01 to 20% by weight in the
total anti-reflectios) coating comp ition. When the or ﬁﬁ anti-...reflection

co compositigh-et g-mentione ponents at the
above Deg}:_ném@mon

5 @n a wafer, and then a thermal
process suchas baking is performed, acid is generated from the thermal
acid generatlng agent and in the presence of the generated acid, a
cross-linking reaction occurring between the hydroxyl group of the
polymer for 20 organic anti-reflection coating of formula 1 and the light
abSorbentz ahdithe curing agent used as an additive, is Promoted. Thus,
an organic anti-reflection coating which not soluble in the solvent of

photcresist is formed \
CHa O_J>_ﬂb~_ -
7\ \__#
Q_O\__(‘ ° A
OH

(Formula 18]

HO

S aarasy SaSeliave

[Formula 19)

20
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Such organic anti-reflection coating absorbs the far- 25 ultraviolet rays
which have transmitted the photoresist and reached the anti-reflection
coating, thus preventing diffuse reflection at the photoresist undercoat.

In the processes for the organic anti-re lection coating according to the
present invention, the baking process is performed at BO to 250C, and the
baking time is selected to be 20 seconds to 60 minutes. Preferably, the
baking process is performed at a temperature of 150 to 2500C for 2to 5
minutes. Furthermore, the processes after obtaining the organic 20
anti-reflection coating correspond to the conventional processes for
patterning ot sgpHepRductor devices, and thus,are not apartic arly limited.
Also, in the patterning method of the present inverﬁ%n,lange(tgo%%¥balk¥§§ oxyl
pf6EERS carebe defelitomally, pedormetrbefore-25 ormfter exposure Auring ,eq
the J_s&?QHOf fogﬂrginrg a ghgtogesis'% attern, and such second baking process

is pre eralrfy performed at a Wmprature bf 76 (62008 a9¢freipaiterining
the p‘.’r@eﬂimntloglrwﬁbbe §@gg|f|_c§gly eg%p@gpedgoly wggecg aqreferﬁd
synthesis examples and 20 embodiment examples. However, these
é&?ﬁﬁfé@ﬁ’l‘é SiRfjested enBifor idstibtive purposes;@ndrareiote s curing
iy to limit the scope of the invention, Synthesis Example 1
25Synthesis of mo yﬁegé?%?ggnigécnﬁfreﬁg%tiocr?atmg on a substrate,

and attains resistance to dissolution in solvents Thus
‘ - 14

anti- .

no

problem arises during the coating of a photosensitizer after

the lamination of the anti-reflection coating. Furthermore
4

since the above polymer contains a chromophore having high
absorption so that the polymer can absorb light having a
wavelength of 193 nm, the polymer of the above formula 19
can be preferably used as a light absorbent in the organic

anti-reflection coating composition with regard to a light

. N .
source at 193 nm. Also, since the polymer contains large

quantities of oxygen atoms and nitrogen atoms, an organic

‘anti-reflection coating composition having a high etching

rate can be produced. The above compound can be obtained by

reacting bisphenol 2 diglycidyl ether with 4-hydroxybenzoic

acid in the presence of a basic catalyst.

[Formula 20]

21
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coating A 29.4 g of malenc anhydride, 30 g of methyl methacrylate, and
2.97 c of AIBN were dissolved in 120 g of 1,4-dioxane, and then the
mixture was subjected to a polymerization 5 reaction at 70C for 12 hours.
After completion of the reaction, the reaction solution was added dropwise
to methyl alcohol, and a precipitate thus generated was filtered, washed
several times with methyl alcohol, and vacuum dried (Mw = 17,200, PDI =
2.95, yield = 58%). 72 g of the vacuum 10 dried polymer and 0.55 g of
toluenesulfonic acid monohydrate were mixed with 725 g of methyl
alcohol, and then the mixture was allowed to react at 70C for 48 hours.
ompletion 8f the reaction, the reaction solution was added dropwise
tiIIed water, @nd a prgcipitate thus obtaine as filtered, washed
severap times With disfirte ervdneva yield - 58%).
Synthesis BXannie 2 O//\\ Synthesis of @olymer for organic
anti-reflection 20 coating B 56.5 o of maleic anhydride,100 g of benzyl
methacrylate, and 4.67 g of AIBN were dissolved in 480.94 g of
1,4-dioxane, and the Mixture was subjected to polymerization
reaction at 80C fgy 20 hours.After 25 completion of the reaction, the
reaction solution W%ad djidropwise to methyl alcohol, and a precipitate
thus generated was fiter&d,-washed several times with methyl alcohol,
and vacuum dried (Mw = 17,200, PDI = 2.95, yield = 53%). 82.95 g of the
vacuum dried polymer and 4.23 g of toluenesulfonic 5 acid monohydrate
were mixed with 1200 g of methyl alcohol, and then the mixture was
allowegd o r for4 ur r.completion of the reaction, the
reaction solﬁﬁ%ﬁfggdggd %r%%w%g%\t%%d]i%tille W&t &Rl A precipitiexyl
thusistaimed wasfitterenk! washed several tisaes 18axith distilled,water, 1. 4
g@g vacuum dggg ()(lield = 53%). Synthesis Example 3

ucture w sed together with a curing agent containing

a runctional group such as epoxy or acetal. An  anti-

reflection coating employing this compound undergoes curing
during the baking process after the coating on a substrate,

and attains resistance to dissolution in solvents Thus, no
. r

problem arises during the coating of a photosensitizer after

the lamination of the anti-reflection coating. Furthermore,

since the above polymer contains a chromophore having high

absorption so that the polymer can absorb light having a

wavelength of 183 nm, the polymer of the above formula 20

can be preferably used as a light absorbent in the organic

anti-reflection coating composition with regard to a light

source at 193 nm. Also, since the polymer contains large

guantities of oxygen atoms and nitrogen atoms, an organic

anti-reflection coating composition having a high etching

22
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Synthesis of Light Absorbent A. 100 g of a styrene-maleic anhydride
polymer (Mn = 1,600, 15 mole number of styrene: mole number of maleic
anhydride = 1.3:1) purchased from Sigma-Aldrich Company, Inc., and
0.77 g of toluenesulfonic acid monohydrate were mixed with 1000 a of
methyl alcohol, and the mixture was allowed to react at 70C for 48 hours.
After completion of the reaction the 20 reaction solution was added
dropwise to distilled water, and a precipitate thus generated was filtered,
washed several times with distilled water, and vacuum dried (yield =
104%). Synthesis Example 4 25Synthesis of Light Ahsorbent E 21.80
Qad?eBlgphgh@I gmgilycmt;‘/l eth_mﬁ 13&@ ot 4mpydrexybenzgic geid and , by
9é3a7c io{f tr!etgh Iamlge were d|s§olved'|n 78.96 g of propylene glycol
monormethyléther AcetatBC KA thEk the pRixarewas altowed tb, reagh aky - 3-
BRELOy&hauts. Aftercompletion of the reaction, the reaction solution
was cooled to ambient temrrJEerature, and tra%s%ear?ég t& %t&}ﬁ’tiﬁer,
Synth&sis BxempletoSyisthesiy oftdghAbsorbent €he 200:90fc. £or
s (lg-.cnarboc>§%/ej‘tp1 lisocyanurate, 260.9 g of 1,2-epoxy-3-phenoxypropane,
and 3.5 g ot tiethyARTindWEFE TS fith- 96 B gL 4-dibxahe, anll ymer
then themixtureyas-aliawed {0 seact At 120C for 16 houts, After
completion of the reaction, the solvent was rgecmoveg E]earzL le%%%o?é‘l‘%??&ﬁ&t'
Ditesias assiesatec rolorestian: v edsprel: <o
mes-with & 2% aqueaus solution of hydrochloric acid and distilled water.
The solvent nggre%o?/gapuoslfﬁg R evApOTatdr 26 BBt the Feastion cross-
pioduetl 20 Synthesisixamplesfynthgsis ogg.;&' ht Apsorbent D 100
g of 41.4'-oxg/bisbenzcic acid, 116.31 g of 1,2- epcxy-S-ﬁhen%rg(?/prcl;’ﬁé’nl&g a
HB6:2974 of tEfFaBatviaMRtisRrbrarmitec weretmixeteita4b8:58 g Of acig

W
Eﬁﬂ@ﬂgeﬁéh(g%oup of the polymer for anti-reflection coating
and the carboxylic acid functional group of the light
absorbent, or with a hydroxyl group, should be used as the

curin ‘ i '
g agent. For example, aminoplastic  compounds,

polyfunctional epoxy resins, anhydrides and mixtures thereof

may be mentioned. The cross-linkable functional group 1is

selected from the group consisting of a'methylol group, an

alkoxymethyl group, an oxetanyl group, an oxazoline group, a

cyclocarbonate group, an alkoxysilyl group, an aziridinyl

group, an isocyanate group, an alkoxymethylamino group

aminomethylol group, and a polyfunctional €poxy group, all

substituting the hydrogen atom on the amino group of a

] ril
glycoluril compound, a urea compound, benzoguanamine

compound, or a melamj £
, ine compound. Specific examples thereof

include hexamethoxymethylmelaine,

23



monomethyl ether acetate, and then the mixture was allowed to react at
120C for 18 hours. After completion of the reaction, the reaction solution
was cooled to ambient temperature, and transferred to a container. 5
Synthesis Example 7 Synthesis of Light Absorbent E 50 g of
sulfonyldibenzoic acid, 49.03 g of 1,2-epoxy-3- phenoxypropane, and 5.26

g of tetrabutylammonium bromide 10 were mixed with 208.58 g of
dimethylformamide, and then the mixture was allowed to react at 120C for
18 hours. After completion of the reaction, the reaction solution was

cooled to ambient temperature. The solid was made by hexane and
distiiledresiter and aiigshed seyeraldimes with distilled 15 water. The water
was removed using vacuum oven to obtain the reaction product. e
Exarmple - Broateist of Dighnke AntiiReflection Coating GampeSHion-A: ; -
20i'g-6f; _far arganic.anti-reflectign coating produced in the
above(81 é@fﬁﬁgggl E%;am:ﬁlcgg%og: g'of the Iigh?agégfb% K produesd i thed - 5-
ﬁéwsymhé?sjsrﬁxmmpn?iapag ofatgagmegtvamlgylgivcolgggﬁ%g 19 ..
of a thermal_acid generating agent having the structure of Formula 3

were 25 Hiddoled IFo8A Y 6f fop§ietiesylycet noromethybetiernyl  type

melamine compounds such as Cymel 300, Cymel 301 and Cymel

350; butoxymethyl type melamine compounds such as Mycoat 506

and Mycoat 508; glycoluril compounds such as Cymel 1170 and

Powderlink 1174; butylated urea resins such as URF300, U-

VAN1OR and U-VAN11HV; urea/formaldehyde-based resins such as

Bekamin J-3008, Bekamin P-955 and Bekamin N, and analogous

products thereof. As for the polyfunctional epoxy compounds,

products under the trade names of MY720, CYL79MA and DENACOL

and analogous products are preferred.

As a second example of the additives, a thermal acid

generating agent is used as a catalyst for accelerating the

curing reaction.

It 1s preferable to use a compound represented by the

following formula 21 or 23 as the thermal acid generating

agent. Since the compound represénted by the following

formula 21 to 23 shows = good curing efficiency when used

together with curing agents having the above-mentioned

various functional groups, the compound has properties
appropriate for the anti-reflection coating composition for

which the heating time for curing is limited to less than 5

24
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acetate, and then the solution was filtered through a membrane filter
having a diameter of 0.2 gm, to thus produce the organic anti-reflection
coating composition A. 5Example 2: Production of Organic Anti-Reflection
Coating Composition B 7 g of the polymer for organic anti-reflection
coating produced in the Synthesis Example 1, 6 g of the light absorbent B
produced in the Synthesis Example 3, 2.1 g of 10
tetramethoxvmethylglycoluril, and 1 g of a thermal acid generating agent
having the structure of FormUla 23 were dissolved in 981.9 g of ethyl
lactate, and then the solution was dissolved through a membrane filter
h%fﬁbta%hameter of 0.2 pm, to thus produce the oraanic anti-reflection
coating 15 composition E.  Example 3: Production of Organic
Anti-Reflection Coating Composition C 8 g of the polymer for organic
anti-reflectionudaatitig) 20 produced in the Synthesis Example 1, 10 g of
the |Ighb bsorbent 8 produced in the Synthesis Example 4, 2.7 g of

tetr thox;amet lglycoluril, and 0.54 g of a thermal acid
@‘O W

[Formula 22]

Do

[Formula 23]

8]
C

Moreover, as for the organic solvent that can be used
in the organic anti-reflection coating -composition of the
pPresent invention, at least one solvent selected from the
group consisting of propylene glycél monomethyl ether (PGME),
propylene glycol meonomethyl ether acetate (PGMER},
cyclohexanone, ethyl lactate, propylene glycol n-propyl
ether, dimethylformamide (DMF) , gamma-butyrolactone,
ethoxyethanol, methoxyethanol, methyl 3-methoxypropionate
(MMP) , aﬁd ethyl 3-ethoxypropionate (EEP), 1is preferably

used.

In the organic anti-reflection coating composition

25
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generating agent having the structure of Formula 23 were dissolved in

978.76 g of propylene glycol monomethyl ether 25 acetate, and then the

solution was filtered through a membrane filter having a diameter of 0.2

,Wa, to thus produce the oroanic anti-reflection coating composition o.

Example 4: Production of Organic Anti-Reflection Coating 5 Composition

D 8 g of the polymer for organic anti-reflection coating produced in the

Synthesis Example 1, 6 g of the light absorbent C produced in the

Synthesis Example 5, 2.8 g of tetramethoxymethylglycoluril, and 0.54 g of

a thermal acid 10 generating agent having the structure of Formula 23

&P Aissof/ed h 98266 RF 6Bpropyléne giydoimonomethyb etheracetater ne
the solution was filtered through a membrane filter having a

ﬁg%nﬁg%%of%.f b%n&to thus Produée the Brg Rt YAt refleetichreaating anti-

conpesitivBrD cbating, is preferably contained in an amount of
0.1 to 40% by weight in the total anti-reflection coating
composition, and the light absorbent is preferably contained

in an amount of 0.1 to 40% by weight in the total anti-

reflection coating composition. The curing agent 1is

preferably contained in an amount of 0.01 to 40% by weight
in the total anti-reflection coating composition, and the
thermal acid generating agent is‘preferably contained in an

amount of 0.01 to 20% by weight in the total anti-reflection

coating composition.

When the organic anti-reflection coating composition

containing the above-mentioned components at the above

compositional ratiocs is coated on a wafer, and‘ then a

. . . :
thermal process such as baking is performed, acid is

generated from the thermal acid generating agent, and in the

presence of the generated acid, a cross-linking reaction

occurring between the hydroxyl group of the polymér for

organic anti-reflection coating of formula 1 and the light

absorbent, and the curing agent used as an additive, is

promoted. Thus, an organic anti-reflection coating which is

not soluble in the solvent of photoresist is formed.

Such organic anti-reflection coating absorbs the far-

ultraviolet rays which have transmitted the photoresist and
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Example 5: Production of Organic Anti-Reflection Coating Composition E
8 g of the polymer for organic anti-reflection coating produced in the
Synthesis Example 1, 4 g of the light 90 absorbent 0 Produced in the
Synthesis Example 6, 1.7 g of L.etramethoxymethylglycoluril, and 0.4 g of
a thermal acid generating agent having the structure of Formula 23 were
dissolved in 985.9 g of propylene glycol monomethyl ether acetate, and
then the solution was filtered through a membrane filter having a diameter
of 0.2 pm, to thus produce the organic anti-reflection coating composition
E. Example 6: Production of Organic Anti-Reflection Coating Composition

FSE Gt the poraer fordramioantiaefieation crating produced in the: ..

syrthesis Example 1, 4 g of the light absorbent E produced in the
Synthesis Exzérﬁplgri f.gog8f?§%§ﬁ1e‘fﬁtﬁ?§/ﬁ?@ﬂ'}y{glycoluril, and 0.4 g of a

thermalracid genetatingeagent haying the structure of Formula, 23 were 10
dissolved in 985.9 g of propylene glycol monome ﬁ;r/’llectheraggétalfg%ﬁ&tm“
e tHedsoltftioPriwas dilteed thisugtpassembrane-fiter having adiameler,

ef-0.21 tq thus produce the, organic anti-reflection coating composition F.
15 Example Y%rod%gﬁ%ﬁ 0 tOr%%nFcoAr%ﬂ[’-ﬁa?gﬂe&% Chatirg Compositionis

& lected to be 20 seconds to &0 minutes. Preferably, the

baking process is prerformed at a temperature of 150 to 250°C

for 1 to 5 minutes.

Furth t ini
ermore, the processes after obtaining the organic

anti-reflection coating correspond to the conventional

brocesses for patterning of semiconductor devices, and thus

are not particularly limited.

Also, in the patterning method of the Present invention
a second baking process can be additionally performed before

Or aiter exposure during the Step of forming a photoresist

pattern, and such second baking process 1is preferably

performed at a temperature of 70 to 200°C.

Hereinafter, the present invention will be specifically

explained by way of preferred synthesis examples and

embodiment examples. However, these examples. are suggested

only for illustrative purposes, and are not intended to

limit the scope of the invention.

Synthesis Example 1

Synthesis of pclymer for organic anti-reflection
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5 g of the polymer for organic anti-reflection coating produced in the
Synthesis Example 2, 5 g of the light absorbent E produced in the
Synthesis Example 7, 1.4 g of 70 tetramethoxymethylglycolu il, and 0.3 a
of a thermal acid generating agent having the structure of Formula 23
were dissolved in 988.3 g of propylene glycol monomethyl ether acetate,
and then the solution was filtered through a membrane filter having a
diameter of 0.2 4m, to thus produce 25the organic anti-reflection coating
composition G. The composition ratios of the compositions of
Examples 1 to 3 are collectively presented in Table 1. [Table 1] kt uy
welgitgLight absorbent Polymer TMMG* TAG* PGMEA* EL* Example 1
A 0.59

29.4 g of maleic anhydride, 30 g of methyl methacrylate,

and 2.87 g of AIBN were dissolved in 120 g of 1,4-dioxane

and then the mixture was subjected to a polymerization

reaction at 70°C for 12 hours. After completion of the

reaction, the reaction solution was added dropwise to methyl

alcohol, and a brecipitate <thus generated was filtered

washed several tTimes with methyl alcochol, and vacuum dried

(Mw = 17,200, PDI = 2.95, yield = 58%). 72 g of the wvacuum

dried polymer and 0.55 g of toluenesulfonic acid monohydrate
were mixed with 725 g of methyl alcohol, and then the

i
ixture was allowed to react at 70°C for 48 hours. After

completion of the reaction, the reaction solution was added

dropwise to distilled water, and a precipitate thus obtained

was filtered, washed several times with distilled waﬁer and
) 7

vacuum dried (yield = 58%).

Synthesis Example 2

Synthesis of polymer for organic anti-reflection
coating B
56.5 g of maleic anhydride, 100 g of Dbenzyl

methacrylate, and 4.67 g of AIBN were dissolved in 480.94 g

of 1,4-dioxane, and then the mixture was subjected to a

polymerization reaction at 80°C for 20 hours After

completion of the reaction, the reaction solution was added
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0.69 0.19 0.09 96.42 Example 2 A 0.80 0.70 0.21 0.10 98.19 Example 3
21.000.80 0.27

dropwise to methyl alcohol, and a pPrecipitate thus generated

was filtered, washed several times with methyl alcohol, and

== ks

)

vacuum dried (Mw = 17,200, PDI = 2.95, vyield = 53%). 82.95

g of the wvacuum dried polymer and 4.23 g of toluenesulfonic

acid monohydrate were mixed with 1200 g of methyl alcohol,

and then the mixture was allowed to react at 80°C for 48

hours. After completion of the reaction, the reaction

solution was added dropwise to distilled water, and a

precipitate thus obtained was filtered, washed several times

with distilled water, and vacuum dried {yield = 53%).

<

Cd

Synthesis Example 3

Synthesis of Light Absorbent A

100 g of a styrene-maleic anhydride polymer (Mn = 1,600,

mole number of styrene: mole number of maleic anhydride =

1.3:1) purchased from Sigma-Aldrich Company, Inc., and Q.77

g of toluenesulfonic acid monohydrate were mixed with 1000 g

of methyl alcohol, and the mixture was allowed to react at

70°C for 48 hours. After completion of the reaction, the

reaction solution was added dropwise to distilled water, and

& precipitate thus generated was filtered, washed several

times with distilled water, and vacuum dried (yield = 104%).

Synthesis Example 4

Synthesis of Light Absorbent B
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0.054 97.87 - Example 4 ...0.60 0.80 0.28 0.054 96.26 - Example 5 0 0.40
0.80 0.17 0.04 98.59

21.80 g of Bisphenol 2 diglycidyl ether, 17.69 g of 4-

hydroxybenzoic acid and 0.37 g of triethylamine were

dissolved in 78.98 ¢ of propylene glycol monomethyl ether
acetate, and then the mixture was allowed to react at 120°C

for 18  hours. After completion of the reaction, the

reaction solution was cooled to ambient temperature, and

transferred to a container.

Synthesis Example 5
Synthesis of Light Absorbent C

200 g of tris(2~carboxyethyl)isocyanurate, 260.8 g of

1, 2-epoxy-3-phenoxypropane, and 3‘52 g of triethylamine were

mixed with 928.8 g of 1,4-dioxane, and then the mixture was

allowed to react at 120°C for 18 hours. BRfter completion of

the reaction, the solvent was removed in an evaporator, and

the residue was dissolved in methylene chloride, and washed

several times with a 2% aqueous solution of hydrochloric

acid and distilled water. The solvent was removed using an

evaporator, to obtain the reaction product.

Synthesis Example 6
Synthesis of Light Absorbent D

100 g of 4,4"-oxybisbenzoic acid, 116.31 g of 1,2-

e€poxy-3-phenoxypropane, and 6.24 g of tetrabutylammonium

bromide were mixed with 457.58 g of propylene glycol
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- Example 6 E0.40 0.800.17 0.04 98.59 - Example 7 E.50 0.500.14 0.03
98.83 -

monomethyl ether acetate, and then the mixture was allowed

to react at 120°C for 18 hours. After completion of the

reaction, the reaction solution was cooled to ambient

temperature, and transferred to a container.

Synthesis Example 7
Synthesis of Light Absorbent E

50 g of sulfonyldibenzoic acid, 49.03 g of 1,2-epoxy-3-

phenoxypropane, and 5.26 g of tetrabutylammonium bromide

were mixed with 208.58 ¢ of dimethylformamide, and then the

mixture was allowed to react at 120°C for 18 hours. After

completion of the reaction, the reaction solution was cooled

to ambient temperature. The solid was made by hexane and

distilled water and washed several times with distilled

water. The water was removed using vacuum oven to obtain

the reaction product.

Example 1: Production o©f Organic Anti-Reflection

Coating Composition 3

7 g of the polymer for organic anti-reflection coating
produced in the above Synthesis Example 1, 6 g of the light

absorbent A produced in the above Synthesis Example 3, 2 g

of tetramethoxymethylglycoluril, and 1 g of a thermal acid

generating agent having the structure of Formula 23 were

dissolved 1in 984 ¢ of propylene glycol monomethyl ether
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*TMMG:Tetramethoxymethylglycoluril, TAG.Thermal acid generating
agent, PGMEA: Propylene glycol monomethyl ether acetate, EL: Ethyl
lactate. Experimental Example: Stripping test
10Eachoftheorganicanti-reflectioncoating compositions produced in the
Examples 1 to 7 Was spin coated on a silicon wafer, and then the
composition was cross- linked by baking for 1 minute on a hot plate at
23000, to form an organic anti-reflection coating.The thickness of 15 the
organic anti-reflection coating was measured, and the wafer coated with
the organic anti-reflection coating was immersed in the solvent ethyl
lagtatafer onemminuteethenh ethyldactate was,gempletely.removeqd, the

wafer Was baked for one minute on a hot plate at 100C, and then the%

thickness of the BrhaRr afc et ettidRedoatingtwas measured. thuAs Aroduce
resslltofyagasu n n nge observed between the
thicknesigof thegi{)eagtin%é?gi% r?é%%zlaft%%%ﬁé ge?hﬁﬂ%@%?é&ﬂe%ffnfént and the
thickness before the treatment. Thus, it was confirmed that the organic

anti- 19 }geflegtion ¢oating composition produced in the above was
complétely Rured during THE BARFE Process, afadnrrmixidg wittRef Lection
pRetoiesisterihiaslike deeg not Occur during the lithography process.
15Experimental Example: Measurement of refractive index (n) and
extinctiorfcoeffididat (RpVaes for organic anti-reflection coating

a

produced in the Synthesis Example 1, 8 ¢ of the light

absorbent B produced in the Synthesis Example 3, 2.1 g of

tetramethoxymethylglycoluril, and 1 g of a thermal acid

generating agent having the Structure of Formula 23 were

dissolved in 981.¢ g of ethyl lactate, and then the solution

was dissolved through a membrane filter having a diameter of

0.2 pm, to thus produce the organic anti-reflection coating

composition B.

Example 3: Production of Organic Anti~Reflection

Coating Composition C

8 g of the polymer for organic anti-reflection coating

produced in the Synthesis Example 1, 10 g of the light

absorbent B produced in the Synthesis Example 4, 2.7 g of

tetramethoxymethylglycoluril, and 0.54 g of a thermal acid

generating agent having the structure of Formula 23 were

dissolved in 978.76 g of propylene glycol monomethyl ether

acetate, and then the solution was filtered through a
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Eachoftheorganicanti-reflectioncoating compositions produced in the
Examples 1 to 7 was spin coated on a silicon wafer, and then the
composition was cross- 20 linked by baking for one minute on a hot plate
at 230C, to form an organic anti-reflection coating. The anti-reflection
coating was subjected to measurement of the refractive index (n) and
extinction coefficient (k) at 193 nm using a spectroscopic ellipsometer.As
a result of the 25measurement, the refractive index (n) of the organic anti-
reflection coating composition A was 1.66,and the extinction coefficient (k)
was 0.32.The refractive index ft2) of the organic anti-reflection coating

cempositionsd Was-1 3¢ thesedingti fficient (k) was 0.30.The 5
refractive index (n) of theﬂg%anic anti-reﬁgc%%?l (?Cé)gti%é 'C(\)Ign?pogsfllﬁgn produce
WAE 10782844 tRe extinefidpcoetficient k) was6@2s1 £ 1 on Example 8:
Patterning of organic anti-reflection 10 coating and photoresist
Theorganicanti-reflectioncoatingcomposition produced in the Example 1
Wasmsple coatedmésiicamwaler an-yhiehesiligan oxynitide.nas been .
deposited, and then the g

ogition D

8 g of the polymer for organic anti-reflection coating

produced in the Synthesis Example 1, 6 g of the light

absorbent C produced in the Synthesis Example 5, 2.8 g of

tetramethoxymethylglycoluril, and 0.54 g of a thermal acid

generating agent having the structure of Formula 23 were

dissolved in 982.66 g of propylene glycol monomethyl ether

acetate, and then the solution was filtered through a

membrane filter having a diameter of 0.2 pm, to thus produce

the organic anti-reflection coating composition D

Example 5: Production of Organic Anti-Reflection Coating

Composition E

8 g of the polymer for organic anti-reflection coating

produced in the Synthesis Example 1, 4 g of the light

absorbent D produced in the Synthesis Example 6, 1.7 g of

tetramethoxymethylglycoluril, and 0.4 g of a thermal acid

enerati i i £
g ng agent having the structure of Formula 23 wezrse

dissolved in 985.9 g of propylene glycol monomethyl ether

acetate, and then the solution was filtered through a

membrane filter having a diameter of 0.2 pm, to thus produce
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composition was cross-linked by baking for one minute on a 15 hot plate
at 230C, to form an organic anti-reflection coating. Then, a photoresist
manufactured by JSR Cc., Ltd. was coated on top of the anti-reflection
coatng, and then the photoresist was baked for 90 seconds at 130C. After
conducting the baking, the assembly was exposed using an 20ASML
1400 scanner (0.65 NA) and a 60nm 1:1pattern mask, and was baked
again for 90 seconds at 130C. The exposed wafer was developed using a
developer containing 2.38% by weight of TMAH(tetra methyl ammonium
hydroxide), and thus the fnal nhotoresist pattern could be obtained. 25The
phietosesistpatters oblaiped using the arganic ant. feflection coating
composition A was a good perpendicular Pattern, and the en«grgy window

-was about 25%, while the depth of focus window was about 0.3 km. The

%Q%Egist Epatt%rn gbtajcned using the organic ant-reflection coating 5
compostiion B was 4 goot Persend RGki Hiftten thiReElerdrgymvintdewing
wasmahoig i2:3%0rwhile the depth of focus window was about 0.3 km. The
photoresist pattern obtained using the organic ant-reflection coating
compdsitonoC weka obidserpéndiculay paiteranand the BASKIYVIRARAW: ng

as about 2%%, Whi%th depth of focus window was about 0.3 wu ‘
xperimenta II%ng;(:rcr}fﬁle: élge:rslﬁr""“elrr%en}Pi%‘l‘ﬂ&‘ELE?:]I'ﬁnglrate‘1 g of the light

Eaelcmﬂahemrganipaﬂtﬁh{@ﬂact@mceg@ngsg,ggppggitgo%}gﬂgyge@ in tEe7
above Examples was spin coated 15 on a silicon wafer, and thén the"
SGhpORRIOHHHECrBEd dikea By baking for ofedminuteionaa hotdiate ataciq
%;Q,Qrgocfiq{@ aa{bg;]gcani,g:a%nti-reﬂt ction goatin%.ﬁ']l' he silicon wafer having

e . . :

organic anti-reflection c%gﬂng ormad thereorwas Slffﬁé&‘é%lato 23 were
etching fordlOiseconds vsing &F 4gapimad dgy}egg@ing@p&gé@%l The, .
etching rate was defined as (thickness of film before etching - thickness o
fﬂﬁ?éﬁgéF etcHiRg)tMEThiE Was BBAVERHEE witle sespédttierdny etchingigh  a
selgstivity CF4A etching rates of the organic
anti-reflectig{r}g(l:gitﬁlﬁ%p%%tioﬁlsa%%%egn % év'e%ee o5 55 38Ty Brspiuce
fe3pertivalyl T hendry- etdiing setectivityrepsesentsdbhe-dnretehing rate or
the organic anti-reflection coating obtained when the dry etching rate of a
photoresist for ArF lithography (manufactured by Kumho Petrochemical

ERandde trade NB¥BBuction of Organic Anti

g of

“Reflection Coating

Composition @

5 g of the polymer for organic anti-reflection coating

produced in the Synthesis Example 2, 5 g of the light

absorbent E produced in the Synthesis Example 7, 1.4 g of

tetramethoxymethylglycoluril, and 0.3 g of a2 thermal acid

generating agent having the structure of Formula 23 were

dissolved in 988.3 g of propylene glycol monomethyl ether

acetate, and then the solution was filtered through a
membrane filter having a diameter of 0.2 Hm, to thus produce

the organic anti-reflection coating composition G.
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[ tal
5 KUPR-A60) was set as 1.00. The r_esults of the experimen
examples of Examples 1 to 7 are collectively pre_sented in Tab.le 2. [Table
2] Stripp ing Refractive index Absorption coefficient Energy window(%o)
Focus indow(um) Dry etching selectivity Ex.1 Good 1.71 0.44 7,

The composition ratios of the compositions of Examples

1l to 3 are collectively presented in Table 1.

[Table 1] (% by weight)
Light Polymer | TMMG* TAG* PGMER* EL*
absorbent
Example 1 A 0.59 0.69 0.19 0.09 98.42 -
Example 2 A 0.80 0.70 0.21 0.10 - 98.158
Exanple 3 B 1.00 0.80 0.27 0.05¢4 87.87 -
Exanple 4 C 0.60 0.80 0.28 0.054 98.2¢ -
Example S D 0.40 0.80 0.lk7 0.04 898.58 -
Example 6 E 0.40 0.80 .17 0.04 98.59 -
Exanmple 7 E .50 0.50 0.14 0.03 98.83 -
*TMMG : Tetramethoxymethylglycoluril, TAG: Thermal acid

generating agent, PGMEA: Propylene glycol4monomethyl ether

acetate, EL: Ethyl lactate.

Experimental Example: Stripping test

Each of the organic anti-reflection - coating

compositions produced in the Examples 1 to 7 was spin coated

on a silicon wafer, and then the composition was cross-

linked by baking for 1 minute on a hot plate at 230°C, to

form an organic anti-reflection coating. The thickness of

the organic anti-reflection coating was measured, and the
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0.3 2.25 Ex.2 Good. 1.79 0.47 23 0.3 2.35 Ex.3 Good 1.65 0.32 22 0.3
2.20

wafer coated with the organic anti-reflection coating was
immersed in the solvent ethyl lactate for one minute. Then,

ethyl lactate was completely removed, the wafer was baked

for one minute on a hot plate at 100°C, and then the

thickness of the organic ant-reflection coating ‘was measured.

As a result of measurement, there was no change

observed between the thickness of the coating obtained after

the ethyl lactate treatment and the thickness before the

treatment. Thus, it was confirmed that the organic anti-

reflection coating composition produced in the above was

completely cured during the baking process, and intermixing

with photoresist or the like does not occur during <the

lithography process.

Experimental Example: Measurement of refractive index

(n) and extinction coefficient (k) values

Each of the organic anti-reflection coating

compositions produced in the Examples 1 to 7 was spin coated

on a silicon wafer, and then the composition was cross-

linked by baking for one minute on a hot plate at 230°C, to

form an organic anti-reflection coating. The anti-

reflection coating was subjected to measurement of the

refractive index (n) and extinction coefficient (k) at 193

nm using a spectroscopic ellipsometer. As a result of the

measurement, the refractive index (n) of the organic anti-
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Ex.4 Good 1.72 0.3522 0.2 2.30 Ex.5 Good 1.66 0.30 22 0.3 2.28 .5
Good

reflection coating composition A  was 1.66, and the

extinction coefficient (k) was 0.32. The refractive index

(n) of the organic anti-reflection coating composition B was

1.73, and the extinction coefficient (k) was 0.30. The

refractive index (n) of the organic anti-reflection coating

composition C was 1.78, and the extinction coefficient (k)

was 0.32,

Example 8: Patterning of organic anti-reflection

coating and photoresist

The organic anti-reflection coating composition

produced in the Example 1 was spin coated on a silicon wafer

on which silicon oxynitride has been deposited, and then the

composition was cross-linked by baking for one minute on a

hot plate at 230°C, +to form an organic anti-reflection

coating. Then, a photoresist manufactured by JSR Co., Ltd.

was coated on top of the anti-reflection coating, and then

the photoresist was baked for 390 seconds atAlBO%L After

conducting the baking, the assembly was exposed using an

ASML 1400 scanner (0.85 NA) and & 80nm 1:1 L/S pattern mask,

and was baked again for 90 seconds at 130°C. The exposed

wafer was developed using a developer containing 2.38%

by

weight of TMAH (tetra methyl ammonium hydroxide), and thus
the final photoresist pattern could be obtained.

The photoresist pattern obtained using the organic ant-
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1.750.35 22 0.25 2.25 Ex.7 Good 1.78 0.39 21 0.25 2.20 10 ltwas
confirmed that the etching rates of the thin films obtained from the organic
anti-reflection coating composition of the present invention pr_oduced in
Examples | to 7 were very high compared to photoresist. During the 15
process of transferring the photoresist pattern formed on

reflection coating composition A was a good perpendicular

pattern, and the energy window was about 25%, while the

depth of focus window was about 0.3 Tha The photoresist

pattern obtained using the organic ant-reflection coating

composition B was a good perpendicular pattern, and the

energy window was about 23%, while the depth of focus window

was about 0.3 pm. The photoresist pattern obtained using

the organic ant-reflection coating composition C was a good

perpendicular pattern, and the energy window was about 22%,

while the depth of focus window was about 0.3 um.

Experimental Example: Measurement of etching rate

Each of the organic anti-reflection coating

compositions produced in the above Examples was spin coated

on a silicon wafer, and then. the composition was cross-

linked by baking for one minute on a hot plate at 230°C, to

form an organic anti-reflection coating. The silicon wafer

having the organic anti-reflection coating formed thereon

was subjected to etching for 10 seconds using CF; gas in a

dry etching apparatus. The etching rate was defined as
(thickness of film before etching - thickness of film after

etching) /time, This was converted with respect to dry

etching selectivity, and as a result, the CF; gas etching

rates of the organic anti-reflection coating compositions 2,

B and C were 2.25, 2.35 and 2.20, respectively. The dry
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the organic anti-reflection coating onto a substrate, if the etching rate is
high, the phgtoresist pattern can be transferred to a substrate more
precisely and more easily. FACSLLP WHAT IS CLAIMED IS: A

copolymer represented by the following Formula 1. [Chemical Formula 1]

5 wherein RI, R2 and R3 are each independent to each; R1
represents hydrogen or an alkyl group having 1 to 10 carbon atoms, R2
represents hydrogen, an alkyl group having 1 to 10 carbon atoms or an
arylalkyl group having 7 to 20 carbon atoms; R3 is hydrogen or a methyl -
group; m and n are repeating units in the main chain, while tom+n-1, and
e hade valesoha.06 < ayfmee) =0.9handiBy.05<chAAY N} s0:9%f the
2.An or anic r?{lti:l’&ﬂ lction,coating composition comprising a copolymer
reptesented by the ahove FEMMuIa R d fight HEGHhRAE a #ifmal Al dry
gererating agent, anda CWing agent | rein light absorbent is the
copolymt%r represented by the foIIowir% éﬁ%%%ula%j%nd%% Welig]‘r%thography
aVérsgeerioleasdlaPyeiis 1, DO0eche®000] and a, campoynctrade name
E&Pﬁﬁ%@%ﬁd Qgéh%ef%”%vgirhg. Eoormula 14, 19 or 20: [Chemical Formula 1]

The results of the experimental examples of Examples 1

to 7 are collectively presented in Table 2.

[Table 2]
Stripp | Refractive | Absorption Energy Focus Dry etching
ing index coefficient | window(%) window (pm) | selectivity
Ex. 1| Good 1.77 0.44 25 0.3 2.25
Ex. 2 | Good 1.78 0.47 23 0.3 2.35
Ex. 3 | Good 1.65 0.32 22 0.3 2.20
Ex. 4 | Good 1.72 G.35 22 0.2 2.30
Ex. 5 | Good 1.68 0.30 | 22 0.3 2.28
Ex. € | Good 1.75 0.35 22 0.25 2.25
Ex. 7 | Good 1.78 0.39 21 0.25 2.20

It was confirmed that the etching rates of the thin

films obtained from the organic anti-reflection coating

composition of the present invention produced in Examples 1

to 7 were very high conpared to photoresist. During the

process of transferring the photoresist pattern formed on
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20wherein 12[, R2 and R3 are each independent to each; RI represents
hydrogen or an alkyl group having 1 to 10 carbon atoms, R2 represents
hydrogen, an alkyl group having 1 to 10 carbon atoms or an arylalkyl

group having 7 to 20 carbon atoms; R3 is hydrogen or a methyl group; m

and n are repeating units in the main chain, while m+n=1, and they have
values of 0.05 < m/(m+n) <0.95 and 0.05 < n/(m+n) <0.95. 25 MCSUP

R2 wherein Ri represents an alkyl group having 1 to 10 carbon atoms,

R2 represents hydrogen, an hydroxyl group or an alkyl group having 1 to

10 carbon atoms; m and n 5are repeating units in the main chain, white

haa=trand they havenaiues of 05 sarly Q95 and Q085 o/(mn) ;-

<0.95, [Chemical Formula 14] HR b A
etching rate is high, the photoresist pattern can be

transferred to a substrate more precisely and more easily.
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10selected among independently hydrogen, an alkyl group having 1 to 10
carbon atoms, EM alkoxy group having 1 tol 0 carbon atoms. [Chemical

Fonnula 19] MCSLLP [Chemical Formula 20] Vo HOy MCSLLP

WHAT IS CLAIMED IS:

1. A copolymer represented by the following Formula 1.

[Chemical Formula 1]

s

ST
oo d
H Ry Rz

wherein R;, Ry and Rj are each independent to each; R; represents hydrogen or
an alkyl group having 1 to 10 carbon atoms, R, represents hydrogen, an alkyl group
having 1 to 10 carbon atoms or an arylalkyl group having 7 to 20 carbon atoms; Rj is
hydrogen or a methyl group; m and n are repeating units in the main chain, while

m+n=1, and they have values of 0.05 <m/(m+n) <0.95 and 0.05 <n/(m-+n) <0.95.

2. An organic anti-reflection coating composition comprising a copolymer
represented by the above Formula 1, a light absorbent, a thermal acid generating agent,
and a curing agent

, wherein the light absorbent is the copolymer represented by the following Formula 8,
and the weight average molecular weight is 1,000 to 100,000, and a compound
represented by the following formula 14, 19 or 20:

[Chemical Formula 1]

Rs
b
o Q U
oo} Q
H R1 RQ
wherein R, R, and Rj are each independent to each; R; represents hydrogen or
an alkyl group having 1 to 10 carbon atoms, R, represents hydrogen, an alkyl group
having 1 to 10 carbon atoms or an arylalkyl group having 7 to 20 carbon atoms; Rj is

hydrogen or a methyl group; m and n are repeating units in the main chain, while

m-+n=1, and they have values of 0.05 <m/(m+n) < 0.95 and 0.05 <n/(m+n) <0.95.
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3. The organic anti-reflection coating composition according to claim 2,
wherein 5 the curing agent has two or more cross-linkable functional
groups per compound and is selected from the group consisting of
aminoplastic compounds, polyfunctional epoxy resins, anhydrides and
mixtures thereof. 4. The organic anti-reflection coating composition
according to claim 3, wherein tothe cross-linkable functional group is at
least oltéhewmlisetdwfrawathle group consisting of methylol group, an
alkoxymethyl group, an gxetanyl oxazoline group, a
cyclocarbonate group, at)’ Up; anaziripifil group, an

isocyanate group, an aJko o group, aminomethylol group,

and a polyfunctional epoxy gsoupjall substi

) e hydrogen atom on
the amino group of a glyqqfuril comﬂound, 3 5 compound,
benzoguanamine compound, or a mélamine ¢afmpound. 5. The organic

anti-reflection coating composition according tg.claim 2, wherein the

thermal acid generating agent used is at least 0ie selected from the group

consistingefrareornesk AhtAr jobowip hsvanmule 2D tddn2RoMC B EdBresents

ﬁChemical Formula 21] [Chemical Formula 22] [Chemical Formula 23]

MCSLLP

ydrogen, an hydroxyl group or an alkyl group having 1 to 10 carbon atoms; m and n

are repeating units in the main chain, while m+n=1, and they have values of 0.05 <

m/(m+n) < 0.95 and 0.05 < n/(m+n) <0.95,
[Chemical Formula 14]

HO

\

OH

?l CHy O
. . i “
wherein R; is selected among -O-, ¢ ,  ¢Hs | , Ry and Rj are

selected among independently hydrogen, an alkyl group having 1 to 10 carbon

atoms, an alkoxy group having 1 to10 carbon atoms.

[Chemical Formula 19]

HO 0 \ / \ / 0 CH

\_/

O
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6.The organic anti-reflection coating composition according to claim 2,
wherein the composition comprises at least one solvent selected from the

group consisting of 10 propylene glycol monomethyl ether (PGME), MCSLLP

propylene glycol monomethyl ether acetate (PGMEA), cyclohexanone,
ethyl lactate, propylene glycol n-propyl ether, dimethylformamide (DMF),
gamma-butyrolactone, ethoxyethanol, methoxyethanol, methyl
3-metH&XgprispidriaayimiiP), and ethyl 3-ethoxypropionate (EEP)

e.organic anti-reflection coating composition according to clai

e composition coiprises 0.1;to 40% by yeight of the copglyme
for org anti-reflection cgatin o.1%cu\4:o/ y welight of the light A
absorbent, 0.01 to 20% BBy weight oftthe thermal-acid generdting agent,
and 0.01 to 4%% of the curing agent. 208.The orggpic

anti-reflection coating compositiondccardingdo claim 1, wherein the

copolymer of Formula 1 is a copolymer |for organic anti-reflection coating
generated by reacting a reaction intermediate of the following Formula 2

which is produced by polymerizing maleic anhydride and an alkyl
aerylate-based compound, with an (I)alcohol having 1 to 10 carbon

atoms: MO8 1. L P [Chemical Formula 21 wherein R2 and R3 are

each independent, R2 is hydrog yl group having 1 to 10 carbon

atoms or an arylalkyl group having 7to 20’ carbon atoms; R3 is hydrogen

or a methyl group; m and n arelrepeating units in the main chain, while

m+n=1, and they have values of @ /(m+n) <0.95 and 0.05 < n/(m+n)

< 0.95. 9. The organic anti-reflection coating composition according to

claim 8, wherein the alkyl acrylate-based compound is selected from the

Jroup ddwsisengobriethliEciatryraBneeynaelier aropiopy tachyame?, wherein
RRrmalropyl AgYIALe. HRRl QU Asater RaRu g?f@(ﬂ)@tlﬁeﬂ%%%ﬁhd and is
acrylate, cyclohexyl acrylate, isobomyl acrylate, 2- ethylhexyl acrylate,

salseigil iethadry lateu b sibEtitaefyamedBlssHs psd Ry Rt tHBeHaR] epoxy
g&gxlmggggl%@ ladshdtyiyetiacrylate, normal butyl methacrylate,

isobutyl methacrylate, cyclohexyl methacrylate, isobornyl methacrylate

and 2- 15ethylhexyl rn ethacry | ate. 10. The organic anti-reflection

g0atingrGeAOSIHoN.ACRATAINGAQ GiaH %owpsgﬁieﬁ@%&ﬁmggmmm 3, wherein

Formula 8 is a light absorbent generated by reacting a copolymer of the

fonsiarg! FEaPIGI A0 SHRRT BEDHuBRIE PRAyIFIEF SR AR SRHYEGeisting of
g%k@ggﬁﬁ%’i%ﬂﬁ,%ﬁb’%&ﬂpl analkylkaleghelhaving,d, tenl 0:620I0R group, a

cyclocarbonate group, an alkoxysilyl group, an aziridinyl group, an isocyanate group, an

alkoxymethylamino group, aminomethylol group, and a polyfunctional epoxy group, all
substituting the hydrogen atom on the amino group of a glycoluril compound, a urea

compound, benzoguanamine compound, or a melamine compound.
5. The organic anti-reflection coating composition according to claim 2, wherein

the thermal acid generating agent used is at least one selected from the group consisting

of a compound of the following Formula 21 to 23.
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[Chemical Formula 9] MCSLL, P wherein R1 is hydrogen, an
hydroxyl group or an alkyl group having 1 to 10 carbon atoms; in and n
are repeating units in the main chain, while m+n=1, and they have values
of 0.05 < m/(m+n) <0.95 and 0.05 < n/(m+n) < 0.95. 11.A method for
patterning of semiconductor devices, the method comprising: applying
the organic anti- reflectlon coating composition according to claim 2, on top
of a Ia%@f*%“ﬁé | dtesga l]curlng the applied composition through a
baking process, and formlng cro@ﬁ-lmklng bonds to fon-n an organlc
anti-reflection coating; 10apptyit
anti-reflection coating, exposing &néltk

photoresist pattern: and etching the organlc anti-reflection coatlng

using the,pheiarestathngyeln as an etching mask, and then etching the
layer to be etched to pattern the Iayeré 0 be etched 1512.The method for

patterning of semlconductog dgwces agcor to claim 11, wherein the

baking process is conducte @0‘ 750, CHo 5 minutes. 13. The
method for patterning of se |conduct01i de\m“es according to claim 11 or
12, the patternipg the resist further comprising baking process being
camed@ﬂ?‘ﬁf@g& |§ plylng the photoresist and before exposing,
and after the exposed photoresist an@befare developing.

6. The organic anti-reflection coating composition according to claim 2, wherein
the composition comprises at least one solvent selected from the group consisting of
propylene glycol monomethyl ether (PGME), propylene glycol monomethyl ether
acetate (PGMEA), cyclohexanone, ethyl lactate, propylene glycol n-propyl ether,
dimethylformamide (DMF), gamma-butyrolactone, ethoxyethanol, methoxyethanol,
methyl 3-methoxypropionate (MMP), and ethyl 3-ethoxypropionate (EEP)

7. The organic anti-reflection coating composition according to claim 2, wherein
the composition comprises 0.1 to 40% by weight of the copolymer for organic anti-
reflection coating, 0.1 to 40% by weight of the light absorbent, 0.01 to 20% by weight
of the thermal acid generating agent, and 0.01 to 40% by weight of the curing agent.

8. The organic anti-reflection coating composition according to claim 1, wherein
the copolymer of Formula 1 is a copolymer for organic anti-reflection coating generated
by reacting a reaction intermediate of the following Formula 2 which is produced by
polymerizing maleic anhydride and an alkyl acrylate-based compound, with an alkyl

alcohol having 1 to 10 carbon atoms:
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14. The method for patterning of semiconductor devices according to
claim 13, wherein the (second) baking process on the patterning the
photoresist is performed at 70 25to 200 C. 15. A semiconductor device

produced by the method for patterning according to claim 11. MCSLLP

[Chemical Formula 2]

wherein R, and R; are each independent, R, is hydrogen, an alkyl group having 1
to 10 carbon atoms or an arylalkyl group having 7 to 20 carbon atoms; Rj is hydrogen or
a methyl group; m and n are repeating units in the main chain, while m+n=1, and they

have values of 0.05 <m/(m+n) <0.95 and 0.05 <n/(m+n) < 0.95.

9. The organic anti-reflection coating composition according to claim 8, wherein
the alkyl acrylate-based compound is selected from the group consisting of methyl
acrylate, ethyl acrylate, isopropyl acrylate, normal propyl acrylate, normal butyl
acrylate, isobutyl acrylate, tert-butyl acrylate, cyclohexyl acrylate, isobornyl acrylate, 2-
ethylhexyl acrylate, methyl methacrylate, ethyl methacrylate, isopropyl methacrylate,
normal propyl methacrylate, tert-butyl methacrylate, normal butyl methacrylate,
isobutyl methacrylate, cyclohexyl methacrylate, isobornyl methacrylate and 2-

ethylhexyl methacrylate.

10.  The organic anti-reflection coating composition according to claim 2, wherein
the compound of Formula 8 is a light absorbent generated by reacting a copolymer of
the following Formula 9 which is produced by polymerizing maleic anhydride and a
styrene compound, with an alkyl alcohol having 1 to 10 carbon atoms:

[Chemical Formula 9]
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MCSLLP

wherein R; is hydrogen, an hydroxyl group or an alkyl group having 1 to 10
carbon atoms; m and n are repeating units in the main chain, while m+n=1, and they

have values of 0.05 <m/(m+n) < 0.95 and 0.05 <n/(m+n) <0.95.

11. A method for patterning of semiconductor devices, the method comprising:

applying the organic anti-reflection coating composition according to claim 2,
on top of a layer to be etched;

curing the applied composition through a baking process, and forming cross-
linking bonds to form an organic anti-reflection coating;

applying a photoresist on top of the organic anti-reflection coating, exposing and
developing the photoresist, to form a photoresist pattern; and

etching the organic anti-reflection coating using the photoresist pattern as an

etching mask, and then etching the layer to be etched to pattern the layer to be etched.

12.  The method for patterning of semiconductor devices according to claim 11,

wherein the baking process is conducted at 150 to 250° C. for 1 to 5 minutes.

13.  The method for patterning of semiconductor devices according to claim 11 or
12, the patterning the photoresist further comprising baking process being carried out at
least after applying the photoresist and before exposing, and after the exposed

photoresist and before developing.
14.  The method for patterning of semiconductor devices according to claim 13,
wherein the (second) baking process on the patterning the photoresist is performed at 70

to 200° C.

15. A semiconductor device produced by the method for patterning according to
claim 11.
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