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i;A PROCESS OF GONTROLLI NG PARTI CLE SI ZE OF NAPHTHOQUI NONE DI AZI DE ESTERS 5
FI ELD 4F THE | NVENTI ON The present invention relates to a net ho§l

control ling ﬂmm“mmmmy ze of 1, 2-di azo-napht hoqui none 4- or é suI oni c
esters of ph nds, by choosing the_gorrect solvent and carefully
controlling the Rkt pitation tenperature 1 t) 15 2a 25 30 BACKGROUND OF
THE INVENTION 't rs well known in the art to produce positive photoresist
formul ati ons such aﬂ ‘Eﬂose described in U S. Patent Nos. 3,666,473,

4,115, 128, W\MW“W \U d 4,550,069, TheseEggRypgi@gikali-soluble) film
form ng pol novoI ak resins toetmar W t h | ight-sensitive
material s (. sensichiezers), usuald PR QTR (P&

i azi de
conpound. The resins and ser§]21' sol vent or
m xture of solvents and are “api e '
substrate suitable for the particul ar appl i cation desired. The novoI ak or

pol yvi nyl enol MM% phot oresi st formul ati ons are
sol ubl e i n~aque4u ' but the naphthoqui none sensitizes
acts as a dissol ution radeeprd¥din®iimRintioht f214t8s R niéthb@%ﬁcéhﬂ@iﬁgrtﬁéQﬂarﬁcle

resins. Upon exposure to abtinic radiation of selected aress o
substrate on whi cﬁ'ztehé?fpﬁeﬁ -giazeraphtbeasrne ofi- hels Sestlfenat eaters hef phenolic

xposed arcas - oFoTHRMER: Yy CAeRSHTEE, Sl ROREnt BRI S lind TFe

unexposed ar eas. bkempﬂhﬁdreteemomatmesol ubility rates causes the exposed
areas of fbe phot oresi st coating to be dissolved when the substrate is
exposed td%n al kaline devel opi ng sol ution while the unexposed areas are

| argel y unaffect e@,AG}thmJNQJ,I@FI‘TQ—{E.INVENT[ONI‘el ief pattern on the
substrate. 2 1 JUN?2002 ? ggé)rtant group of photosensitlzers are

t he condensation pr oduéft i§ ‘U‘P"_KnQWBNﬁ @Elpier PIOguch arnsitivesphaterasistdermulations
1, 2- di azo- napht ho o] id,a p un

to exhi bit superi gybghgsospiéegd (ﬁ'ggﬁt raspdS Cﬁb;ﬁ@k? lég%\/%eesggwgbf&it%ﬁée‘%'
| i ght spectrum whén 73, 46@ A ad 5501069pﬁl'd‘texseeeclﬂdecabl{aiesmlublenﬁlm Tdvenihg gty

m crolithqgraphy during e past few s ha n an, accelera driyv
Lowards srigl rer geBrapr b BSvaRR rerfis baeher da Lt seeuleohridra gsedbsétf@as
rules require int@ggghme ae§ulS’sEttt§te'@JYn§1§’fﬁtthEﬂh%§Er@iaﬁi@t@l c@r’ﬂ?o@ﬁ@’t OTﬁé'r%'sans and
manuf acturers. Therefore, there is an increasing demand

(DEEP-UV) and UV- seqsitizemErestiseolved in ahOroarisisolveny or emturw@wobnants and are
cont ai ni ng phot or I for a p,
resists. 2,1,5-di g?éﬁ%%rﬁ%hgqﬁﬁncf)@mgﬁ@on ege%?’gpéﬂgtfe ?gllt%?/'%r@g;;hg ﬁartscular

benzophenones areagphrmt@lnldesilse@d as photoactive corrpounds (PAC) for broad

pand or goi ne res St s e SvbTald bl BoiyUaN phedol feSin GSmaBhem S thads Hrotaresict

formulations are soluble in aqueous alkaline solutions, but the
naphthoquinone sensitizer acts as a dissolution rate inhibitor with respect to
these film forming resins. Upon exposure to actinic radiation of selected
areas of the substrate on which the photoresist composition has been
25 coated, the sensitizer undergoes a radiation induced structural
transformation and the exposed areas.of the coating are rendered much
more soluble than the unexposed areas. This difference in solubility rates
causes the exposed areas of the photoresist coating to be dissolved when
the substrate is exposed to an alkaline developing solution while the
30 unexposed areas are largely unaffected, thus producing a positive relief

pattern on the substrate.



15 generally suitable for the i-line (365 nm region of the spectrum

. Synthesis of such a 2,1, 5-di azonapht hoqui none ester is normally conducted
in a solvent systemsuch as: N-methyl pyrollidone (NVP), acetoRd, JUN 2002
acetonitrile or a m xed solvent system A base is generally used as a

catal yst and also as an acid acceptor. Comromn, organi ¢ bases used 20 include
pyridine, triethylam ne, N nethyl nbrpholine, dinmethyl am no pyridine and

m xtures thereof. The processes utilizing such solventl base systens provide
di azonapht hoqui none esters of consisjently good quality, However) providing
simlar quality and gﬁr{g'lpaof‘é'ﬁ'lt R PLPBO@F‘ESS‘%%BW%WG tB‘g&?Gd@@?%ﬂ'grbE@ﬂ%
extrenely diffi to_lif>8_ S AW i iU il f Rkl 4:25
d iazo ester orggh22,%{aﬁ-s1@@’?‘5%@%&3@&%‘dejégt:@r(.;'e?’zn&éég?’? ?’Qﬁ‘&h‘@ negsa
2,1, 4 diazo estsuifavic aadd1and 1p0lyoB- nikesk dicmpowxisetebd clomexhibite superier

difficult when utilizing a fetrahydroxyben henane. The PAC may, be
precipitated frB’ﬁ?tpﬁge?gaﬁfﬁ S'Hng%%/tv'gn aﬁ'é‘ ﬁ%g'%n‘?:fewgaﬁqunm%%'&w 3¥hes,
addi ng the reacfdr@nldted inpRotdResist berhpasitisfsleous organi ¢ sol vent, such as
met hanol or 30 to an_aqueous systens that contain an acid, as is well known

. systen .
inthe prior art.  Bhe trend i pigreBthograpmmpingiherpest fevExraeNhas been an
| nvention el at g R WRAdY SRSASr OmERUY OTheNddieiPaE koS Sl e
of a di azanapht hoqui none suffonate ester er synthesis froma diazo
sul fonyl chl ori steirding @esigr roes eegbrechtansbampiiondsby Wb eixpeosirePio] dares
not have particles, which are too s in si ~t _can, be processed sily
2nd & el | s HEDBFORICar bR o oiRERI & HEETsAts BE HGreaRG deananst for
washed ywgl |, syoybegheERUN) AAdalF-2NLINEY behkitios phoftresist ayétamsl?ﬁ%vaaﬁt
can adversely influence racist performance. Mare particularly, the present
i nvention rel atentaiping photeresisto Brengtil nyoeabla for gilimgoandtidineatpearesists.
mxed 2,1,4-12,4, j |
benzophenQne. e155p§'1 feHszgrﬁ? pﬁﬁg@@iﬂsﬁﬁt ?Pﬁgﬁé;%alﬁg%eﬁg% g"ﬁ'gl@%&pggﬁ%g ??nosrb%
as acetone, propgl gereergily aséd sstghptoattivercoreddr)ds @Al pfior traddbahd e gHjre

pyrol lidone (NVP), dioxane, a - hut yr ol act on BLO and a base which
serves as an ac 'Sé%av@rﬁbgff“? @ﬂeﬁ%&%g %ﬂﬁqi)&‘ﬁ‘yc&qlﬂ?‘%ﬂ-:‘? epfers are more
triethyikan ne ( i gy (,Pﬁﬁﬁ??x | Serhiueycl o (,

2, 2} oct gﬁe (Dab%_%@raﬁgﬁt%%e%m&@gﬂé@(@aw a dor}r?iﬂteh?hanol gwnfnq. The
tenperature of the dbynihesy Obrsuimpia & 1.6rjiadengphtBoquioaneCester -isomprmally

preferably from-10C. to -20C. p ent process I rti |y
conprises: A) p?%ﬂou&t‘?@ N %o S?I\fr%ti éﬁﬁg& aﬁlﬁa%%'nagﬁpﬁ%‘gﬁi Fﬁ?}éﬁ@@ﬁﬁ SWE’ )
ester of a phengddtens oaEEtERtrilebranmiXagRsbioe s iteraol A bate iShenddillpaiselieas
d~azonapht hoqui none sul fonic ester sol uii on fromstep Ato a precipitation

bat h nai nt ai ned® &atalyse@pdr alsgr 8s An ageepior. 3@@."9"1‘98 UGEHEL Pagep (g
provi desnconsi s i i nat ! ‘ 'di i e
G 26 <0 arge anchde iRl (eBERRARG RORMIANOBRLAE HeRhf ciiRo Rl
i nvention can pamdimigtiteszbasgutit hdheaipronessest atikzing tduchosalvbrsiftzage aystamsunt

of conplex side products. These side praoduct reclude th roduct j on of
consi stently ye‘?JI%M\ﬁ,e '@599%%11?’891"89‘068r?qﬁrisa(i'(s)ﬁ $'R8 ﬂﬁﬁaﬁe&‘@g’g rHoquyer,
conparison to t Y sifhBK dnd e¥RSis@reepartieleOkizal fdMHE Qs Zdt
esters. The sub‘jhg(\:/?ﬂ'% Sﬁ?’gcesqs%mggfn be easi Isy cgélktarol I e:j andr a sl i‘ght sh(iarft

in reaction tenprranes extremety difiaist i€ ardeliaf RIGESSde sitilizpsbipriaaking a2 tted-
poor quatity or i i 24 4| = t et " j bfg 40 N
the r eag%i on ted&%g§%{gﬁérrzér?€bh1éégét?'? (L)4T1 cugég(gagaééﬁc&%r gblagdr%t.l&]r@b%bgc%;gg’?s
cost effective,diaad @esterdod 2@]$,4t/@, cHnpisdcdidzy dstghbecahes yveal hom dificulied

di azo ester material ,.and is |icable for a w de variety 5 of diazo. ester
conposi ti ons. Mee%ﬁf%@@n%@@%WBWPPSHO%/ Tﬁp Eg\t@/am?é’dgﬁ)f)r%'ﬁga ng
phenol i ¢ conpoupsls e RedchirmzRndndadftdr 8 GoRakhsRionT headtionz vyasddihgethe
organic acid halide may be condensed either sequentially or concurrently

wi th a phenol i cregstipounidture tpretiiedan AQUERPLS OTaRIRSPYeaE | THchsae methgngiher
g ( “d bal g . oS .
quanti cP2a i t rBABb4 4 SRR TRRLET st PER B B MR i ot e,

t he phenolic conpound need not be conpletely esterified and | ess than
stoichionetric quantities of the diazo and organic acid halide conpound may
be condensed with the phenolic conmpound. The



"15 total anount of diazo and organic acid halide reacted with the phenolic
conpounds shoul d be sufficient to produce a photosensitizer conposition
capabl e of inhibiting the dissolution rate of an al kali-sol ubl @ ¥ d9Nn2002
Anong the organic acid halides which nmay be reacted with a

1, 2napht hoqui none-5-sul fonic acid or 1,2-napﬁ%hoquinone-4-su|fonic acid, to
20 produce the 2,1,4- and 2,1, 5-di azonapht hoqui none sul fonyl chloride
utilized in the process of the present invention are: an al kyl sulfonyi

hal i de such as %MMAR%OFQ’_F&E IDIMENTIEON et hanesul fonyl chlori de,
propanesul f onyl chl | de. ut an uI fanyl chlori dodec esul fonyl
@ & Shb 'ﬁﬁ% the

chloride, and the Ii 'ée '5'?'91‘ QM £'6IRIES M 6 JBRrAVEEh PERCEsSH nSQGV‘P
chl vr~de, naphtfhatieeestkd B@@Ydtai&\aﬂi‘ltﬁémﬂﬂéne %Oﬁoﬁ@l@ éét@ﬁaﬁéﬁcyﬁntﬁé’élﬁ@ﬁﬁn ?gch

as acetyl chloride, butanoyl chloride, valeryl chloride, benzoyl | ori
benzoyl brom dediaza oyl chierigei ard ongnar mgel phenolichedmpernds.e dVbegathiec

aci d halgdes arsabanls Aty ieRd Wil deSRUMARL A0 CeaRbRIR ALY

benzenesul f onyl ‘hall enzoyl I des e acid des ma
substituted or easlykstd 8 wabdwaSled ipeodigitds sbtaipedeWihey the HA@)ngaot ablestach

2 oyridine o EanaRiecBRbnsrineSts Bpprodit adortu it rdtarol HE FAC.
specific exarmlaata iain! alw@rlsleqiﬁ idfieH dec skt tp‘éwba;hhﬁaé oiMdérae paRiduRsHyof thishe

present invention. These exanples are not intended to limt or restrict the
scope of the i riVeReniNveAtiomyelatss nd WREEsS feomakiagca st burdiazaester and a

provi dig condiyhlggs, PALBIELETdatt YaLHES Ml ShelR BulblhdZSon

exclusively in er t o practice resent ent’i on
illustrate the tmmpbenonhet Rdhepprsent prcm&satutmzes Exaonglaeic nolandowent such

|lustrate the fail f th t di t Cx
96 g sof uti on oS PSRN RI9PRRCS By Do TSy RRE (PEMES SEeippBiibe NoBPE of
tris 2,2,2-{4- gwddsmdw@qws’) edibraves, arwrgammaa%@ﬁdl@cﬂbn@ctamo haad raatUa@eof

70% di azo 2,1, to 2,1,4-] in gammua-butyrol actone (B! O)Iacetone (679 33%
sol vent was pr &YHERJ SBY/ES )ésngart REIPWSIENGES FUh @5 Jeimethylaminorsidine,

t enper adire unt C of, Iut| t
into tvé)sjequal déthgmﬁéor;l or)t mé%'%éﬁgb% agueo 1 %Bvée'd
prepared and s, 2}oatama)(E)abcce)qdhb:tnq@byitnomphohn‘ﬁo NMM)famd;tT rlpﬁranabammfe adbeous
met hanol at room t enper at u wa ow y added, tlr [ e portion
of the PAC BLO'S e pluth rown%f{e@wfﬂt@“% fW‘nglc(gotOP héé
coul d not be flc#rgﬁérggllyqfd,ﬂgmg@wwb filter. The suspen5| onlslurry

e

bl i ndedlI cl ogge er causing filtration failure. EXAMPLE 2 A second
trial was run whereiThd rreresemotmdoq:ﬁast imoeTeopadigutulys c2Bprisehan)l pfowding a

exanpl was cool.ed he . cond rti PAC BL.O acet one .

sol uti S%Olf rom g‘fﬂﬂ Fa\é a&%t@ %LH S\‘Mf{? SQ&? h%ﬂ b 8&'@% n

af forded producin slgamnio pbtwtsmtﬁaslddﬂlﬁg lﬁeadiaiouspﬁmo@]uﬁimﬂmlfdmé egfer
The product after filtration was then washed welt wth deionized (D) water

to renpve tracdoidionefied aiaP Ht19e? RFeGPRANIGIBES maintained 3t @ tamnpsaturg of

cul o ¢ est or S0 G i open Th i pSPeRE Vipiter Sori i adily dasn

720 and appr oXirsphthdquiRdhe dsters! iviibrel mea@ehmmmﬂa@@r edoliyh foKidagyt he
PAC 5 with acetone at roomterrperature until all of the PAC was dissol ved

The sol4Rion wd¥O&P¥SRG-i nt of R PERRSS 5of gihem Bfﬁ%q”énénv%@”m C moyide
aqueous met hangjig mep@\rt%ﬁsln@r&téﬁl Withi Ab OsitMRaReE2AmBaRt 'o“PrL%mﬂ_ @xtf@e

first portion of aqueo t hanol roomter@(e)rature was

with stirring, roadugisrtildresss sidee W@’%l@epw the | @'@dUA“%VﬂJsQfeﬁ@ﬂ‘éiM%‘IﬂMrry
was afforded 1 t
suspensi onl sl u ry'ggir 888?3%?%8@% PEZBﬁéﬁﬂtgﬁag@%glgngyggnt r gtBHé:}a‘?v][sgpﬁgqhe
EXAVPLE 4 A seapay, tlatkadmbes to wvewf@eenmctlmeofsenpm gazbiestesf Aheeubgect

30 process can be easily controlled and a slight shift in reaction temperature,

time, base concentration etc. does not lead to poor quality or inconsistent



15 net hanol from exanple 3 was cooled to -10C and the second portion of
. PAG acetone solution fromexanple 3 was slowy added, with stirring. This
approach afforded a product slurry that was easily filtered USQE?J@NBHWhner
filter. The product after filtration was then washed well with DI water to
renove trace solvents and ot her contam nants. - 7 - 21 J UN 2002 Wat is
claimed is: 1. A process for producing a naph?ﬁoquinone di azi de ester of a
phenol i ¢ conpound which is useful in a photoresist conposition, which
process 5 consists essentially of: A providing a 1, 2--di azo- napht hoqui none
4- or 5- sul f onMatedalerAdogiar isbilt innthgresctiomitemperaturesis| negred tthtatsd such
acet one, prOpylgﬂﬁﬂ§W1CO| nmet hyl ether) acetonitrile) N-nethylpyrollidone,
di oxane, gamma-Dbutyfolactone or a m xture thereof. 10 B. adding the

di azo- napht hoqui noneTaet procees Uki costf effaatblecsafe tand I@decitpi daisienthatigh
that i s maintained, at te eratc{ue fromO Cto -30C and C._filtering the
di azo- napht hoqufitdlifé Yelpw colered | diazpyestes maieea! and issapplicehle for acuide variety

clai m 1 gher ei not ha Ry ecdtel tRinUbiRH) | $hEBpRGBEBREIAr BohRITRRIGH l:'ﬁ&;(/ftfé)m
-10C to -20C. Tn~-aL PGGE . nuU ~ . A{R A A A9. A9; .A9. A& éj ~ U W

op{ vql gb] X] ca] capleiach|yarceafieasind] eagrelicc speviosaps awjt af c@ivre apra@nio: ajcih] c
aj c"a] ca] ca] c”a A 0 a ; ; :
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6 109 () -/ compound. However, the phenolic compound need not be completely
esterified and less than stoichiometric quantities of the diazo and organic
acid halide compound may be condensed with the phenalic compound. The
15 total amount of diazo and organic acid halide reacted with the phenolic
compounds should be sufficient to produce a photosensitizer composition
capable of inhibiting the dissolution rate of an alkali-soluble resin.
Among the organic acid halides which may be reacted with a 1,2-
naphthoquinone-5-sulfonic acid or 1,2-naphthoquinone-4-sulfonic acid, to
20 produce the 2,1,4- and 2,1,5-diazonaphthoquinone sulfonyl chloride utilized
in the process of the present invention are: an alkyl sulfonyl halide such as
methanesulfonyl chloride, ethanesulfonyl chlonde, propanesulfonyl chloride,
n-butanesulfonyl chloride, dodecanesulfonyl chloride, and the like;
arylsulfonyl chlorides such as benzenesulfonyl chioride, naphthalenesulfonyl
25 chlorides, and the like; acyl halides such as acetyl chioride, butanoy!
chloride, valeryl chloride, benzoyl chioride, benzoyl bromide, naphthoy!
chlorides, and the like. The preferred organic acid halides are lower alkyl
suifonyl halides having 1 to 6 carbon atoms, benzenesulfonyl halides and
benzoyl halides. The acid halides may be substituted or unsubstituted.
30 The acid scavenger may be inorganic, such as sodium carbonate or
the like, or an organic amine such as triethylamine, a pyridine or N-methyl

morpholine.
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The foliowing specific examples will provide detailed illustrations of the
method of the present invention. These examples are not intended to limit or
restrict the scope of the invention in any way and should not be construed as

5 providing conditions, parameters or values which must be utilized exclusively
in order to practice the present invention. Examples 2 and 4 illustrate the
process of the present invention. Examples 1 and 3 illustrate the failure of

the current conditions.

10 EXAMPLE 1 (Comparison)
96 g solution of 16% PW-292 PAC [Diazo 2,1,4- and 2,1,5- sulfonic
esters of tris 2,2,2-(4-hydroxyphenyl) ethane, approx. 98% esterified with a

ratio of 70% diazo 2,1,5- to 2,1,4-] in gamma-butyrolactone (BLO)acetone
(67%/33%) solvent was prepared by mixing the PW-292 PAC with solvent at

15 room temperature until the PAC was totally dissolved. The solution was split
into two equal 48 gram portions. 1200 ml of 20% aqueous methanol was
prepared and split into two equal portions. To the first portion of aqueous
methanol at room temperature was slowly added, with stirring, one portion of
the PAC BLOf/acetone solution. A suspension/siurry was produced that

20 could not be filtered using a Buchner filter. The suspension/siurry
blinded/clogged the filter causing filtration failure.

EXAMPLE 2
A second trial was run wherein the second portion of aqueous
25 methanol from example 1 was cooled to -10°C and the second portion of
PAC BLO/acetone solution from example 1 was slowly added, with stirring.
This approach afforded product slurry that was easily filtered using a
Buchner filter. The product after filtration was then washed well with
deionized (DI) water to remove trace solvents and other contaminants.
30
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10996 1! MP10%H& (100l gysgluinﬁ%dbﬂ&q% -PW- 894/@"#@%13@) 2,1,5- sulfonic esters of a

0
109 () - 9%9- 1?ormal8%hyd1e CJfr‘eosoI Novoﬁ':lk resin, av. MWw about 720 and
approximately 40% esterified) in acetone was prepared by mixing the PAC

5 with acetone at room temperature until all of the PAC was dissolved. The
solution was split into two equal 50 gram portions. 800 m! of 20% aqueous
methanol was prepared and split into two equal portions. To the first portion
of aqueous methanal, at room temperature, was slowly added, with stirring,
one portion of the PAC/acetone solution. A suspension/slurry was afforded

10 that could not be filtered using a Buchner filter. The suspension/siurry
clogged/blinded the filter causing filtration failure.

EXAMPLE 4
A second trial was run wherein the second portion of aqueous
15 methanol from example 3 was cooled to -10°C and the second portion of
PAC/acetone solution from example 3 was slowly added, with stiring. This
approach afforded a product slurry that was easily filtered using a Buchner
filter. The product after filtration was then washed well with DI water to

remove trace solvents and other contaminants.
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1. A process for producing a naphthoquinone diazide ester of a phenolic

compound which is useful in a photoresist composition, which process
5 consists essentially of;

A. providing a 1,2-diazo-naphthoguinone 4- or 5- sulfonic ester
solution in an organic polar solvent; which is acetone,
propylene glycol methyl ether, acetonitrile, N-methylpyrollidone,
dioxane, gamma-butyrolactone or a mixture thereof.

10 B. adding the diazo-naphthoquinone ester solution from step A to
a precipitation bath that is maintained at a temperature from 0°
C to -30°C; and
C. filtering the diazo-naphthoquinone ester resulting from step B.

15 2. The process of claim 1 wherein the precipitation bath is maintained at

a temperature from -10°C to -20°C.
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