Description PHOTORESI ST COVWOSI TI ON FOR | MAG NG THI CK
FILMS FIELD OF | NVENTI ON The present invention
relates to a light-sensitive photoresist composition
especially useful for imaging thick filnms, conprising
afilmformng alkali-insoluble resin, a photoacid
generat or whi ch produces a strong acid, a solvent and
a photobl eachabl e dye which is absorbing at the sane
radi ati on as the photgaci d  generator and has
preferably a simlar Q@ﬁﬂaﬁﬁﬁ-rate of phot obl eachi ng
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conposition of this invention. BACKGROUND OF THE
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smcon wafers used for making integrated circuits. The coated substrate is then

baked to evaporate any solvent in the photoresist composition and to fix the
coating onto the substrate. The baked coated surface of the subsirate is next

subjected to an image-wise exposure to radiation.

This radiation exposure causes a chemical transformation in the exposed
areas of the coated surface. Visible light, ultraviolet (UV) light, electron beam
and X-ray radiant energy are radiation types commonly used today in
microlithographic processes. After this image-wise exposure, the coated
substrate is treated with a developer solution to dissolve and remove either the

radiation-exposed or the unexposed areas of the coated surface of the substrate.



I mage-w se to radiation, the areas of the resist
conposition exposed to the radiation becone |ess
soluble to a devel oper solution (e.g. a cross-linking
reacti on occurs) while the unexposed areas of the
photoresi st coating remain relatively soluble in such
a solution. Thus, treatnent of an exposed negati ve-
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coating was removed during development The areas of the substrate where the
photoresist coating still remains are protected. Later, the remaining areas of the
photoresist coating may be removed during a stripping operation, leaving a
patterned substrate surface. In some instances, it is desirable to heat treat the
remaining photoresist layer, after the development step and before the etching

step, to increase its adhesion to the underlying substrate.



El ectrochem cal | y Deposited Sol der Bunps for

Waf er - Level Packagi ng, Packagi ng/ Assenbly, Solid
State Technol ogy. Gol d bunps, copper posts and copper
wires for redistribution in wafer |evel packaging
require a resist nold that is later electroplated to
formthe final netal structures in advanced
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necessary for certain type of processes, especially for very thick films.

It is the object of the present invention to provide a chemically amplified
photoresist useful for imaging films as thick as 200 microns (um), which provides
good lithographic properties, particularly photosensitivity, high aspect ratio,
vertical sidewalls, improved adhesion on metal and silicon subsirates,
compatibility with electroplating solutions and process, reduced resist film
cracking and improved environmental stability. The inventors of the present

invention have found that a photoresist comprising a polymer which is insoluble



phot oaci d generator which produces a strong acid upon
irradiation and a photobl eachable dye which is
absorbing at the sanme radi ati on wavel ength(s) as the
phot oaci d generator and preferably; has a simlar or
| oner rate of photobl eaching conpared to the
phot oaci d generator, provides the desired
| ithographic properties when i maged, especially for
thick films up to 200 mcrons (um. Sunmary The
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Description of the Invention

The novel photoresist of the present invention provides for a light-sensitive
photoresist composition useful for imaging thick films, comprising a polymer
which is insoluble in an aqueous alkali developer but becomes soluble prior to
development, a photoacid generator which produces a strong acid upon
irradiation and a photobleachable dye. The photobleachable dye and the
photoacid generator absorb the same radiation, which is the radiation used to
expose the photoresist. Further, the bleachable dye has approximately similar or
lower rate of photobleaching than the rate of photolysis of the photoacid
generator. The rate of bleaching of the dye is preferably not significantly higher
than the photolysis of the photoacid generator. Preferably no more than 95% dye
bleaching should occur at the resist dose to clear. The clearing dose of the resist

is defined as the minimum exposure dose required for completely developing the



provi des for a process for imaging the photoresist of
the present invention, especially where the thickness
of the photoresist is greater than 2 mcrons (pn) and
where the process conprises a single exposure step.
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hydroxystyrene and acrylates. The polymers may further comprise comonomeric
units which do not have acid labile groups and are derived from polymerizable

monomers, for example, styrene, acetoxystyrene, and methoxystyrene.

Examples of hydroxystyrene based resins usable for capping with acid
labile groups include: poly-(4-hydroxystyrene); poly-(3-hydroxystyrene); poly-(2-
hydroxystyrene); and copolymers of 4-, 3-, or 2-hydroxystyrene with other
monomers, particularly bipolymers and terpolymers. Examples of other

monomers usable herein include 4-, 3-, or 2-acetoxystyrene, 4-, 3-, or 2-
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| rAs Qescrlrbte'd gbove, for the photoresist of the present invention, the
hydroxystyrene based resin is made alkali insoluble by protecting alkali soluble
groups on the resin with an acid cleavable protective group. The introduction of
the protective group may be carried out by any proper method depending upon
alkali soluble groups on the resin, and could be easily carried out by a person
having ordinary skill in the art.



For exanple, when the al kali soluble group on the
resin is a phenolic hydroxy group, the phenolic
hydroxy groups present in the resin are partly or
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butyldimethylsilyl group.

According to the present invention, the above resins may be used alone
or as a mixture of two or more.

Particularly preferred are polymers comprising units derived from at least
one monomer selected from substituted hydroxystyrene, unsubstituted
hydroxystyrene, substituted alkyl acrylates, unsubstituted acrylates. The
acrylates may contain acid labile groups or nonacid labile groups. The polymer



acryl ates may contain acid | abile groups or nonacid
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may fodiefororatig SRR, A80LE "avBay e BRI Gun EG 3¢ Pbee
derivelf ﬁérﬂrrﬁgrdm%f@msmb bgB%tﬁgQEéd or a:lnmb‘sb tihfed 60rers) cethylene
preferably from about abouyt , 000. The .
with qﬁndpﬁérgr@@sps%@ﬁ Sieialbe-lalon AGasTRNID: RBFBY Carboxyiio
acid, ‘% nging fromabout 20 to about 99 weight% preferably
rom about 85 to about 98 weight% by total solids of

t'Fﬁe Bﬁ%ﬁl‘?ﬁ&)ﬁﬁbﬁé Bﬁ@HJ}%‘ GHe PRSI iﬂ\/éﬂﬁbh Yi8is %Qm@Hf‘gvéFEMe

use resist, comonly a conpound
moleawqrawe@hbframmgl dheinm cabwug 12, @@@ tacaboul JOR,000; aueteraldy frem

abou23BHE6, SR A0 Bltdpu AR o6aR B0} @b

30, OO@XW]kcffé @b%/maggg%@hh 1|[1htbiea°ﬁemalalt|§an MImmlsl%r'émgmg feord abooit 80
refer

o abbyeOR ol eBo Rt ob Tl el BB ol sk B e

sohds%f\’[ﬁ?ghef&r&é@lr which is now soluble in the al kaline
devel oper 1 n the exposed regions. Any PAG nmay be used

oAl ﬁ@u%ﬁ I'H?\Za#)ﬁétoéctw%t Eeﬂﬁ)o%ﬁddmaf?abé | Gy tife PHotGHBEIR,

e exa aci d generating
comnyindy @seompoine capmie L@fd@r Qdﬁﬁlnld@ stigngrsid PR Hradiagien, a

orocsEf GeROBIARFAAGRSHE Bl EEfbanPHR B3esldr oo
whichPasorb it ihe gesired es;mcbéwe ywavetengil, mmferabllyfbﬁiw @dPnm, and

moreipgaHlY R A< PholSUNORLyH Brot Geiier s e gioaluble

polyn'iéfaéf tRE %@@cﬁés@m@gv@ aUumlei' afdials fow salubleinuihecalkaline
he onium salts are usual used in a form,soluble in

devel@pgvam the expesads regiens. HM&&?A%dBﬂV e ysed whidh ggherates a
stron§ aé(%ﬁ'iugaﬁ% %Ss&fcrrﬁ% it 36 6it d§B = pIESIQRi 4 generating

rorret Mane™ s nat €, yli odom um
photasenaitive moaipouads innilidey veitheut ﬂlmlkﬂhen,yloglsﬁ phoioagid generators

Ach, b TR . gD g, FPESH b o non-onic
PAGs such as diazosulfonyl compounds, sulfonyloxy |m|des nitrobenzyl
sulfonate esters, and imidosulfonates, although any photosensitive compound
that produces an acid upon irradiation may be used. The onium salis are usually
used in a form soluble in organic solvents, mostly as iodonium or sulfonium salts,
examples of which are diphenyliodonium trifluoromethane sulfonate,
diphenyliodonium nonafluorobutane sulfonate, triphenylsulfonium trifluromethane
sulfonate, triphenylsulfonium nonafluorobutane sulfonate and the like. Other
useful onium salts such as those disclosed in US patent applications with serial
numbers 10/439,472 - filed 5/16/2003, 10/609,735 - filed 6/30/2003, 10/439,753 -
filed 5/16/2003, and 10/863,042 - filed 6/8/2004, and are incorporated herein by



useful oniumsalts such as those disclosed in US
patent applications with serial nunbers 10/439, 472 -
filed 5/16/2003, 10/609,735 - filed 6/30/2003,

10/ 439,753 - filed 5/16/2003, and 10/863,042 - filed
6/ 8/ 2004, and are incorporated herein by 8 reference.
O her conpounds that forman acid upon irradiation
that may be used are triazines, oxazoles,

oxadi azol es, thiazogles, substituted 2-pyrones. PAGS
referglifen GiEef RAPOHREE iMabfaim a1 BedaPeRtadalan Heg mavs used
are tHASHhES, okALNES, ExsdthIdIeY, CthiSNY, Ssubstituted 2-pyrones. PAGS

trichloromethyltriazines, bis-sulfonyl nmethanes,

such @issthege fesglibrd iMHE2062/0061464 are aispl dsetulo Mbenaliesyifonic
r ML . o

cor! MRIRNIGREAE, b sueryimttgpes, bissuonymothnes o

bis-syltanyltéardnseithfoes,um bi s(tri f | uor onet hyl sultfipmgriy)sulfodieim

wis(uft BRFTV RS S0u 1 oyl ) et ni de, ai pHERSAMMSHIRNIYR

bis(triﬂhﬁ(déméthylsolfoﬁ’iyt)iriliilﬂb?gl fonylf I) i mde, i the diphenyl}odonium
: r oxynapht ha e triflate, and their . honp| ogues
t”s(trgt“Byoﬁ‘%tE;%UE%ri‘ytb"%etg]'gﬁdi dates. Schene 1 shoﬁl?%'&ﬂ@dgmum

bis(triarahafyRlifaPiRRe! | ‘f\ﬁhf&ﬂ?ﬁéﬂﬁﬁ linv@& e MBrdte HB50d - tHei
IS(rR T \M}}@‘C_:Rs Rz, ONA~O SO C Rzt e s O
homqiogyes@re@lsspegsible gandidatesc F N ¥ N

Scheme 1 shows some examples of photoactive compounds:

Scheme 1
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t) n 2n+l Rr OCO3 9 where R1-R3 are independently
(C1-CB) al kyl or (Cl-CB)al koxy substituents, X is a
sul fonate counterion, n =1-20, and R is independently
sel ected from (Cl- CB)al kyl, (C1-CB)al koxy, phenyl,
styryl phenyl, (Cl-CB)al koxy-styryl phenyl,

furyl ethylidene, (Cl-C8)alkyl substituted

furyl et hyli dene, naphthyl, (C1-C8)alkyl or

p\ﬁé?rg t—"c@gx)r(% g%hbéHM@: n‘?@gﬁ&%r (g\/ldéa)?{kgﬁ% gﬁbstltuents

X is apéLﬂFoﬁéfeeéburﬂ@i’ﬁtﬂdlm”&ﬂtzo @ah@m ummmlpeadamey selleémldl fmm (Cs-

ts as photoactive co e
Colalkilal {GrimRba . BOOFMo! CHBIRTEN o nplStay AR shpheny.
r . e%m@ﬁ’ﬂ ﬁdpﬁ L RGo
fuwletﬁ)rélﬁ%ﬁ%ﬁ g@l | C!;)'&(l)l}ﬂ%ﬁ??ﬁtg; ne aﬁgﬁﬁefé‘m de. tI’M\q& Oga '
(C1-Copalsdxyesutistiuted mppbiyl.- preferably a phot oaci d
generator, may be incorporated in a range fromO0.1 to
10 weight % by solids, preferably fromO0.3 to 5
wei ght % by sol i ds, and nore preferably 0.5 to 2.5
wixtyires %f iphotasctisle .cavhpaundsypey abso baasads dn @ine; preferred

ool S L SRR 8 e bl ar
preferﬂa;ﬂg ﬁhbtadmfﬁhidﬂf sal“f@ aspreteHctive mnﬁxi?mlpds igiré mmrlarefprefeered In
sen I nventi on _Cco S.an a al | NSOl U
anotheoppReAme ST RACH o RACLI a0t bEEIoea ap e
The p Ba(}ﬁ) m}ﬁb&%@a%mrﬁuqy% Pﬁfﬁf’c@é@b' )gehéreﬁﬁle \MuyChbe

i ng at t he 'sane radi ati on he phot oaci
mcorpgmtedm arraagel fiopn 8. hiced @ megight hdy %P"é’ﬁrrﬂ%?rag}y ﬁr‘éﬂﬂé} 310

5 welgtiltt lggﬁolg ?\H ﬁ?\%?% ]p?&eriﬂloyf Bas1dP S S whRINE D tH”y"j‘éollds More

ofesi st pattern “can be
types adft RAGE ubgfuadm uhlsi nyentmm tayg driciilotdneetbiidinzines, cespegially

s trat bly th |
whewﬁgqﬁﬂﬁﬁﬁﬂs%éw e Eftesaph 5o Hba‘fﬂﬁ*??%o?yﬂiﬁr;iya
b'Eh ,%Flggggéatnggr}%géﬁlggﬁyﬂf 5tgelrbg§;§eg1ﬁ Giwantion domprlscelg arf Qlkali

msoluiak.:;2 PRS00 pBteaEaZ gdﬁer%tcﬁUhﬁ@nal pwdtbblbadﬁameddw The
2-napht hoqui nonedi azi de- 4- sul fonyl chl or.i de

photopha@nbablg dyenpreirrablyr |sgpnepwhyphyg ,a@§9rl}5|agTﬁ5 they Sﬁl\g\gl rﬁglatlon
o 0 FRURNT bl A notrofdsbond Soainear of lobarite of
photoblmpblmgdﬂ rascbedreiound that vertical sidewalls of a photoresist pattern
can be obtained by adjusting the type of bleachable dye and its concentration.
Preferably the bleachable dye is a diazonaphthoquinone sulfonate ester of a
polyhydroxy compound or monohydroxy phenolic compound, which can be
prepared by esterification of 1,2-napthoquinonediazide-5-sulfonyl chloride and/or
1,2-naphthoquinonediazide-4-sulfonyl chloride with a phenolic compound or a
polyhydroxy compound having 2-7 phenolic moieties, and in the presence of
basic catalyst. Diazonaphthoquinones as photoactive compounds and their
synthesis are well known to the skilled artisan. These compounds, which
comprise a component of the present invention, are preferably substituted

diazonaphthoquinone dyes, which are conventionally used in the art in positive
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synthesis are well known to the skilled artisan. These
conpounds, which conprise a conponent of the present

i nvention, are preferably substituted

di azonapht hoqui none dyes, which are conventionally
used in the art in positive 10 photoresist
formul ati ons. Such sensitizing conpounds are

di scl osed, for exanple in US. Patent Numbers

proto B Jopterdnd s 4381 SR ppipoils? e ascoseo, o
exam[ﬂ@ ooblE adtahl RuFiRSs i 2)EdTIdes, BU06,485¢ 3118 98I 3 eso;oew

R TN G G T DR R

h I r S
oo AL, TIPSR, R et e

compaLaist $usiuas bydroky, Enzephenaress -aligbmeg | Phemolsy irfenols and
their c@q?ﬂéﬂ@Q?t%h{)l%Q%ﬂaydg ng@ de,{JE)sl?t tea?ﬂn?ﬁlhggro% Hér@{? '%)ﬂganes with
naphtll‘milﬁlhtmb” -OIX)- @bmde#&sslﬁm’iyl amlmdwlapdmnomaF#ﬂhoner-(éoﬁ)

o NSRS, ERFaBh R "BF. o fet e, e,

monoﬁ oﬁsﬁ Ehéﬁdlé’x)éu@ﬁ”%un&mwgﬁew Ehrbacﬁfb@ﬂ@dof ln another
eis in the range o

embogmerré pémq/bheﬁclﬂwéerfh/ﬁg@%ﬂu@bsr OfSUWeph%]ﬂl'@é%‘Pf?ﬁ?‘f‘ per one
molec@&agﬁbg %Iw B&Yn&%@lﬂ&é‘ dgkBoné 8 bleachable dye is

enones suc
in the 2algelet 2-7hgola mqrb prefepdiy omthe r2nge of 3-5.
tri hydroxybenzophenone, 2,4, 6-trihydroxybenzophenone,

2S3mé-repidsgatativg exampbext bfypdignxsprecmmnpounds are:
2,3,4,4" -tetrahydroxybenzophenone, 2,2'4,4'-

(a) Pb@hy@bx%mbhea«wﬂm sade,as 2,3,4- trlhydroxybenzophenone 2,4,4'-
enzophen

trlhydwypgm9ﬁggagzg%% ﬁ&&roxyggnzop?lenbnez 3’2 3, % thﬁ'ydroxy-z -
methgbé’hibpﬂen&we pent alyd Wﬁbﬁﬁﬁmbﬁ}bm%phenone 2,2'4,4'-

hexahydroxybenzophenone D
tetrafwdswbsnzophesoneh&éﬁy@ﬂoﬁﬁ*a@h}!@w&hwp?‘es?“e 2,34,2',4-

@%B?{Bﬁ' al kyl ket 0@%4@ Doétahydroxybenzophenone,
pentag%'%%yt“ ?3 roxyatet ophenoné,’ g% anydroxy P oo
2466r4t57<ﬂ\ena|y3mnexuqunplyelkmmne and and 2,3,4,3.4,5-

-t ri hydr oxyphenyl hexyl ket one; (c)
hexarg@? 9%? SR henyl ) al kanes such as

(b) P(E,Iy@?c% )ﬂpﬁ] {?ﬂé’jﬁﬂ%‘%ﬁg n%%%%ﬁ?%roxyacetophenone 2,3,4-

trlhyd%)@/pﬁeﬁyl eﬁtglkbitﬁfepéhﬂ@Bwlﬂlhym‘bavmerﬁlmexylketone

yhydr oxybenzoat es such as propyl
(c) B%(ﬂol%ﬁdrbi%%éﬁylyam@ﬁ@@%h@h a¥BiRY,3,4-trinydroxyphenyl)methane,

bis(2,4-dihydroxyphenyl)methane, and bis(2,3,4-trihydroxyphenyl)propane;

(d) Polyhydroxybenzoates such as propyl 3,4,5-trihydroxy-benzoate, phenyl
2,3,4-trihydroxybenzoate, and phenyl 3,4,5-trihydroxybenzoate;

(e) Bis (polyhydroxybenzoyl)alkanes or bis(polyhydroxybenzoyl)aryls such as
bis(2,3,4-trihydroxybenzoyl)methane, bis(3-acetyl-4,5,6-
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3,4-tri hydroxybenzoate, and phenyl
4,5-tri hydroxybenzoate; (e) Bis
pol yhydr oxybenzoyl ) al kanes or

bi s( pol yhydr oxybenzoyl )aryls such as

bi s(2,3,4-tri hydroxybenzoyl ) net hane,

bi s(3-acetyl-4,5,6- 11 trihydroxyphenyl) net hane,

bi s(2,3,4-tri hydroxybenzoyl ) benzene, and bis(2, 4, 6-
tri hyd roxybenzoyl )benzene; (f) Al kylene
di(polyhydroxybenzoates) such as

wiEHLene I%co 1(393%3 %ﬁyamgr‘m@@)@en%‘ﬁeeta%' Bis(2,4,6-

trlﬂé’/a'rd n%y%epﬁ@ngls such as 2, 3, 4-bi phenyl triol,
-bi phenyltriol, 3,5,3 5 - biphenyltetrol,

(f)2 ﬂxllé/lezrﬂe b&@&ﬂﬁ}k&&rﬁ ¥]t5%11 zo%t{b)G Hcﬁ Qéph%ﬂ%}l@ﬁéﬁl%ol -di(3,5-

exo
dlrig/dﬁo)@bbnzaateé), andlqmmm«anyé loeyicol-di( B ) 5-trihydroxybenzoate);
Bi s( pol yhydr oxy) sul fi des such as

)4Péf hiydioxpbiphénys Fuahn2)B) Wm’mltncﬁll B,4,5-biphenyltriol, 3,5,3'5'-
| yhydr oxyphenyl ) et hers su Vo
blpjmej_nyﬁemol t 44 b{@@@;@;}yltﬁﬁghwz @@y{%ﬁ b(pjhjanylpentol 2,46,2',4',6'-

| h 2,2'4,4" -
blcﬁl &ﬁfngér OXY %%hryyﬁ)sé ox"gg?&(i;m =

(h}%%ﬁ@oﬂyﬁy%§§@ Ml?gggéy%li lé:sf(f){q‘gt;ﬁio?)ﬁH‘,Sg&hgdl%xyfbe‘“zéne;
é@%{% gm&wb%pg%ihe?reﬁg a 5 5%h4'38trahydroxydiphenyl ether;

trihydroxy-3,5, 3 tetrarrethltrlphenylrret ,
Bne, 4 Bis{poyoropRaydsasides uch Yo,

tetalctgr N GG, | Ry 3 5 5 5
k)tzegr 2”%?&%&9@&’@%%@@%698@% such’ as 2,2'4,4'-

tet%wt&b diphérigsutiomet hane,
W , 3,4 ,3",4"-oct ahydr oxy- 5, 5-

)d'la@lghgdirb&wgﬂéﬁig@ﬁﬂ% fé,gl@lh as tris(4-hydroxyphenyl)methane),

4 éhébftu by@mwg(y{& $,8h@ ftytrameﬁrayl’@rph@nylmethane 4,4' 3" 4"-tetrahydroxy-
3,§,%l gr-%grrgron)%f@ﬁf Iri?‘%{blkv&%gqg S S ; Iu f 2 5{?2"%1 d?’a 4"-pentahydroxy-3,5,3',5'-

2
3,
(

te@arﬁeﬁwyltﬁ hésylfmethane, 2,3,4,2',3"4'- hexahydroxy—5 5'-
3-tetrarrethy| 11-sp|rob|-|ndane-56",66
dlaq@xlmphegyylgnethane 2,3,4,2'3'4' 3" 4 -octahydroxy—5 5-

hyl -1, 1' bi - Ay '
ey oy HSRBRENY L byl e o2 B ofanfiofy .5-
difropidnyitfishdnyiinesttirexyphenyl ) pht hal i de, 3, 3-
bi s(2, 3, 4-tri hydroxyphenyl ) pht hal i de, and

(m3' RdlyhyireRy-spidbiahastiex< ¥seH &9 BdBBUtewEmethyl-1,1'-spirobi-indane-
5,6,5',6"-tetrol,  3,3,3'3'-tetramethyl-1,1'-spirobi-indane-5,6,7,6'6',7'-hexol, and
3,3,3'3'-tetramethyl-1,1'-spirobi-indane-4,5,6,4',5',6'-hexol;

(n) Polyhydroxyphthalides such as 3,3-bis(3,4-dihydroxyphenyl)phthalide, 3,3-
bis(2,3,4-trihydroxyphenyl)phthalide, and 3'4',5',6'-tetrahydroxyspiro(phthalide-
3,9'-xanthene);

(0) Polyhydroxy compounds described in JP No. 4-253058 such as, a, o' a"-tris
(4-hydroxyphenyl)-1,3,5-triisopropylbenzene, a, o', a"-tris(3,5-dimethyl-4-
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3,9 -xanthene); (o) Pol yhydroxy conpounds described in
JP No. 4-253058 such as, a, a' "-tris

(4- hydroxyphenyl)-1, 3,5-trii sopropyl benzene, a, a'

a"-tris(3,5-dinmethyl-4- 12

hydr oxyphenyl)-1, 3, 5-t riisopropyl benzene, a, a'
"-tris (3,5-diethyl-

hydroxyphenyl) 1,3,5- tr| i sopropyl benzene, a, a',

hydro) e 6\23{%”} r%é)yéb‘{)’%ren?sopf’opylabenz%"nté's (3,5-diethyl-4-

hydroﬁyprfényt)ﬁ é@tr%d?rd%ﬁ%&%hb 4u, o, o'tris (3 5- d| -n-propyl-4-
dr oxyphen trllsopropylbenz ene
hydrowph ﬁ)(m ’ng-lsgpl@gpylypnz,ene a, a’-tris(3, 5 dnsopropyl -4-

hydroQ%ﬂ{ QQ{;S@"H} (fp %}ﬁoérﬁ | SRy opy! becf‘zerl?'~tr|§(3 #di-n-butyl-4-
hydrohyrmanwuphé@imsdpmm&aenzeneopr oyl - beAzene, Aafrisgd-methyl-4-

hydrone&/ ‘ﬁ?@ rys@%o%-bppg?g%pr opyl befzene, “g’ns(g-r’nethoxy-dr-
hydroﬂypﬁdriyﬁ(?B‘B tHisopopyierizens| ) a, o, a'- tns(2 4- dlhydroxyphenyl)
5tr||soropylbenzene 246tr|s g g?(wn A a.
1,3,51 H'%‘PRJ'S?? REAZ$R%i omet hyl ) nesi tyl ene, ‘s sthy
hydro*yﬁl?erlﬁhlb\‘ﬁétﬁyl ﬁ‘leSﬁW@Hé)Xy ﬁr[@ﬂ%iéi)rﬁf—aé(h] hﬁdro&?phenyl)ethyl] 4-

oxypheny | ] benzene,

[, 1-[a- rrgt-hlﬁ(4“ah)(dmxyph?ﬂvlg& et hyl | - 3- [fala-methyl-a-(4*

B

(3',5'-dlinhethpied 'Hyidraxypbenpithylbentene, 1-[a-methyl-a-(3'-methoxy-4'-

nychopaerRIBINGIG 5 - e BRSP4 SVRP BRIV IbsRgere

and -[a-methyl-a- (21 oémem wmhmbkyméuwng)]etW]Eza[caa-mis@t
(4'- hy drox&@@enyl ) et hyI enzene. O her exanpl es of
hydr%p'ﬁ@%lﬁlhﬂ @PR&i de phot oactive conpounds i ncl ude

condensati on products of novolak resins with a

n&hemoexarnples dickz inaehtheguineRgriazitieor plrioagtiyes ecompounds
include’ Egﬁ@éﬁ&hgﬂl nsp gto? dtloRfk ﬁﬂlﬁse%tﬁaé)m%g ﬁﬂlrﬂﬁ%blamde

e use of 0-quil nonedi azi de este
sulforp,cblqﬂqrd:ieox&l‘hesemmddssailon p@ddCtsn(atsmbaHQd capped novolaks)

may b8 el bBiogkOP bl iagh 8 97 BENHBBRY FLriaARE o

used M1 Homlﬁﬁaﬁlfn wrbWifls. N@RBIJUeUIS) Medtsademummumummoed
al so_be used. The bl eachable d y EIPPE resfent.

novolaké+ HeSnBab| Nen5i2gBeiists oomsush:examale: | Mpdntes,f yarious

L I [ I &
rapn iRl fiphndgihlason i g om s oy

be presentirthe nbvelnphaioresist cOMpasitignoat leyedsobp ttet i weight% of
total §8Ildsq5pref"er}gbl(§/v|%ﬂgfﬁ‘§rﬁom about 0.1 % to about 10% of total solids,
more preferably from about 0.30 to about 5% of total solids, and even more

preferably from about 0.35% to about 2.5% of total solids.

The photoresist of the present invention comprises the alkali insoluble
polymer, a photoacid generator, a photobleachable dye, and optionally a base
additive. In some cases bases or photoactive bases are added to the photoresist

to control the profiles of the imaged photoresist and prevent surface inhibition
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preferably from about 0.35%to about 2.5% of total
solids. The photoresist of the present invention
conprises the alkali insoluble polyner, a photoacid
generator, a photobl eachabl e dye, and optionally a
base additive. In sone cases bases or photoactive
bases are added to the photoresist to control the
profiles of the inmaged photoresi st and prevent surface

oo 1%t SEBHE 6o o PSS B B

to aboeit @Wgﬁt%sof sdt&ds mefeeatﬂblqp tqo1twe|ghml ofhsélidsf and more
sql.i ds, nor to 0.07.wei ght % of

prefeghy 38 0-&f gt cBiaplit Aoy Sonpiniy $Rsss e preferred,

speciHib &Slahhfle€ R PHIER a@é dh‘ﬂhé@ SUch adiiGihylafiied, #ethanolamine,
triethyl am ne, tri et hanol anmi ne, anill ne,

aniling, rg;hxéﬁeqqilamlm% ppdine; HbraalleiaramoRium fisipxide or its salts.
oxjde ts anplLes it
ases are p enyl i odonr um hydr oxi y I odoni um
ExanEkMgé o (Pllbt ﬁi% basds 2L d@fn Hi?lgf Ydtoxide,
dialkyliodionitind enydroxidé, k’griaﬁwlswnmum Ihlydr(mdej egtcet ?l:'he h?a@ebmsg be

e e B L L i R Ll oo,

the téﬂ\dltiaséeadcﬁtum emp yed; bttier mRedtamistn® fdoremeval\oilacid are
ar e OSSI or inst ance,b usii

possmrfeauwﬁam. uﬂﬂs&ﬁ@a‘ yiagimenifesals gt velaiile acids (eg.
) [ d
OF s FApPIFAC S, 165, ) SAIES, BpectVelf tomove  acid v
volatﬂlz:anitrmluqutn@jy Huss tfilrox gaking @osh%p@urgybal@an oy, reaiction of a
S

ruciQUiERBles), 0 tichbieBulof pAHdbaRBT T 6" Rbacipn of erbbuty

carbm’tattbnbmittﬂbdﬁmtie tcbdﬁmrm t-bittyibyornideyi de) . Scherre 2 shows
the structures of ammoni um derivatives which m ght be
erﬁdr@m@i 2ashovasthe stiahee® of -antenipire serfatbeistvatiitle might be
a % basesCHSOn-BuO H3C-N CH3 O CH3

employel aRASERY 0 ' CH3 CH3 n-Bu CH3 n-Bu H3C i CH3
-OHn-Bu- i {n-Bu -OH CH3 I|I'-Bu

Scheme 2: Examples of suitable ammonium bases

CHj n-Bu 0

H C—ILLCH /ﬁ\ n-Bu—-rlli—n-Bu -/U\
3 | 3 o CHg | 0 CHj
CHg n-Bu
CHg n-Bu
l_|3C___,\(:__C|_|3 -OH n-Bu—rLLn-Bu "o
CHg n-Bu

The use of non volatile amine additives is also possible. Preferred amines
would be ones having a sterically hindered structure so as to hinder nucleophilic
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The use of non volatile amne additives is also

possi ble. Preferred am nes would be ones having a
sterically hindered structure so as to hinder

nucl eophilic 14 reactivity while maintaining
basicity, lowvolatility and solubility in the resist
formul ati on, such as a proton sponge,

1, 5-di azabi cycl o[ 4. 3. 0] - 5-nonene , 1, 8-
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are m xed a solvent of m xtures of solvents
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ag yco et her

erivative suc as et hyl

o3 50, 5 P, R RS s o o
photoresist are mixed with a solvent or mlxtures of solvents that dissolve the
solid components of the photoresist. Suitable solvents for photoresists may
include, for example, a glycol ether derivative such as ethyl cellosolve, methyl
cellosolve, propylene glycol monomethyl ether, diethylene glycol monomethyi
ether, diethylene glycol monoethyl ether, dipropylene glycol dimethyl ether,
propylene glycol n-propyl ether, or diethylene glycol dimethyl ether; a glycol ether
ester derivative such as ethyl cellosolve acetate, methyl cellosolve acetate, or

propylene glycol monomethyl ether acetate; carboxylates such as ethyl acetate,
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et her, diethyl ene glycol nonoethyl ether, dipropylene
gl ycol dinethyl ether, propylene glycol n-propyl
ether, or diethylene glycol dinmethyl ether; a glyco
ether ester derivative such as ethyl cellosolve
acetate, nethyl cellosolve acetate, or propylene

gl ycol nononet hyl ether acetate; carboxylates such as
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R e T e
othemplhiGmgpdn/\l compppeds. coat ed waf ers, such as are
utilize

The photoresist coatings produced by the described procedure are

particularly suitable for application to copper coated wafers, such as are utilized
in the production of microprocessors and other miniaturized integrated circuit
components. A silicon/silicon dioxide wafer can also be used. The substrate
may also comprise various polymeric resins, especially antireflective coatings.
The subsirate may have an adhesion promoted layer of a suitable composition,
such as one containing hexa-alkyl disilazane.
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may alspdsaunsediecond baking or heat treatnent either
before or after devel opnent. The heating

The photoresist is then optionally subjected to a post exposure second
baking or heat freatment either before or after development. The heating
temperatures may range from about 90°C to about 150°C, more preferably from
about 90°C to about 130°C. The heating may be conducted for from about 30
seconds to about 3 minutes, more preferably from about 60 seconds to about 2

minutes on a hot plate or about 30 to about 45 minutes by convection oven.

The exposed photoresist-coated substrates are developed o remove the
image-wise exposed areas by immersion in a developing solution or developed

by spray development process. The solution is preferably agitated, for example,
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nore preferably from about 90C to about 130C. The
heati ng may be conducted for from about 30 seconds to
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i nvention. EXAVMPLES Exanples 1-13 The photoresi st
sanples 1-13 were fornmul ated as shown in Table 1. The
EXAMPLES

Examples 1-13

The photoresist samples 1-13 were formulated as shown in Table 1. The
photoresist samples were then microfiltered through a fine pore size filter
selected from 0.2um to 10um, depending on the photoresist viscosity.

The photoresist samples were then evaluated for their lithographic properties.
Each sample was spin coated separately on a silicon wafer and on a copper
substrate at an appropriate spin speed. The coated substrates were soft baked at
110°C for at least 120 minutes for 10 microns (um) thick films. Thicker films (40—
50 pm) required multiple bakes at 110 °C for up to 7 minutes. The exposure tools
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phot oresi st sanples were then mcrofiltered through a
fine pore size filter selected fromO.2mto 10m
dependi ng on the photoresist viscosity. The

phot oresi st sanples were then evaluated for their
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substrate at an appropriate spin speed. The coated
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substf3t@m ned wi th scanning el ectron mcroscope to
eval uate the photoresist sidewall profiles, resolution

The régﬁﬁf%r%gcir\iémlyofaﬁl@q substrate. The results are given

he perforrrance of the photoresist was

The %ﬁ@ﬁ‘ﬁﬁg? Pg'uy Srﬁcﬁwm Eét%‘a?s éé’lt)stfegfd?ﬁulé%‘ﬁs d@)\‘ugﬁuﬁlhg no

ypes o rates were use
dye, dyé ioc bieacBableadye. Ta\mpn@es(c(ﬁ,s)u,bstlamstwefluserd silicon (Si) and

coppet il ard bl B FidhiRSaae erg %%%'“rf%oé 1B e o

In 2R SREFHIUaIF RS S65 SBIERAT A DBALITIB e b s Pifesist

gave aMpPORRS N@f%rhfhn%éénm l%?m@of‘ prbﬁbe wfflh Stesp Bidea/ally eand good
exanpl es (1 and 5) showed goor resol utign and curved

resoligions [aspehrgreachisvenanaples (7 rhé3) Hbesasapasative sxaraples (1 and
5 STEAPAE o SERUNEH, A7, B S8 splyfind e iyd e
pattem cEmampfeny showéd fihainthexpingibeasist did not have the optimum
concentration of the bleachable dye for a 40 micron (um) thick film. Examples 2

and 3 did not give both good resolution and vertical profiles.

When the substrate was silicon, the bleachable dye provided good performances
in all cases (examples 6-13).

The bleachable dye had the greater beneficial impact on the copper substrate
than the silicon substrate.
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and 3 did not give both good resolution and vertica
profiles. Wien the substrate was silicon, the

bl eachabl e dye provi ded good performances in al
cases (exanples 6-13). The bl eachabl e dye had the
greater beneficial inpact on the copper substrate
than the silicon substrate.

19 Table 1 Fornul ati on and

Results x. Polyners AGs Base Dye Bl each- Lutona
Sol vents %5olids FilmPerotile Performance on Cu 3IJ
Novol ak 1) able,ﬁ%gl 40 EGWEQI Qickn- on Si wafers 2)
¢ | ohexanone ass &rerFiangglBesylls 1 33 ... - ...
0.328 26.094 ----- 47.8 bum | nverted Poor resol ution,
and profiles concaved profiles 40um and | oss of snmll
Ex. Polyingr: AGs: e utenal g v ] d Film Pesel Performance an Cu
| Pena o ’ t ojLFRee a ey tgﬁg@w pURalg ] Qa2 | BBYE| 5T, 0. ggg,so it
--- (536 30 1-- 40.0 10um Ver t dy@akandgor r g0l Ut vaea
1 [648 788 10J3! el HY - ; 0.32! ot 7. 10 + Inpert Poor resolution,
priot iPPes |resi dual |resi sp®@batWen™ings™3 By oD 2 Proeaved profics
.0272 ---| 0.0998 --- -{-- 30.12 ----- - - 3Puod6 | 40um | andioss ofsmal
Sl opgd Pdor resol dtion and |profiles residpal fesist| o
2 has1e alblee bosser| -+-he| wafedr—4 6] @588l |20 033032700 - | 10@n () XBical - | Poor resolution,
. .| ‘profil idual resist
----- 25.5 --1-- 47 40um Verlti cal Poor| respl ut i8R, | ewesnlines
3 [13827 pp-gf IPoES [sevel evBgot angd-—r dstdue—5 4.|8365 - oum. | Slorydy 4 ?ggﬁygﬁm
| esi S
----|--- F---11.306 20.08 3.]872 52.09 |52un]j Ver |"Cal | overtro water
4 [ie411 Ppegp Pr&sol-ut | 028 |Pul yolyo gre®f il es—(306Um) | O 7| Yerdpal | Poor resolution,
. A rofiles severe foat and
asped¢t ratio |6 5./332 -4---1.1914 0.03 --.| 0.0837" , | tecidue
5 p4.565 - R | - 1. , 87 5 52um Vertical Poor resolution:
0.408121. 364 5341 -46. 594U Wer tteal| F8of orofian | (@0um)
resoljuti on: profifl es (20um 1.7 aspect ratio
6 PpP5332 - D.1914 0.03 ——— 0.0832% | 0.408 21.364 5.341 46.59 40um Vertical Poor resolution:
profiles (20um)
2.0 aspect ratio
7 [14.919 63938 D619 | 0.029 | — 0.1425% | 0.3455 | 22.4 56015 | 43965 | 33um | Veriical | Good resolution:
profiles (10um)
Aspect ratio >3
8 [18.8873 -— [.1548 | C.024 | — 0.269047 | 0.3040 | 24.2856 6.0714 | 30.286 | 40um | Vertical | Good resolution:
profiles (10um)
Aspect ratio > 3
9 [i6.1128 6.905 P.1713 0.0304 014968 | -eem- 21304 5326 4674 | 10um | Steep Steep profiles with
and profites good resolution;
40um 10um in 40um films
Aspect ratio >3
Aum in 10um films
10 H9.043  -o- 0.1692 0.0318 0122777 [ 02881 | 24276  6.069 39.31 10um | Steep Steep profiles with
profiles good resolution: (3
um)
Aspect ratio >3
11 [19.0508 - 1693 0.0117 0.1228" | 0.2883 | 24.286 6.0714 | 39.286 | 10um | Steep Concaved profiles
profiles with resolution:
(4.2um)
12 [19.0465 - [1.16917 P.02176 | - Q.1227'Y | 0.2883 | 24.281 6.0703 39.297 | 10um Steep Steep profiles with
profiles good resolution:
(3.2um)
13 13521 5.795 D.1648 [.1407 0.0724% | 03477 | 23.92 5.08 40.2 f0um | Steep Steep profiles with
profiles good resolution:
0.1849% {2.2um)

Polymer: GII polymer is a ter-polymer of hydroxystyrene, styrene and tertiary- butylacrylate (available from

Dupont Electronic Technologies, Ingleside, Texas.)

PAGs: (1) N-hydroxynaphthalimide triflate , (2) 2-{2’-(5"-methylfuryl) ethylidene }-4,6-bis (trichloromethyl)-S-

triazine
Dye: 2,2’ 44" -tetrahydroxybenzophenone
Bleachable dye:

(1) Di-ester of 2,3,4-trihydroxybenzophenone and a mixture of 2,1,4 and 2,1,5 — diazonaphthoquinonesulfonylchloride

(2) 80% ester of tetrahydroxybenzophenone with 2,1,5 — diazonaphthoquinonesulfonylchloride

Up to 1w% surfactant, APS-437 (available from D.H.Liiter Co., 565, Taxter Rd., Elmsford, New York) was added to the

solution.

20




2.0 West ratio 7 4.919 6.3938 1.1619 0.029 ----
0. 1425 ' 0.3455 22.4 5.6015 43.985 33um Vertical Good
resolution: profiles (fOum Aspect ratio >3 B
18.8873 ----- ). 1548 0.024 --- 0.2694 0.3049 24. 2856
6.0714 39.206 40um Vertical Good resolution: profiles
(I oom) Aspect ratio > 3 9 16.1128 6.905 ). 1713 . 0304
.... 01496 ----- 21. 304 5.326 46.74 bum Steep Steep
profiles with and pruliles good resolution: 40um
10umin 40umfilnms Aspect ratio >3 4umin 10umfilns
10 9.043 ------ .1692 1.0318 -... '0.1200. 2681 24.276
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good resolution: (3 um Aspect ratio >3 11 9.0608
--- 1.1693 1.0117 --- 0.1228 0.2883 24.286 6.0714
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geﬁéﬁétw AHioM bh)du@é@fa tesn 7@@@@ ﬂ@@r@irbﬁdléﬂbn ahg-22phdtobleachable
521 5.795 .1648 1.140 0. 0724 0.3477 23.92 5.98

dyacwmch@ﬁbs@ré)@pg st @@psapm@fraqi@ﬁowasﬂhem*@m% ggeetator, further
wl'{eiéotbglt [%}r?rcgtpamplﬁd'rgélral?drzl nan |r91|icyemf3F\d tﬁbl‘élr}]cg%%%ﬁabl% aye is a

f oxXystyrene, renée ert
nabhthdquirioneadiazidayai | abl e from Dupont El ectronic
Technol ogi es, 1ngleside, Texas.) PAGs: (1)
N- hydroxynaphr halimde triflate, (2)

2.2:1% e(éhot laf b¥din %%)Qn‘nd‘?r\ﬁl}ler% iz Prdtobleachable dye has
Long &

(tr eb or one
a similar or lower rate of photobleachlng than the photoacid generator.

3. The photoresist according to claim 1, where the polymer is an aqueous

alkali soluble polymer protected with an acid labile groub.

4. The photoresist according to claim 1, where the polymer comprises at
least one unit derived from monomers selected from hydroxy styrene, acrylate
capped with an acid labile group, methacrylate capped with acid labile group,
hydroxy styrene capped with an acid labile group, styrene, acetoxystyrene,

methoxystyrene, and mixtures thereof.

5. The photoresist according to claim 1, where the photoacid generator

produces a sulfonic acid upon exposure.

6. The photoresist according to claim 1, where the photoacid generator is a

sulfonyloxy imide or imidosulfonate.

7. The photoresist according to claim 1, where the photobleachable dye is
2,1,5, and/or 2,1,4, naphthoquinone diazide .
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Dye: 2,2',4,4'-tetrahydroxybenzophenone Bl eachabl e
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phot rir‘ﬁ%?élwiéé ngéiﬂg thé Pﬁbﬁir@éi&ﬁ c%ﬁgwm%mﬁam d
generato produces sul fonic acid upon exposure. 6.
The g)lIrostaxpesiite kaking thenphatoredistianalingwher e t he

i DGt AR Bhetole Jrtotntt Wi B i Tlsaline ayeloper

to formBRE®rédISt RRttgekeachabl e dye is 2,1,5, and/or
2,1,4, naphthoqui none di azi de .

12. The process of claim 11, where the photoresist coating has a film

thickness less than 200 microns (um).

13. The process of claim 11, where the photoresist coating is exposed in a

single step.

14. The process of claim 11, where the photoresist is imaged with radiation
from 300nm to 450nm.

15.  The process of claim 11, where the photoresist structures have an aspect

ratio of greater than 3.
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21 8. The photoresist according to claim11, where the
conposition further conprises a novolak resin. 9. The
phot oresi st according to claim1l, where the
conposition further conprises a base. 10. The

phot oresi st according to claim1, where the
conposition further conprises a plasiticizer. 11. A
process for inmaging a photoresist conprising the steps
of: a) formng on a substrate a coating of a

phot oresi st conposition from claim1; b) inmage-w se

Xpasi ng. t he photoresis ' | Latlion . ..C :
16505t DR BLTFE BIA AT ile 5R0E ShEQelblost s ! ddibous dolution of
tefigiRiMamMehdrigmMyelrexiesi st coating with an aqueous

al kal i ne devel oper to form photoresist structures.
12. The process of claim 11, where the photoresi st
oat+ o i chn e 20 i "
17 o 11 g0l BY Ak RAmerbC® (iR & R Suditiyimide or
imidssudfonatest coating is exposed in a single step. 14.
The process of claim1l, where the photoresist is
imged with radiation from300nmto 450nm 15. The
process of claim 11, where the photoresist structures
have an aspect ratio of greater than 3. 22 16. The
process of claim1l, where the devel oper is an aqueous
solution of tetramethyl anmoni um hydroxi de. 17. The
conposition of claiml1l, where the imde is a
sul fonyl oxyi mde or i mdosul fonate. 23
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