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Description Photoresist Conposition for |maging Thick
Films 5 FIELD OF | NVENTI ON The present invention
relates to a light-sensitive photoresist composition
especially useful for imaging thick filnms, conprising
afilmformng al kali-soluble resin, a photoactive
conmpound, a solvent and a.surfgctant at a | evel
rangi ng from 10 about Zoogﬁﬁﬂﬁigihbout 14, 000ppm by
wei ght of total photoresist conpositjion.  Preferably
t he phot or e&lhol sition fior gridugekilmgan 20
m crons. The invention further provides for a process
for coating and inmaging the |ight-sensitive

FIEODPOF INMENTION hi s i nvention. 15 BACKGROUND OF THE

I NVENTI ON Phot or esj st conpositions are, _useché n o
m cridg PRRRAMAPAYeBIoNCENAES top ligriidengitive inrtarasisigcomposition
I i
osPL A BichyrRITARRRE (R RIES bbb S AT AP sl
resine aephptoaeibeesompownhtd sglveht and m sifrfact@d gikotavebsargging from

ansgh eRonep 19 2ppul T OPBRE Ry FeBnR o piokrSet fompositon

Prefdrébiyt the PhBIFSBLEHING Wi hathicknest hgreal@k@@dnt 20 microns. The
evaporate any solvent in the photoresist conposition

inandiondufthgr pravidesafor mgpioeess fomeoatingsandirsagimgdhgdigbtrsensitive

coat S (o .the substrate is next subjected to
Cogw%sﬁf%'g(g{%s@vg&ﬁ Sure to radiation. 25 This

radi ati on exposure causes a chem cal transformation in

the exposed areas of the coated surface. Visible
BACRBROUND @ R INVENTIONINt , el ectron beam and

X-Tay radrant energy are radiation types comonly used

t od&hateresist r odmnphsijopphare  ysesk d8 s g¥crofithography sprocesses  for

AR B S R BB BY Y TS comrer

chiist Hd irfib@rateadcinglirn- GspesMY, B theBe préfedseexBasRiing of film of a
areas of the coated surface of the substrate. There

phatasesiab coppesition jshbish raxilise @oﬁp@.gbatqa@@]gpaterial, such as silicon

wdxglgagé%e\befo‘?‘?ﬁ{t%iﬁg irgﬁgrat&? %ir&'tji\’se. " Yhé lﬁo?ﬁed Wirate is then,baked to

Ve-wor tor esi ST conpositions are exp
evapoagte Winyesdlventadi taki ghototdatst asopasositiont badriesfixsthe coating onto

conpositiaon exposed to the radjation becone |ess .
thes bBrset of e Baved speiPcstiiaceon! . 3bsals x8ex sbiagied to an
iméﬁé—%i&é’@x&és&%%.rrééia%ﬁ.'.e the unexposed areas of the

phot o

resi'st coating remain relatively soluble in such
a sdhig rahatiorhexposdureatauses afchamiead doaedormation in the exposed
ar\a[]aesgglfI tih\éeéoa écii( isG ale. k/?stible 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.

There are two types of photoresist compositions, negative-working and
positive-working. When negative-working photoresist compositions are exposed
image-wise to radiation, the areas of the resist composition exposed to the
radiation become less soluble to a developer solution {(e.g. a cross-linking reaction

occurs) while the unexposed areas of the photoresist coating remain relatively
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with a devel oper causes renoval of the non-exposed

areas of the photoresist coating and the creation of

a negative image in the coating. Thereby uncovering a
desired portion of the underlying substrate surface on

whi ch the photoresist 5 conposition was deposited. On
sthbleoinhguchhaisdlutiohe il s ﬂttaatmemboﬂ(am §Xpberdnegatite-working resist

o Ty oo fes O ol B BOpaepBelirofy oty photoresis

cbé‘ﬁhgt{ and %‘ié @ﬁéa‘%ﬁ% ﬁ@gﬁlvéqmgb% tige EB&LINEVEheRDY uncovering a
ion . rearrangenment reaction occurs) while

desisee mrb@rs @fotheewxﬁigélwngeﬁrubﬁratel aunfaea pm@vhlmdlhebpbotoresst

ution. Thus, treatnment of an
Cé@sg’éiﬁﬂ(&%% ??@S't%%rki ng photoresi st with the
deveOppéiic QG hahe NN pbsﬂtlh@-vﬂ?mmgeﬁth@bonbéltlons are
coating and the creation of a positive image in th

expRiast dvpge-visattongadiatien.nthose aecas & ther Bheferesist gemposition
eg;ggsgd W ?éméﬁ&ftb%céH{ehﬁl%? IS%MW%QH qrsdde\/éé erC%Jle%ﬁ’on eg. a

opne operati on now par unpr

restierigentent rééctlm*y obeutts!) e/atlledthusemeas utu‘ttasmosedt ien@aih relatively
or h nmet al or

. SO i on, . pl ase t al .
iSOl TP s aavaPb Y SOMIORe  JiHSedregtment e pased positive-
r'é g‘h‘&?or@glgi WitSthet deﬁ?é;%%ﬂqea FEPRBYA hfiHe! ﬁ)g)osed areas of

nment. The areas e substrate where
trmmai'mgwrmf theora‘eahgn of ial pom@t&alnnmeamethprmcéome@mt coating. Again,

ter er areas o hatore3| st _gcoating
2256 pplin SRR R TS R lrale S s rER ek o g o
20 pafieetie develspmaiteoperation ethd RowOpErtialy tuaiprefctdd substrate
is desirable to heat treat the remaining photoresist

maa)h,q tregedewith @@Ld:@t@t@-@ﬁ@yﬁnt §pb}f§loan_gla§@1aggasw}eor have metal or
m%E q?r&?osﬁbg e toglt @‘fﬁ ?ﬁ@ %Rééés %ﬂﬁ@%ﬁﬂsﬁé‘;@t\pﬁ re the %hotoresist

ng Su tra e manuracture o terne

ccﬁtihlgcwg@ esmossd h!uaﬁg\fwwoﬂrﬂemi Pac lkpganof the subsirate where the
el ectrochem cal deposition of electrical interconnects

Piieraséd £ogdieg il reReinfe Rt Pirtesipdor Lalge that Bieainingcegas of the
[
ohAEHERTC R, LT SenBReqCRLANY s HEEREOERERIEA. Kavig o
paﬁt&rha@lsm@smamem’rface Sah |scd>m§urwtanm hinisl dgslramagesheat treat the
reRignG AYPtPEE dAke S Ine IO hslSh 2P Jeeioes the etching
stgﬁ lg/lﬁbl%/a%‘ﬂb%%ihb@@n tbstheru%@@Mylﬁgrsu%frgfé assen‘ol y

he final substrate or finall system platform
Vaf dn tBe mamghciwe iodgiatigrnad akeciufes, smma&gwalf@clewek:aackagmg,
above t

el GO RTE PR reon o e BT et e Befh 58eia the density
ofdm@SIrﬂé’rc@ﬁnecftQUhérea%éﬁ OFoP Wx@nfple C8ke 0ol dTE Electrochemxcally

i ncr eases er-1evel packagi ng schenes use
D@%@mﬂq%@dﬁh&mm%fqrewmrrhw%@ﬁ aging, Packagmg/Assembly, Solid

State Technology, pages 84-88, April 2001; disclosure of which is incorporated
herein by reference. Wafer level packaging produces a chip/die/device that is
ready for direct assembly onto the final substrate or final system platform. Wafer-
level packaging is used for making electrical connections to an integrated circuit
chip above the active circuitry and is especially important as the density of inputs

and outputs (I/Os) on chips increases.
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connect the peripheral pads to an area array of sol der
bunps on the surface of the wafer. The basic sequence
of wafer-Ievel packaging with redistribution involves
creating a |l evel of interconnect that defines an
under - bunp pad that is connected 5 to the peripheral

bong}\lﬁﬁergté\?elzl paek @ﬂ@%{gp@% P& a1 tECINRES RAoN & ¥ddistriBution to

en the entire wafer receives an
comneet t-hbl.pqlflplnerailriadsg? ahuB®p aresayaeksalder bymps iosdbe surface of the

t. d
wilgfy (T4 Alc RAEareie e eveheapradnf g dkdpibution ivoives
cré@trrtges Vel T GhiBF@FInett H2AdeRRBs BANGRIriimp paduhal istEdhnected
over 200 umthick, but are typically 25-125 pm

tomecmermmy@lr bondingpasediThe EpeeADUDD RATS @Xﬁ@@@ft byog via in a
g Teb P £ BBl eiele BHESS o ieraE cBOgley (wBm

stack tHat ltﬂ'CV|d§b<§nOél@8tr§blatlﬁ%l&@d laybeoadbpesf &uiffusion barrier and
typically electroplatedaovethe phot oresi st when it
aothgsw@otgwr hildie plaiBg gnask g wm%ghpae repist mﬁj)canrﬁ%nge from

ab%lﬂt?t1°él It§ V%\}e? é(ﬁ??m?ttﬁicRp%gttcov tyggzabg'\%quy eﬂ'ﬂck Layers

verywhere 1t "is not e SO
exbaetmag :fbmﬂHQ,t) pthe bbo’pﬁs1ﬂﬁy;meareetyploaﬂsdapphed;um@ouble coats.

A el LR e en o e

phb%tb§tsfn§uaséw "‘I‘h‘éafséfdéreléﬁhw n@qy él@@tﬁd)ﬂslgte% above the
resist nold that is later electro ate to formt

phbtaresistrevhken ik tis vhQune sthick é@l\cemtaéldgl At anyshieent pla’tlng) The

phofRaRLa 151 st ShanerUBHE i ol Yl Elerinere it is not

cotardl e tHe sdider BQlansf eahaing thé bandmayeass rdfiowdd; kaesimg them
are typically in the range of 5 pmto 100 pm so that

to F@fgﬁnaﬁﬁ'&ﬁhaﬁ%@f Wq&i@éﬁ@h@ﬁ@@r ckness to line size)
Prg\r/]u 1§ bﬂ%ﬁ#&?b@ﬁﬁoéig atﬁbeoc%%étégfglﬁe% Rl re@%iﬂt{uﬁm in wafer level

act ur use as mcr ronechani ca

patkadingaeqgairs @ rastkst meoldyihizhiis Hetphetemtmlaed fto l[fommntthe final metal
define_ th nponents of th chi ne

strpglyres trbagvﬁnq%& ipifenast 4¢ F$-s |T H& rﬁ’é% l2yers @&¢ yery thick
ﬁ{g)%ré’d‘ld”ﬂ{éepﬁé@?%é?ﬁﬁ %@Wﬁ%@ﬁ% FSameERARY! \Both feature size and

npounds are wn int art. Novolak resins
resistethickpiesalary typicallyciadhbyrangadd s un‘gtcf éb%murdem dimatanigh aspect

i bsttuted phe
refRoielRichodie o B2BLhotk ©'of BRRGbIng horgpesst
PhODé@RIésVﬁlaﬁQfHBﬁW@GSfOWl%@%@eﬁﬁérbéle@ﬁbﬁte'&ﬁdni@ﬁl machines also
reacting mul ti hydroxyphenolic 30 conpounds wi th

us@aprit hdaeeststdiima o defiae tha cempppentsraf\iae mashine.

o Blodite g HittoraEist e G BAHG! S B bAE iifone-diazide

coﬁtpl‘oﬁﬁdé aitphoteadtivef daampeuittdateowall (knoter iesthetart. Novolak resins
onposition_ to inprove the coatlmg uniformty of the

af%ﬁb@'@?'&é|P§Pd*ﬁ¢qdm%§fa@d?'h%n9| formey Wﬁ@s@nﬂson‘ﬁ eQfs more multi-
sut{)ﬁgﬁtelﬁl mt&ﬁgrgls Bnugﬁ‘?jgggélltcye (P AETRYE A&l IR 48 tf¥Alc acid.
Photoactive compounds are generally obtained by reacting multihydroxyphenolic
compounds with naphthoquinone diazide acids or their derivatives. Novolaks may
also be reacted with quinine diazides and combined with a polymer.

Additives, such as surfactants, are often added to a photoresist composition
to improve the coating uniformity of the photoresist film where the film thickness is
less than 5 microns, especially to remove striations within the film. Various types

3
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3 of surfactants are added typically at |evels ranging
from about 5ppmto about 200ppm US 6,159, 656
di scl oses the use of m xtures of surfactants from0.01
to 2 parts by weight for a deep uv chemcally

anplified photoresist. These photoresists are used
of faurfaqat@ﬁs rasgoradeciypieally al, laviels sangipsfromnabeut Sppm to about

200YBI 26 156, b R BRI 0 i @%FFH?%%E{%J ¥ frbhl 601 to 2

on and surf evel's grea
paﬁbaﬂ/ wélPpfond eegp Lo chendically ain;blﬁ@dsphcﬁomms T\healsdsphatoressts

the fil JP 95,6 021, 626B2  d | |
are NoedhTeb heh resallioidegpan IIBTGPaNOA eI DSTFAN e fim dpickness
of Qh%ﬁﬂi&m%%fsttaﬁéﬁl @@sbgﬂbggﬁsmiﬁfoﬁ RPJCEGEIGAN fovels greater than

I scusse require 10 photoresis
100ppne Ietahhtto avefachi défectst tmnhtdimyeldmerdtm@rﬂlml gkP 95, 021 ,626B2
resol ution |jtho ese thick.fil.ng ca
discased Pgvelek FeRt A atorss S GoRanI R MtroranemER; difbctant at 5
ppErppl i cations the physical paranmeters of coating,
aki ng and devel opment can be quite different from
t hoLertshin epplicatidnssof tiaialectowe indystyt agriiserssedabayen require

oGB! o o D, SRR LR e jrosarh

whe?® theadl thiek imeneam typitallynBe adreaterctbahi 2 raieforad. sdn thick film
after devel ogpment. The applicants have found that for

appmﬁt@nésmgt@yse%@@rane&erﬁ 98 seatibapbaldng @ritbdeyelrement can be
cuBRRAEP orf R Bt e AP BRLRS Y herdetit can extv

defefmfsmhowrghasésswdnaﬁnn steibtigns,i farmiatishadf Initsobubbles, etc.

WhiRTot47 lEto RPUORT ST HAINB SIS SAGHER Sivalgpment. The

ap%ﬁé&nté ENER ﬁﬁn@?%heﬁréﬁgm"f@ gé&%ng%ﬁ@é@cér’iﬁ%)’sﬁ@%ovolaks

osedt0|rra|at|o en observed t
and m;mmcmqo@lalndes awted MGOWQIeSISls ehe cpaedaatdiindhickness greater

v, SREHEL UL i S0 Sk LRI "ELby e

ms%ﬂ.my ddciibs whehabie! thick piaaiesie fiyms e Woatdd end ke and then
yield of the Ilthogra phic process and can lead to

lefihiiog lsooues extended meriadtafitiend before dey apsexeasaskts. irppiation. It has

begg Rl C?\f%f’ ’[rquj1 é}p%ih%pgo%%% éq‘?ﬁ‘é@%}élc‘iﬁm&ﬁy gﬁ%yﬁgfc&rgglsy film, the
enéfdlyreluirgd do obvdinGirviens@d Ingtasdedr with mreagmgttmmy tig®e between
when used at the sane level for thick fjlns;

ba@(aﬁ@ exposuphotalayfigie insfahilityragadiyel mmag}s%fthe device yield of
t r I r
ne RGN FSFORE A SKET Il 8 AR Fpintactur for hese
de\_‘ziueé actant, exhibits delay time instability. However,

{2 DERRR L5 LRUR e TR, SRk ) R0 Srat the
suufgé}lééﬁﬁt kel tRECHIAGdd fofBniMifli PRGt GivashisraBiR) kbhfisy qualities
when used at the same level for thick films; for example, a photoresist
manufactured at higher viscosity to coat thicker films than a normal photoresist
and containing only 100ppm of surfactant, exhibits delay time instability. However,
it has been further found by the applicants that there is an optimum range of
surfactant levels in thick films that provide films with good coating qualities and

good lithographic performance.
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good |ithographic performance. 4 It is the object of

the present invention to provide for a photoresist

useful for coating thick filns that is free of

coating defects, such as striations and voids, and

gi ves good I|thograph|c per f or mance, espeC|aIIy,

pr ovltds e abjpb’oobmeq:nresemthavemtﬁom’@t progigiesfior yahataresist useful for

b
o R Dok lipe OFFRRID delay st ass Bt apf voids, and
ghBs g}b%HGIrtﬁéfé’r‘éEﬁ% &@#@ménbﬁee%edlﬁlﬁl @Ja@mrngsa §hoto¥@§1§ﬂtﬁat is not

t he "exposure energy to forma pattern, as
sensitivtadelay dimssnetwees draking arg expOSUre. Summry The
present invention relates to a photoresi st conposition
especially useful for imaging thick filnms, conprising
Baef BldeAbtiors of BRluge r esi n, a phot oacti ve conpound, a
surfactant and a solvent, where the surfactant is

" everiouang; gtratenaRionot e paha BXAasashBsIaN (e g Infephotoresist
v%r%u%%é‘l XPoLaHY Rk r?glc suﬁ;\ :pgﬁl‘te?ﬁ -ad ¥ §HH5@[%\¥1’E"% 1:e°ntrat|on is

a noni o 'and nore prerera

vaxidd.uor i nat ed and/or a silicone polyner. The film
t hi ckness of the photoresist is preferably at |east 20
m crons. The photoresist is preferably a mxture of a

SGH}Y'-%QK resin, a naphthoqui nonedi azi de and a noni oni c
tant. The invention further relates to 20 a

pr oc € pfegent m@nﬁigntra@teﬁatﬁea phieteresiss compobiionregpecaly useful
T
o bR AR TS TS E B bl s RfPadl ompouing

a sttt tahdcl Johlem, whergthes ls[lﬁa@taﬁt lignat er Bvebranging from 2000
al kali -soluble resin, a 25 photoactive conmpound, and

PFéfnsi@r ﬂé&@@ﬁprrafelatl%wtoiaérm@lggt of die Ahwieresisboppen susfactant is

BRHbuas HORRRT, RUAFIER. ab, (R oMl Y Thpdnated andior 2

s@:kﬂm golyh?cmn The ﬂMCIlhnolmefsEhef rthie/@mblt@‘eifsum ipeeferal%ly at least 20
provides for, a process ating .and i magi ng t he ,
mmf%rpﬁ Sd¥esi RiQjereshilp bsi Pr@gwagfy t i g”'?\‘#\r/%ng? %RIVR'é‘Iki resin, a
agﬂtﬁ‘(?élﬁnéﬁédlﬁidesa‘l‘ﬂ‘a Fon g@%@l‘fécl%ﬂ@ The in gntlon further relates to

ol'yhy n

roxystyrenes, are O typrcally use
a phroxess daii igtagingnpiesneved photorasispr oducti on of film
form ng, novolak resins which may be used for
prepari ng photosensitive conpositions, are well known

Dédbriphen @f the Mviehgegdure for the manufacture of novol ak
resins 1s describe

The present invention provides for a light-sensitive photoresist composition
useful for imaging thick films, comprising a film-forming alkali-soluble resin, a
photoactive compound, and a surfactant at a level ranging from about 2000ppm to
about 14,000ppm by weight of total photoresist. Preferably the photoresist film
has a thickness greater than 20 microns. The invention further provides for a
process for coating and imaging the light-sensitive composition of this invention.

Alkali soluble resins, such as novolaks and polyhydroxystyrenes, are
typically used in photoresist compositions. The production of film forming, novolak-
resins which may be used for preparing photosensitive compositions, are well
known in the art. A procedure for the manufacture of novolak resins is described
in Phenolic Resins, Knop A. and Pilato, L.; Springer Verlag, N.Y., 1985 in Chapter
5 which is incorporated herein by reference. The polyhydroxystyrene can be any

5
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in Phenolic Resins, Knop A and Pilato, L.; Springer

Verlag, N Y., 1985 in Chapter 5 which is incorporated
herein by reference. The pol yhydroxystyrene can be any

5 pol yhydroxystyrene, including single polymers of

vi nyl phenol ; copol yners of vinyl phenal and an
P@WPW@P%STM&?HQ/atﬂCMangac?P'?Q'@n|qu|3{m%r8 & minipbeppkt eopolymers  of

v@gl\rﬂhég{)l %id aﬁeégl‘g %! cliq’é]'lvta'h{/%,1 RS rﬁfldﬁlﬁf‘@ aOheth it Herivative,

I ve such
mmhdrqrylsm;tmlen etyrené;y@ag@meme«ﬂeneaﬁl\ms suet as ealplia-ovethylstyrene, p-

et EobiToSenated B pRdes ef fmnaﬂl’éﬂ%ﬁgﬁﬂ%@ of inylphenol
aﬁ@% YBrogeted PESnSeleyilvad §rdfe'ch P@&hﬁ’ o ST r\ﬂ)ﬁﬁﬁ{ﬁ&}taﬁld the above-

erlvatlve or styrene deri vat resins
desgribed! aqrylatmdem\mlveh mmmmylamdemames at styreneedetivaiive.

Peast i, mvalicrsats (el Saforser BRoariletipafteation reaction
pﬂo@gbvéiieatfI@és@?@ﬁﬁ@mcﬂfe&ﬁﬁhﬁodﬁd‘@ltﬁ‘é‘t T&s@bhe'a?d@f@fo@sc?urce The

xyl enol s such as 2, 4-, 5-xylenols, 3,5 x
pwhprqmnm s ipehies! for exlaﬁm’@@éemn(m@hldmgatallc%omer@) xylenols

(S G iy YO, B ROl A TR et
Chl oAldehpdelsdetiedethatiodn eagddd/ i thigliHveatientisclode fhessidehyde,
Anmong t hese fornmal dehyde and

%‘é F%SI sour ces.
Y] y§enyHioxane, p@@t@lﬂshv@e \Ghloraaretekihydet s reactive
or, gdi de c e
#L‘leékgﬁ)tlsd Oégt%t ysté‘k‘:jgrﬁ for t éégadgd(tl o ?gbn enfégﬁlglgr?hyde and
parem:madﬂehydel ar@eprefergaihl@c Hh cadditiarc intixtuses fofirtivo ecintbre different
c acid t|c acid, oxalic acid, p-
a"f’%h@&?e%q ?%H?% acid and the |ike. The photoactive
conpiteiicid NeRSIASL eked Sfd?! fRd JbgitidH- c?o‘?@en%éﬁo:?@e%ﬁﬁon includes

20 conpound known to be useful for use In photoresi st
hyvesegideiic oaeid, Prdfusicabigidi tformic diegonegetichapid,nanelic acid, p-

ol yhydr oxy conpound or
ioﬁ%h%ﬁ@%?@%é&dﬁﬁgﬁ&eﬂg%bonpound Phot oacti ve conpounds
can e phetictide orasdedrit! (hepdafest Rfferred to as PAC) can be any
1, 2- napt hoqui nonedi azi de- 5 sul fonyl chloride and/or

compauRgdnavdyin hernsefufogusain phplasesist epmpesitansi Prefarably it is

%b%%%e niﬁcf"c oI %\?‘ll’og'fsat@ e@%rﬁ)é? 5?1&%&&?5‘12 %é H‘%‘Dﬁgi‘:ﬂ gmgnghydr oxy

ph@abhtt gsinpolihd. Rreotobctive ciragomedshtie dei mrepasedB esterlflcallon of
wel | known to the Skl|

1.5 pBRRUnAReS e o1 sutoBy Lupridh S ¢ Beah bomnmaediazide4-
sl ESRIEA PRI D8yl Bl R g i havin 2.7
pheoolermoietias) yandséal the tphesence iafl pasict caialyshot oFfesiue of o-

BBk OS50 ARASA B A aBuR TR 4R o the sk
artlah /TRAse sensitizers which comprise a component of the present invention
are preferably substituted diazonaphthoquinone sensitizers, which are
conventionally used in the art in positive photoresist formulations. Such sensitizing
compounds are disclosed, for example, in U.S. Patent Numbers 2,797,213,
3,106,465, 3,148,983, 3,130,047, 3,201,329, 3,785,825 and 3,802,885. Useful
photosensitizers include, but are not limited to, the sulfonic acid esters made by
condensing phenolic compounds such as hydroxy benzophenones, oligomeric
phenols, phenols and their derivatives, novolaks and multisubstituted-
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3, 106, 465, 3,148,983, 3,130,047, 3,201, 329, 3,785,825
and 3,802,885. Useful photosensitizers include, but

are not limted to, the sulfonic acid esters nmade by

condensi ng phenol i c conpounds such as hydroxy

benzophenones, oligoneric henol s, phenols and their
rrdéfnhycgoxwé@nyhakkanasgmﬁhaa thogsineser ({1 \1)ediazige-5-sulfonyl chloride

Oﬁzﬁﬁﬂm&ﬁﬁ%‘ﬁﬂs% 22 %‘?@gﬁﬂ'@t@m fcgh%'/.\deghl or |“81e Ty preferred

effRidirentrHbReNIroky iéheﬁol@zslu@na% cushylphstol itk Préféered. | n

one preferred enbodi nent nnnohgdroxy phenol s such as
cuny IhARRIBEr ambogiraeel; peeferably.dhemwenbearRidae mienolic moieties per

oﬂé%é‘léﬁﬁﬂ f th8% OTW%W{% @PSuH&‘%@@B'é‘s é“ﬂa%k%&ﬁe BFPACIs in the

one no e of OXYy conmpound use

rdrayek i, a»fld ﬁ‘#kﬁielmeﬁerablinmthealwgea)‘fs'%? and nore
resentative

referably in the . range o
P arSPAE TPrRsIRE S PR Ay aouNdS are
<d§o PISWHFB@B@H BSSsaely %3382 3, 4 -trihydroxybenzophenone, 2,4,4'-

ri hydroxybenzophenone,

trifwyid rqubeam&rmmlee notZe4, 62tr|hy@roo<yb$nmnb‘nembeﬁz opRehérahydroxy-2'-
t d 2 1] '
B EOPEIDERY i oy Bet G TENE NG OB PgORhenone, 2,244

te‘tl%h GMDQ%WQEBGHMB 3.4 pentahydrox¥benzophenone 2,3,4,2' 4
pentahydroxybenzop enone

p@@tﬁhﬁtﬂrp@jy-@@yzg@mnone 2,3,4,2" 5"-pentahydroxybenzophenone,

2§ G SRR IS, ang, 234045

héb(a'hyéir@{ybéhzéphedwveahydroxybenzopﬂenone 15 (b)
henyl | ket
bgo%gagx({r M@%@K%@ﬂéﬁ%s gsu%,,QZ-Strihydroxyacetophenone, 2,3,4-

t . vlkatana:
1n¥21§/grtb§r<9{> éﬁ%@g}sz@ﬁg{% | ﬁg ng %ettrlgggtzoxz/gg?enylhexylketone,
(cBi Bisfrilytyyidoxyphenghglkpaek asieh ssc bisgd,3,4-trihydroxyphenyl)methane,
big i%‘%‘@dg‘?’%’b%%%ﬁﬁ%ﬂ ég%ig:iﬁg%ngr\ﬁhydroxyphenyl)propane
(d?}'ﬁﬁﬁwy@r&ybéhﬂdé&é@%h%deHyPBaﬂS-trlﬁ)@roxy-benzoate phenyl 2,3 4-

ol yhydr oxybenzoat es such

opy|
trigydrogybenaeate.and ;b?eem{bétébfa-tpmedfpkylz@r&wie 20

eg ggy‘é{)&?iﬁcgﬁ?%%g%g%ﬁ@ﬂg% 35 é%gpolyhydroxybenzoyl)aryls such as

blé(QﬂB xikmnlymmﬂrmyl Iretifae SHief3- acetyl -4,5,6-trinydroxyphenyl)methane,
poI droxybenzoyl)aryls suc

blsb(,zgé(é ~teif pxy berroyhb g@@@pﬁﬁ@w{gﬁw trihydroxybenzoyl)benzene;

5] WY AR S BADTA J0°cnncotonkai 5
dityydro2ybbnéotte) ragrgireéﬂggltegg@yd%duﬁd@Eﬁhydfdxybbhzd)ae%
eﬁ@Mé@ﬁi’ PGS, Sa6 Sbs? dhpiieny ity Gut &ybiaREnYItiol, 3,5,35"
b:ﬁ*wrlltgggog; Q' Elléhéngﬁ%tfdlhy‘ir %Ei@g?%@%@% tprelﬁngl 2,4,6,2' 4" 6
blmeﬂyﬁldxoblwldyék Br4 B'L?; A3pprenglhexbl; phenyl t et r ol , 5
ent 0

(hgB Gty GRSt RUER e Lainlins1 -l BRSO ERERL]

() B,iﬁ(béiyﬂy;jr%ﬁx;/ﬂhewl}@!ﬁéw diRRds é,2'4,4'-tetrahydroxydlphenyl ether;

)i Bis(polyhydroxyphenyl)sulfoxides such as 2,2'4 4'-
tetrahydroxydiphenylsulfoxide;

(k) Bis(polyhydroxyphenyl)sulfones such as 2,2',4,4'-tetrahydroxydiphenylsulfone;
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(h) Bis(pol yhydroxy)sulfides such as

4, 4" -t hiobis(1, 3-di hydroxy) benzene; 30 (i)
Bi s(pol yhydr oxyphenyl ) et hers such as

2,2' 4,4 -tetrahydroxydi phenyl ether; U

ol yhydr oxyphenyl ) sul f oxi des  such as
M &Os&wy 5 yp l1¥\§%]e$ @xlicaeas (r isf4 %ydroxyphenyl methane) 4.4' 4"

S AHIIRINE 005 g pravon.0355

tdbednydthditriphanyliméiaye ret hanes such é,é' 2" 3",4"-pentahydroxy-3,5,3',5"-
tris(4-hy rox phenyl ) net hane), 4,4', 4" '
tairarmeiy %age tetramethyl tri ph@,@fl,?e@hﬁﬂéexahydroxy% 5™

droxy-3,5,3",5" -2 342 3" 4' 3" 4" -5.5-
dfb-céyltﬁighﬁn I@r%ﬁ%%yhyl met hane, 4:2,3,4',3"4"octahydroxy-5,

digcétylteiphetyidietang, ahydr oxyaBdS, 3',5' - 24,6,2',4,6'-hexahydroxy-5,5'-

tetra tr | met hane,
d@@‘ﬁ@ r'r%‘enxfng’ﬁﬁaé Frydroxy-5,5' 5
M?@drﬁkﬁ@p%ﬂﬁ&éﬁ’é@such as 3,3,3',3"tetramethyl-1,1"spirobi-indane-
oct ahydr oxy 5,

5@ agﬁé{tgtml; i pﬁé?,@ﬁnatmmihy ahd'-spirobi- mdane 5,6,7,6'6,7-hexol,  and

i e e

(B) ?@yh;&ireiﬁhﬂ@aﬁm&y budh 1as sHB+id(B;4-dithgdrxyphenyl)phthalide, 3,3-
bR(2)33 fg*hytﬂwyah%mnhihal@e s o b F iiatEhydroxysgirotphthalide-

3'?1%@&]%'] ‘et ramet hyl -1, 1' -spirobi-indane-4,5,6,4",5,6
(v} Hemydrm)cmmnmrdagqnlbedan |Jﬂ’e§ose}€25%8 such as alpha, alpha'

al%hé" is(@’ t?'qurl h%qq@r waéﬁﬂﬁ%%r }1(2[? :I%%\ez eney alpha alpha', alpha'-
tr%(3 5 dn’%eﬂ‘@l-ﬁti?}dréi%&feﬂwsi% BQfl%bPrﬂiyl&ﬁmene alphabalpha alpha"-

xant h ene y roxy ounds descri bed

tr@#%drethsﬁsebwogmmem& aﬁpﬁwﬁllsmrpmbenwealqjma glphg’, alpha"-
1r§4 hyd(3%%ﬁpﬁ§?é§;59l ﬁh;%dr%xyﬁhérﬁﬁ’)g 3@%-%85?0%@/%%4@%& alpha,

| pha'
alpha'sdIBh &~ tﬂ:s(mslmboﬂrdpymwrﬂ)@wbhyljrﬂﬁ S-ttisbpspyivepyl b ene,

enzene, alpha al pha'

alphas- di et hy PIPRGhy dr oxyph@lﬁpﬁ)-tr@(?g55111r}-bv%érfw§y@>am9@w )-1.3,5-
e by TPy aF b2y oS! ARV digpheny)135
trmmbemmyl -behpéise, alpha alpha', alpha"- 1r|s(3 methoxy-4-hydroxyphenyl)-1,3,5-
tngso%rr](?b){ﬂ?%r%ﬁpgpt Gl o BIbBe T 0%@@ &p%&;z%}fﬁ/'&%‘%%é%yl) 1,3,5-
tr@o@?@pﬂﬁéﬁz%hé; 2 416“tﬂs(%%-}dlmé]thPMﬂJhydb@@ﬁﬁéh;}ltrﬂ@ﬁeﬁwl)mesnylene

triisopropyl benaene

%alph@methylsa(laha-é% hbydrmxww?%yﬁrﬁr[a)lphas 5- alpha’-bis(4"-

iRV ISR, , "R SR Ay Bydoyprenetyre
[alphepr apha’ bs(werﬁ\,&iroﬁ}'-phényl tbi?lfbe,nzene 1-[alpha-methyl-alpha-(3',5'-
dlﬁﬁthgﬁp}\&gﬂ&ugm@ﬂgthygl bxe¥1§ene Y ) [a|pha-methyl—a|pha -(3'-methoxy-4'-
h @;éx é&%{eﬁg@éﬁyﬁ 4dﬂa'f5ﬂamé|ph‘é hydr oxyphenyl t hi omt-lb‘fé(ﬁ‘:ﬁéihoxy#-

hytroxatphieayhethiiljberaemea- (4" - hy dndxyphenyl J-§lphéimethj/lsdlpha-(2',4'-

i RrfserBe Ryl R S PRy P e ARty ipenzene.

[ al[ glbﬁ]ﬁg arbrg%}ﬁ fé%g[cdfdf o-r%\)ﬂﬁbﬁé‘diaﬂﬁénbhbﬁiéw{/é bepaRRands inciude
condensguon proda/cts of novolak resins with an o-quinonediazide sulfonyl

chloride. These condensation products (also called capped novolaks) may be
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di met hyl - 4' - hydr oxyphenyl ) et hyl ] benzene,

1-[ al pha- net hyl - al pha- (3" - met hoxy-4' -

hydr oxyphenyl ) et hyl ] - 4-[ al pha', al pha

-bi s(3' -net hoxy-4'" 30 hydroxyphenyl)ethyl]benzene and

1- &al pha- net hyl - al pha- (2'
ugediosterd pdfeongujrenegigzide [&stqmaQJf aolyhﬁdrobysqompounds or used in

oo B RN RER 0 B SRR Plped novolrs

LCSNHEN $&S. I5022 B PHitchise Blichexample. r Bisitdesvoftvaridiis quinone-diazide
0- qU|noned|aZ|de sul fonyl chloride. These

CeRaEnRdaMaAlpe bemses. (al so cal | ed capped novol aks)
may ?ﬁ %o?éa%‘?ivé Rehfthent oggh%ufi)r‘r%ggﬁﬁh%h% ESh BeSarlyf photoactive

‘poly oxy compounds  or conb

cbdm@bamt Rnowirteranes oﬂoﬁdlné’q/f ekitl dn dhs art tbleatsmcmhsefabmdhotoresst
novol g 25,311 is o

cgmgﬁglfugns M X%Iﬁj%g%g%o glél,npag |aa{9e§o@ée dplﬁ?%ég " other photoactive
ob AYRES sﬁ?b{t%e%ﬂupﬁ 44¥ed sueh T4e |M|%Céhéf e‘sulfomum salts, and

onent pr esent invention can
oxinet salfonates, o@mypaisente lusedn Swtableeemarmteda nfartlye sicid Igenerating

ohesBSsifie, soMbunds IRflte utnBHE RS ot siogic, photoacid generators

(MRl esi@f asOHiéanl@lhﬁ)ts%ﬂ@t 'W&mﬂrﬂnﬁéﬁ?né@lforﬁ%hséﬁs or non-ionic
oni um salts, such as iodonium and sulfoniumsalts, and

Pa&smsushil Eﬂ%rdi@wU'fﬁﬁy' spawosedss sylfosylpkybmides.agpHesitrobenzyl

sfforkhs AR, ARAGIA 9 Ho ROk AR S O IR HRuces an acid

ude’

umnfrre&iiaﬂm m(aWk@ usedic Thaoriirazetistareaaualy useddnialfdrm soluble
salts, sulfoniumsalts, or non-ionic PAGs such as

InrgaBis tG\EANJS, BERING AR IO JhSYIBJuT Falfss examales of which are
dl%héﬁ}ﬂﬁ)@%ﬁbﬂm it droRRi %E fSnatd! Hgﬁﬂéﬂgh&ﬁ%%m nonafluorobutane
es upon

ot'osensitive conpoun produ n aci
stilfonaté, at irgphemsisubeniused. trmrhmm@lhanesasmlﬁorwte udriphéryylsulfonium

S grnitans ST anbhe akf: SHEDLSmPou e W i stacid upon
méuréir@ﬁytna@dm@yuaét Gsdd UaFONREAABRS, DthE6IRE! ®xadiazoles, thiazoles,
di phenyl i odoni um nonaf'| uor obut ane’ sul f onat e,

subsiipiesy Pyrenss. uml?herfdhgr stifonianestarss dristsejfonylmethanes, bis-

Sqlfobgﬁﬁ@ﬁ%rz ét:g?rlp {Jnn dg %%?lﬁr%ﬁﬂbeﬁ#%ssnat € trél1 del%yrl]sulfonlum
tri(tiifasiratrietiyiduiRinymetiigeused, are triazines, oXagsdrssulfonium

oxadi azol es, thiazoles, 20 substituted 2-pyrones.
bistydhromethyisuiony)iedder s, bi s- sul f onyl met hanes, diphenyliodonium

sul f onyl di azonet hanes,
t“é(}' s&{}%om L}h%t% P’@h '@?’uoromat hyl sul f onyl ) et hi @h@ﬁyhodomum
big (trifulveoykethyisutionyijimite s (and f ltheir orretnylbgués orrk) i alsde, possible

[ [ i odoni um
PF@E@ i fluoromet hyl sul fonyl ) met hi de, di phenyliodoni um
ﬁgrrgT @é% glsaélg ?(gfrg‘g% 'ﬂ%éoégé)lﬁﬁg%é dt S5 pRBHAgH%hitk films, particularly
those greater than 20 microns and less than 150 microns, require the addition of
very specific levels of surfactant to give good lithographic performance. If the level
of surfactant is less than about 2000ppm the thick photoresist film has been found
to exhibit phase separation, poor film uniformity, formation of microbubbles during
baking, and/or delay time instability. In addition, if the level of surfactant is greater
than about 14,000 ppm, the film shows defects, such as voids, and poor

photosensitivity. Voids are formed during the coating/baking process where the
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candi dates. It has been found by the applicants that,
surprisingly, thick filnms, particularly those greater
than 20 microns and |l ess than 150 microns, require the
addition of very specific levels of surfactant to

ood lithographic performance. If the |evel 30 of

Sg%ﬁ\;/tf%&gt hA$ fegianss Witheyh the oRROORSIpm fafoushivpes of surfactants,
eBBé’&Q ?io‘ﬁ?orﬁé | \WhP;ﬂl Péaec.rbpﬁ fbﬁjey \M@o‘fﬁé‘ %c}tou%%?s?? may be used.

separ tion, pdor m uni rmati on
Typmalb;bﬂbbﬂn&ed yolymyersbartd sitjicormedhimining lpayyrénsehave been found to
i nst

nplS E8leble ProRgrREn i SThated Aoy SliFne ppisBuatitctants such
ag%%gésavélé‘bib Q:%n’ﬁﬁbﬁb?allya'é?e PQR nsﬁ?@aeﬁﬁéfﬂeﬁy ‘@ﬁe‘étlve Suitable

Voids are formed duringthe coalng ki ng process
noanimiding rexangples hxude éhaosesfluargsomactanishanailableefrom Dupont under

HRORPGRT LONF e HRG ReABRR BPE HFIDROdr b eaaice; No., under

tH@ayné?ﬁe U@l\ﬁEG/BsF,lVCﬁ,’I‘_:1°’>"‘3lI L¥qf 'tﬁ’&i] '%}aggblé°|fyd?ﬁr§[\/gn9rp%%re the name

'1con .containing pol'yners een found
Fd.dJ;(DRAlﬁ] @ properties. Fluorinated and/or sili cone
yneri ¢ surfactants such 5 as those avail ab

comﬂéP%.SA'ppye RPYaeBPTISAR gYithosk dipdiatiesy p@ﬂxfeémr yedified silicones
ﬂ“ L&d &qﬂ%én!ﬁaﬁbng(ﬁﬁml e%ét@&lgomlﬁ{i}ﬁg@g silicone-urethane

uor o ants avai'l a from
coratpmeEONSL{h reactivied srodified IaaUI“eoﬁremtmhi miogifid PDRMS: polymers

i ) . \ d ...
oA SR n SIS RO elE (aEmeErel SEgizkiadPR Dinchiseika
Cé@)r Ehe @hém%@&eMF@ PR, ] DNS«)dﬁanFdFﬁ n%drg’[l‘f'a?'k' §;2ecnaltles Co.

et her nodifi ed S|I|cones thyl's
In@P@Kmethgn wodiied silioenesdire @veulable dm &deahm Polymer, Inc.

roa AR Re ey Gty 88" bl L& cRN,EScaEr nonionic

sUpfHcydTis S eraBpRENBENMBIG Incliiai hiabie ﬁétorﬁn@e@'téh'aﬁ@ﬂ ledhoxylated
Col or and Chenicals MFG Co. Ltd. (DNS), and from
suscianiat Hase copelyingr sugiecEsis, arsl serbilapssiaitwfactants as well as

B EASob C5 sRUE T 90 8 B B 2 ARG purapa s o

alkmqﬂaibd suiziotaas, smdﬁ:‘esmm:hm prociittd at béiene @Xﬁi@)bﬁpropylene
)%é hlndg‘;gﬁ but are not limted to, alk
Fro¥ afaéf@r a P%%tfaﬁvsamg%&aétycaaan%e.et%uré@@paahs addition
pr@&t‘j’c@%fbl‘nﬁ)éﬂre%séieé A‘Té"%&@'ét éné‘%r&@{én?%xﬂ@%ﬁ ¥&h) aiconols,
known to th oseS| In the art e type of

fathpacidsi fattyanhiaes aan besusddkyl 20 al koxyl at ed
addi ti..on oducts o

oxi ABXBES of RGNS SR BhRTY 0y SacCbr S mpe, roferrec

suRBLERts BAd FiMoAmatBE and?éCsili6dH PBRMdrb s@shhRnN It has been found
products of m xtures of ethylené oxide and propyl ene

thaixsw&qtanwavst& yithincaheery, specific yargs give tha desied meating and
prS@éésﬁ‘Fg lﬁggertles, especially for novolak/diazonaphthoquinone photoresists
used to form thick films. The preferred level of the surfactant in the photoresist
composition is dependent on the type of photoresist components and the thickness
of the photoresist film, but typicaily for films greater than 20 microns, preferred
levels range from about 2,000ppm to about 14,000ppm, more preferably from
about 2,500ppm to about 10,000ppm, even more preferably from about 3,000ppm
to about 8,000ppm. Thick films in the range of about 20 microns to about 150
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M xtures of surfactants descri bed above may al so be

used. The preferred 25 surfactants are fluorinated

and/or silicon polyneric surfactants. It has been

found that surfactant levels within a very specific

range give the desired coating and processing
micropey predarabéstiesedh Ithe framgeof abalt 26 azoieasto ezt rid@emicrons,

b afiech oyt e s S et SrotbRRLEtons lo"aB6LHo microns

pél@l&"ﬁ%ﬂytbé?féﬂt frofEResE fidh l@Qerrtﬁ sﬁﬂf@@ta@ﬂ cBRGSRFRRISt
conmponénts and the thickness t he phot oresi st

fil nin the: prejeiredempodimnent, ithe sgh@@ads af ilag photaresisb eemposition

RSB fhoe BV Sy Bl R iRhuRuT HOREBBAR Bt abour so%

pl@cbt@ébtx@c@ﬂfh@lﬁ@ht eve imdrer @reménaédarr ey o‘frreshammd be from about
Oppm to about 8, 000ppm Thi ck in the g
505 tQUAAU 90 T b GrestingeTaRRRlY rogpabew %%rt@r@out 85% by weight of

LS B B0t oot 08, 3PS B hotosive
caorapgeertf wabldube o abbauts10% wbabbuBQO% andnsost preferably from

arti rly bepe fromth [ vel s .
a@QHtf agt/gaﬁp é@ﬁh‘gnr{ér At i Dh. W‘?'H H? idedn e‘%’@ocﬂh%‘?fﬁ?m- In
méHﬁfa‘éﬂJrirfb PR’ él%tefesﬁéﬂ%o%bﬁs‘gfﬁgﬁc% rﬁ%@fﬁgsﬁh%acﬁv? component,

preferably range from 95% n wt
arghthe seviac@nissetmixet, withdheasaivard, sualpdhahthe solvent mixture is

prBhE o8 A R loi o BCrn il Rifoash veldtudline overall

pHEtardeist Werpaisitioh. A ReorePreférifidipigess Flons gﬁagmo%sm dbout 70%

nore preferred range of the photoactive conponent
ango inestbreferahlyaliont abged 145 %blsuebaubBaYe tibsyeight of the overall

, 10 about 15%to about 35% by wei ght
pk@?&{eﬁ@?%ﬁp&%ﬁﬁht he photoresist. In manufacturing the

phot(auhesiaﬁdltweemhtasmolorzmﬁsr ash+aclihibed W tmastidiaeds, adhesion
onent, . and the syuyrfactant are m xed with the

PrERC coglifg, aifmtSanslizent. v eesinklngagents, aesasedi anhancers
méy) b%”BHBé? @b ﬁ]boéﬁléﬁ’é’h‘tof%s/‘?ﬁ ?rﬂﬁeé'étw%oaeﬁlgso}%@hﬂ rgurfgc(tjant and

e overa hot or esi st conp tion. A nore préfe
sohvenfsystent rbeforati:batsatwmart s abaled @0 4 SubsttatenstSurfactants may

f f t 45% to. about 60% by
aith & At 16 RS b ldrsRisl WAl hal - alali sogle resin,
phHSEELids coripPLAB! Snd BARoAinkiNCagRS, Pl astici zers,

adhesion pronoters, coating aids, sensitizers,
cr osslitahle $@V%l@t§rf©é phame@p@emawnahmder for example, adglycol ether

ot nent
ceh e, SRR St 3hRroRBS: BRSHUY GGRIRRES igmine o
mdroresthyiedethat,0 dletbylesier ajlgcol Suhdaeiatys &er, abrghBene glycol
added to negative photoresists conprising an al kal’
maftgeliiyl eethes ﬁlpm@»ﬂ@ﬂ%agqu:% esiprlietherarrroaylene glycol n-propyl
etHerO8F lek)189e YA 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, n-butyl acetate and
amyl acetate; carboxylates of di-basic acids such as diethyloxylate and
diethylmalonate; dicarboxylates of glycols such as ethylene glycol diacetate and
propylene glycol diacetate; and hydroxy carboxylates such as methyl lactate, ethyl
lactate, ethyl glycolate, and ethyl-3-hydroxy propionate; a ketone ester such as

methyl pyruvate or ethyl pyruvate; an alkoxycarboxylic acid ester such as methy!
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Sui tabl e sol vents for photoresists may include, for

exanpl e, a glycol ether derivative such as ethyl

cel l osol ve, nethyl cellosolve, propylene glycol 25
nononet hyl et her, diethylene glycol nononethyl ether,

di et hyl ene. glycol nonoet hyl et her, dlpropylene glyc
3danetapkypropioneie, pr GHYlene gEIOsYPTOPIINGS:I of-hydroxy-2-

i RIDpRIE !y bk BroBiopels; £ olored rR/a"t‘i%ﬁi:%[weés methy

i ve sucCh osodlve acet a

etbgl ketomey acatittaztonercyplopentaonegicyciohexanormeret thheptanone a
et her acetate; carboxylates such as e%&){l acetate :
k@ioﬂﬁt%}he%\@!%'@\éﬁt%/ea‘%whsf@ﬁ diapetenaplgpbol mgiihd gines: & kefone alcohol

d%ﬁv%?i@é'ﬁlc Ona%cétUFS‘r éﬁégé’foﬁfah%&mj I%E rR%ych ashbutg/rolactone an

di carboxyl at es of cols S

amtdwbeneatgdeysmnh ds adimicthiydacetdmiqe opyjlraemyg‘bynallmde anisole, and
di acet 6te; and hydroxy carboxyl ates such as net hyl
mpxtesitierediny | 1actate, ethyl glycolate, and

et NyThe- hrepapfay M&Bié%%%t @onﬁo%ﬁ'bﬁn%o%bﬁr @ 'hsa lled to a

nmet hyl pyruvate or ethyl pyruvate; an koxycar box
suhstrate e ranyu caneentioeshynethod 8sedt lhoﬂwrntmt@neatsé art mcludmg

g SRS TR RS i, AR L pBating. for giamle. the

redit isoRitior &ahUsd adfistirl With re§pévtlto ke PRecerAg§d VF solids content, in
acetone, cycl opentanone, cycl ohexanone or 2-heptanone;

orger (et pigids: Keatingafviei deSised Hhigknass caivenethgl Bigolof ‘spinning
ed;}zérﬂél'lt %hhf d ok‘f’rlié) lﬁogloltlﬁ ARRWEAT Q‘nfeth%u%BIrﬁﬁng process.

one a ONnes suc
Sdutab]e; ehbstraiee mc&lnde amtlmtmtdmmltat@hl, giticoncaluasnum, polymenc resins,

i neth cet am de or i net hyl for , ani sole and
SilioR, DI, BRI doned i y@wngi%%ﬁ@] aVrigeraaitluran copper,
pohikdrORer ﬁs?éwﬁ’gﬁusgg)ptp%r xRl %r Aifin %Ys@ﬁ]&e and other such

conventi ona in the photoresist art
Giionpl 16 agmp0nds.ppi ng, sprayl ng, whirling and spl n
In_coat i t he, [

| e t
Cor ot TP 58" Apadtisy MieEHEPLpacing iqghiioed” pibcsdure are

paREERSIY aRabe P! Aflsicefon &bt aluhiinurR/&hiruen R Q:%ated wafers,
coating of the desired thickness, given the type of

S@bl&mﬁf@ utibzad fnthe pmduqt@edofaﬁwr@m@camata othiefgminiaturized

lnti%g eﬁggdclrfc&ﬁtc%]ogﬁ;?&%rﬁ#] 2(9 s@[g%%&‘cﬂfqogo lé bw%ﬁﬁiﬁsnt LReBe used.

Theob et nfids hik®, cohbpridd vgmusip@lyméebc reeingl éspd@@%ﬂtransparent
silicon dioxide, silicon nitride, tantalum cop

POBENGTSi BUGLAS RAUVEFHRES, T&%ﬁvhﬁiﬁ@t@o@q@arhaﬁwm@@he&on promoted
Ia}gé?"df a%débﬁeiﬁ% gﬂéﬁpgn oéd?:?\ra§5ﬁ coﬁa%ﬂ%békéél}gld%lazane

mpoun or'esi st coati'ngs produce
des Jhetxaimbtpresuﬁabmnmwtmn gmiutlmm:td tehycoated abtc,etrfeosubstrate and

th%gﬁé telal(g) rt]rgfagecﬁlgfJ gtglglge?elﬁﬂfrg] %ﬁ(‘g@eﬂ% e %fﬁirO%C for from
abBUEBORERERES B abaNds PhielesBA be}ﬁd{rﬁlét%dor for from about 15 to about
90 minutes in a convection oven. This temperature treatment is selected in order
to reduce the concentration of residual solvents in the photoresist, while not
causing substantial thermal degradation of the photosensitizer. In general, one
desires to minimize the concentration of solvents and this first temperature
treatment is conducted until substantially all of the solvents have evaporated and a
coating of photoresist composition, on the order of 20-150 microns (micrometer) in

thickness, remains on the substrate. Multiple coatings may be done to achieve
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integrated circuit conponents. A silicon/silicon
di oxi de wafer can al so be used. The substrate may
al so conprise various polyneric resins, especially
transparent polyners such as polyesters. The

substrate may have an adhesion pronoted |ayer o o
thiski filaist. e Ia@rmefefrednembgdlmerﬁ Beetetaparaiuie ng from about 95°C to

AR el TidaRen i B S8ERHET (pehOT T b Photoresis

propesicsadesited by €ed aéenatasawta&raseﬂ@ adquipfrientnuabd wnd? Gﬁnmercnally
to about 150C for from about 30 seconds to about
desinedt eeatilg Ames: Jihet g0@ling subpirate s80heRsPE @Wéﬁ? to actinic
n S n r r
rafRUBhi 8,67, Lieiden IRt QERA-walbignd @B @M bout 300 nm
(nenomentersaato abowff 45@ sing uexrays eﬂecenunsbeamt 03] lpemnarrdaselt radiation,

in G, S Ao RRLERb PRUURST Iy ot Aueblie maRS) Aegaliges, stencils,
tem 1B Z8td hesHRISIBNIARK] SHbtSFeske! 98t &eaéﬁbdsféds usihfShroadband

rrperat ure treatnent is conducted until
radlaatusnarusuag | 9qlapnneof.s tdushs @isv éhirateshy <ar apossat @rd Railiin Elmer

S HBpSlue RIS, op 2380, 0l BpgBhef o e

usede substrate. Miultiple coatings may be done to
achieve 12 thick films. In a preferred enbodi nent the
t enpdieapliptoresist i ihenhOptionalty sybjegirito 1Bnost mposure second

batgﬁﬁ)%rahﬂéf tPééqm%h{TEel&%'r eﬁefo?é‘ 6’19 ?t{éﬂzd%geéé@ﬁggt.ml'rpe heating

resrs rties desi
temet‘diteremmaynmmgeds@d amhttﬂﬂ?metocabblhm 5@f€simerk preferably from

cogt bggc:té%qt ng)oéoa.gi n%@egﬁgtrrgg)té ectgé]qciuggeq)?gt from about 30
Se%éﬁdj@% %ou@ts ﬁueﬂ%@e' f%gé breﬁerémym@b%ou%@ &dBonds to about 2

nanonet er S to a ray, el ectron eam
mihutesb@amlm’t pladg er abaui %@ lcnabouh 4b enyuige Hiyraedvpaiiereoven.

2{ Sﬁ@‘\q @Ap e&ﬁghg{%%ét&%@wﬁiﬁ ne%? Ly Vﬁélloped io remove the

imBHelvAse Txpbséd brEasb e irarmeesied inl g dtﬁ/em ﬁ@@@mﬁon or developed by
radi ati on, using equi pnents such as UItrat ech, Karl

spERs Sewelopaeri pragassr  Lne 5pbAigpals refasaklyragitaded.sfor example, by

nltm&oﬁg%%%ﬁn%ﬁggﬂ%ﬁlﬁ@p51r|e| alW g@c?eérﬁg n H‘?ﬂ‘ge developer

ronally SUD
un€é pdls o esLdstaiichlly ek i afgther phewre@steabamg heist tiseolved from the

eXRa5oY FHOES 1 BEelSone) GRIRE oghbe ISl SETRENEGIES, dican
mﬁégw&%&ld\ésf r@%é&rg?é?%bt h Q&éjlsafe eltégcammlu h)gdromde.

ng may be c ucted for rom about secon
Othbo preférmetinbasss, areo sedipne foerEdibysitmohydioaide. 6 A\diitbvesdsuch as

SuEBEGATe Ay ek BLh < Bis, eV BRe by BHST FBOURs it coated waters
frotﬁhhgiéaaeeélébmg%hﬁﬁm? BR8hay esnai& émsi.@reﬁ%o%edéwement heat
treatment or bake to increase the coating's adhesion and density of the
photoresist. The imaged substrate may then be coated with metals, or layers of
metals to form bumps as is well known in the art, or processed further as desired.
Each of the documents referred to above are incorporated herein by
reference in its entirety, for all purposes. The following specific examples will
provide detailed illustrations of the methods of producing and utilizing

compositions of the present invention. These examples are not intended,

13



10

15

20

25

30

i mge-w se exposed areas by imersion in a devel opi ng

sol ution or devel oped by 20 spray devel oprment

process. The solution is preferably agitated, for

exanpl e, by nitrogen burst agitation. The substrates

are allowed to remain in the devel oper until all, or
howeehverr abotlinait by resitiict thé scope phiheoneentian vy wWay rag should not be

di Llved f h | i ncl -
e Ll L o RRRS R ERPs TSR g e uizec
exRUENRY RPSrdePie pRICHES e Prdtedt Predtion.s tetranet hyl

amoni um hydr oxi de. 25 her preferred bases are

sodi um or pot assi um hydroxi de. Additives, such as

surfactants, may be added devel oper. After
renmoval of the coated vvaf%s'-@‘ﬂ-ﬂf’jr?%mthe devel opi ng

20| W iphidtoresist rmMJti@)gnEﬂ Q7.2 gopbvalalelrepios and e8| gofeatreaction

eat treatnent or bake to ingrease the coating' .

pradu@safoh T andiagenaphaihequingre %Wof rﬁeﬁ'ﬁw 9@@%\%%?21588”64 in 57.3
t j farlia :

o BhBRGA AT RGO RBLEASH stbife e e e Sofion was

then fijjerede sBeal photorésist sdutieswas dlividéhop into several aliquots and the

0C s refer to.apove are.incorpprate erein b
UG AbsodTace Ot (vIBOR o) Biarbigit BCeSd cHirhicdis e, 222
Br_fdlg;:el PM-EBERRC F!;)Hq_ééh( h@grééy? lwasPad@y¥edlat BRfefinbesbncentrations
[

ustrations of the nethods of producing and

of 4400j 280 4500npodi7008mprofelatiee (i biedatal iphotaesishcomposition.

The e I I [ n , h r 0 ki, :

or 106 proerenial sBufhs Roficaiils, wfsts COGEE, ontel sbldfich 4 inch
silisbawafersoandbakedas | 25/@ifors| 80rseconds ¢o givech toatitsy of 65 microns.

paraneters or _values which nust be utilized

FO_éx%*Pth!Qfeﬂ'@ iqiff%?@ersuffécﬁnac‘fqu%_nfrﬁgorfﬁ’eg_ﬂﬁt wafer was exposed
imh@é%l&‘yoénd ShEXoMERE wérepg%(%éif hth .ﬂﬁl‘é‘i‘éhpﬂgg&/ ﬁﬁ}@%z between
gn a go uét o

oVvo resin and 4. a reaction pro
baRind, Sndliexposamghof bpdoi ddmeuve.t The wafers were exposed through an
i n, 57.

3 31 4't i h d 3 f
OB, bt Yoot TGN cbIREEbaEd SIPAE fAckeand fipvelopsd
immé%sa%egugﬁéwewagsiurbh@gné!Azeatzem dEREIdRRES aesiable onlgg Clariant

solution_was divided upinto several aliquots and
Corporation ac0 deistergaracSoresvilley biJ) atitheaf & aninDieaspppoat 400rpm.

Thb gty SEPLE) 8 et dnaaitsr R s METC sRs el uefightor each
wafdr. 1400s d8XlopHeRP prabsss’ QPss pepraridaton ehd odifféfent surfactant
total photoresist conposition. The photoresi st

coreanitations. f r om above were coated onto several 4 inch

Th% b EGRN aY@E)féns;é%@ £%§Fd1a égl.z'?%ﬁr‘é‘seﬂréoaﬁ) 019 t gt Pake-expose

ive a coa cron or eac
delayf fieeenersusr thee texposoeneestgyatio ofvsmn aneattefmerasvethe surfactant

corPEem g oo Bsetaiesd i P e BB G proso
in tHe fir8t 3O nfIflte’ to ERh MR RISre RS R AREEN &Iy UM 8fdbilizes. The
optimum range of surfactant concentrations for this photoresist formulation is
between 4,000ppm and 8,000ppm, where the exposure energy change was
acceptably stable over time whilst retaining good coating qualities. Below
2,800ppm the exposure dose had not stabilized and at 10,000ppm the exposure

dose was too high.
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Optol i ne mask on a Parkin El mer broadband exposure
tool and devel oped inmmediately after exposure using
AZ 421K devel opers (avail able from d ariant 20
Corporation, 70 Meister Ave, Sonerville, NJ) with a 6
m nute spray at 400rpm The exposure energy to clear
the pattern on the mask was cal cul ated for each

Claiggg er . The devel opnent process was repeated for the

different surfactant concentrations. The results are
presented in Fig. 1. Fig. 1 represents a plot of the

. bakaeoeatﬁdseubé&t‘ateledsmcieilyrmse&llsfus imh@ingnpmkuﬁlmsemehmrming a

varﬁ“@é{n rajg &@ tnae %oﬁggﬁs yogﬁrég]f ?ii tan rgiﬁn ggptgrqo%lreosrl]stl coating
fl Lfﬁrtnulﬁtfbﬁﬁéd f?’fd?nF?arSﬁé’tBFeSIétrbdrﬁﬁoglfldr?‘Eoﬁl%ng?n %r.‘?%lﬁé?l soluble
an hour before the exposure energy val ue stabilizes.

The’esmpta mpinotoantiye QﬁmBWﬁdaca asurfantendeand e |3mhserﬂ,owhere the

this r.esi, st fo rrulatl et ween 4 ppm angd ..

o, GO et o 918! EtBhd Sbra ondbuich e AHORER Yefatve to
acqs@ alklyhst abltRe OyRStoFdsM®, VOHthsE Wisdraimithe €f€ihess of the
coating qualities. Below 2,6 800ppmthe exposure dose

hadPhederesishspatingsimis greater ¢ PHETOR8. exposure dose
was too high. 14 Clainms 5 1. A coated substrate
especially useful for imaging thick filnms, conprising

. a sTiestptatteresist haccopding oteshet compbsitignf of rolaimhet, eivmere the

t he resi st coatin filmis formed froma
ph&‘&g@é@ﬂs 8 PpING ?‘H??Cé?mpri sing an al kali sol uble
resin, a photoactive conpound, a surfactant and a
sol vent, where the surfactant is at a |evel ranging

. f r orhe2qo®tpesist oadedrdiog fprtheetcampoesition a0 daitmal1, where the

f .the photoresist, further erein the
o st i1 8 BB NG sRer aHeBBe AR m i o gr eat er
than 20 mcrons. 2. The photoresist according to the
conposition of claiml1l, where the surfactant is a

. nonkghplotiesisicaceerding %o the TamppRitiodrailaim hovberd g resin is

dorina or "a si
phot oresi st according to the conposition of clai m 1
where the resin is 20 selected froma novol ak resin

{0 e B BBl OB e S U pol Rt Lo

: andThsia PAIofPRREISS xgetoydiBg e ta é@fencomJOOWenp%tcdﬁ'@k.%t where the

6é’cﬁ|v%° c‘oﬁga ‘P§'£' AL &bnC! %cmcé f"”&rﬁﬁé‘e or 2,1,4-
oactlve conpound is a reactlo product of
]dlszqnaphtlmmlmne compound and a hydroxy containing compound.

The photoresist according to the composition of claim 1, where the film has

a thickness less than 150 microns.

The photoresist according to the composition of claim 1, where the
composition further comprises a crosslinking agent.

A process for imaging a photoresist coating comprising the steps of:
a) forming on a substrate a photoresist coating, wherein the
photoresist coating is formed from a photoresist composition

comprising an alkali soluble resin, a photoactive compound, a
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di azonapht hoqui none conpound and a hydroxy cont ai ni ng
compound. 25 6. The photoresi st according to the
conposition of claiml1, where the filmhas a

t hi ckness I ess than 150 m crons. 7. The phot oresi st
according to the conposition of claim1, where the 30
conposi t i sHrfactarhand 2 salvents where theoxsiactart isatagene! ragging

A process IR O] resih.s tisn 0 i |

the. ot eps "t Z9PBr, B RASOO! BTkl ARg! L BEPHBIGHE dfane

]E:oat i ng, h\;ﬂhetoeéﬂt; tflméherpitodre rtbs itsickmasst afribe ipbofosesistdayer is
rom a photoresjst conposition 35 conprising an

al kal i sol%‘ﬁﬂt@r{f@gi@,m 'YKot oact i ve cgpnpound? a 15

sur f act gntmagewiss SkptdiHg thufppotorbsist costihgct ant is at a

l evel ranging from 2000 ppmto 14,000 ppmrelative to

t g_t alk we) @ntionally; pestexprsuse baking the phoiatesigh spating; end

t hi ckne p [ .Sk ey Stk !l :

i cr oned) S3yp Pt 8% SERSsl BBling it < dliegie bikdine

coati ng; aplutiphi onal |y, postexposure baking the

photoresi st coating; and d) devel opi ng the photoresi st

coating with an aqueous al kaline solution. 10 9, The

9. glr 2 RS BroRE6S 'O t¢ e 8, WHBRS ehd RuasuE elidline solution

aline solution "conprises a base selected fraom .
t etcompaisty lcabass pelacteg fram itelsamethylammoniyay Bydraxidgngodium

pot i ' process according to
cl J\?'ﬁf%mmﬁijé&?ﬁgsgqﬁgg%xlﬁl kal i ne sol ution g15

further conprises a surfactant. 11. A photoresi st

composi tion especj al |l sefyl for i ing thick filng,..
10.comhe BTafGSaRcRPINg S SR & ibere, e SshiBpRa AitayRe <Dlution

COMRRNEIbonfhritdE aifblanta crosslinking agent and a

sol vent, where the surfactant is at a | evel ranging 20

from 2000 ppmto 14,000 ppmrelative to total weight

f the ph | S ' i NI fi
112 hA BN SR oy Ao, RS R N0 fims

a rU@jﬂmJang st &fkaiitsaluble Rfinl 21 pfidieagiivetcongwiugt, a surfactant, a
accordin

ng to the conposition of claimi1l wh th .
L rTRSIRRAD A9 ATRAr TN BF e B 5 ghianaing
14, . . D )
ol J{?E]H ?996 \%ﬁg{ §S1t ‘ﬁ%ocfg@ﬁ ﬁ@l:agﬁe toPtotd) QveigHTIRP Hd prto@kist.
12.  The photoresist according to the composition of claim 11, where the

surfactant is a nonionic surfactant.

13. The photoresist according to the composition of claim 11, where the

surfactant is a fluorinated and/or a silicone polymer.

14.  The photoresist according to the composition of claim 11, where the resin is

selected from a novolak resin and a polyhydroxystyrene resin.
15.  The photoresist according to the composition of claim 11, where the

photoactive compound is a reaction product of a 2,1,5- or 2,1,4-

diazonaphthoquinone compound and a hydroxy! containing compound.
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19.

20.

sel ected froma novol ak resin and a pol yhydr oxystyrene
resin. 30 15. The photoresist according to the
conposition of claim 11, where the photoactive
conmpound is a reaction product of a 2,1,5- or 2,1, 4-

di azonapht hoqui none_ conpound and a hydroxyl contai ni ng

copeungloresist gccarmingpifother eamBesitipn: f glaig th whrre the film
CORRRS!hicRAedt grBaRt Mdhizo WiGbRs L he f11m has a

thickness greater than 20 mcrons. 17. The photoresi st
according to the conposition of claim11l, where the

fi has a, thi cknes ess than.150 njcropns. 18 .
or SBe B EsBhadhiTe fnbEo Pty Ab AT, b where'the fim
CORBS bhidlnddigess #id% T80 midtorfsdr M ng on a substrate a
phot oresi st coating fromthe photoresist conposition

of claim1l; 10 b) inmge-w se exposi ng the photoresi st

coat i ng. : I W :
oAy sBdsbr BR0RER dttorBQst SRR Stfipbihng IF steps of
coat i ngayifoimiag omcm sobstraé legphateresisb bodtirgnfrorh3hé Phofidresist
process accordi t l.aijm 18, where the aqueous

al kal i ne %mmsg_ﬁ" Ogmi@]es a base selected from
tetramepiyna s BX o PredhotsredistiBdatimgdr oxi de and

pot assi um hydroxi de. 20.  The [(J,r ocess according to
cl ai m 18) oplienally, pesteypesiie bakirgIthephetoresistsaating and

further 4cREIHR e WHAGEERE -cobfing with an aqueous alkaline

solution.
The process according to claim 18, where the aqueous alkaline solution
comprises a base selected from tetramethylammonium hydroxide, sodium

hydroxide and potassium hydroxide.

The process according to claim 18, where the aqueous alkaline solution

further comprises a surfactant.
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