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1 TETRAPHENOL COVMPOUNDS & PROCESS FOR PRODUCI NG THE SANEs2b-2

The present invention relates to novel tetraphenol conpounds, a*#rocess
for producing the same and its use for producing a photosensitizer.

It has been generally known that quinonediazide sulfonic acid esters of
conpounds havi ng a phenolic hydroxyl grodp are used as photosensitizers in
phot osensitive resin conposition for mnute processing in the production

of ~semi conductors. Tﬁg@%ﬁn‘eeﬁi@a&m s2PRoMERY FOR PREDOEMG THESSRME

utilizing the fact t en a conposition conprising a compound having a
qui nonedi azi de group and a novol ak resin is applied on a substrate, which
is then irradiated with a [ight of 300 - 500 nm the qui nonedi azi de group
i s deconposed to form aTbarxeeentgigptian|raliakgstly ERAAYESHFEPEBRARYSI ti on
from an aIkaIi-inso%Pble state taq _an algalj-s &uble stagf” Siggg gch
positive resi sTERIREaPaRTRFTVR FOFNPFR ‘fclt'ﬁ’eg' SrEABS T & UPS T
resolution as fgﬁﬁ?. | £68a1d; sists, they have been wused in
produci ng vari%us ﬁ%%éggkﬁ?ntegfg¥§gégfrcuits for sem conductors.

In recent years, the intagraatedbéeér Coerierallyt RRows ethatc ondindinedianadast ri es
have gone on increasing mnuteness wth a rise in integration |evel of

senm - conduct orsekEPHHewactidreatiarsnosfconpeande r AV ing gbrherdhic hydroxgl
demanded. Resolution in the litho [a

group are used as photo gnhsii%iggggeirsx éﬁo%’gsré/nsii@.(\)rrét %Qtsixi'xn the
composition for minute processing in the production of
semiconductors. These compositions are used as positive
resists utilizing the fact that when a composition comprising
a compound having a quinonediézidé group and a novolak resin
is applied on a substrate, which is then irradiated with a 1ight
of 300 - 500 nm, the quinonediazide group is decomposed to form
a carboxyl group, allowing to change the composition from an
. alkali-insoluble state to an alkali-soluble st-ate. ‘since such
positive resists are characterized in tl_lat they are excellent
in resolution as-compared with negative resists, they have been
used J.n producing various kinds of integréted circuits for
semiconductors. .

In recent years, the integrated circuits in the
semi-conductor in.dustx‘;'j;es have gone on increasing‘minuteness
with a rise in integration level of semi-conductor and now
formation of a pattern in submicron order is demanded.
Resolution in the lithographic process is very important in the

~ production of integratéd circuits and a more excellent
.resolution (h.:i.gh Y -value) is required for the positive



production of integrated circuits and a nore excellent resolution (high
[err] -value) is required for the positive _

2 resists. Many ki nds of qui nonedi azi de conpounds or novol ak
resins have been proposed as the ingredients for positive resists. For
exanpl e, JP-A-1-189644 (corr. to USP 5,153 096) - has disclosed a use of

gui nonedi azi de sul fonic acid esters of tri phenyl nmet hane conpounds havi ng
at least two phepglig. hydroxyl groups as photosensitizers. Even when

t hese known sensitizers were used, however, inprovement in the

[err]-value has  not beeﬁa%akllaﬁacaprqueﬁe@ﬁaﬁ@ E6@pSUndLorCHE¥ETHK Very
m nut e process in the production of ultrahigh integrated circuits,

so-cal |l ed submesioa heivehbgemphyoposed aEhevhef dngrediknts hfor posprinement s
in properties as positive resist such as sensitivity, resolutién and heat

resi stance are Te8dfFFed For example, JP-hql-i§9644 HoRthetdrETAr 153 on i s
to provide noygl QPQMse%OErRPé@g?.oéifﬁpon%ldﬁﬁz%gts%ﬁ%%%' vcelté:%rrgggept for

phot osensitive resin conpositions as startin

produci ng such tgapReffiidthane compounds ARBIRG &P) @.@Es@f e Phé&sNlc
invention is to provide photosensitive resin conpositions which are well

bal anced anonghydaekplsgypupsc@ssi phobssenmitigerst Siven adbehi ghesensidunvi ty,

hi gh resolutlon hi gh heat resistance, good profile, good focus
sens:.tlzers were used, however, improvement in the 7 -value has -

not been satisfactory yet as the resist for current very minute
process in the préductién of ultrahigh integrated circﬁits,
so-called - submicron 1ithogeraph‘y. Therefore, . further
improvements in properties as positive resist such as
sensitivity, resolution and heat resistance are required.

An object of the present invention is to provide
novel phenol compounds usable as photosensitive components fdr .
photosensitive resin -compositio'ns or usable as starting
materials for producing such éomponents.

Another object of the present invention is to provide
photosensitive resin compositions which are well balanced among
various properFies as the resist such as high sensitivity, high
resolution, high heat resistance, good profile, good focus
allowance and little development residue using such compounds.

Inventors of t.he present invention have
successfully produced phenol compounds of a specific structure
having four phenolic hydroxyl groups, and have found that the
’above object can be attained by using quinonediazide esters of

-these compounds as the photosensitizers. Thus, the present



al l omwance and little devel opnent residue using such conpounds.

I nventors of the present I nvention have successfully produced
phenol conpounds of a specific structure -having four phenolic hydroxyl
groups, and have found that the above object can be attained by using

gui nonedi azi de esters of -these conpound¥ as the photosensitizers. Thus,

the present - 3 I nventi on have been
conpl et ed. . inventionEa é)H%%?nE tion provides tetraphenol
conpounds representedlby tﬁg omfﬁ ?%%gula (1): [err]

wherein Rlerr], Rerr], R[] ﬁiﬁhéﬂﬁﬁrinﬁﬁﬂ%hohnd%ﬁaﬂﬂaaé|YtﬁéPéﬁﬁéﬁﬂl
hydr ogen, 1, 2- naphthqu|noned|aZ|de 4-sul f onyl

1, 2- naphthoquﬁﬁﬂﬁéﬂpé§1%RPQ?S@@EﬁényY the follow1n9 form&mad(l). 1, 2-
naphthqu|noned|a2|de 4-s Ifonyl 1,2

napht hoqui nonedi azi de- Q}R | f onyl (Hq% be re@H%ent ed l@the fol | ow ng

formul ae, respectively [eéﬁ CH CH
2 2 2

| (I)
R20:<] ~OR3

CHg CHg CHg CHg

. 1 .2 R
wherein R, R", R3 and R4 each independently represent hydrogen,

1 2-naphthoqu1noned1a21de-4 sulfonyl or 1,2~
naphthoquinonediazide-5 -sulfonyl. Said 1,2~
naphthoqpinonediazide-4-sulfonyl " . or 1,2-

naphthoquinonediazide-5-sulfonyl can be represented by the

‘following formulae, respectively:
|

O e

oLt o't

I

The present invention also provides a process for
producing a compound of the formula (I) wherein R1, R2, R3 and
R4 are all hydrogen, namely 4,4'-methflenebis[2-(2-hydroxy-
;s-methYIbenzy;)-B,6-dimethy1ppenol], which comprises

-reacting 4,4'-methylenebis(2~hydroxymethyl-3, 6~



The pfesent i nvention al so provides a process for producing a conpound of
the formula (1) wherein Rlerr], Rerr], Rerr] and R4 are all hydrogen,
nanely 4, 4' - et hyl enebi s[ 2- (2- hydr oxy-

5- net hyl benzyl ) - 3, 6-di net hyl phenol ], whi ch conprises reacting
4, 4' - met hyl enebi s(2- hydr oxynet hyl -3, 6- 4 :
4 dimethyl phenol) with p-cresol. Further, the invention also provides a

process for pr cogpound of the formul 1) erein_ .at | east
one of Rer r?ﬂr‘éﬂ}%ﬁ%}en OEE[%%r p'é’rﬁfs"é?[er u]r%hl% ’ !:Li’lx\g_lnventlon'also
napht hoqui nonegieZidie 4-prddeddVEor producing a &mpound of the forfula (1)
napht hoqui nonedi azi de-5-sul fonyl which conprises reacting 4,4 ~

- met hyl enebi s| ¢hdredty da@xyi8ad®l loddoepzylat,3, @2, dtmehhy! pReNalg Wi bh
1, 2- napht hoqui none- di azi de- 4-sul fonyl halide or - .

1, 2-napht hoqui ggRnloRthRedi sl dQLboibhsle.  Tespectvely 1y,
urt her es

The present “invention f provi a photosensitizer

conpri si ng, - asnaphtirigulaoheaPariaiy-5-aul SEPELINGhiERPlcempRleds byreabe ihgr mul a
(I') wherein at least one of Rerr], Rerr], Rerr] and Rerr] is

1, 2- napht hoqui hdh'eterrydengbig | 3ofrhydrosys5-methylbenzyl) -3, 6~

naphthoquinonqgja I.d -g-su son | he resent inyentjon stil
furt her provi de ”%%ﬂgﬁg &ne iVéFEsﬂn 6Hﬁ8€7Q9QﬁﬁM9PEEXLaZlde"4's“1f°nyl
halide or 1,2-naphthogquinone-diazide-5-sulfonyl halide,
respecfively .
The ©present invéntion further provides a

photosensitizer comprising, as an active component, a compound
represented by the formula (I) wherein at least one of Rl, Rz,

R’ and R' is 1,2-naphthoquinonediazide-4-sulfonyl or 1,2~

naphthogquinonediazide-5-sulfonyl. The présent invention
still further provides a photosensitive resin composition which
comprises the above-mentioned photosensitizer and an

alkali-soluble novolak resin.

Compounds of the formula (I) wherein at least one
of R, R?, R® and r? is 1,2-naphthoguinonediazide-~4~sulfonyl

or 1,2-naphthoquinonediazide~5-sulfonyl are wuseful as
photqsensiﬁizers which are sensitive to radiations such as
ultraviolet rays or farultraviolet rays including excimer laser.
The compound of formula (I) wherein R1, R2, R3 and R4 are all
hydrogen is useful as a starting matérial for producing the

14
photosensitizer.

The compound of formula (I) wherein R1, R2, R3 and



conprises the above-nentioned photosensitizer and an alkali-soluble
novol ak resin. Conmpounds of the forrmula (1) wherein at |east,
one of Rerr], Rerr], Rerr] and Rerr] is

1, 2- napht hoqui nonedi azi de- 4- sul fonyl or ,
1, 2- napht hoqui nonedi azi de- 5- sul f onyl ase wuseful as photosensitizers
whi ch are sensitive to radiations such as wultraviolet rays or far

wher oi n Rerr | e 4t HEGRERel? peftd 1. 4 QRIS PR L ORI o

starting mater bahef BY1H¥MAUG-BY6 L dEnetNyAbAERSE] [ | @85 - be prepared, Ea&
conpound of forrmula.(l) wherein Rerr], Rerr], Rerr] and

5 R4 are all hydmpig%n bynawebylugm Whnhemm[sz%-m!ﬁym%m?thyl -3,6-
5- et hyl benzyl ).- 3, 6- di et hyl phenol ], can beggre pared, for exa

reacting 4,4 - ALPf W’é]r@’rﬁ”é’ 2- ‘ﬁ’y’iﬁ@x?ﬁ%’fﬂyl %“%Fﬁﬁ?rﬂﬁﬁﬂ{éﬁ&?"\ﬁhﬁﬁy

p-cresol . The mat gr ,al i n, thi _

4, 4" - et hyl enegl %%% ydr oxgn%t hyI 4h %egﬁﬁﬁélfip%ﬁezngrhrgx%megglpr3e8ar ed,
for exanple, .bulﬁeﬂwmm@ul)ola:anrwﬁépa&eet £3rexaybea byvd édshdarsmhdahyde
in the presence of an al kaline catalyst. In the reaction
of 4, 4' - met hyeaetins OF- 2, hyxlyenplewhyh -D>raaddeby dy | iphéhel preserceofr esol ,
p-cresol is wused in an anount enerally of 5 - 50 noles, preferably of 8
30 nol es and®RofEkai e CabRIYEF- 10 - 25 noles per 1 nole of 4,4

- et hyl enebi s(2- hydr oxy- gt hyl 3, 6- QéQ@Eﬂﬁlph%ﬁpl)4,4'Lmethy1enebis(2-

. hydroxymethyl-3,6~-dimethylphenol) with p-cresol, p-cresol is

used in an amount generally of 5 -~ 50 moles, preferably of 8

- 30 moles and more preferablj of '10 - 25 moles per 1 mole of

4,4'~-methylenebis (2-hydroxy-methyl-3, 6-diﬁethylphenol) . It

is preferred that.an acid catalyst is present in this reaction.

The acid catalyst may be efither an inorganic acid such as

hydrochloric acid aIiid sulfuric acid or an organic acid such as

formic acid, acetic acid, prdpionic acid and paratoluene

sulfonic acid. Among them, a mineral acid such as hydrochloric

acid and sulfuric acid, particul_arly hydrochloric acid, is

- preferred. The apid catalyst is used in an amount usually of

" 1 equivalent or less and preferably within a range of 0.1 -~ 0.5

equivalent based on 4,4'-methylenebis(2-hydroxymethyl-3,6-~
dimethylpher;ol) .

The reaction is preferably carried out in a solvent.

Aromatic solvents, particularly aromatic hydrocarbon solvents

are preferred as the reaction solvent. Examples of the aromatic

hydrocarbon solvents include benizene, toluene and xylene, among



Is preferred that an acid catalyst is present in this reaction. The acid
catal yst may be either an inorganic acid such as hydrochloric acid and
sulfuric acid or an organic acid such as- formc acid, acetic acid,

propi onic acid and paratoluene sulfonic acid. Arong them a mneral acid
such as hydrochloric acid and sulfuric &cid, particularly hydrochloric
acid, is preferred. The acid catalyst is used in an ampunt usually of 1

equi val ent or | he r.apl y valent
based on 4, 4 - MEARD SoLEHES FenBa¥ediAen, Fud T Top bqnyent g, B4 ¥

The reaction i %rpaﬁaeﬁ@laemeeauy%&% 4 raRg@Ob¥ AN25- eescyr&tdla \'s@iwt S,
particularly aromati c hydrocarbon solvents are preferred as the'Teactlon
sol vent . Exanplpa:efei:ab]:ue Gu ZSFattioc 2- Pyt oceightn Bote referablyde. 2)53-n2te:ne

t ol uene and xyi ene, whi ch
tol uene is pref°¢3|5r‘§t‘3tld T?’i%l‘-?*éacthaéﬁdso%en'fh?s tedad | ﬁmaﬂtan%ﬁnt’*g"eneral ly

i gt o 6 prRrerasrertf B baiie s BLEMCA dontatt: | Cagd O

anount of 4, %r@soqethylenebls(Z hydr oxynet hyl - 3, 6- dlnethylphenol) - and
p- cresol. The reaction is carried out at a tenperature
usually wthin a range dfhé8feacBllreis t€rried efitmid yempéerature vangdyf 40
- 60[err]C, for about 2 - 3 hours. This reaction usually carried out under
t he atnospheri ovighéssarzange of 30 - 80°C , preferably within a range of 40

- 60°C, for about 2 -~ 3 hours. This reaction usually carried

o_ut under-. the atmospheric pressure.

4,4'-methylenebis] 2-(2-hydroxy-5-methylbenzyl)-
3.,6-dimethylphenol_] crystallizes out as the reaction proceeds
when the reaction is carried out around the room temperature.
When the reaction is carried ,out at a higher temperature,_ it
crystallizes out upon cool-inq to the rooni temperature after
completion of the reaction. A crude prodz:lct can be obtained
by isolating the crystals ai;d may be sub;",edted to an optibnal
purification step. For example, since the con;pound has a lower
solubility in an aromatic solvent at the ordinary temperature,
it can be purif,ied by crystallization from an aromatic solvent
or by repetition thereof as desired. ' The erystallizing solvent
may be the same as or different from that used in the reaction.

When this compound is used for producing a
photosensitizer after forming a quinonediazide sulfonic acid
ester, it is preferred to decrease metal content by dissolving
::he crude product in a solvent having a solubility of 9 g / 100

‘g or less in water, then washing with water and separating the



4,4 ' -nmet hyl enebi s[ 2- (2- hydr oxy- 5- net hyl benzyl )- 3, 6-di net hyl phenol ]
crystallizes out as the reaction proceeds when the reaction is carried out
around the roomtenperature. Wen the reaction is carried out at a higher
tenperature, it crystallizes out upon cooling to the roomtenperature
after conpletion of the reaction. A crudeg product can be obtained by

I solating the crystals and nay be subjected to an optional purification

step. For examp ﬁog§%ﬂ%r§nh$a€é)ﬁp°”£'&&%§&§g'<9£N‘°9rg F°1' 'ébﬁTe' aahglaans

aromati c sol ven e ordinary tenpera be pur

|1 th f
LT e L oF i e el PN B WEHERS B5F, o
that used in the_reactio

d
produci hg a ph&fogggngl t |rze?’e%ﬁ't er FP&FHIeﬁg d‘thulr%oﬁggfgg% a‘tsgﬁf‘?oﬁ{ & 'aci d
ester, it is prﬁ@gﬁfg@héﬂ;gQchQaﬁfafggjﬂs_ﬁgagfiged%ﬁ% L§§9LV|ng t he crude

product in a solvent having a solubility of or less in water,
t hen washi ng w tilmetk¥Erphemhl]chpas at sobubilcty of 1 g/ 100 g or more in the
7 product formwater. "Solubility of 9 g/ 100 g or |ess" neans that the

maxi mum amount 8P1VENEBFEBMEIEN ENADPLEE ‘Rﬁa’f’%ﬁ sgivent éPF}Ede 38ey1g AHiq ess.
Further, it is §£eferre

d that
nethylenebls[Z B2V G2 - ?ékﬁi) %ﬁafe B-butyl et Ty rﬁﬂﬁ epamyl
solubility of lagetaddOarh OlEeﬂHNe% isichngs ﬁ@kﬂﬁt m&tﬁerweto%éambe% of

t he solvent include acetic acid
heptanone, among which ethyl acetate is preferred.

After decreasing métal content, an aromatic solvent
may be added to the solution of 4,4'-methylenebis[2-(2-
hydroxy-5-methylbenzyl}-3,6-dimethylphenol] to crystallized
£he desired product. The solvent used here may be the same as

" or different from that used in the reaction and-is éreferably
toluene. !
4,4'—methylenebis[2-(2-hydroxy-S—methyl-benéyl)-
3,é—dimethylphenol] thus obtained can be converted into, for
example, a quinonediazide sulfonic acid ester which may be used
as a photosensitizer. 1In the esterification, various kinds of
sulfonic acid esters having a 1,2-quinonediaz-ide structure can
be used and, among them, 1,2-naphthoquinonediazide-4-~sulfonyl
halide or l,2—naphfhoquinonediazide-s—sulfonyl' halide is
preferred. The halogen in the sulfonyl halide may be, for
examplé,chlorineandbromine,amongwhichchlorineispreferred.
Accordinglyy 1,2-naphthoquinonediaziée-4—sulfonyl chloride
7

and 1,2~-naphthoquinonediazide~5-sulfonyl chloride is

“preferred as an esterifying agent. Also, a mixture of 1,2~



esters such as ethyl acetate, n-butyl acetate and isoanyl acetate and

ket ones such as nethyl isobutyl ketone and 2- heptanone, anong whi ch et hyl

acetate is preferred. After decreasing netal content, an

aromatic solwvent nmay be added to the solution of 4,4'-nethyl enebis[2-(2-

hydr oxy- 5- net hyl benzyl ) - 3, 6- di met hyl phenod] to crystallized the desired

product. The solvent used here may be the same as or different fromthat

used in the reaghbRBndqitidohddiabehall YoulRdhYeNe: na1ia
4,4'-nethylenebisFZ-(Z-hydrox;lS-netﬁy‘pbengyl)- ?,1 di
obt ai ned can be naphtboqeihdnediaziae-5-emengl BaIida@agdbazusiea sul f.onic

6-d|netﬁ§themﬂﬁzihus

acid ester which may be used as a photosensitizer. In the esterification, -

various kinds of- sul foni ctfaci dtést er sest@rilfgcation. quiresatditazi de 1,2-

e

structure can be d_and ong .t h )
1,2-naphthoquinSﬁggﬁg%?%ﬁﬁqﬁéaﬁﬁfgﬂﬁTfﬂgﬂﬁfpaglor halide  and/or  1,2-

1, 2- napht hoqui nﬁﬁgﬂﬁﬁ@&iﬂﬁf&bﬁﬁ%Q@éﬂs-ﬁﬁlfi'oggf, Oﬂreﬁlid%r &f Q{)ge%iinTys fiduaeen 1 n

the sul fonyl halide may be,” for exanple, I ne and

rom ne, anong which

chlorine is prehenakly ofAacar di igioid,lpRefapitljogei nonediasi Asrd; BHsfeany!

chloride and 1, 2- napht hoqui nonedi azi de- 5- sul f onyl chloride 'is
preferred as an®Bst eri4s4 ' mihekgheneind 2—4 2nhydxexy-GF-methylbenzyl)-3, 6~

8 naphthoquinggggia iq§;4- ul fonyl ' hal i de and 1, 2-

naphthqu|noned|a2|d%f¥? tﬂ°ﬂ§nyl hal i de” may be used. In

esterification reacti Omphe rea'lotz.i.'on‘is usually carried out in the presence
of a dehydrohalogenating agent. The dehydrohalogenating agent
is generally basic compounds. Examples of the basic compounds
includé inorganic bases such'a-s sodium carbonate and sodium
hydrogen carbona?:e, and amines such as ethyiaﬁine, ethanolamine,
diet.hylamine, diethanolamine, triethylamine, °~ N,N-
dimethylaniline ! and N,N-diethylaniline. The
dehydrohalqgenating agent is used in a molar exé'ess ratio
usually of 1.05 - 1.5, preferably of 1.05 - 1.2 and more
preferably . of 1.1 - 1.2, based on 1,2~
naphthoquinonediazide-4-sulfonyl halide or 1,2~
naphthoquinonediazide-5-sulfonyl halide..

The esterification reaction is usuallﬁr carried out

inasolvent. The éolvent for thereaction includes ¢ for example,

ethers, lactones and aliphatic ketones, and preferably the one
selected from dioxolane, 1,4-dioxane, tetrahydrofuran, ¥ -

butyrolactone, acetone and 2-heptanone. These can be used

’alone or in combination of two or more. Among them, 1 ,'4—dioxane

.is preferred. The solvent for reaction is used in an amount

t he



napht hoqui nonedi azi de- 4- sul f onyl hal i de and/ or 1, 2-

napht hoqui nonedi azi de-5-sul fonyl halide is used in an anount usual Iy of
1.2 - 4 hold, preferably of 1.4 - 2.5 hold, based on

4, 4" - met hyl ene- bi s[ 2- ( 2- hydr oxy- 5- nmet hyl benzyl ).- 3, 6- di et hyl phenol ].

The reaction is usually carried out in t he presence of a
dehydr ohal ogenati ng agent. The dehydrohal ogenati ng agent is generally

basi ¢ conpounds ysE¥anP! wEtin bheaheside eoMpe BHED1di weiglde, iprefgaably bhses
such as sodi um carbonate and sodi um hydrogen carbonate, and am nes such as
et hyl ani ne, et ha;lmo!i-arﬁqid weitjhdt apd am?ﬁepreferébb! Hane® érrﬁﬁéd weight based
triethyl am ne, di pet hyl ani

The dehydrohal &é’en’é‘!? n§°5@%ntamf’§nﬁsé’§ |?f4a'f?8Fg¥l%?<%b]Ss§- tgydgn&'}?y of

1.05 - 1.5, prefe J Eﬁw 1Pr ef grabl y Bhediadide -
1.2, based et%g&xe%’éﬂ’ ﬁ?ﬂ ne |%12| de- 4- sul fgrlll;'fl © laa:IL| de
or 1, 2- naryﬁtltigqyy_n@g\pmeam de 5 sul fonyl halide. The

esterification reaction is usually carried out inasolvent.
Thesol vent f or t her eact i oni nEheidetet BFicatiphaeacting well REACESESE wsipr the

al'i phatic ketones, and preferably the one selected fr
1, 4- di oxane, tetﬁ‘&ﬁ’faPBgﬁ?'%npr‘f 1He andb PBFa %’ ogmtfq'{nﬁég € but

ace

2- hept anone. These cap_be used . al on t ofy Jor

Arong them 1, ASHEIRINE ST I5rPRY da tﬁ%’ergl %’%%ff 29 ¢ T éac %ér)llrl S ugoed in
an anount hours

After completion of the reactiqn, the desired ester
c;rystallizes out when the reaction' is neutralized .with an acid
such as acetic acid, followed bj filteringoff of solid substance
and mixing of the filtrate with a diluted aqueoﬁs acid solution,
for example, an aqueous acetic acid solution of a about 1 % by
weight. The ester can be isolated by filtration, washing with
water and drying.

By the esterification reaction, generally, a

mixture of two or more kinds of compounds of the formula (I),

. 1 2
namely those selected from monoester wherein any one of R", R",

R® and R is converted into quinonediazide sulfonyl, diester

wherein any two are converted into gquinonediazide qu:fonyl,
triester wherein any three are converted into quinonediazide
sulfonyl and tetraester wherein all four are converted into
quinonediazide sulfonyl, is produced. -Thismixturecanusually
,be used as it is for a photosensitizer:

The esterified compounds can advantageously be used



usually within a range of 2- to 6-fold weight, preferably 3- to 5- fold

wei ght and nore preferably 4- to 5-fold weight based on the total anount

of 4, 4" -nmethyl enebi s[ 2-(2-hydroxy-5- nethyl benzyl) -3, 6-di net hyl - phenol ]

and qui nonedi azi de sul fonyl hali de. The esterification
reaction well proceeds under the atonnsphé?ic pressure and around the room
tenperature but generally carried out at a tenperature of 20 - 30[err]C
for 2 - 10 -hodfiog. photosensitizekbt esensimivd | ao ofratihetiemst iwh t hes .
desired ester crystallizes out when the reaction is neutralized with an
acid such as JETREIALEY ravH PRedefap\uktnavdplal FA¥s dncdgfing seFRingice

and m xing of the filtragte with a diluted aguepus acid.sal ution for
exanpl e, an aqueaoﬁgséce ec_pggis;asgxb‘fh’ﬂz@ﬁ nggbh%soﬁupfrﬂyfﬁye%\%‘ftgﬁjt‘fhef’he
ester can be i y@ldt &G DY HhbtbabhHihi ASHAdIG VednbosiREBE Y dpyd NGive |

By the esterification reaction, generally, a mxture of two or nore kinds
of conpounds ofreshetf peombine@d withnanmedwoliekosestmwl ect ed from nonoest er

wherein any one of Rlerr], Rerr],. err] and Rlerr] is converted into
qui nonedi azi de sul fonyl, Bi%est¥aligsedaphe ahgvelmk aFestvmvegaliei Ano a

qui nonedi azi de .triester wherein any three are converted.nto
qui nonedi azi depigﬁ%gg%%/ tlfi}r?drg%ﬂ gggP%srut‘ ey %%[% ngitfﬁfm&l}reda%%\éggﬁﬁgw dinto
qui nonedi azi de andl kN We, ahP dWOASRLL ihhike Fikh 4 ¢eBiselalinby Hn weed as

it is for a photosensitizer. The esterified conpounds can
advant ageous| yobsaised by condensing a compound having at least one phenolic
hydroxyl group, namely a phencl compound, with an aldehyde in

the presence of an acid catalyst. The phenol compounds as the

starting materiél for the novolak resins include, for example,

m-cresol, p-cresol, o-cresol, 2,5-xylenol, 3,5-xylenol,

_ 3,4-xylenol, 2,3,5-trimethylphenol and 3-methyl-6-t-

butji(lphenol. Examples of the aldehydes as the other starting

material for the novolak resins include- formaldehyde,

acetaldehyde, bénzaldehyde, glyoxai and salicylaldehyde.

Particularly, formaldehyde is industrially mass-produced in

the form of a 37 % aqueous solution and is suitable for use.

As the acid catalyst, an organic acid, an inorganic acid, a.salt

of bivalent metal and the like may be used.. Specific examples

of the acid catalyst include oxalic acid, acetic acid,

paratoluene sulfonic acid, hydrochloric acid, sulfuric acid,

phosphoric acid and zinc acetate. The phenol compounds and the

aldehyde, as the starting material, and the acid cat-aljst can

be used singly or a combonation of two or more of each. The

condensation reaction can be - conducted according to the

e



10 for photosensitizers sensitive to radiations such as ultraviolet rays
and far ultraviolet rays including excinmer |asers. The photosensitizer
exhi bits superior effects when used in a photosensitive resin conposition
for positive resist, conbined with a novol ak resin. The

al kal i -sol ubl e novol ak resins usable in a iphotosensitive resin conposition
are not linmted in their kind and may be any one usable in the field of

resist. They caBohten®imiinadth¥d | OfshenGiangl1a, CHENO Weshpeutige abidigasta one
phenolic hydroxyl group, nanely a phenol conpound, with an al dehyde in
the presence of rang@cfl évatal ye’C. fdheagdwenel - Gnpeupss ahet beacsic miayg
material for the novolak resins include, .for exanple,. mcresol, p-cresol,
o-cresol, 2,5-xpketstriell Dutywethbut dildexyl enoln a sdiBabiérssomidnt.phenol
and 3-nmethyl -6-t- butyl phenol. Exanpl es of the al dehydes as the ot her
starting material for th@h%\ﬁmmakesﬂeﬁ-nl rréxu@deom?rmﬂdewdereferably

acet al dehyde, benzald I|c Ialdeh Part|cul arl,
for mal dehyde i sTFRULELY 8FIV%§§%‘F% ?j°?$ igngete 5él"rlﬁno? n&"@%’ A)raﬁf bus
sol ution and isyghig atbalse af Qht¥SCof £ éﬁé% .afo' 8 SAlQNShe §81 O5HAHUAG i g%' d,
an inorganic acid, a sal of bivalent netal and the |ike may be use
Speci fi ¢ exanpl eBromthdE:Qp&QI dcpay adogsh porivAehavihd a adlédcubsetweiqati d,

parat ol uene sul fonic acid, hydrochloric acid, sulfuric acid, phosphoric
acid and zinc aet980cor ThEs Gﬁmvmmswwlw aéﬁy% legs hajged

starting material,, .an he acid, c an e used_sin
conmbonat i on of ?% gﬂ%?g aB:Ieaeé% ﬁg%tern except an area %.nytge pattern

for unreacted phenol compound in order to, for example, minimize
undeveloPeﬂ residue of the res;st. Further, it is more
preferred to adjust the ratic; of area for 'the portion having
a molecular weight of 900 or less as converted into styrene to
20 % or léss.

For éxample, the fractionation can be carried out
according to a method in which thé novolak resin is dissolved
in a good solvent, for example, an alcohol such as methanol and
ethanol, a ketone such as acetone, methyl ethyl ketone,and
methyl isobutyl ketone, an ethylene glycol ether such as ethyl
cellosolve, as ethylene glycol ether ester such as ethyl
cellosolve acétate or a cyclic ether such as tetrahydrofuran
and then the solution is poured into water to precipitate high
molecular weight components, 'or- a method in which the above
solution is mixed with a poor solvent such as pentane, hexane
and heptane, followed by phase separétion.

’ It is also effective to add an alkali-soluble phenol

compound having a molecular weiéht of 900 or less to the novolak



condensation reaction can be conducted according to the

conventional nethod, for exanple, at a tenperature within a range of 60 -
120C for about 2 - 30 hours. The reaction nmay be carried out wthout
diluent or in a suitable solvent. The novol ak resin thus _
obtained is preferably treated, for exanﬁﬁe by fractionation, to forma
novol ak resin which has a ratio of an area in a pattern of gel-perneation
chr omat ogr aphy E€PB) whichaisenrighedsin highnadeeridmwedghy conponegdsd yr

| ess as convert into styrene being 25 %or |ess based on the total area .
in the pattern ggEep{“&%’%P@y?ﬁ ttl’fgaﬁﬁ??%‘rn q‘?‘&r ae’ai'ﬂsé’&“blll@ngﬂ’h%'lﬂ?pound
in order to, fo haldl DM ' f,lh LSt
Furher, it .1 sCoRSOMRIE nafully R 501 HBERY YedBRE d 3001 Teek Brdfildiny | o
having a nol ecuhae b 96t Abr&O0Phérol RS hyagokPIVEFSGS int enSiydsBdvuLay 20
% or | ess. . For exanple, the fractionation can be carried out
according to a mtrhethrer wEkanpiés ofotdleaklkakbirsdlsbdiespbenell cémpaungisod
sol vent, for exangte an. al cohol such as nethanol__and_ et hanol, a ketone

INFAEYR| CROFS | AREEBIREGNE YRTA-2733B0t YCOREL ok, ERTA-

such as acetone;

ethyl ene glyool a8 hefs puch i cLiilys GRBTE WhendS SRR Sh9Rq oLher

ester such as et cel | osol ve acetate o r such as
t et r ahydr of ur anmopeshideteifict 2T 960 0F 1dssPOsIpRALbPARI YAEER i aflHfdudt! at e

hi gh ol ecul ar. wei ght conponents, or a nethod in which the above
within a range of 3 -~ 40 % by weight based on the total solid
amount in the photosensitive resin composition.
. Theghotbsensitiveresincompositioncohtaining,as
the photosensitizer, a compound of the formula (I) wherein at

3

least one of Rl, Rz, R™ and R4 is converted into 1,2-

naphthoquinonediazide-4-sulfényl or 2-naphthoguinonediazide
~5-sulfonyl may further contain another 1,2-quinonediazide
sulfonic acid estér of a phenol compound. Examples of the
another guinone-diazide su;fonic acid esters include those

‘ described in JP-A-5-204148, JP-A-5-323597 (corr. to EP-A-
570884) or JP-A-6-167805 (corr. to EP-A-573,056).

In the photosensitive resin composition of the
present inGentionL the photosensitizer, including
guinonediazide sulfonic acid esters other than a compound of
the formula (I) is preferably used in an amount within a range
of 10 -~ 50 % by weight based on the total solid amount in the
photosensitive resin composition. -

7 Preparation of a resist solution containing

photosensitive resin composition is carried out by mixing and



solution is mxed with a poor solvent such as pentane, hexane and heptane,
fol |l owed by phase separation. It is also effective to add an

al kal i -sol ubl e phenol conpound having a nol ecul ar wei ght of 900 or less to
t he novol ak 12 resin which is
enriched in high nolecul ar wei ght conponentss by the fractionation

treat nent. The al kali-soluble phenol conpounds having a nol ecul ar

250 %, 200, SaobEa3ef o ghebhion0s 1 Soufif ks dhan 8 v

in the nol ecul a ruct ur

conpounds | nC|n‘é@%sis§?§ﬁaﬂ%i&lhllb.edoltﬁbﬂ?pbﬁerﬁrﬁc?&&ﬁﬁdm\nngta)mEPeéalar
358,871). The alkali-soluble phenol conmpound having a nolecular

wei ght of 900 oreilgbssof $00r ef dresisl in s edlventan Apdiie SORWeRt n oaer Biigh of 3

- 40 % by weight based on the total solid Snnunt n the tosengltlve
resin corrp05| { iNg§, @ suitable dryimg rahg b HBIER AVESs P MR HRFSS PEFBH

cont ai ni ng, SF%EF QU?£8§§§§UJI£EH é% gggougﬁarrfggeogoggghasgigewggreln

at | east one and Is converted 1Into

1,2- napht hoquynkangdigzicde- ébt%i-lsfsm:)ﬂ a@brapﬁﬁeahi §Dgeo nnoschetiydeether
-5-sulfonyl may further contain another 1,2-quinonedi azide sulfonic acid

ester of a phercletetapetihitl cBLdapblee atetdte andmetirl epl IvAndve acatade,
sul fonic acid esters include those described.in JP-A-5-

04148
JP- A-5- 323597 ES&PFS sushEs athy EpBREYE Tty MARYA %Cefé‘fw%%ﬁ’lﬂ hfr“c’)“a‘te'
EP- A-573, 056) . yetones such !8s!2HRPOLASHANS bL¥Pid €ekReLOMRRITN! | Q0 Ppf_the .

butyrolactone, those described in JP-A-2-220056, those
described in JP-A-4-362645 and those descri_bed in JP-A-4-367863.
The solvents mentioned above can be’ used alone or in combination
of two or more.

The obtained resist solution or photosensitive
resin composition may further.contain a small amount of resiin
or dye if required. |

The present invention will be described in more
detail with Examples which should not be construed to limit the
scope of the present invention. In the Examples, % and parts
used for showing coxitained or added amount are weight Eased

unless otherwise specified.

Synthesis Example 1: Production of 4,4'-methylenebis[2-(2~

hydroxy-5-methylbenzyl)-3,6-dimethylphenol

» Into a 500 ml three-necked flask were charged 144.16

g of p-cresol, 8.1.57 gof toluene and 0.43 g of 36 % hydrochloric



pr esent i nvention, t he phot osensi ti zer, i ncludi ng qui nonedi azi de
sulfonic acid esters other than a conpound of the fornmula (1) is
preferably used in an amount within a range of 10 - 50 % by wei ght based
on the total solid amount in the photosensitive resin conposition.
Preparation of a resist solution containing photosensitive resin
conposition is carried out by mxing and 14

13 dissolving a photosensitizer, a novolak resin and further, if

necessary, an aPfk¥li - F8rtBeE, premiingc Ghpotempératiung atrbd ¥tulkh. 98wesi olft of
900 or less in a solvent. As the solvent, one which has a suitable drying
rate and whi ch $§i¥erethydengbis frindnesynathyk-Ho\baddmathytpiienqgief ewaed. - -

Exanpl es of sucf vents, .include gl ycol esters _such as propyl ene gl ycol
nononet hyl et he?dé_%icé g?lé‘?l%’fsn%'/ -e’éee‘% %‘é%‘i' *_/EméEEt & Birkursthve abeised| ve

acetate,  estelfagueirasy atlonk SfdWalforatud o RbRLE, 203 ELM01355! 21 S
such as '[err]t- '

ket ones such as 2-heptanone, cyclic ‘esters u

butyrol act one, théesstudesess Helltetad ahB-the oB2A0h6d filkoSeiofaRd had i n
JP- A-4- 362645 and those described in JP-A-4-367863. The sol vents nentioned
above can be us®tFsalyee &r 369 gorhietdyilopcetfte.woThe sednsion was washed The

obt ai ned. resi st i on OL. phatosensjtive. resin conposition may further
contain a snal |W§‘$o33t9 S ?Jesgﬁﬁleglrwﬁfl%r 2Pd, Wi, ¥pERLNg was repeated four

more times. The ethyl aéetate_layer was concentrated and
thereto 107.5 g of toluene was then added to precipitate a
crystaline product. Pfecipitgted crystals were filtered,
washed wifh 44.54 g of toluene and the toluene washing was

repeated once more. The obtained wet cake was dried a whole
day and night under a reduced pressure at 60°C to obtain 13.45

g of 4,4'-methylenebis[2-(2-hydroxy-5-methylbenzyl)-3, 6~
dimetﬁylphenol]. .

Mass spectrum: MS 496

1H-NMR (dimethylsulfoxide) & (ppm):
1.92 (s, 6H); 2.02 (s, 6H); 2.09 (s, 6H);
3.68 (s, 2H); 3.88 (s, 4H); 6.33 (s, 2H);
6.48 (s, 2H);'6.70 (m, 4H); 7.94 (brs, 2H);
9.22 (brs, Zﬁ). |

Synthesis Example 2: Formation of quinonediazide sulfonic acid

ester



The present invention will be described in nore detail wth Exanples which
shoul d not be construed to limt the scope of the present invention. In
t he Exanples, % and parts used for show-ng contained or added anobunt are

wei.ght based unless otherw se specified. Synt hesi s Exanple 1:
Production of 4,4'-nethyl enebi s[ 2-(2- 15 :
hydr oxy- 5- met hyl benzyl ) - 3, 6- di net hyl phenol Into a 500 m three-necked

fraskwere charged 144.16 rgegla #19£87 Fourfleckedle sl Rb1EBRaA8: 379359 Of
36 % hydrochloric 14 aci

Further, keeping tbe tanpernbthiyleiebi@[er(2hydk®x9859methylbenzyl)~3,6-
4, 4' - met hyl enebi s(2- hydr oxynet hyl - 3, 6- di net hyl phenol ) "was added in
portions theretdirgtdiyltphenell . Thet@d-0R2ur @ t ds Bdtad neékcesids oFfir led-

att hesanet enper at yrefor3 hours. Aftercooling, t he .m xtyr s.filtered
and the.obtaineﬁﬁéhéaﬂqgﬁPBHe?&ﬁﬁﬁq&i§'s“ £e \ﬁ£}°Fﬁd26§“§ g?ygt 198kt ate.

The sol ution wag; y&iedna ¥hd #%le9ﬁ§$pfgéﬂﬂy'hﬁgsafﬂéﬁﬁ afigled hg g¥aghbng vas

repeat ed four nore tines. he et acetate | ayer was concentrated” and

thereto 107.5 Gppfe di@kHEEm MRS aBCHadE & obRikE G Bbl AIRQ ovdd WShahine
product. Precipitated crystals were filtered, washed with 44.54 g of

toluene and they#QlUeRRLYEEINADMRAe adfREBNGILROGH xRREE. wdd&taRalNgd et
cake was dried a whole day and night under a reduced pressure at 60C to

obtain 13.45 30°C for 3 hours. Thereafter, 45.04 g of acetic acid was added

and the mixture was stirred for 1 hour at the same temperature.
The reacfion mixtur_e was filtered and the residue was washed
with 403.02 g of dioxane. The combined filtrate and washing
were poured into a mixture of 171 g of acetic acid and 17123
g of deionized water and stirred.for 1 hour. " The precipitated
crystals were filtered and the filter cake was washed by stirring
in 3891 g of deionized water. This washiné was repeated further

three times, followed by a filtration. The obtained filter cake
was dried at 40°C to obtain 747 g of the ester (referred to as

Photosensitizer A).

1H-NMR (dimethylsulfoxide) & (ppm):
1.75 (s, 6H); 2.06 (s, 6H); 2.06 (s, 6H);
3.65 (s, 2H); 3.86 (s, 4H); 6.39 (s, 2H);
6.48 (s, 2H); 6.63 (d, 8.2 Hz, 2H);
6.89 (d, 8.2 Hz, 2H); 7.42 (4, 10 Hz, 2H);
r 7.66 (dd, 8.8 Hz, 2H); 7.75 (d, 10 Hz, 2H);

8.02 (s, 2H); 8.24 (d, 8§ Hz, 2H);



g " of ‘4, 4' - met hyl enebi s[ 2- ( 2- hydr oxy- 5- net hyl benzyl ) -3, 6-

di met hyl phenol ] . Mass spectrum NS 496 1H NVR (di nmet hyl sul f oxi de)
[err] (ppm: 1.92 (s, 6H); 2.02 (s, 6H); 2.09 (s, 6H); 3. 68
(s, 2H); 3.88 (s, 4H); 6.33 (s, 2H); 6.48 (s, 2H); 6.70 (m 4H);
7.94 (brs, 2H); 9.22 (brs, 2H). ]§ynthesis Exanpl e 2: Formation of
qui nonedi azi de sulfonic acid ester '

15 Into a 5 liter four-necked flask were charged 372.53 ¢g. of

4,4 -met hyl enebi s[ 2- (6260y ddeox§ -8Bz m&H)yl benzyl ) -3, 6- di met hyl - phenol ],
403.02 g (2 nol ar excess) of. 1,2- napht hoqui nonedi azi de- 5- sul f onyl
chloride and 3877.73 g of dioxane and they were conpletely dissolved.

Then, 182.142 et - Y . Jdis d
1 ﬁgur_ Aftergggrer%f% +%né%rm%{fﬁgel’%\%ﬂ§?@&%% o%r 89%][9& Pesil [err] C over

a on, the mxturé was stirred at 30C
for 3 hours. Thereafter, 45.04 g of acetic acid was added and the m xture
was stirred for 1 hour at the same tenperature. The reaction m xture was

filtered and the residue wWastonaded minfour-n@ekead fdagk . degemhardrhdel £bfi ned

filtrate and washi ng ' .
g of"m-cresol, 121.5 g of p-cresol, 252 g of methyl iscbutyl

ketone, 37.0 g of 10 % oxalic acid and 84.8 g of 90 % aqueous
acetic acid. Heating the mixture in an oil bath at 100°C with

stirring, 129.5 g of 37 % formalin was added dropwise thereto
over 40 minutes and reactionwas carried out for further 15 hours.
Then, the mixture was washed with yvater and dried to obtain 466
g of amethyl isobutyl ketone solution containing 42.3 % novolak
resin. The resin had a weight average molecular weight,
converted into styrene, of 4300 as measured by GPC.

i Into a 5 litter separable flask ha\(ing a drain cock
at the bottom, was charged 450 g of the solution obained above.

Further, 909.6 g of methyl isobutyl ketone and 996.1 g of
n-heptane were added thereto. After stirring at 60°C for 30

minutes, the mixture was left to stand and subjected to
phase-separation. To the lower layer mas.s obtained by the
separation, was added 380 g of 2-heptanone. Thereafter, methyl
isobutyl ketone and n-heptane were removed therefrom by
evaporation to give a 2-heptanone solution of a novolak resin.
The resin had a weight average molecular weight, converted into
styrene, of 9.000 as measured by GPC, and a ratio of an area for
a portion having a molecular weight of 200 or J_.ess as converted

into polystyrene was 14 % based on the total area in the pattern.



were poured into a mixture of 171 g of acetic acid and 17123 g of
dei oni zed water and stirred for 1 hour. The precipitated crystals were

filtered and the filter cake was washed by stirring

wat er. This washing was repeated further three tines, followed by a

in 3891 g of deionized

filtration. The obtained filter cake was dried at 40C to obtain .747 g of
the ester (referred to as Photosensitizer A). 1H NWVR

(di met hyl sul foxi de) 6 (ppm: 1. 75]( s, 6H); 2.06 (s, 6H); 2.06 (s,
6H) ; 3.65 (s, 2H); 3.86 (s, 4H); 6.39 (s, 2H; 6.48 (s, 2H); -

6.63 (d, 8.2 HappPiBation Examp189 {(d, B.2 Hz, 2H); 7.42 (d, 10 Hz, 2H);
7.66 (dd, 8.8 He, 2H); 7.75 (d, 10 He. 2H); (802 (s, 2 824
" 78.60 (d, 8 Hz,

Hz, 2H);

2H) . Ref erence Exanpl e:_ Producti on of novol

1000 ni four - necked ]‘Iask“5 BRY & AR oA S a%“tﬁe ﬁ%’?te's?)f‘ st B of

p-cresol,

252 grotnaehBybihsoped ¥

e Mtarénd OpPiiddh %.rpxl@éféi'

(d, 8

Intoa

d and

A<
84.8 ¢ of 90 % aqueous acetic aC|de Heati'ng the mxture in an oil &b@ath at
100[ err] C wi t hexahpIlé) NG..9120aktsy 6f 3, 4%-f o hpdickybenzglideene fHiBR)i6se

thereto

xylenol as an additive, an amount of a 1,2-naphthoguinone-
diazide photosensitizer shown in Table 1 and 2-heptanone were
xp.:‘gxed in such manner that the total amount of 2- heptanone in
the solution became 50 'parts and they were dissolved. The

solution was filtered through a fluorine resin filter having
a pore size of 0.2 u to obtain' a .resist splution.

The above resist solution was coated onto a silicone
wafer washed according to conventional manner, using a spin

coater to 1.1 Umthickness. Then, the wafers were baked on a

hot plate at 90°C for 1 minute. Thereafter, they were exposed

to irradiation with a reduced. projection exposing machine
(manufactured by Nikon , NSR 1755i 7A, NA = 0.5) having an
exp-osing wave length of 365 nm (i-ray) changing the exposure
amount in steps. Then, the wafers were baked on a hot plate
at 110°C for 1 minute and developed with a developinq solution
"SOPD" (manufactured by Sumitomo Chemical Company, Limited) for
1 minute to give a positive patterns. Each of the positive
patterns were evaluated in 1.:he following manner. The results

are shown in Table 1.



over 40 mnutes and reaction was carried out for further 15 hours. Then,
the m xture was washed with water and dried to obtain 466 g of a nethyl

i sobutyl ketone solution containing 42.3 % novolak resin. The resin had a
wei ght average nol ecul ar wei ght, converted into styrene, of 4300 as
measured by GPC. Into a 5 litter separable flask having a drain
cock at the bottom was charged 450 g of the sol ution obai ned above.
Further, 909.6 g of nethyl isobutyl ketone and 996.1 g of n-heptane were

added thereto. After glebét e 3bnBPLiidys I0is 3} iUl 1h RRARSXS H G NAS
left to stand and subjected to phase-séeparation. o the lower |ayer nass

obt ai'ned by the eﬁi&@iﬁ Iaduntlgt agesch 38 @.8b 2 hqateaaaaespJ{Frﬁatheech
e

met hyl i sobutyl tone and n-heptane were renoved therefrom by
evaporati on to gp¥€ome 4-hegtanone solution of a novolak resin. Thke resin
had a wei ght average nol ecul ar wei ght, converted into styrene, of 9000 as
nmeasured by GPC, and a ratio of an area for a portion having a nol ecul ar

wei ght of 900 or less _as converted into polystyrene was 14 % based on the
total area in the pat Resolution: The size of” thé line and space patfern

Appl i cati on Exa@%féra]bre %fiﬁnout 1oss of £1PmPEEicknea@NYE" hELsd UL w}%‘ni d
wei ght, of a sol uthon "of e novolak reSin in 2-heptanone obtalned in
Ref er ence scanning electron microscope at an exposure amount at which the

line and space pattern become 1 : 1 (effective sensitivity).

Profile: The shape of cross-section of 0.45 gmline

and space pattern at the effective sensitivity was observed with

a scanning electron microscope.

Focus (Depth of focus): The width of focus when 0.40
Mmline and space pattern was separable without loss of film

thickness at the effective sensitivity was measured with a

scanning electron microscope.

Scum: Presence or absence of scum (undeveloped

residue) was observed with a scanning electron microscope.

¥ -value: The ascent ofalineobtainedby plofting

normalized thickness of membrane (= residual thickness of

membrane / original thickness of membrane) with respect to the
5

exposure amount was measured and tan 60 was taken as the ¥

-value.



Example, 3.9 parts of 4,4'-(2-hydroxybenzylidene)di-2,6- xylenol as an
additive, an anount of a 1, 2-naphthoqui none- diazide photosensitizer shown
in Table 1 and 2-heptanone were mxed in such nanner that the total anount
of 2- heptanone in the solution becane 50 parts and they were dissol ved.
The - solution was filtered through a fluorine resin filter having a pore
size of 0.2 [err] to obtain a resist solution. The above resi st
solution was coated onto a silicone wafer wgshed according to conventional
manner, using a spin coater to 1.1 [err]mthickness. Then, the wafers were
baked on a hot plate at Qthrr]C for 1 mnute. Thereafter, they were
exposed to irradiation wi TAPLE Heduced proj ection exposi ng nmachi ne

(manuf actured by N kon , NSR 1755i 7A, NA = 0.5) having an exposing wave

| ength of 365 nm (i-ray) changing the exposure anount in steps. Then, the
waf ers were baked-eh-a-hot-d-ai8 --at -1l -84"d-}-C~F0F - A-4R-HH-2 -aRd~-dev-el-oped
with a devel oping solution "SOPD' (manufactured by Sum tono Chem cal
Conpany, Lim tedpplldrationiEram@leoNgi ve a poditive pattéerns. Each of the
positive patterns were evaluated in the follow ng manner. The results are
shown in Table [~~~ """ =7 " —=TTTTTTTmTeT T T T g7 777
Effective sensi tdybb¥itidhs is expressed in terns of the exposure anmpunt
at which the 0.50 [err] line and space pattern becone 1:1.

Photosensitizer : A 5parts A 7parts A 8parts
B 1 part
Properties
Effective Sensitivity 300 msec 330 msec 380 msec
Resolution 0.32 um 0.31 um 0.30 um
Profile
Depth of Focus 1.5 um 1.5 wn 1.5 wm
Scum Not Not Not
observed observed observed
Y ~value 7.62 8.77 10.1
Photosensitizer A s The ester obtained in Synthesis
Example 2
Photosensitizer B g A condensate of 4-(4-hydroxy-

2,5-dimethylbenzyl)pyrogallol and 1,2~

naphthogiinone-diazide-5~sulfonyl chloride in a molar



Resol ution: The size of the Iine and space pattern separable w thout | oss
of filmthickness is neasured with a scanning electron m croscope at an

exposure anount at which the |ine and space pattern becone 1 : 1
(effective sensitivity). Profile: The shape of cross-section
of 0.45 [err]mline and space pattern at theoeffective sensitivity was
observed with a scanning el ectron m croscope. Focus (Depth
of focus): The width o when 0.40 [err]mline and space pattern -was
separ abl e wi t hout Ios% ‘b? ?#Jslm ﬁhl ckness at the effective sensitivity was
measured with a scanning electron m croscope. Scuni Presence
or absence of scum (undevel oped residue) was observed with a scanning

el ectron m croscope. The tetraphlefbl |conpahn@s cEhehépaesent GinvanktiiBg

obtai ned by plotting nornal.i.zed thickness of nenbrane (= residual
t hi ckness of neegresemtledoby giheakotik Res winfreiandt dralstWbid oreabpea?,t o
the exposure anbunt was neasured and tan [err] was taken as the [err]

- 3 :
val ue. R?® and r? represents 1,2—naphthoquinonedi;?ide sulfonyl are

useful as a photosensitizer for a photésensitive resin
composition and the compound.wherein Rl, Rz, R® and R* are all

hydrogen is useful as a precurfsor of such photosensitizer. The
photosensitive - resin- compositions comprising said
photosensitizer which is converted into a 1,2-
naphthoquinonediazide sulfonié acid ester is well balanced
among various properties as the resist for minute proceésing
of semiconductors such as high sensitivi%y, high resolution
(¥-value), high heat resistance, good profile, good focus

allowance( little devglopmenﬁ residue and the like.



TABLE 1

li cati on. Exanpl e No. 1 2 3
Corfpositlcm mwﬁﬂ’"ﬂﬂmﬂm zer A5 parts A 7 parts A 8 parts
B 1 part }ective Sensitivity 300 nsec 330 nsec
380 nsec Resoluflo _ 0.32 [err]m 0.31 [err]m 0.30
[err]m Profile [err] 21 [err] [err]
Dept h of Focus 1.5 [errlm 1.5 [err]m 1.5 [err]m Scum
Not Not observed
obser ved obseF&?&m [err]-val ue 7.62 8.77
10.1 Phot osensi ti zer A The ester. obtained in Synthesis
Exanple 2 Photosensitizer B A condensate of 4-(4-hydroxy-

2, 5-di met hyl benzyl ) pyr ogal | oltexndpheRel compound represented by the formula
naphthqu|none 'di azi de-5-sul fonyl chloride in a mol ar
(1):

OR! CHg CH;  OR4

CHos CHy CHso
R20 ORS

CH3 CH3 CHg CHg

wherein Rl, RZ; R® and R4-répre§ent, independently with one

another, hydrogen, 1,2-naphthoquinonediazide-4-sulfonyl or
1,2-naphthoquinonediazide-5-sulfonyl.

i
2 A compound according to Claim 1, in which Rl, Rz,

R® and R? are all hydrogen.
3 A compound according to Claim 1, in which at least
one of Rl_, Rz, R® andr? is 1,2~-naphthogquinonediazide-4-sulfonyl

or 1,2-naphthoquinonédiazide-5-su1fony1.

4 Af process for producing a compound of Claim 1 which

comprises reacting 4,4'-methylenebis(2-hydroxymethyl-3,6~

dimethylphenol) with p-cresol.

5 ' A process for producing a compound of Claim 3 which

comprises reacting 4,4'-methylenebis[2-(2-hydroxy-5-methyl-
” benzyl)-3,6-dimethylphenol] with 1,2-naphthoquinonediazide-

4-sulfonyl halide or 1,2-ﬁéphthoquinonediazide—5-su1fony1

-



- ratio of 10 The tetraphenol conmpounds of the
presen esented by the fornula (I) wherein at | east one of
R[err]U“ﬂF‘ﬁ “ﬂnm”ﬂ 4 R and R represents 1, 2-naphthoqui nonedi azi de
sul fon L Use as a photosensitizer for a photosensitive resin
conposition and.the conpound wherein Rerr]22 Rlerr], Rerr] and Rerr] are
all hydrogen is useful as a precursor of such photosensitizer. The

phot osensitive resin conpositions conpri si ng said photosensitizer
which is - coh@%&Q%xi into a 1,2- naphthoqui nonedi azi de sul fonic

mnute processi ho of sontEBRINBERTL AR RIS Sty ebEry L SmpRund’

resol ution ([efédrégﬂdggh by b ghu&gs %ance good profile, good focus
al |l owance, little devel opment resi he lik ‘

21 Caim 1 i A tetraphenol conpound represented by the
formula - (I):.[err]

- OrRl"  cH; CHg OR4

CHoo CHy CHo
R20 ORS %~
CHg CHg CHg ' CHg

wherein one of Rl, Rz, R3 and R4 represents 1,2-

naphthoguinonediazide-4-sulfonyl or 1,2~
naphthoquinonediezideAS-sulfonyl and the rest represent,
independently with one another, hydrogen, 1,2~
naphthoquihonediazide-4-sulfonyl or 1,2-
naphthogquinonediazide-5-sulfonyl.

7 A photosensitive resin composition comprising an
alkali-soluble novolak resin and a photosensitizer of Claim 6.
8 A composition according to Claim 7, in which the
alkali-soluble novolak resin is a condensate of a phenol
compound with an aldehyde, a ratio of an area in a pattern of
gel-permeation chromatography for a portion thereof, havingle
moleeular weight of 900 or less converted into styrene, being
25 % or less based on the totel area in the pattern except an

area in the pattern for unreacted phenol compound.

I
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wherein Rerr], Rerr], Rerr] and Rlerr] represent, inde
one anot her, hydrogen, 1,2-naphthoqui nonedi azi de-4-sulfon
1, 2- napht hoqui nonedi azi de- 5-sul fonyl. 2 A conpoun
Caim1l, in which Rerr], Rerr] Rerr] and Rerr] are all hydrogen. 3

A conpound according to Caim1, in which;at least one of Rerr], Rerr],
Rlerr] and R err] is 1, 2-naphthoqui nonedi azi de-4-sul fonyl or

1, 2- napht hoqui nonedi azi de- 5-sul fonyl. 4 - A process for producing a
conpound of CAESARACHHi ch conprises reacting 4 ,4 _

- met hyl enebi s(2- hydr oxynet hyl.- 3, 6- di net hyl phenol) with p-cresol. 5

A process for producing a conmpound of C aim 3 which conprises reacting

4, 4" -met hyl enebi s [ 2- (2-y¢r@4pnhendEiditipound ¥eiitekedtba by Rinky kpheapd ]| with
1, 2- napht hoqui nonedi azi de- . 4-sul fonyl “halide or

1, 2- napht hoqui(zQredi azi de- 5- sul f onyl

22 halide. 6 Aphot osensi ti zer conprising a tetraphenol conpound

represented by the formula (I): [err]

orR!  CcHg CH3  OR?

| CHo L -CHp L CH,
. ' | ' (1
| R207Y OR3

CHg .CH{3’_ CHg . CHg

wherein Rl, 'Rz, R3 and R4 represent 'hydrogen, 1,2-

naphthoquinonediazide-4-sulfonyl or 1,2-
naphthoquihonediazide-s-sulfonyl and a method for producing
the compound are provid$a{ and the compound can be used as a
photosenéi;izer for a pOsit;Qe resis£ which exhibits superior

properties.

v
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menn one df Rlerr], HRerr], HRerr] and Rerr] rem@@ﬁﬁmwku.T

napht hoqui nonedi azi de- 4- sulfonyl or _
napht hoqui nonedi azi de-5-sul fonyl and the rest represent| DadHdbde }
Wi th one  anot her, hydrogen, 1, 2- — T !
napht hoqui nonedi azi de- 4- sul f onyl . or 1, 2-

napht hoqui nonedi azi de-5-sul fonyl. 7 A phot osensitive resin
conposition conprising an al kali-sol ublas novol ak resin and a

phot osensitizer of Claim6. 8 A conposition according to Claim?7,

in which the alkali-soluble novolak resin is a condensate of a phenol

conpound with an al dehyde, a ratio of an area in a pattern of

gel - per meat i og, portion thereof, having a nol ecul ar
wei ght of 900 Eﬂﬁ%@%ﬁ@%@ﬁﬁ& g’%‘?@ HOR F&O%Wéﬁﬁ%%sed on

the total area in the pattern except an area in the pattern for unreacted
phenol conpoungBSTRACT

A tetraphenol compound réprésented by the formula

(I):

OR! CHg  ‘CHg OR4
CHo. CHZ CHo
R20 ORS
CHg CHg CHs . CHg
. 1 o2 3 ' 4 .
wherein R, R, R and R represent hydrogen, 1,2~
naphthoquinonediazide-4~sulfonyl or 1,2~
naphthoquihonediazide-s—sulfonyl and a method for producing
the compound are proﬁideﬂ, and the compound can be used as a
“

photosenéitizer for a positive resist which exhibits superior

properties.
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