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Description Antli reflective Coatings for
Phot or esi st Conpositions Background of the Invention 5
The present invention relates to novel antireflective coating conpositions
and their use in formng a thiDedodipfibn bet ween a reflective
substrate and a photoresist coating. Such conpositions are

especi al ly useful in the fabdntisflechivedfoatings fonPhatoresist € g
phot ol i t hogr aphi ¢ techni ques. Phot or esi st conpositions
are used in mcrolithography processes for nmaking 10 mni aturized
el ectroni c conpo Irivnt fabrication of conputer chips and
i ntegrated ci rcug%’g%%é}g??y, I|1§n&l\tehese processes, a thin coating of film
of a phot 6resi st The presentaveption telabes tosiovelrastireflipptivecdating corspdsiions ard
terial h ili f . d,f , Ki i pt ted .
el o, The o oheBabe i BrRes i e e e porog sy ROV s
i n the phot oresi &Héﬁ’% ' £l : :] : .
The baked 15 Shelf oalttfggggr t?raerfléecdeaﬂﬁfu kﬁlteln&eﬁfét&trlgdt?%ni(aggér\}g%{;ﬁdsuﬁg??g{thgécﬁtyo
an image-w se explastolithog@aphia déohhiqes. Thi s radiation
exposure causes a chenmcal transformation in the exposed areas of )
the coated surface. VPBoteresist conpositigng pepused sx mictalithegreplyy pregesees fofrmpdagn
and X-ray,radiang. .. . ' Lat) t
today i nx% crol i{’mé%;“rlgﬁ%li eéecﬁrrogxggkggr%é P&{Aﬁ%ﬁ%ﬂ’téhg ?abr?égt?&} ﬁf@%&é‘gﬂ %gg'éd
exposure, the coiatepdatedi bisduita! Genérally, enttRse potésses, deme oy Fdilmlof @ phbdredidt
di ssol ve and renove either the radiati on-exposed or the unexposed areas of
t he PAMORQSHION; is first applied to a substrate materiatpgich as pilicqrowafersgised, for
mnitiarization : ) . deyi ces d.t:0
sophi sti cat ed w‘?’%‘f‘ﬁg\l‘;ﬂéggqgtggg }er%tst ?ﬁg\é?tgg%ib%?’%flf E:hue Fiblggesd_ té)seg %?rat[eeagﬁngltv %It
such ifithé ﬁhcﬁbis&i@f— ¢dhiposition atid €o Ak tH @hatiyg aRseiddubsiras! Thebhledt i ve
coatings in photolit ograph%tm'as 25 a sinpler approach to dimnish
the problé&ns t hatoatedswriace oloie Behskrateds nexd shliercted ta ngmage-wasn exposure to radiation.

highly reflective subsgi.ratg Two del et erioys ef ts of ..hack.refl eckivi

e thinriim o SUPEAS BdiioneRBostic Sl THRrEAl FONToBRuRf Rl Hindeh st b
interference restecated s8I RSsiblO light hitadiolet (UV) light, electrdn¥atind X-ray radiant
di nensi ons caused by variations in the total light intensity in the resist

filmas energyrase radiationdypes sommoalyrused taday rmipselithagraphie prasesses. After

i newi dth are pr rtional to the sw 0] . t. . re
mist b i m mi peNeBPEBRRe PR RE R ot sggarl i £ Bbveh-biIGASH &
defined py: dissolve and remove either the radiation-exposed or the unexposed areas of the

photoresist.
The trend towards the minitiarization of semiconductor devices has lead to the
~ use of sophisticated multilevel systems to overcome difficulties associated with such
_ minitiarization. The use of highly absdrbing antireflective coatings in photolithography is
25 a simpler approach to diminish the problems that result from back reflection of light from
highly reflective substrates. Two deleterious effects of back reflectivity are thin film
interference and reflective notching. Thin film interference results in changes in critical
linewidth dimensions caused by variations in the total light intensity in the resist film as
the thickness of the resist changes. Variations of linewidth are proportional to the swing
30 ratio (S) and therefore must be minimized for better linewidth control. Swing ratio is
defined by:
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- 2- S =
A(R[err]Rerr])[err]el[err] "2- where RL is the reflectivity
at the resist/air or resist/top coat interface, wher e
R2 is the reflectivity at the resist/substrate interface,

where a the resist optical absorption co8f#id¢R¢Rs)?e 5 D
is the filmthickness. Antireflective coating function by

absorbi ng the radi at whereRadsitheaeflestipitysatrthe tdsist/air or resist/top coapinedrfacgsi st ,
t hus reducing R2 and fhereby., reduci.ng the swing.rati Q. Reflective notching
becones severe as th‘él}1 ﬁ&’d%lg@irgf{lecf"é‘%b%ttﬁ%F%@Hg‘g\?gi‘teé’é}ﬁgﬁf’at es contai ni ng

t opogr aphi cal ‘”ﬁe“"“‘hg‘?‘?’?éﬁé&,.ﬁ%ft‘ ﬁ@egélio?lcc%teﬁﬁfenl,%ggt t hrough t he

photoresist film leading to Iat1 ons, and in the
extreme fase, form nD is thgifitmshivkress.conpl et e resi st | oss.

In the past dyed photoresists have been utjilized to solve these
reflectivity  Antireflective coating fungtion by \absashingthe sadiatjomused|fbs exposing thehat  dyed

i st | . of i Vi f . t he. bst t hut do .not
Lot s ol YT tdfdtedist] (S FAdhbing R, ol Whercby redycing ght 3¥ing 1830 1 Refctivg potohing.
in the |ithogr dpbbrepevérartiRcghotbretifgs pmérﬁé@@def@rsubstrﬁa]gk?ﬁaingﬁ ttb?c%?%ﬂiéal e

e e

sublimation of 15 .. the dye and inconpatibility o resi st
films. In casedeatneesevhigh seatter light throngintherphotoresist film, leaditg wi limetvidih vadatiohs

swng ragtiois g nantkref|lective cpating is .applied prior to
coat i n_g%vvi th t k?rgﬁgﬂ)htege%terseﬁgfasgh TOMESFePss g@{_ﬁggwpg?e F_Fﬁéﬁgissi st is exposed

i mgew se and In the pastléyed phoestesist Ravartiekh BiiliR4 46 YGvE AR RBektRit,he
exposed area is then etched, typically in an ' oxygen pl asma, and
the resist pat tPEPblems Hpwsvery iftssgeaeraliy knewvn that dyeskresists only Thaducetreffectivityefra

of the antirefl ' [ | d,be,.rel at.i vel igh.so that the .
antireflective ti?‘ip%drtr)lgt?%tfeeb&" %%Bgﬁogany €liminate l\‘NI f%%#ﬁ‘iq’i‘xé%fggﬁ}@? Ia%g §aysp _”Edr\’étm"
resist film dufin tig litisereidpdfcf@Ace of the photoresist, together with'Hos&i8iE s@iia¥itn of
coatings containing a dye for absorption of the Ilight and an organic

pol ymerix o gi véhedygranddngampstibifityeaf the dyadnaesist fiosvelnamasestwierp isthebieduittionas
subl i mati on e nd. di ffj.usion.of. the d i.nto the, photoresist
layer during t flm ngta{?? ﬁgﬁnﬁrsbvénérghwngﬁe& an Q%t"gﬁecnve c°at"§‘§é§aﬂi’§‘ed prior to
antirefl ecti ve comingosith therphotonekis laﬁdiEH@r- to exposure. The resist is expose@ in{AFeWise and
organic antireflective coat |_ngs are known in the art as described1n EP

583, 205 and Usdsvelopsd,cFheantireflgetive sontingdn theexpopednres isfthancstched, tipicellscin an

th ' | ' I | . t f [ | t h
s oycl ohexanoSSY e qtdstia, & Y Fes, piferRli S fanstirted BRER b arter {50t i
wor ki n@Owi t h opfehieiagtifedledtaRlEm sh@tYl&_bE%lat}i»‘}l)f] Kigh $9that the antireHEM e HANG Sttt

the antireflective coating conposition of tthe“instant invention, where the
sol i d conponenWitheut exisessivetloss of theoesistdilmoturing gheseteh pwicksssol ubl e and spi n
castabl e from. ) Antireflective coatings containing a dye for absorption of the light and an organic
polymer to give coating properties are known. However, the possibility of sublimation
“and diffusion of the dye into the photoresist layer during the heating process make these
25 types of antireflective compositions undesirable.
Polymeric organic antireflective coatings are known in the art as described in EP
583,205 and US 5,525,457 and incorporated herein by reference. However, these
antireflective films are cast from organic solvents, such as cyclohexanone and
cyclopentanone. The potential hazards of working with organic solvents, have led to the

30 development of the antireflective coating composition of the instant invention, where the

solid components of the antireflective coating are both soluble and spin castable from
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sol vents having |l esser toxicity hazards. The pgeferred solvents that are
known in the sem conductor industry to have | ow toxicity anong
ot hers are propyl ene gycol nononet hyl et heracetate (PGVEA),

I I hyl et h Th
Rovel dye funct i cRAREPTyRAUInE Feen 1S iaatipe Rt dHerer e ST Yt are kg i the
spectfic types of o RONIGSy 368, (HsSe 10 kit Blorg DURH A SL A e | ¥

different from |rred I'n

interm xing is prgsmithethftetedretate(PGMEA), propflid bl mehsmi@hglemet (PGMEBY aTnBe
photoresist film It also has good dry etchi ngf roperties,

enabl e a good i nmeeykyldacsates dhe namkﬂrm@nﬁte@awq dhe WétaQUBY,leatletoaﬁherg‘d@hlthe
absorption f. hi

linewidth Yari at Isgﬁglﬁgg eS8 GE & 3&1&8@&%&%&78\{!& 1%1%5& \¢7 ﬁ% gmggan?ly drﬁererﬂq?om

The present invenhatdaifel & B8 3 5254370 VAl ditidtially, & mhhmgqgrﬁiekm bewERAShd | ON
and a process for its use in photolltho raph ol ymer of the

antireflective camhreﬂgcnve coating and:thapbetorésist ﬂMnﬁralsdes good éla/satcmpmpemes
wth a dye function and at. | east qne.un
Cr 055 i niki ng- gr oUICY DI ST HEER TARTIR TS thsfesiptiaithe ibsiceie 47 gaes shsorption

radi ation rangi NGharacteristics tofﬁ%?&%tn@ggﬁlﬁhxﬁgﬂﬂ@ﬂﬁéﬁﬂﬂl vaflafidaut 450nm
The preferred types of dyed nmononeri € units that can be used are

defined bi0the follow ng structure: [err]

Summary of the Invention

The present invention relates to a novel antireflective coating composition and a
process for its use in photolithography. The polymer of the antireflective coating
composition comprises at least one unit with a dye functionality and at least one unit with

15 a crosslinking group. The dye functionality is one that strongly absorbs radiation ranging
from about 180nm (nanometer) to about 450nm. The preferred types of dyed

monomeric units that can be used are defined by the following structure:

R7hn

Structure 1
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where R1I-R4 is H (Cl-C4) alkyl or (Cl-C4) _az{ koxy, R5 is
OH, NH2, OCH3 or OCH2CH3, R6 is H (Cl-C4) alkyl or
(C1-C4) al koxy, R7 is H (Cl1-C4) alkyl, alkoxy, nitro,

chl oro, cyano, dicyanovinyl or. SQ2CF3, 5 R8 is nitro, .
chloro, cyano, di cydﬂmﬂyﬁf‘@@@?tﬁdm,m@@@lk@mx wher e

Yis Hor (C1-C4) al O\I,%%, QC.%%OQI&C&X s a conjugated noiety e.g.

N=N, CZ=CZ, CZ=N, N= C4) alkyl or
(C1-4) al koxy, Rsis H, (C;-Ca) a]@]&fclle,?)a]k@ﬂ% n=1-4 10 The unit
contai ning the crosslinki ngm%roup is defined by the structure, [err]
Structure 2 Ry is §l §C whex abiot radkaxyomitrioj elionog cyanoydisyanoeinylyqri SOy CFy

met hyl ol acryl am desg, .nef hagryl am des,. . t hyl. ene _end groups,
epoxi es’ and | socyaﬁél’se'g&o’ ¢hidro,'cyans, dxcyanovmyllhgogqﬁegﬁrﬁ%, P@Qﬁﬁé%‘gwﬁw&es
a process of form ng@mbﬁggec‘q@"@lsubstrate. 15 The substrate is
coated with the filmof the anfiréflective coating of the instant invention
and heated to renov& iamconjpgatddaioistyl /e N=N,1CZ+0Z, OB\ N+CLzwhée & is BR{C .
Afilmfroma phoj.oresist solution is then formed on top of the
antireflective coat Fﬁpga%f‘]d’rg{;’r'{:ﬁeﬂj?%at ed to substantially
renmove the photoresist 1splygnti.4The photoresist filmis inmagew se

exposed through a mask w’th ultraviol et radiation ranging from about 180nm
to abodf 20  The unit B@manmgdhpcrosdinkiag groupan defified by shadtketirge devel oper to

gi ve a photoresist pattern. The substrate may be heated prior
to and after the devel opnent step to give iﬂ Romage of superi or
quality. The exposed antireflective filmcan th&n be dry etched, usually in
an oxygen plasma, wth the pr\ot'pre i gt pattern actting as an
et ch nmask. Ry Y

Structure 2

and where the crosslinking groups are typically methylol acrylamides, methacrylamides,
ethylene end groups, epoxies, and isocyanates.
The invention further comprises a process of forming an image on a substrate.
15 The substrate is coated with the film of the antireflective coating of the instant invention
and heated to remove any residual solvent and to insolubilize the coating. A film from a
photoresist solution is then formed on top of the antireflective coating and further heated
to substantially remove the photoresist solvent. The photoresist film is imagewise
exposed through a mask with ultraviolet radiation ranging from about 180nm to about
20 450nm and processed in an aqueous alkaline developer to give a photoresist patterﬁ.
The substrate may be heated prior to and after the development step to give an image of
superior quality. The exposed antireflective film can then be dry etched, usually in an
oxygen plasma, with the photoresist pattern actting as an etch mask.
The antireflective coating polymer is soluble in organic solvents, in particular in
25 solvents that are of low toxicity and additionally have g;)od coating and solubility
properties. The preferred choice of organic solvents that are well known for having low
toxicity and are also useful for dissolving the present polymer are PGME, PGMEA or

ethyl lactate, although other low toxicity solvents can also be used alone or as mixtures.
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particular in 25 solvents that are of lowtoxicity and additionally

have good coating and solubility properties. The preferred
choi ce of organic solvents that are well known for having | ow
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Det ai | ed Description h £ ; t he ntJrefIFctlve
conpositions of the p e ﬁ‘i}’gﬁt"f’@ﬁoﬁﬁ?fﬁﬂ Lhe presgst inygption comprise & polymer

obt ai ned by reaCBbﬁEeé%y r@fcﬁhg 8118as 8RO MRhomerécHdlhing a%[yelmct,ymw £t 1da¥t one
and at |east one nononmer contai ning a crosslinking group, an

wher e t he Spol y rremoinbmsr chitaningd csdsskindgpg/group, and where ﬁies;mi}lmr whusrabvdisddestrongly

| i ght having a wavel en th.,in the range of 180nmto about

The present i nveARSOEHs ¥ lﬁ?‘t‘ﬂlé'r"ﬁl}ﬁ‘!??ﬁ‘ﬂ%é vwayel e%gtgﬁrb@éé'%"&?fo@@g@mh@am%an
frrggl ng a phot orgisdi: éf'efs% ﬂ»‘e\ﬂﬁox‘?ﬁﬁﬂx\ef‘&o@ﬂe@f&%&? B{%E 8f&# g? {? %ﬂ&eﬁggatl ng.
10 ditirefetiyeresating dnhlESubEtSdtaBﬁd applying amhimaginghd phof@sistyfilm on top
reacting at |east_one vinyl nononer containing a dye

functionality an@ ‘é‘?a%’&QF‘“B’ﬁéOW'}ﬁyl nonomer containing a

crosslinkipng group. T on
Fangi ng fom e QY BERE Rl AERichdS Rl B9 ez 1k} SRL BhS
dyed nononeric umbhéméhédntining Rdye functxonahty ahdled laasor@ainyd atbnbiet &tﬁhtammg a
followi ng structure: [err]
crosslinking group. The dye groups are ones that strongly absorb radiation ranging from
about 180nm to about 450nm. The preferred types of dyed monomeric units that can be

used are defined by the following structure:

R3 ?zo
N—R4

nfRs Re)m

R7n

15
Structure 1
where Ri-Ry is H, (C;-C,) alkyl or (C;-C,) alkoxy,
Rs is OH, NH,, OCHj; or OCH,CH,,
Re is H, (C1-Cy) alky! or (C;-C,) alkoxy,



15 Structure 1

where R1-BPBOMO c1-c4) alkyl or (CLl-C4) al koxy, PCT/USITI4406 | 5 OH,
NH2, OCH3 or OCH2CH3, R6 isgH, (Cl-C4) alkyl or (ClL-C4)

al koxy, D 98/ 07070
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R7 is H (Cl1-C4) alkyl. t r y icanoinl

SORCF3, Kflis 1 ‘éeé?s ’taglgd"y’cﬂ* §’r°gﬂ°'§y ﬁ‘8° dﬁyéé 0 §$P28§mcp3,
SONH2, COOY, SQBY, RR& fitro, chloro cyano dl%fzanovall SD}@FQV SCQHZ%DW Y, where

X is a conjugated noi ety e.g cz &z where Zi's H°

C4) al kyl I ork(Cl C4YlaI}kUX§,C1-C4)alkyl ) m = 1-3, and n=1-4. .
h t
Tethyl of actyl am de& S HeBRIERHH Mkt &8 SR He i Sl s oG Y

| socyangt es, but C.) alkyl or(@FCK}YAHEnyaCVW am des and epoxy groups are

preferred. The presence of c¢rosslinking 10 groups in the
antireflective fil nmerd-kasgntldl to the invention, since the filmnust be
made insg_%ubl e .jn. both the solvent of he h?t oresist_and in the
devel oper of the resP8LIOSHIREINEG Broups present in thg.ant Yseholymaer are Wyirathys

al kal i ne sol ut h C f
coating pr oces*sngflhxgr‘gggla?:‘?%éss’sﬁ E%rkfaﬁﬁ#e@ %@%‘& éyh‘?{&f&% oge({r%gelsongﬁnate Flm
coating methylol asrylantides and epdsny SOuEsCits prbfareddo (Thie préseneevedicroskitking

crosslinking functionality s,t able in the solution of the
ant i reflﬁect i veBRYPS/ind °8?|‘€f° Yye %}%Rremﬁt'ﬂéaf%"ﬁ"t‘on since the filmpmat betpades

greater than apeuibbid Y bothife fd@%ﬁfhh‘%'pﬂ&o@ﬂ?ﬁ?ﬁfnh%é*&v%lob& S65RE FRRN GAre

by the follow ng structure:
the developer is an aqueous alkaline solution. Heating the antireflective film after the

coating process induces crosslinking of the polymer and hence makes the coating
insoluble in the aqueous developer. However, the crosslinking functionality must be

15 stable in the solution of the antireflective polymer and crosslink when heated at
temperatures greater than about 70°C. The crosslinking monomeric unit is represented

by the following structure:

Ry Ry

e

Structure 2
20 \a;here Y contains the crosslinking functionality and R, to R;is H, (C,-Cs) alkyl or' (C,-
- "Cy) alkoxy.
Specific examples of crosslinking functionality are shown in the following

diagram but are not limited to,



Structure where Y contains the crosslinking func nd
RL to R3 i sVl *®™ca) alkyl or(Cl- c4) al kox PCRARbHldhod”
Speci fic exanpl es of crosslinking functional by are shovvn in the foll ow ng
di agram but are not limted to, WO 98/ 07070
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[err] R (1k (2) R, . (3) R

(4) 5) wher e ) is a carbodiim¥g,

(2) an isocyanat é' or bl g¢ked equi V%FO(3) glycid ylate o
or nethacryl ate,

nmet hyl

and R isHor(lC4)ikyI
can be synthesizgd by r

4) an | kyl ol agfyl am de or cryl am de and, (
I acryl m dogl ycTI ate nethyl et hEr Ris (Ci- C4) alkyl ,
antireflective pglyner
cting anfMaunber of vi ng®) nmng

containing at |engt oneQ@ye functijonality descri bea\ St ruct uMeO1 and o

nunber of vi
as descri bed

fromStructure 1 with different

nyl

nononmer s cont ai ni at | east one crossl I nki ng funcM ality
in Structured@. Mxtures of different dye nononers
substituents and different

crosslinking nononmers from Structure 2 can be polynerized to 10 gi ve
an antireflectivg)coati @ wth the(3esired |ithogr@phic and physi cal(5)

properti es.

10

15

20

The

where (1) is a carbodiimide, (2) an isocyanate or blocked equivalent, (3) glycidyl acrylate
or methacrylate, (4) an alkylol acrylamide or methacrylamide and, (5) methyl
acrylamidoglycolate methyl! ether, R is (C;-C,) alkyl, and R’ is H or (C,-C,) alkyl.

The antireflective polymer can be synthesized by reacting any number of viny!
monomers containing at least one dye functionality described in Structure 1 and any
number of vinyl monomers containing at least one crosslinking functionality as described
in Structure 2. Mixtures of different dye monomers from Structure 1 with different
substituents and different crosslinking monomers from Structure 2 can be polymerized to
give an antireflective coating with the desired lithographic and physical properties. The
substituents on each of the monomers can be chosen such that the polymer formed from
these monomers is soluble in an organic solvent. Other unsaturated monomers can be
added to the polymerization mixture that do not greatly effect the function of the

antireflective coating. Examples of such unsaturated monomers are maleic anhydride,

* vinyl acrylates, vinyl ethers, vinyl acrylamides, vinyl phenolics, vinyl carboxylic acids,

_ vinyl sulphonic acids and N-(3-Hydroxyphenylmethacrylamide). Alternatively, the dye

can be functionalized to a copolymer to give the polymer of the current invention.

The process used for polymerization can be any of the ones known in the art for
polymerizing vinyl polymers, such as, ionic or free radical polymerization. The polymer
structure formed can be composed of alternate, block or random copolymers. The
weight average molecular weight of the polymer ranges from about 2,500 to about

1,000,000.
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t he absor pti on canbe hédjnsted by thel appemriaty chelverof substirueais@nghdisonampect i vel y.

In addition, the solybility of the antireflecgtive polyner in a,

parti cutbrily pref erfigpobane; ofthe antireflective cogling pRMBRStPSLEBErepst iide range of

. t h . : . 0 . “
oy ynbr of .t ho e PaT HBRI SRR Sl lelf oFRABHE, T Y s e fn depelli

of on the molecular weight of the polymer and the film thickness of the coating desired.

’fypical solvents, used as mixtures or alone, that can be used are propylene glycol
- monomethyl ether(PGME), propylene glycol monomethyl etheracetate(PGMEA), ethyl
25 lactate, cyclopentanone, cyclohexanone, and gamma butyrolactone, but PGME, PGMEA
and ethyl lactate or mixtures thereof are preferred. Solvents with a lower degree of
toxicity, and good coating and solubility properties are generally preferred.
Since the antireflective film is coated on top of the substrate and is further subject
to dry etching it is envisoned that the film is of sufficiently low metal ion level and purity
30 that the properties of the semiconductor device are not adversely effected. Treatments

such as passing a solution of the polymer through an ion exchange column, filteration,



about l%to“ﬂpgm&m,}O% by total weight of solution. The exact gﬁﬂ?ﬁ%ﬁfd S
m

dependent on the nol ecul ar wei ght of the pol yner

t hi ckness of the coating desired. -Bypi cal sol vents, used as
m xtures or alone, that can be used are propyl ene glycol

nononet hyl et her (PGVE), propyl ene glycol nononethyl etheracetate(PGVEA),

but yr of act one,  pitd BRErepi LGS R bEies BAEISRTHERAREN AR SHHR jonpang v

t hereof are pr ef e¢dueé partielevent s with a | ower degree of
toxicity, and good coatlng and solubility properties are generally
preferred. The annreﬂquivn ceatingcomposition iscepatedeonfthe mbsumoamgdedmnques

top of the substrate and,.i urt et ching

envi soned t hat tW@hﬁ‘PPWi % F?‘{'B%E‘ﬁ{m’fu%w dippige. %PHWO?‘@\%‘PF ngﬁif"‘pgur#h‘ﬁlm
30 tshat  t henigineResfithe antRbidchite §@dﬁn§%}i§é§ 8 48Ut 69 n%%nrtefabé\ﬂvl%&%xy
effected. Treatnents such as passing a solution of the polyner
through an i on eYbéeoaymgiofuntier hdatddt @r abotoplate or convection Wen38 ré&dévetany resxdual
PCT/ US97/ 14406

and an extract i ofPipFm@ed to duceshe apraprigse degrse of enoeslinking imerdst tognscebifentar
lons and to film. reduce particles. The
antireflective coating conposition is coated on the substrate using

t echni ques Phovetdsistsnmatedtovet ﬁmaetmeléctdvedilm raf beamy of the typlas ased in the

di ppi ng, .spi ncoating or spraying. The f t hi ckness of the
antirefl é@t i ve cHAMFOH F%%g@ilsw B'iﬂ"é@&éd‘ﬁe t?niltwae?ﬁ}hepbotaww@ COMBPERGA the

The coating is fﬁ&gﬁglspﬁ%ﬁ&tﬂﬁ %ntm:ff’e%ﬁvé)é ¢apvection oven to renove
any residual sol ven an uce the ‘appropri ate degree of

crosslinking in order Thérelans@ldiipés dfphbhesist compositions, égative-working and positive-
Phot or esi st s coat ed over _the antireflective filmcan _be any of the types
used in the 10 working Whep pegstive-ororking paetoyesist eRMPRSHIONE AresexXpesad; ipge wise to
the photoactive g | t he
antirefl ective COQ{ZBQH Nl bftal Bfthe resist composxm%lﬂé){pggeg!ftgst{x% %%a?n@ﬁ%e&?ﬁé ey

phot or esitSt conpsuhiliié ans devekpat soletion(eld. agrassdinRiag iréactien occurs) while the unexposed

wor ki ng. When negati ve- wor ki ng, phot oresi st compositions are posed

i mage-wi se to  areas of the PthaE?F'é GQ3HNg Femaain Felatiyelyrsoluble tpsuchsd S%rn%smse)n
exposed to the r : I

solution (e.g. at?%alrt%éit #aR%ﬁﬁé’Eﬁg ég%@lvgnjv?oglgggrr %st'i\%m (?etv%lgpgrn%@% rQ@SLax of the

areas of the phoici&posdd areatdfnie pieBictist @atihg ¥l the SRdatibh of & ﬁe@aioh irage in the
sol ution. Thus, treatment of an exposed negat.i ve-working resi st

with a devel operc%aﬂ&egh?fé%wvm“&%@“"ed portion of theryndertying suhyiratesugagston he
phot .orest(?_t coat gy &l }h%tb‘areﬂt 858&( g?f 9%%3@%#&’ e image in the

coating. Thereby uncovering a t he underlying substrate
surface on 20 OM\/(heCd”thérhﬁn@W&rﬁﬁitﬁbmﬁﬁg%hbﬂo@é%xs%@@mﬁ@@mﬁista%iexposed

~ image-wise to radiation, those areas of the photoresist composition exposed to the

radiation become more soluble to the developer solution (e.g. a rearrangement reaction
. occurs) while those areas not exposed remain relatively insoluble to the developer
25 solution. Thus, treatment of an exposed positive-working photoresist with the developer
causes removal of the exposed areas of the coating and the creation of a positive image
in the photoresist coating. Again, a desired portion of the underlying surface is
uncovered.
Positive working photoresist compositions are currently favored over negative
30 working resists because the former generally have better resolution capabilities and

pattern transfer characteristics. Photoresist resolution is defined as the smallest feature



On the other hand, when positive-working photoresist conpositions are
exposed WO098/07070 |inmage-w se to radiation, those areas ofeciiusopiaber esi st
conposition exposed to the radigbion beconme nore soluble to the
devel oper solution (e.g. a rearrangenent redction occurs) while
those areas not exposed remain relatively insoluble to the devel oper 25
solution. Thus, treatnent of an exposed positive-working photoresist with

t he devel oper whichthe resist@amges’timem\xaansgr fromethe photomdskatocthe sulfstrateavitioat i ng

oA e deat r QB AseR s ey fse ReutEy 1A sypatyre andlieveSpRaR! 8 Fang, Cover g,
Posi tive worki Mﬁ%&g{@ﬁgﬁca‘ﬁemah Ir QNI rédofytiollon&RE bidef S’f’lgérs%ﬂ%/xpﬁylrge\r/ nelicron

negative 30 resi sts Because the former general

better resol utiasgineagsaby. | Intaddsion idis almost always dpsitablerthatith@dé/eRiped photoresist
characteristics. Phoforesist resolution is defined as the snmallest feature
VO 98/ 07070 wall protiles be near vertical relative to the substrate. Such demarcations between

PCT/ US97/ 14406 . . . -1
whi ch the resi SE EoReSSEdundeveloped areas of the rpsist copting translate into acpyyrags pattem
substrate with tansfer of the mask indggfonttethe sabstfatd. TRigebedgres avdni thoreatitiedl as the
exposure and devel opnent. I n many .. manuf acturing applications
today, resist PEgblowarémigaturiratiopredicestheicaitisalidimensione onttherdsyices.

are necessary. In agdition. .it .i .ost al.ways desirable that the .

devel oped phot or esi gﬁsxtnk/gQCm{.g pho\?\%{ %’s Fo?’?ﬁ'%@%%vo a}arlgs’(’/se?'}di“é’éﬂonf'éfaﬁqeve to
the subsirate. compButRNBphsioh&Re BRIPYBRT are well known in HEMA! ARRBIaRNEsins are
undevel oped areas of the resist coating translate into accurate pattern
transfer of théynieadly prodiged bneendensingformaldahyde amd one prwmorsmultiveshstiated
critical as th : S rd, m niaturization,r ces. the
critical di rrenglh%nr%s’ g’)“nthte éesggé\% Jc}éﬁs‘%% cata'lT}sE su.ch as oxa}xc.: ac’ﬁogg? P@é'—vﬁ(ﬂ) f"ﬁ&unds
phot or esi st's cargdnerally obiel dl réREh MuRiNd okl PIRABHCEdp diRds Vith

conpounds as photoactive conpounds are wel| knhown in the art. Novolak
resins are naphthoquinangsiazide| agids oo theirat¢rivgtivesn dbe sansigfvity ofthestabipeseof aesibts

one or re multl - St e henols, in the presence of an
acid cal'?gl yst, k)Is‘:’lljcc 9gasng8§(§hngabg\éﬁ 3('15.0_nf5‘nt8t46‘g§{n'r ve conpounds _ are
general |y obtained Byoforéstd stgsitive fol SRUAIPRVERAGIAG] ety &AMBOMIEONM dnbl about
napht hoqui none_di azi de acids or their derivatives. The sensitivity of these
types of resi s890nmcan also be ysedc dihese resisty agrmallyrpogipose PABEMYStyZENE OM

Phot oresi sts s BN h | engt hs, between about 180nm and .about
300nm can al sog‘gbZS{'uéeech&ng%ée)’&%gﬁ%t%gn 1 ﬁ%”aﬁg\ogogﬁwq %Oé“pﬁ(‘ff‘é}tﬁ? r°8§%a[u¥raene
or sollbiliiytinhiBHom OFheTYHEVINY SéfAfeRES eﬂ%bl}@%e"@?es oF pROQIr&REs s
conpound, and optionally a ) solubility inhibitor. The foll ow ng
ref ere”Rfes exenid areynaanporated disrest byptebarencestUS st U8, U8 5,069,997 and el ar e

i ncor por at ed h§r3gb%68y reference, US 4,491,628, US 5,069,997 and US

5, 350, 660. I The process of the instant invention further
conpri ses coating aTheprddedoF thé inbtant invention furthed QoMPN s castingrfubQedte Wath

coating and heating on a hotplate or convection oven at a -
the novel antireflective coating and heating on a hotplate or convection oven at a

0 -

sufficiently high temperature for sufficient length of time to remove the coating solvent
25 and crosslink the polymer to a sufficient extent so as not to be soluble in the coating
solution of the photoresist or in the aqueous alkaline developer. The preferred range of
temperature is from about 70°C to about 250°C. If the temperature is below 70°C then
insufficient loss of solvent or insufficient degree of crosslinking takes place and at
temperatures above 250°C the polymer may become chemically unstable. A film of
30 photoresist is then coated on top of the antireflective coating and baked to substantially

remove the photoresist solvent. The photoresist is imagewise exposed and developed in



suf ficient ' enperature for sufficient length of tinme g renove the
coati ng so%;ﬂ/@@gg and crosslink the polynmer to a sJﬁc}i’%ﬁ%@ﬁ?‘ngtent
so as not to be soluble in the coating -11- solution of the
photoresi st or in the aqueous al kali ne devel oper. The preferred range of
tenperature is fromabout 70[err]C to about 250[err]C |If the tenperature
is below 70[err i Gl S . :

i nsufficient delérgeaég%ﬁ’sg r %%gqﬁrﬁ%fer%ék%g éeggz%tﬁd;éegisgngn ggn&% Xt?a%g?{ep can be .
t enper at ur es ab@yRrpdried lifth thd ﬂs}ecmEMBEfo dv¥lopaemmdalent:gakire. Thepaddess ofA
filmof 30 _photoresist is then coated on top of the antireflective
coating and bake&gating andisrging phetogesists is well known ¢arihpse skillediin heoart andsis

gg}\és Bt?o The ph%tpgrrn?zseld %gr the s;'ae%?fﬁet\)lrmpes Sf r%é(i?toussgg. ’i‘ﬂéj pﬂ?e\rl'r?eldos%g&rz{tg can then be dryWD

PCT/ US97/514406 etched in a suitable etchidhamB&E8UEmECY Ble RRESsell PoftRND YL tHeRAtiFRRE VR
resist. An optional heating step can be i ncorporated into the
process prior t @lmewith thermemginingphataresist agtingsasran. etchroaskr ocess of

coating and i magi ng thtoregé.sti i S vvebl no to those.s_ﬁi lJed in th rt
and is oY IRterRediats Javer,may Be plaped 0etypen the aptiref %‘E“VE§BQFF"ETW§‘ €
pat terned subst paber&aftd hieed?Snuibxing and is envidtbrs 8 il FitfiHitheope BF

chanber to renove the exposed portion I ective

the antiref
film with the isestion. ibhehteroedat ddyenistanninerapolpmerstastfrom alsolvent, where

An internedi ate | ayer be pl aced petween the antireflective coating and
t he 10° eﬁi’g‘ﬁﬁ?‘g@%%?o‘ﬁ’ eb?’é\?@%ﬁ“’f‘?ﬂee’l"ﬁip?lyﬁ'@‘fie%nd is envisioned as
lying within the scope of this i nvention. The internedi ate

| ayer is an inert polymer cast froma solvent, where 10 exanpl es of

t he pol yner are pol ysul e.an l.yim des. . . _ . he
follow ng specific ejﬁﬁ%ﬁg’? “\?ﬁ ?ﬂe&g'? %ﬁ'ﬂ@gﬁgf"a‘frfnélge FFﬁmlﬂesd[‘P‘éﬁtf%'ﬁ's‘s Bff{gf I%etmds
met hods of prodficipg asktilighgaddthpskitiohs bNGie TP ShehBts Dhest BRarplesaet
invention. These exanples are o not intended, however, to limt or
restrict the scodnignded;dowavesntollswmit prirestrigt theyscepecofhe inventiongneny wayierd be

i di di.ti . . | which b
1 pod el et Rt eaPfihl A prRRFREEbRiords e of Dafidy HHRh mifcbe

Exanple 1 utilized exclusively in order to practice eRagradenPvartioht (3
- Hydr oxyphenyl net hacryl am de) 20 100.2g (0.9 nol) of
mam nophenol were discharged in 200 mM of acetone contained in

a 1000 m three-neck round-bottomflask. A thernoneter was placed in the
sol ut ion and the flask was i mrersed i n a Eashplefl crushed ice, and cool ed
until the Preparation of N-(3-Hydroxyphenylmethacrylamide
20 100.2g (0.9 mol) of m-aminophenol were discharged in 200 m! of acetone
contained in a 1000 ml three-neck round-bottom flask. A thermometer was placed in the
- solution and the flask was immersed in a bath of crushed ice, and cooled until the
temperature of the solution fell below 5°C to form a suspension. Dropwise a solution of
1442 ml (0.91 mol) methacrylic anhydride was added to 300 m! of acetone. After the
25 addition, the mixture was stirred for 2 hours and warmed to room temperature. The
reaction mixture was poured into 2000 ml of ice-water to precipitate the product. The
solution was filtered and washed with water. The precipitate was dried in air to give

129g product. The yield of the product was 81%.



tenperature of the solution fell below 5[err]C to forma suspension.

Dropwi se avgosamion of 144.2 m (0.91 nol) net hacmpissvianhydri de
was added to 300 ml of acetone. After the 2? addition, the m xture
was stirred for 2 hours and warmed to room %r'rperature. The

reaction m xture was poured into 2000 ml of ice-water to precipitate the
product. The solution was filtered and washed with water. The
precipitate was dried in air to give Example 2 129g product. The yield of

0
}32-?-/ [)JrSSC?j;J(]:_El 4\828 81 /015 95 g (0.09 m\"f?o?ﬁf-{ﬁzr?y?do roxyphenylmethacrylamide) from Example 1 ysre
Exanple 2 o : :
N- ( 3- hydr oxyphe#lsg?lved ayc}?m ola%gm)%? srboér]g erﬁﬁg&lié)é\vgsr \garmed to 65°C Wh"8P§‘§%| ved

iny butyrol actsiied éﬂ(ﬁ@egﬁs)cd b?lﬁgomustylmxbbuwargaﬁ Waﬂlﬁleﬁﬁéeﬂld thGeabd hdb&ei ng
stirred and degassed by vigorously bubbli n? nﬁ via an inlet needle in
seal ed rubber Septum, thm‘éié’p‘g%? lutiert ord houne3 .98 1(0@2 WQDrOfﬂV'IﬁMOWWI}ﬂ

Ergl ;322”‘[”2) ( gI hg*é,m,gye})é{cﬂ?f %gg} P9 mol )Z\KEZ-get P aﬁg%x;‘.ﬁ&ganojr were ﬂje(:gedogfhe

sol ution was degatiestvak degadsed HOOS hoh Ahlamgﬂit florPasAuticH SLATBN QizoiBN
(azo- bi s- i sobutyronitrile) 3 2 mol, 1nol %t otal

nononer) was i ffobutyeeniiriig) {0335 g] 2 mmol, lmol % tbﬁ.atlymmrmrb waginjezta into)y and

d d for 0,5 h | dd |
of 5" hour <. BoPROFAREene o Bl epBenf BE DGy LR Binsoteereattdd Bn -

al | OWGQOt 0 sti 'intérQalEQ)?th%ﬁifse(kdfﬁﬁﬁé?|an@Bu@é[&Edll&vgﬁrreﬁgvéa%ﬁﬁhe solution
Exanpl e g (22 nmol ) nmet hyl 4-am nobenzoat e

were di ssol ved allowed @7stimiin (hEGezﬂEd \JfEsel at 65°Chfml2)z hoﬁrsconcent rat ed
hydrochloric acid and 45 m of water contained in a 100 m
round-bottom fl ask. The flask was imersed in a bath of crushed ice, cooled

until the tenperature of the ﬁkiﬁile‘%" fell below 2[err]C

Di azotizati on was done by the addition o 2.8 mM (22.6 mol)
tert-butyl nitrite. 31217eg (ﬁzaSzmnidemfmcdthmMcnmmdsenzmdté werk dissolvedinA & mif(96.25
about hour w sol ution was, forned

Exanp: 54 mm‘ﬁ ) of concentrated hysraghlqgic aﬁ@r%‘idcﬂ? 'Bkoﬂ%efﬁ@ﬂsﬁl‘f@f i al00™n from
Ex 2 0
anpl € 2 was Eﬁ ]%B&\C}E'l ?ads? Q'hﬁ >§1|a¥k was lmme ed;lﬂgrb%}p&{&mﬁjlcfet 1? it Y S

was added 100 or mam ut1 on

cool ed bel ow Siengeldtuferofate satetiotetelebelbat21C, m:afotﬁhm{mas”&ﬁnemhe adnﬁuon of
pyridi ne 25 wer e added while stirring. The cold diazonium salt
sol ution from B8dnb(2.63mmgbtter-bytyl nitrite. The diazonium solution was stirred in ice-water for

about 1 hour. A yellow solution was formed.
20
Example 4
A 22.25 ml portion of the polymer solution from Example 2 was placed in a 500
mi round bottomed flask. To this was added 100 mi of DMF (dimethylformami&é) and
the solution cooled below 5°C in an ice-water bath. 3.28 ml (39.375 mmol) of pyridine
25 were added while stirring. The cold diazonium salt solution from Example 3, between
10°C and 15°C, was added, and the solution changed to a red color. The mixture was
allowed to stir for about 3 hours and warmed to room temperature. This solution was
poured into a solution of 3000 mi of ice-water in 10 ml of concentrated hydrochloric
acid. The solution was filtered and the polymer washed with water (2000 ml) and dried

30 in air.



10[err] C and, 1%58Lerro] C, was added, and the solution changed to _a red col or.
The m xt ur eHPr0707 allowed to stir for about 3 hours ZRFUREFHEES to

roomtenperature. This solution was -1poured into a solution of
3000 M of ice-water in 10 m of concentrated hydrochloric aci d.
The solution was filtered and the pol yner washed with water (2000 m) and
dried 30 in air. V\DQS/O?O?% le 5

PCT/ US97/ 14406 LXampie 2 - 13 -
Exanpl e 5 ~ 11.96g (0.067 306/ 4P0xyph i

N- (3- hydr oxyphenyl net rlléu? r%l(%m' d%@??g?nﬁ%xanp?)feﬁlény%ethacrylamxde) \ﬁ'aneExamplc l

di ssol ved i n [ er werexisspivedan ¥ butgrdlatborrd (75 aniplad\BME7& Smhl).. Thémixtupet wiaischeaeed to
heated to . .65[err]C while stirring and degassed by vigorous|y
bubbl i ng argon, 9¥°% while stireipg arddngassed by viggrously bubblirghargen, is#tinles apedigin

t hrough the sol ugj f Qr r . m .0 L)

(hydr oxynet hyl ) a%ﬁapﬁraé'ﬁgbaeé Js%ﬂg}ﬁﬁt'haéuﬁjth? nggonn%:ﬁ h%f‘ h?/lQE nnﬁ'{(%.gézr%/ingpeof\%- re

i nj ect ed. hydroxymehyDadrvlainfid A08%. 458P@SEMbY mddhy? nitehicrylA8 wakd Mjteted.
froma sol ution E) Alxél_\l (6@25?9, 1. Sﬁm)l ,)51 ol g%tot al e
mononer) was i nj Ebe saution was/dagasspd &irdky bewr. (An sliquotfiamaesghiivedf AIBN (0.251g,
for 0.5 hour. In total, 2 aliguyots were added at intervals of 4 hours. Bot
ol et and 10 1-STnial, e foll Fcbome i et inea f pobaadft, A i A Fegssse
al lowed to stir i 0otdEosCah fidalve &y ded at i 1555748 Juk € B ; rs.
Exanpl e 6 ore ' fazf 68 oz O.Sr????%edrr%ll?te&"a %{az{ no%en%i@g%%@g
wer e di s40l ved i outtet GBedigs vidre removed a0l tidSdRiiionds)allofved onstiznin thetsealed vessel at
hydr ochl ori ¢ aci doand 70 M of water, contained in a 250 m

t hree- neck rounddb&o6APHPESK. A thernoneter was placed in the sol ution and
t he flask imersed in a bath of crushed ice, cooled until the
tenperature of the solution falls bel ow 2[err] C. The sol ution
was a white suspension. The solution was dEg#aglesed by the

addition of 4.19 m (0.0338 rml%e tert-butyl nitrite. The diazoni um sol ution
was stirred in 20  4688d8.0347xmop @f 4amjnebenzoip aeid were digtpdyrdia 6 whanged

to a yelhpw sol %i.d%'aﬂ 5 mol) of concentrated hydrochloric acid and 70 ml of water, contained in a 250
ml three-neck round-bottom flask. A thermometer was placed in the solution and the
flask immersed in a bath of crushed ice, cooled until the temperature of the solution falls
below 2°C. The solution was a white suspension. The solution was diazotized by the
addition of 4.19 ml (0.0338 mol) tert-butyl nitrite. The diazonium solution was stirred in

20 ice-water for about 1 hour. The suspension changed to a yellow solution.

Example 7
80 ml (0.075 mol) of the polymer solution from Example 5 were placéd ina 500

- ml round bottomed flask. To this was added 320 ml of DMF and a solution of 42.52 ml
25 (0.1185 mol) tetramethylammonium hydroxide (25% in water) while stirring. The
solution was cooled in an ice-water bath to 10°C. The cold diazonium salt solution from
Example 6 was added and the solution changed to orange color. The mixture was stirred
for about 3 hours and warmed to room temperature. T}‘1e resultant solution was poured
into a solution of 3000 ml of ice-water in 11 ml of concentrated hydrochloric acid. The

30 solid polymer was filtered and then washed with water (1000 ml) and air dried.



Exampl e 7 80 m (0.075 nol) of the polyner solution from
Exanpl e 5W@R980707tced in a 500 m round bottoned PCARISI?/IA0& hi s
was added 320 ml of DMF and a solution of 42,52 m 25 (0.1185 nol)

t et ramet hyl ammoni um hydroxi de (25%in water) while stirring. The

solution was cooled in an ice-water bath to 10[err]C The cold di azoni um

salt solution from Exanpl e 6 was added and the sol uti on changed
to orange color. The mi xture was sti r r ed Example 8 for about 3 hours and

Mo a sol ution of " 308 hes PR ESRLT Yas Mietle R PR RE 4B A Lyeient %
hydrochl oric agbtion. hwhé’:polymer soh&mnlwhsrsginwaafed%&wfold”tsﬁrcsal walfds, a8 Bakgsdied

with water (1000 m) and air dried 7070
PCT/ US97/ 14406 a hot plate at 150°C for 60 seconds to give a thxckness of 0.2micrometer. Each of the4 -

PVE 10 %gi ve ac3etaibiafis vaye immersed A PNEE A, mf b5 Fratreit oy '%?%%qd&%s

spi n_coated onatae 4otk rdsist Slveids 61530 ﬁ@gnﬂa‘?%@fmﬂthxckness of the Pto h%g
at 150[err]C for 60 seconds to give a thickness of O. mcrorre Eac T

the 5 wae ateasiredibeferevand aftentheimmdrsion. PHeEAsultaace gednlin Trnbbeﬂur e of
ethyl lactate and butyl acetatg,, both resist solvents, for 30
seconds. The filmthickness of the pol yma&awﬁgti ngs was neasured
before and after the imersipPm gilETepUTES ale i ven T/, Tapl e 1.

Tabl e 1 e T PokmtJgE]  Tlerr)
Tlerr] 85715 ELIn-BA| 2102 A1 12 ek ferr] 2098[err]
2092[ err] 8515t m=BA—2102[ err]

2112[ eno] 2089} epslymerlfim thlcknes'fhﬂe!p?xrymltmé ahdbAKCH NSO BriaBr seSdHds.
coating and bak| ng at 150[err]C for seconds. T2: pol yne
fil mthicknessTaf p‘éymprnﬁmtb%nessm ehigMA B InctbE §hot§tﬁ5\ste$qlvqnbfor§@ sgtmdﬁds

The Fesul L 113 RAHPE" HRCHGHChaRon o ORI F1 a0 RARGE™ P 111 m thi ckness

Was. Obse'm@%suﬁﬁﬁioﬂefh%f‘elr&ﬁo@'tﬁa’i‘%b%ﬁgn%aﬁ’tfchﬁﬁ@ 19%%%:919{&%55 in
typi cal resist solvents took ﬁ ace.
observed, and hence no dlssqutlon of the baked polymer in typxcal resist solvents took

15 place.

Example 9
The polymer from Example 7 was dissolved in PGME to give a 7 weight %

solution. The polymer solution was spin coated on a 4” silicon wafer, and baked on a
20 hot plate at 200°C for 60 seconds to give a thickness of 0.2micrometer. The coated
-wafer was immersed in AZ® 300MIF developer (available from Hoechst Celanese Corp.
70 Meister Av. Sommerville, NJ 08876). The film thickness of the polymer was- .
measured before and after immersion. No change in film thickness was observed,
showing that the baked polymer film was not attacked by the developer.
25
Example 10 (Comparative
Several 4” wafers were coated with AZ® 7805 (available from Hoechst Celanese
Corporation, 70 Meister Ave., Somerville, NJ 08876) and baked using a soft bake
temperature of 90°C for 90 seconds to give thickness from 0.5 pm (micrometers) to 0.9

30 um (micrometers). These wafers were imagewise exposed with a NIKON® 0.54 NA i-



Exanpl e 9 The pol yner from Exanple 7 was dj | N
PGVE to gi vewg O?A%’?ght % solution. The polynmer so éf@%%?%dg

spin coated on a 4" silicon wafer, and baked ol a 20 hot plate at
200[err]C for 60 seconds to give a thickness of 0.2m croneter. The coated
wafer was imersed in AZ[err] 300M F devel oper (avail able from Hoechst

Cel anese Corp. line stepper usirfda BArshudftz AY the30fITIB AN 4 bfo '

t hi ckness of the pol yrmer vvasé) meeasureg %e*’oﬁé&gﬁ%‘%g%@#dm%é‘p&m‘)
i mer si on. No cheprint ailrixi] kxpdstiieahatas svithadvse eesnvents of 2 mJ/em? . The 2Rosed Svafers

that the baked pol rofjl not attacked by, the devel gper. 25
Exanmpl e 10 (Corrpa‘?’égﬁ’é’é‘;d at' 188 £01 80 sEconds ‘“‘EBB%‘HF developedyridy AZR309 MBat ed

with AZ[err] 780 | : I . . peratian,
70 Vet ot or Ave. . Nen B8Rty @Puolei HBORE LR BeRRRorarion, 70 Mpipter SRET SOARNL
tenperatur® of O9QUE08§76) furr35A@carie OMHS niitimuinydose reduiree 36 clehotie Gilrm was pldti¥d as a
(mcroneters) to 0.9 30 [err]m (mcronmeters). These wafers were

i magewi se exposedungtion of thg gaorgsporsling\asist thickness, and a spusei@aloOTOWas obtained,
PCT/ US97/ 14406 called t e cu The % Swi p | . - .15 -
line stepper usi fgied F SXIPBRIEYS SThes”s Svang Latiocyas calylated pothe £ollqying equation:
directed the stepper to  %Swing Ratio P(Emix AEAINAIERKOS BEif)y/IBL fdx Wi th
dosé increnments of 2 mi/cnierr] . The exposed wafers ) _were
baked at 110 er r MhereEmay asd Envrecrsasaond cdthe daserier-deasdhenesist film thihneds At the

Somrvi 1119 %" g b U HEEIR) enin ER Bt iR e el by At Sr e e

to clear the fil Rafasheloder @thdfmphct of reflectivity and ke WetlePR IREwidME control over
correspondi ng resi st thickness, and a sinusoidal curve was obtal nedo,

cal | ed the swi ngrefiactiee sublsiatesidpographyi o was cal cul ated by the fol | owi ng

equati on: . ) %S Ratio = (Emax - Emn)/((Emax +
Emin)/2) x 100 The %SW&RémErfﬁ&ngag%nwﬁs égpgué‘spond to the
dose-to-clear the resist filmthickness at the 10 maxi num and

m ni mum energy on a swing curve. The smaller the value of % Sw ng
Rati o thd3 ower is the inpact of reflectivExgmpladlthe better is |inew dth

O O o ror A EFB b EuttiR? il PR ive 7 weigh 2
: solution. The polymer solution was spin coated on several 4” silicon wafer, and baked
on a hot plate at 200°C for 60 seconds to give a thickness of 0.2micron. The wafers
were then coated with with AZ® 7805 (available from Hoechst Celanese Corporation, 70
20 Meister Ave., Somerville, NJ 08876) and baked using a temperature of 90°C for 90
seconds to give thickness from 0.5 um (micrometers) to 0.9 pm (micrometers). These
~ wafers were imagewise exposed with a NIKON® 0.54 NA i-line stepper using a clear
- quartz as the reticle and a program that directed the stepper to print a 11x11-exposure
matrix with dose increments of 2 mJ/cm®. The exposed wafers were baked at 110°C for
25 60 seconds and puddle developed with AZ® 300 MIF developer for 35 seconds. The
minimum dose required to clear the film was plotted as a function of the corresponding
resist thickness, and a sinusoidal curve was obtained, called the swing curve. The %
Swing Ratio was calculated as in Example 10.
The % Swing Ratio for AZ® 7805 with antireflective polymer coating of this
30 Example with was 5.85%, showing a significant reduction in the % Swing Ratio from the

resist without the antireflective coating.



15 _ Exampl e 11

The pol ynYO P#GRT%Exanpl e 7 was dissolved in PGVE to give aPeT{sP06,

sol ution. The polyner solution was spin coatgd on several 4" silicon wafer,
and baked on a hot plate at 200[err]C for 60 seconds to give a
t hi ckness of 0.2m cron. The wafers were then coated with with
AZ[err] 7805 (avail able from Hoechst Cel anese Corporation, 70 20

Mei ster Ave., Sonerville, NJ 08876) and baked using a tenperature of
90[err]C for 90 seconds to Qi ggahdlkGkness fromO0.5 [err]m
(mcroneters) to 0.9 [err]m (m croneters). ese waf ers were

i magewi se exposed wiThe palyhieKGinDEXatnplé\7 iwab idissolsé¢doin REEME 10 igivea Tiveight %
quartz as the reticle and a.program that direc%ed the stepper to print a
11x11 exposur e solution together Wﬁﬁr}?)&”‘% rﬁgw@lahhe Mﬁﬁ?’sOf&Y"Fldﬂﬁ%fﬂVéﬂqb}Qﬁ%e

exposed gl e S U aKEd ol oI QB 165 §0L1%P 0 ma o0 Sy ARSI 0Bty PHA ©

devel opéd with devel opér seconds. I mum

dose required pelyfilefsdlufidtewhs 4pin vauseddbidverd] &SsiRcdnUidttsd, afd Biketi A a hot plate at
correspondi ng resi st thickness, and a sinusoidal curve was

obt ai ned, cal | 800%Chior $Riserpndsitosgive Fthickness of 0.2micron. Jhierwpferawepe thep coated
calculated as in 0.. The % Sw tjo for
polert] 7805 wih Az IBES PRl Rm ARt Sores e OPOPL Bl A,
with was 5. 85%gofmigile) BJ D88 T&) ntl ibaRed usirptiehiperinird of be°Vop 90 REcdRat td)%/i\%é om
t he resist wthout the antireflective coating.

98/ 07076 thickness from 0.5 pm (micrometers) to 0.9 pum (micrometers). These wafers were

PCT/ USQ7/ 14406, . o . - 16-
Exanple 12  'magewise exposed withg, NIKONR Q.54 N4 irlins SIFpReE using,a Sleal Qasizpa i n

PGVE to give arefickaindhipr %raTltgat directed$R4 gt&;’s;]ga td gﬂxgtahﬁmwiek s@é% Maneitho by

wei ght of pol ynmer of Cyne 8 (available from I ndustri es,

1937 West Mai ndSterineremens of Box/@f, Bresexposed, wafdrs3690U3ked Bh@10°C for 60 seconds

pol ymer sol ution, was,, spi n, coat e |, 4" siljc waf er . .and baked on
a hot plate at and puddie &Vdo?ﬁ%[”étg% ?ﬁﬁf?fg@ dft‘:(‘EJBPﬁigjo_ gg]ﬁic% Sa ?ﬁi"&‘f\”ﬁ‘@ﬁ%gﬁ*
0. 2m cngn. Thereyafred fo MBLrehd ﬂlﬂﬂwﬁéggbﬁ@d as a function of the tSrr&GbRding reéfRPhickness,
(avai |l abl e from Hoechst Cel anese rporation, 70 Meister Ave.,

Sorrervi | | e, NJambByigysoidslicursn s@s gbiaingd ccallediherswing airet. Do 6Swjrg Ragio wes
seconds to give,l . g hickness fromO0.5 [err]m(mcroneters) to 0.9
ihtgd anipnply

[err]m(m’cronﬁ . ers were | mgew se exposed with a
NI KON 0. 54 NA Thé #%wvifg REAE ForUSZNIB0S WitieartirBlERtilVE pA§mbi@ating of this Example
was 5.26%, showing a significant reduction in the % Swing Ratio from the resist without

20 the antireflective coating.

Example 12
The polymer from Example 7 was dissolved in PGMEA to give a 7 weight%

solution together with 15 weight % by' weight of polymer of Cymel 303 (available from
25 CYTEC Industries, 1937 West Main Street, P.O.Box 60, Stamford, CT 06504). The
polymer solution was spin coated on several 4” silicon wafer, and baked on a hot plate at
200°C for 60 seconds to give a thickness of 0.2micron. The wafers were then coated
with with AZ® 7805 (available from Hoechst Celanese Corporation, 70 Meister Ave.,
Somerville, NJ 08876) and baked using a temperature of 90°C for 90 seconds to give
30 thickness from 0.5 um (micrometers) to 0.9 pm (micrometers). These wafers were

imagewise exposed with a NIKON® 0.54 NA i-line stepper using a clear quartz as the



reticle andya g amthat directed the stepper to print a1l re
matrix with iAo dose increnents of 2 mi/cnferr] . The}gi@g%%gvgf ers

were baked at 110[err]C for 60 seconds -17- and puddl e devel oped with
AZ[err] 300 MF devel oper for 35 seconds. The m ni num dose 15

required to clear the filmwas plotted as a function of the corresponding
resist thicknessyeticle and A HafdifcRdSRE Shpe? 6 YanMBFIQ P LRbANG i

the swi ng curve. 1re‘l"ﬁee %I}S\/?Aprfagrl?{ati S vt/as @;I)p iéarlicul at eﬁﬁgs f"'n’“@g‘n‘%ﬁ'e
10. Theserementiaf 2 miaon’ . APecexppsedofafensivdre hakedrae 1€ fov 60 seconds
pol ynmer coating of, thj anpl e 5. 26% oW n signj ficant
reduction in thett B%ddif‘g‘%ﬁgggwtérﬁ%@éop M@VWE"H&Q@E ggﬁfcm“?s- “The rpiRgnum dose
antireflective c j : : st thi
Exanpl e 12 R3hir8P1o clear the film was glﬁgﬁd s a fungtion 10 the gorresponding resist thickness,
PGVEA to give a ahdesit¥oidal curve was obtaied Udalledtheagdrigh@irver The %Swivgd Ridtlo Wady .
wei ght of pol yner of qynej 303p&gvailable from25 CYTEC I ndustri es,
1937 West Mai n Sealadated gs i lampiol0.St anf ord, CT 06904). The

pol ymer sol ution was i er b S - waf . on
a hot plate at The % ggg’?g?a}@gofgrz ggbésélé%?i‘hg}e? g&lgvl \ gg'gne{ g?%f("%gbﬁﬁg)f

0. 2mi cron. The vitfipie Wak @ 258 RhewREatignificant reductiofiih theWotSwingRetié Froktfie
(avail abl e from Hoechst Cel anese Corporation, 70 Meister Ave.,

Sorerville, N 0Bgv6yithowt thrmasideflestiveicaatingnper at ure of 90[err]C for 90

seconds gi ve 30 thickness fromO0.5 [err]m (mcroneters) to 0.9
[err]m (nfcroneters). These wafers were i mgewi se exposed with a
NI KON 0.54 NA i-line stepper using a clear quartz as the WO

98/ 07070

PCT/ US97/ 14406 - 17 -
reticle and a programthat directed the stepper to print a 11x11 exposure
matrix with dose increnents of 2 mi/cnferr]. The exposed wafers
were baked at 110[err]C for 60 seconds and puddl e devel oped with
AZ 300 M F devel oper for 35 seconds. The m ni mrum dose required
to clear the filmwas plotted as a function of the correspondi ng resi st

t hi ckness, 5 and a sinusoi dal curve was obtained, called the sw ng
curve. The ¥%Sw ng Rati o was cal cul ated as in Exanple 10.

The % Sw ng Ratio for AZ[err] 7805 wth antireflective polyner coating of
this Exanpl e was 4. 25% showing a significant reduction in the %
Swing Ratio fromthe resist without the antireflective coating.

10
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- 18 - WO 98/¢1636 N5 1. An antireflecting coating roaneyidseon for
use i n photolithography, conprising 1 a) a polymer conprising at
| east one dye unit having the stucture, [er'r]s'

where R1-R4 is H (Cl-C4) alkyl or (Cl-C4) al koxy, R5 is
OH, NH2, OCH3 or OCH2CH3, R6 is H (Cl-C4) alkyl or (Cl-C4)
al koxy, Claims R7 is H (Cl-C4) alkyl, (Cl-C4) al koxy, nitro,

chl oro, cyano, dicyanovinyl or SQ2CF3, R8

Is nitro, chloro, cyano, dicyanovinyl, SQ2CF3, SONH2, COOY, SQBY,

V\N/(:] (ca;rz fa \\/{miefeH’Z ils' " An antireflecting‘cdating fé@?l&ﬁ@aﬁg y@%ﬁ?%@?&)@)ﬁ%ﬁy

m = 1-3, and n= 1-4;a)and,a polymer comprising at least one dye unit having the stucture,

Rs ¢==0
N—R4
n{Rs Ré)m
X
R7)n
R

where Ri-R, is H, (C;-C,) alkyl or (C,-C,) alkoxy,

R;s is OH, NH,, OCH; or OCH,CH;,

Rs is H, (C;-Cy4) alkyl or (C,-Cy) alkoxy,

Ry is H, (C;-C,) alkyl, (C;-C,) alkoxy, nitro, chloro, cyano, dicyanovinyl
or SO.CF;,

Rg is nitro, chloro, cyano, dicyanovinyl, SO,CF;, SONH,, COQY, S0,Y,
where Y is H,

X 1s a conjugated moiety N=N, CZ=CZ, CZ=N, N=CZ, where Zis H,
(Cy-Cy) alkyl or (C;-C,) alkoxy,

m=1-3, and n = 1-4; and,

at least one unit capable of crosslinking the polymer having the structure

R Ry

e

Ri Y

|



at | east one unit capable of crosslinking the polyner having ure
[err] WO #9870 70 Pcfush/idind

PCT/ US97/ 14406 -19- -19 -

where Y contains a crosslinking functionality and R1 to R3 are H, (Cl-C4)
al kyl or (Cl-C4) al koxy and, a suitable organic

sol vent . 2. The ;antJ,refl ective 0, r |

1, wherein the sol vent wheregﬁﬁ?tlaglég c&“ﬁf’%@r%hg O%Ql' géﬁlgc 'stg é%tlg €
3. The antireflective cgmyp&l(@l_(m) aikegy shdpg to cl a| m 1, wherein the
solvent is sel ected ffoma group consisting of propyl ene gl ycol
mononet hyl et her, propyl ene sgitshiobrganic solvestononet hyl et heracetate, et hyl

| actate, cycl opentanone, cycl ohexanone, and ganma but yr ol act one.

4. The antireflective conposition according to claim11, wherein the
crosslinking = o 9FI‘?:Uthx%ﬂé&iﬁ%ﬁxﬂoéxfnm&oﬂf@% GARSI, SiHeRdin Ble solvent
carbodi i m de, isocyanate, block | socyanat e, glycidyl methacrylate,
al kyl ol acryl am dempakdswxmbctumbhatgambaoiwd&s and met hyl

acryl am dogl ycol at e. . The antireflective conposition
according to claim1, wherein X in the dye unit is an azo group.

6. The anti re?! ect ipye aﬁﬁﬂ@ﬁ?&%& ic{i’ﬂgggiti&i :?ch?dJm We{u% il “{]Qfeng%% s?ﬂzie{-(t is
ranges from abou t0 abou & per e € crosslinking
unit ranges fromsélbaed frdmtagralipubnsisting of propylend Qlyémrn&ﬁmineﬂfyl tiher, pedpitene glycol

monomethyl etheracetate, ethyl! lactate, cyclopentanone, cyclohexanone, and gamma

butyrolactone.

4, The antireflective composition according to claim 1, wherein the crosslinking
group is selected from a group consisting of carbodiimide, isocyanate, blocked
isocyanate, glycidyl methacrylate, alkylol acrylamide, alkylol methacrylamide and methyl

acfylamidoglycolate.

5. The antireflective composition according to claim 1, wherein X in the dye unit is
an azo group.
6. The antireflective composition of claim 1, wherein the dye unit ranges from about

5 to about 95 mole percent and the crosslinking unit ranges from about 1 to about 50

- mole percent of the polymer.

7. The antireflective composition according to claim 1, wherein the polymer further

comprises one or more vinyl monomers that are nonabsorbing and noncrosslinking.

8. The antireflective composition according to claim 7, wherein the vinyl monomer

is selected from a group consisting of maleic anhydride, vinyl acrylates, vinyl phenolics,

R R 0



7. The antireflective conposition according to claim1l, wherein the
pol yrmer f ¥Q 9847070 conprises one or nore vinyl nmononer @CTRIBET/ b0
nonabsor bi ng and noncrossl i nki ng. 0- The antireflective
conposition according to claim7, wherein thé vinyl nononer S
selected froma group consisting of nmaleic anhydride, vinyl acryl ates,

vi nyl phenolics, WO 98/ 07070
PCT/ US97/ 14406 vmyl ethers, vinyl acrylamides, vmyl carboxylic acids, vinyl sulphonic acids ang -3~

vinyl ethers, ﬁy@yoxygﬁer&yxﬁ?%d%%rgﬁg vl carboxylic acids, vinyl sul phonic

aci ds and N-(3 hacryl am de) . 9. The
antireflective conposition according to claim1, further conprising a dye.
10. The antireflective conposition according to claim1, further
conprising a 9 The astitefledtivagomgesition according to ddim 1, filither zomprishg adyé.ve
conposition according to claim1, wherein the polynmer has a wei ght
average nol ecul ar weight in the range of about 2,500 to about 1,000, 000.

12.  The antingf! eqﬂ,b\éﬁu%@&%ﬂ%'ctﬂn Bsxg&&gc’c%?ﬂs foocl%a* %ﬂher%ﬁbl‘ﬂiﬁb ﬁ';,e

metal ion |evel I's Iess tha each” net al

The process of cfossiimking agenti. mage on a substrate conpri 5| ng the steps of:
a) coating the substrate with the antireflective coating conposition of
claim1l, b) heating the antirefl ective coating,

c) a coatingjfrommgeRhel0i&nk %Bmgeéxh'&d %oﬂ'ﬂn%{%ecl blsWh@;oﬁn the bo \ye er h?r -

d) heating the photoresist coatihg to subst t|a renove s

t he weight averagecralecuiar, weight in the range of abput 2 EMQHHOSBI,GRQOBG.ng t he
phot or esi st coati ng, f) devel opi ng an i mage usi ng an
aqueous al kal i ne. devel oper,

12.  The antireflective composition according to claim 1, wherein the metal ion level

is less than 50ppb each metal ion.

13.  The process of forming an image on a substrate comprising the steps of:
a)  coating the substrate with the antireflective coating composition of claim 1,
b)  heating the antireflective coating,
c)  acoating from a photoresist solution on the substrate,
d)  heating the photoresist coating to substantially remove solvent from the
coating,
e) imagewise exposing the photoresist coating,
f)  developing an image using an aqueous alkaline developer,
g) optionally, heating the substrate prior to and after development,

h)  dry etching the antireflective coating.

14.  The process of claim 13, wherein the photoresist solution comprises a novolak

resin, a photosensitive compound and a solvent,

15.  The process of claim 13, wherein the photoresist solution comprises a substituted

polyhydroxystyrene, a photoactive compound and a solvent.

L)



g) optionally, heating the substrate prior to and after devel opnent,

h) dry etching the antirefl ective coating. 14. The process of
claim 13, wherein the photoresist solution conprises a novol ak
resin, a photosensitive conmpound and a sol w2it- 15. The process

of claim 13, wherein the photoresist solution conprises a substituted
pol yhydr oxystyrene, a photoactive conpound and a sol vent.

-21 -° 16. The pr i i : res| sl ution
conpri ses poIyhggrox@@%@?ﬁﬁ%fﬁgﬁgﬂg%gz% .53%@§ﬁ%%§%§g8§@8§§§§@8‘gon

i nhi bitor and apasigydeddystyrent /a photddigive cOEpGEdOR didbalitdnlidhibivbeiml Dsdlvet.
heating tenperature for the antireflective coating ranges from about

70[err]C to about 250[err]C. 18. The process of claim13, wherein the
devel oper is an A queﬂijes pr%gles%tolfglgin? fl3,rrwe'r§eer1¢|:in Itl'(x)enhga{igge te?rlxpléxaalullrre]%op gragt)grleﬂgétive

coating ranges from about 70°C to about 250°C. :

18.  The process of claim 13, wherein the developer is an aqueous solution of metal

ion free alkaline hydroxide.

Y




