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~ QUINONEDIAZIDE SULFONIC ACID ESTERS AND

POSITIVE PHOTORESIST COMPOSITIONS COMPRISING THE SAME

FIELD OF THE INVENTION
The present invention relates to a quinonediazide -
sulfonic acid ester of a polyhydric phenol compound, a process
for producing the same, a sensitizer containing the same and
a positive photoresist composition comprising the.same.
The present invention also relates to a polyhydric

phenol compound which is useful as an ingredient of a.

positive resist composition, a process for producing the same

and a resist composition comprising the same.

DESCRIPTION OF THE RELATED ART

Various quinonediazide sulfonic acid esters of
compounds having a phenolic hydroxy group have been proposed

as sensitizers in photosensitive resin compositions used .in

minute processes for producing semiconductor. Recently, with

a rise in the integration level of integrated circuits, more

-and more minute processes .and formation of pattern of

submicron order have been required for producing a
semiconductor. In order to cope with the recent tendency, a
positive resist composition free from scum (undeveloped
residue) and excellent in properties such as sensitivity,
resolution, y -value, profile (developed pattern shape) and
heat resistance, etc. is demanded. Particularly in the

productlon of 16- 6& MDRAMs (Mega-bit dynamic randam access

f;ﬁmemory), a p051t1ve re31st composition excellent in the
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Ealance among properties such as sensitivity, resolution and
profile, etc. is demanded. However, for example, sensitivity
and reéolution have dontrary tendency, i.e. improving the
sensitivity often lowers the resolution, and vice versa.
Therefore, it is generally difficult to obtain a positive
resist composition excellent in both properties.

In USP-5,173,389(=JP-A-2-285351) and USP-
5,290,656 (=JP-A-2-269351), there is proposed a positive
photoresist which comprises, as a photo sensitizer, a
quinonediazide sulfonic acid ester of a polyhydric phenol
compound having two or more benzene rings. The positive
photoresist, however, is not yet satisfactory in properties,
such as sensitivity, resolhtion, v —~value, profile, scum,
etc., particularly in sensitivity and in compatibility
between sensitivity'ahd resolution.

An object of the present invention is to provide a
photosensitive compoun@ which is useful in producing a
posiiive resist composition excellent in the balance among
properties, such as sensitivity, resolution, ¢ -value,
profile and heat resistance, and free from scum; a process for
prepafing the same, a photo sensitizer comprising the same
and a positive resist composition comprising the same.

The inventors of the present invention have found
that an o-quinonediazide sulfonic acid ester of a compound
having a specific molecular structure and having four
phenolic hydroxy groups can give excellent properties to a

positive resist.composition when it is used as the sensitizer

“in" the positive resist composition. Thus the present
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invention has accohplished. _
A further object of the present invention is to
provide'a novel polyhydric phenol compound which is useful as

an ingredient of a resist composition, a process for producing

'the same in high purity through an easy reaction, and a -

resist composition comprising the same.

Hitherto, various polyhydric phenols have been

-known. For example, in USP-4,514,334(=JP-A-55-162728) and

USP-4,894,432 (=JP-A-62-84035), there is described a polyhydric
phenol. having two or more benzene rings. However, in order
to ﬁroduce the known polyhydric phenol compounds, long
producing processes are required. According to the processes,
often, a compound of low purity is obtained and: it is
difficult to produce a compound of high purity by r?fining
the compound of low purity.

A quinonediazide sulfonic acid ester of a polyhydfic
phenol compound has been proposed as a photosensitizer
comprised in a resist composition used in minute producing
processes of semiconductors, as mentioned above and in
various literature such as EP-A-573,056 (=JP-A-6-167805). A
polyhydric phenol compound can also be used as an alkali
soluble ingredient in a resist composition, as mentioned in
*JP-A-2-2560 or JP-A-3-200253.

Through extensive studies, the inventors of the
present invention have found a novel aromatic tetrah&droxy
compound which is.eaéily obtained in high purity and is

useful as an ingredient of a resist composition.

t"t_
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SUMMARY OF THE PRESENT INVENTION
The present invention provides a compound

represented by the general formula (] ):

R3 Rlp6 Qlo 0Q2
| .

|
R4 R5 R7

wherein one of R' and R2 répresents -0Q* and the other

| represents hydrogen, alkyl having 6 or less carbon atoms,

cycloalkyl having 6 or less carbon atoms, alkenyl having 6 or
less carbon atoms, alkoxy having 6 or less carbon atoms or
halogen; R3®, R* and R® each independently represent:hydrogen,
alky} having 6 or less carbon atoms, cycloalkyl having 6 or
lesé carbon atoms, alkenyl having 6 or less carbon atoms,
alkoxy having 6 or less carbon atoms or halogen; provided that
when R? is -0Q*, both of R3 and R* are hydrogen or at least
one of R' and R® is alkyl Haying 6 or less carbon atoms,
cycloalkyl having 6 or less carbon atoms, alkenyl haviﬁg 6 or
less carbon atoms, alkoxy having 6 or less carbon atoms. or
halogen; |

R® and R’ each independently represent hydrogen, alkyl having
6 or less carbon atoms or alkenyl having 6 or less carbon
atoms, or R® and R? form a cycloalkane ring having 6 or less
carbon atoms together with the carbon atom to which they are
atfached; and | N

Q', Q2, Q* and Q* each independently represent hydrogen or o-

quinonediazide sulfonyl, provided that at least one of Q',

ty
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di, Q® and Q* is o-quinonediazide sulfonyl.
The present invention also provides a process for
producing the compound of formula (] ), which comprises
allowing a tetrahydroxy compound represented by the general

formula (II):

R® RIR6 HO OH

. |
R2 ch—-%}w (L)

|
R4 R5 R7

wherein one of R!' and R? represents hydroxy and the other
represents hydrogen, alkyl having 6 or less carbon atoms,
cycloalkyl having 6 or less carbon atoms, alkenyl having 6 or
less carbon atoms, alkoxy having 6,or less carbon atoms or:
halogen; R3, R* and R® each independently represent hydrogen,

alkyl.having 6 or less carbon atoms, cycloalkyl having 6 or

.less carbon atoms, alkenyl having 6 or less carbon atoms,

alkoxy having 6 or less qarbon atoms or halogen; provided

that when R? is hydroxy, both of R® and R* are hydrogen or at

- least one of R' and R® is alkyl having 6 or less carbon

atoms, cycloalkyl having 6 or less carbon atoms, alkenyl

- having 6 or less carbon atoms, alkoxy having 6 or less carbon

atoms or halogen; and

R® and R? each independently represent hydrogen, alkyl having
6 or less carbon atoms or alkenyl having 6 or less carbon
atoms, or R and R’ fofm a cycloalkane ring having 6 or less
carbon atoms together with the carbon atom to which they are

attached
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to react with an o-quinonediazide sulfonyl halide in the
presence of a baée.

The present invention also provides a
photosensitizer which comprises the compounds'of formula (1)
as its effective ingredient. |

The present invention also provides a positive
photoresist composition which comprises the compounds of
formula (] ) and an alkali soluble novolac resin.

The present invention further provides.a novel
compound, 1,2,3-trihydroxy-4-(4-hydroxy-2,5-dimethylbenzyl)
benzene, which is one of compounds represented by the formula
(I'), more concretely represented by the following formula

(A):

CHg OH
CHz\@OH |
(A)
HO OH
CHg

and is useful.as an ingredient of a resist composition.

(Hereinafter, the compound of formula (A) is described as "
» compound (A)".) q

The present invention still further provides a

process for producing qompound A which compfises allowing 4-

hydroxymethyl-2,5-dimethylphenol to react with pyrogallol,

and provides a resist composiiion comprising compound (A).
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'DETATLED DESCRIPTION OF THE PRESENT INVENTION

Alkyl denoted by R', R?, R3®, R* or R? in the formula
(I) or (II) is preferably a straight chain or branchec‘i.chain
alkyl group having 4 or less carbon atoms. Cycloalkyl
denoted by R', sz R3, R* or R5 in the formula (I ) or (II) is.
preferably a cycloalkyl group having 5 or 6 carbon atoms.
Alkyl denoted by Ré or R" is preferably methyl or ethyl.
Examples of o-quinonedigzide sulfonyl groups denoted by Q',
Q?, Q® and Q* in the formula ( I) or (I) include the 1,2-
naphthoquinonediazide—u-sulfonyl, 1,2-naphthoquinonediazide-5-
sulfonyl and 1,2-benzoquinonediazide-4-sulfonyl group, which

are represented by the following formulae, respectively:

Seallsenlice
302 SOZ

S0

Among the compounds of formula (I ), those wherein R
2 i -0Q* is preferred and examples of the particularly
important compounds include: _ _
(1) the compounds of formula (I ) wherein all of R', R3, R*
* and R® are hydrogen; _
(2) the compounds of formula (I ) wherein one of R?® and R* is
hydrogen and the other is alkyl, and R' and R® are each
independently hydrogen 6r alkyl;
(3) thé'compounds of formula (I ) wherein R® and R* are each

independently alkyl, and one of R' and RS isfhydrogen and the
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other is alkyl; and
(4) the compounds of formula (I ) wherein both of R® and R®
are hydrogen, and both of R' and R*® is &ethyl.

Tetfahydroxy compounds of formula (Il ) wherein RS
and R" are hydrogen can be produced by allowing a 2- or 4-
hydroxybenzyl alcohol, which may be further substituted at
the benzene ring, to react with p&rogallol.

Tetrahydroxy compounds of formula (I ) wherein at
least one of R® and R? is alkyl can be produced by allowing a
2- or Y4-alkenylphenol which has a double bond at the a -
position and may be further substituted at the benzene ring
to react with pyrogallol. For example, tetrahydroxy
compounds of formula (I ) wherein R¢ and R? are methyl can be
produced by allowing 2- or 4-isopropenyl phenol, which may be
further substituted at the benzene ring, to react with
pyrogallol. _

Tetrahydroxy compounds of formula (Il ) wherein at.
least one of R® and R? is alkyl can also be produced by
allowing a 2- or 4-hydroxybenzyl alcohol which is substituted
by alkyl at the g -position and may be further substituted
at the benzene ring, to react with pyrogallol.

The above-mentioned reaction to produce a
tetrahydroxy compound of formula (I ) is preferably carried
out in the presence of an acid catalyst to accelerate the
reaction. As the acid catalyst, either inorganic acids or
organic acid can be used. Examples of the acid catalyst
include hydrochloric acid, sulfuric acid, formic acid, oxalic.

acid and p-toluenesulfonic acid.
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As examples of tetrahydroxy compound of formula (II
) usable as a raw material for producing compound of formula (

1), following compounds can be mentioned.

# Hy 2 H :
OH ' H & £
€Y )
HO H HO OH
H oM
Hy H
®
H
CH,y . CH,
CH, H
Hy H
()
HO CHy H
oM i
Hy H
@
H
CHy

OH OH
H, Ok
4}
H
[
H H
OH
(m)
H

OCH,
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Compound (A) and above-mentioned compound (b) are
the same compounds. Compound (A) can be easily prodﬁéed in
high purity by allowing u-hydfoxymethyl-z,5-dimethylphenol to
react with pyrogallol. In the reaction, the amount of .
pyrogallol is preferably 1-3 moles, more preferably 1-2 moles
per 1 mole of U-hydroxymethyl-2,5-dimethylphenol. Thbﬁéﬁ any
of the acid catalysts mentioned above as those usable for
producing tetrahydroxy compound of formula (II ) can be used
in this reaction, hydrochloric acid, sulfuric acid and p-
toluenesulfonic acid are preferred and among them, p-
toluenesulfonic acid is most preferred. The amount of the
acid: catalyst is usually 0.61-0.1 mole, preferably 0.01-0.05
molg, more preferably 0.01-0.03 moles ﬁer 1 mole of
pyrogallol. | !

The reaction to produce compound (A) is usually
carried out in the presence of solvent, and water is
preferably used as the solvent. The amount of solvent,
particularly water, is usually_0.25-5 parts by weight,
preferabl& 0.5-2 parts by weight, more preferably 0.8-1.2
parts by weight based on 1 part by weight of pyrogallol.

The reaction to produce compound (A) is usually

» carried out under atmospheric pressure at a temperature of
about_10-6013. As long as the raw materials can be dissolvgd
in the reaction system, the lower reaction temperature is
"more preferred. H—H&droxymethyl-z,S-dimethylphenol is
preferably added to an aqueous solution containing pyrogallol

and an acid catalyst slowly or dividedly, for example over
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0.5-2 hours.

When water is used as the solvent, compound (A)
precipitates as the reaction is proceeding or by cooling the
reaction s&stem to room temperature after the completion of
the reaction. Then, solid-liquid separation is carried out.
to obtain crude compqund (A), which is preferably refined.
Though the refining method is not limited, crystallization is
preferred. As the crystallization, crystallization from a
solution in an aromatic solvent, such as bepzene, toluene and
xylene, and crystallization from an agqueous solution

containing alcohol, such as methanol and ethanol can be

'mentioned. Among the aromatic solvents, toluene is

preferably used. Among the aqueous solutions containing
alcohol, those containing 30-60 % by weight of alcohol are
preferred, those containing 30-40 % by weight of alcohol are-
more-preferred and particularly preféfred are those containing
methanol. |

The esterification reaction of the tetrahydroxy
cqmpound of formula (]I ) with the o-naphthoquinone sulfonyl
halide is carried out in the presence of a base. Examples of
the base useable in the reaction include amines, such as
trimethylamine, triethylamine, triethanolamine, N,N-
dimethylaniline, N,N-diethylaniline and pyridine, and
inorganic bases such as sodium carbonate and sodium acid
carbonate. The amount of the base ‘is usually 1.05—5 moles,
preferably 1.05-1.2 moies, and more preferably 1.1-1.2 moles,"
per 1 mole of o-naphthoquinone sulfonyl halide.

The esterification reaction is usually carried out
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in a reaction solvent. As examples of the reaction solvent,
ethers, such as 1,4-dioxane and tetrahydrofuran; esters, such
as amyl acetate andq?-butyrolactone; and aliphatic ketones,

such as acetone and 2-heptanone can be mentioned. These

solvents can be used singly or as a mixture of two or more.

thereof. Among the above-mentioned solvents, 1,4-dioxane is
particularly preferred. The amount of the reaction solvent is

usually 2-6 parts by weight, preferably 3-5 parts by weight,

more preferably 4-5 parts by weight based on 1 paft by total

weight of tetrahydroxy compound and o-naphthoquinone sulfonyl
halide. '

After completion of the esterification reaction, the
reaction system is neutralized with an acid such as acetic

acid and is filtered to remove solids. The filtrate thus

obtained is then mixed with dilute aqueous acid solution, such .

as aqueous acetic acid solution having a concentration of
about 1% by weight, to precipitate the objective compound.
The precipitate is filtefed, washed with water and dried to
obtain the compound of formula ( I).

The -compound of formula (1 ) can be used és a
photosensitizer. The photosensitizer:may be a mixture of two
or more of;

a monoester which means a compound of formula (] ) wherein
one of Q', Q%, Q? and Q* is o-quinonediazide sulfonyl;

a diester which means a compound of formula (I ) wherein two
of Qt, Q%, Q* and Q* afe o-quinonediazide sulfonyl;

a triester which means a compound of formula (] ) wherein

three of Q', Q?, Q® and Q* are o-quinonediazide sulfonyl; and

“'{'..
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a tetraester which means a compound of formula (I ) wherein
four(=all) of Q', Q?, Q3 and Q* are o—quinonediazide sulfonyl.
The amount of o-quinonediazide sulfonyl halide

varies depending on the esterification ratio of the compound

of formula (I ) to be produced. However, it is usually 1.,2--

4.5 moles, preferably 2-4.2 moles, per 1 mole of the
tetrahydroxy compound. The average esterification ratio of
the compound of formula (1) is preferably 50% or more. For
a photosensitizer, the tetraester is preferred. Particularly

preferred is a compound of formﬁla ( I) wherein R? is -0Q*,

all of R3, R®, R® and R" are hydrogen, both of R' and R® are-

methyl, and all of Q', Q2, Q*® and Q* are 1,2-quinonedoazide-
5-sulfonyl, i.e. 2',5'-diﬁethyl diphenylmethan-2,3,4,4'~
tetrgyl tetrakis(6-diazo-5,6-dihydpo—5-oxo—l—naphthalene
sulfonate. |

The tetraester can be produced by allowing a
tetrahydroxy compoupd of formula (I ), such as 1,2,3-
trihydroxy-u—(H-ﬁydroxy¥2,S—dimethylbenzyl)benzene, to react
with an o-quinonediazide sulfonyl halide, such as 1,2-
naphthoquinonediazide-5-sulfonyl chloride in an amount of
about 4-4.2 moles per 1 mole of the tetrahydroxy compound
under the conditions mentioned above. Even when the amount of
o-naphthoquinonediazide sulfonyl halide is less than 4 moles
per 1 mole of the tetrahydroxy compound, usually, a'mixture
containing tetraester can be produced.

The compound.of formula (I ) is preferably ﬁsed as
a photosensitizer which is sensitive to radiation, such as

ultraviolet rays having wave-length of 300-500 nm and far

‘.’;)
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ﬁltraviplet rays inciuding excimer laser. The
photosensitizer exhibits excellent properties particularly
when uééd in a positive resist composition together with an
alkali soluble novolac resin.

A positive resist composition comprising.the-
compound bf formula (I ) and an alkali soluble novolac resin
may further comprises an o—quinonediazide sulfonic acid ester
of an aromatic hydroxy compound other than the tetrahydroxy
compound of'formﬁla (I). The o-quinonediazide sulfonic acid
ester of an aromatic hydroxy compound  other than tetrahydroxy
compound of formula (I ) which has at least one, preferably
two or more, phenolic hydroxy group can be produced by an
esterification reaction of fhe aromatic hydroxy compound'with
an o-quinonediazide sulfonyl halide. Exaﬁples of the
aromatic hydroxy compound other than the tetrahydroxy
'compound_of formula (X ) include:
an aromatic phenol compound represented by the foliowiﬁg

formula (I):

Rll ' R15 R]_g IR15 rll

CHp CHg. R
OH ID
R16 Rzo R18 7R L14R?3

rl4 17

wherein R'', R'%2, R'3, R'*, R'S, R'¢, R'" and R'® each
independently represent hydrogen, hydfoxy, alkyl having 6 or
less carbon atoms, cycibalkyl having 6 or less carbon atoms or
alkoxy having 6 or less carbon atoms, and R'? and R2° each

independently represent hydrogen, alkyl having 6 or less
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éarbon atoms, alkoxy having 6 or less carbon atoms,
cycloalkyl having 6 or less carbon atoms or phenyl which may
be optionally substituted by one or more substituents selected

from hydroxy, alkyl having 6 or less carbon atoms, a;koxy

“having 6 or less carbon atoms and cycloalkyl having 6 or less -

carbon atoms;
an aromatic phenol compound represented by the following

formula (IV):

OH
Rr22

R21 @ OH
HO o) Rzé.— (V)

-R24

R26 R25 _ 'i

wherein R?' and R2? each independently represent hydrogen,
hydroxy or alkyl having 6 or less carbon a;oms, and R%3, R2%,
R25 and R2¢ each independently represent hydrogen or alkyl
having 6 or less carbon atoms, provided that the ends of R23
and R?* may be combined to form a cycioalkane ring having 6
or less carbon atoms together with the'carbon atoms to which
they are attached and/or'the ends of R?®* and R2?°® may be
combined to form a cycloaikane ring having 6 or less carbon

atoms together with the carbon atom to which they are

attached;

an aromatic phenol compound represented by the following

formula (V):
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| R$l  R38
(HO)py OH)p
. ‘C}Y@ ) -
R32 R34 '

wherein R3', R32, R33 and R3* each independently represent .
hydrogen or alkyl having 6 or less carbon atoms, m and n each
independently represeht 0 or a positive integer provided that
m+tn2 2, and Y represents -C(R®*%)(R3¢)- or -C(R"’)(R“)—A_r-C(R
39)(R*°)- wherein R3%, R3¢, R37, R3%, R?% and R%*° each
independently represent hydrogen, alkyl having 6 or less
carbon atoms or cycloalkfl'having 6 or less carbon atoms and
Ar represents a divalent hydroxy benzene residue which may be
substituted by alkyl having 6 or less carbon atoms; and

an argmatic phenol compound representéd by the following

formuia (VI):

R4 OH o (HO)p R4Z

1]
S0, @
(HO)Z OH),

wherein R*' and R*? each independently represent alkyl having
6 or less carbon atoms, aryl having 10 or less carbon atoms, p
represents 0 or 1, and q and r each independently represent
an integer of 0-3 provided that q+r=2.

The o-quinonediazide sulfonic acid ester of the

'aromatic hydroxy compound other than the tetrahydroxy compound

of formula (] ) can be produced by allowing the aromatic

hydroxy compound to react with an o-quinonediazide sulfonyl
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Halide, such as 1,2-naphthoquinonediazide-4-sulfonyl
chloride, 1,2-naphthoquindnediazide—5-sulfonyl chloride and
1,2-behzoquinonediazide-u-sulfonyl chloride, in the presence
of a bése, such as a base exemplified above as the one usable
for producing a compound of formula ( I), in a solvent such .
as the solveht above exeﬁplified as the one usable for
producing a compound of formula (] ).

The aromatic hydroxy compound of formula (II) can be
produced by allowing a compound represented by the following

formula (IMa):
R15 R15

HOCHg CHzOH
(ma)
Rlﬁ Rls 8

R20 Rl
wherein R'5, R'¢, R'7, R'®, R'? and R?° are as defined above,

to react with a compound represented by the following formula

(Ib):

rUI

Rr12
@OH (IIb)
Rr13

R14

wherein R'', R'2, R'3 and R'* are as defined above in the

presence of an acid catalyst such as hydrochloric acid and p-

toluene sulfonic acid.

Any ratio of the o-quinonediazide sulfonic acid

" ester of an aromatic hydroxy compound other than the
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ﬁetrahydrpxy compound of formula ( II ) to the compound of
formula (] ) can be adopted as long as the object of the
present invention can be attained.

An alkali soluble novolac resin which is another
ingredient of a positive resist composition can be produced .
through a condensation reaction of a compound having at least
one phenolic hydroxy group with an aldehyde in the presence
of an acid catalyst. Examples of the compound having at
least one phenolic hydroxy group include o-cresol, m-cresol,
p-cresol, 2,5-xylenol, 3,5-xylenol, 3,4-xylenol, 2,3,5-
trimethylphenol, 2-isopropyl-5-methylphenol, 2-cyclohexyl-5-
methylphenol and 2-t-butyl-5-methylphenocl. The compound
having at least one phenolié hydroxy group can be used singly
or as a mixture of two or more. Examples of the pldehyde,
other raw material for the alkali soluble novolac resin,
include aliphatic aldehydes such as formaldehyde,
acetaldehyde and glyoxal, and aromatic aldehydes such as
benzaldehyde, salicylaldehyde and terephthalaldehyde. From
the industrial view, formaldehyde is preferred, because
formaldehyde is industrially mass—prodﬁced as 37-% by weight -
of aqueous solution. The aldehyde can be used singly or as a
mixture of two or more. _

As the acid catalyst, inorganic acids such as
hydrochloric acid, sulfuric acid and phosphoric acid, organic
acids such as oxalic acid, acetic acid and p-toluenesulfonic
acid, and divalent meﬁal salts Such as zinc acetate and the
like can be used. The condensation reaction can be carried

out according to a conventional method. For example, it is
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éarried out at a reaction temperature of 60 to 120 °C for 2
to 30 hours. The condensation reaction can be carried out in
the absence or in the presence of a solvent.

Préferably; in order to reduce undeveloped residue,

" the.alkali soluble novolac resin is made, by a method such as-

fractionation, into a novolac resin in which the areal ratio

of the GPC pattern of a range in that the molecular weight as
converted to polystyrene is not higher than 900 is 25% or
less, and more preferably 20% or less, based on the total
pattern area excluding the pattern area of unreacted phenol
compounds, as ﬁeasured by using an UV 254 nm detector. The
fractionation can be carried out, for example, through a
method in which the alkali.soluble novolac resin obtained
through the condensation reaction is dissolvediin a good
solvent, and then the solution thus obtained is poured into
water to precipitate the high molecular weight part of the
alkali soluble novolac resin, or the solution is mixed with a
poor solvent, such as pentane, hexane and heptane and then the
mixed solution is separated into two phases. Examples of the
good solvent include alcohols, such as methanol and ethanol;
ketones, such as acetone and methylethylketone; ethyleneglycol
ethers, such as ethylcellosolve; ethyleneglycol etheresters,
such as ethylcellosolve acetate; and ethers, such as
tetrahydrofuran.

The positive resist composition of the present
invention may contaiﬁ an alkali-soluble polyhydric phenol

having a molecular weight of 900 or lower in addition to the

" above-mentioned alkali-soluble novolac resin and

iy
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photosensitizer. As preferred examples of the alkali-soluble
polyhydric phenol, _
1,1-bis(4-hydroxyphenyl) cyclohexane;
‘a compound represented by the general formula (VI):

iy

R52 p51 R4
HO | OH
C (D
R53 R55 .

RO6 (OH)g
R57

wherein R5' represents hydrogen or alkyl having 6 or less
carbon atoms, and R%2, ﬁ53, Ré“; R55, R56-and RS 7each
independently represent hydrogen, alkyl hqving 6 or less
carbon atoms or cycloalkyl having 6 or less carbon atoms;

-a compound represented by the following formula (VI):

H3C CHy CHZ CH3 '
(D
CH3 H3C .
CH3 '
; and compound (A) can be mentioned.

The alka;i-soluble polyhydric phenol having a
molecular weight of 900 or lower is usually used in an amount
of 0-40% by weight,. preferably 3-40% by weight, based on the -
total solid compoénent of the positive resist composition.

'The photosensitizer is preferably used in an amount of 10-50%

by weight based on the total solid component of the positive
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resist composition.
Resist solutions can be formulated by mixing and
dissolving a photosensitizer comprising a compound of formula

(1) and another o-quinonediazide sulfonicacid ester of an

aromatic hydroxy compound, if used; an alkali-soluble novolac -

resin; and othér ingredients such as an alkali-soluble
- polyhydric phenol having a molecular weight of 900 or lower
in a solvent. |

As the solvent used in the preparation of tﬁe resist
solution, -solvents vaporizable at an appropriate rate and
capable of givihg"a uniform and smooth coating film after
evaporation can be used. Examples of such solvents include
glycol_etheresters, such as bropylene glycol monomethyl ether
acet5£e, ethyl cellosolve acetate and methyl cellosolve
acetate; esters, such as n-amyl acetate, ethyl acetate, ethyl
lactate, ethyl pyruvate and y -butyrolactone; ketones such as
2-heptanone; the solvents mentioned in JP-A-2-220056; the
solvents mentioned in JP-A-4-362645; and the solvents

mentioned in JP-A-H-367863. These solvents are used either .

independently or as a mixture of two or more. Considering the

vaporization rate of solvents and the smoothness of the

resist film to be obtained, the mixing ratio of the solid.

* content to the solvent is determined.

As mentioned above, compound (A) can be used as a

raw material for producing the compound of formula (] ) or can
be used as an ingredient of a resist composition comprising
the compound of formula (I ). As the ingredient, i.e. an

alkali soluble polyhydric phenol compound, compound (A) is

i



22

added as it is to the resist-composition.
A Compound (A) can also be used as an ingredient of a

resist composition not comprising the compound of formula (I

) but further comprising other photosensitizers and an alkali

soluble novolac resin. This resist composition is also-

sensitive to radiations such'as ultraviolet ray and far
ultraviclet ray including excimer laser, and is usable in a
minute producing process for a semiconductor. The alkali-
soluble novolac resin used in the resist composition is not
limited and the above-mentioned alkali-soluble novolac resin
used in the positive resist composition comprising the
compound of formula (I ) can be used. The photosensitizer
may be an o—quinonediazide éﬁlfonic acid ester of an aromatic
hydroxy compound other than the compound of formula (I ).
Examples of the aromatic hydroxy compound include polyhydroxy
benzophenones, such as ﬁrihydroxy benzophenone, tetrahydroxy
benzophenone and pentahydroxy benzophenone; polyhydrbxy
flavanes, such as 2,4,4-trimethyl-2',4',7-trihydroxy flavan,
2,4,4-trimethyl-2',3',4',7,8-pentahydroxy flavan and 6-
hydroxy-%a-(2,4-dihydroxyphenyl)-1,2,3,4,4a,9a-
hexahjdroxanetene-g-spifo—1'fcyclohexane; and compounds having
2 or more phenolic hydroxy groups and having 2-4 benzene
rings connected to each other through one or more aliphatic
hydrocarbon connecting groups. More concrete examples of the
photosensitizer are'de;cribed in, for example, USP-5,124,228
(JP-A-2-32352), EP—A-363,978 (JP-A-2-103543), USP-5,290,656
(JP—A-2—269351), USp-5,283,155 (JP-A-3-185447), USP-5,188,920
(JP-A-4-50851), EP-A-505,987 (JP-A-4-295472), EP-A-570,884

4
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(JP-A-5-323597) and EP-A-573,056 (JP-A-6-167805).
In the resist composition not comprising the

compound of formula (] ), the amount of compound (A) is

preferably 3-U40% by weight based on the total solid component

of the resist composition, and the amount of the .

photosensitizer is preferably 10-50% by weight based on the
total solid component of the resist composition.

The above mentioned solvents usable for the positive
resist composition comprising the compound of formula (1)

can also be used in the positive resist composition not

comprising the compound of formula (]) but containing’

compound (A).
The positive resist compqsition may further comprise

a small amount of dye or other resin, if required.

PREFERRED EMBODIMENT OF THE INVENTION

The present invention is explained in more detail
with reference to the following examples. The invention is by
" no means limited by these examples. In the examples, "pért“

means "“part by weight", unless otherwise mentioned.

Example 1

Into a 5 1 three necked flask, 1009g of pyrogallol,
30.43g of p-toluenesulfonic acid and.1009§ of water were
charged. Then, T61g of 4-hydroxymethyl-2,5-dimethylphenol
was added thereto divi&edly over 1.5 hours while keeping the
reaction temperature at 35 °C. Thereafter, the reaction

mixture was kept at 35°C for 1.5 more hours and was then

t
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éooled to room temperature to precipitate a crystalline
product. The crystalline product obtained by_filtration Was
added to and dissolved in a mixed solvent consisting of 400g
of toluene and 2400g of ethylacetate. Then, the solution was
washed with ion-exchanged water to remove metal contained in-
the solution, and was concentrated and filtered. The product
thus obtained was dried and then furtﬁér'dried under reduced
pressure for 24 hours to obtain 450g of 1,2,3-trihydroxy-4-
(4-hydroxy-2,5-dimethylbenzyl)benzene. '

Mass Spectrometry: MS 260

'HNMR (acetone) 6 ppm: |
2.11(s, 6H); 3.T4(s, 2H); 6.16(d, J=8.5Hz, 1H);
6.27(d, J=8.5Hz, 1H); 6.62(s, 1H);
6.80(s, 1H); 7.54(brs, 4H) !

Example 2

Into a 5 1 three necked flask, 1009g of pyrogallol,
30.43g of p-toluenesulfonic acid and 1009g of water were
charged. Then; T61g of u—hydroxymethyl-Z,S-dimethylphenol
was added therepo dividedly over 1.5 hours while keeping the
reaction temperature at 35 °C, and then the reaction
temperature was kept at 35°C for 1.5 more hours. Thereafter,
the reaction mixture was cooled to room tempefature to
precipitate a crystalline product. The crystalline product
obtained by filtration-was added to and completely dissolved
in 1160g of methanol at a temperature of 50 °C. Then, to the

solution, 1740g of ion-exchanged water was added and the
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ﬁixture was cooled ﬁq 20 °C to precipitate a crystalline
product which was then filtered. The filter cake was dried
and further dried under a reduced pressure for 24 hours to
obtain 500g of 1,2,3-trihydroxy-4-(4-hydroxy-2,5-
dimethylbenzyl)benzene (compound A4).

By mass spectrometry and NMR analysis, the compound
obtained in this Example is identified as the same compound as

that of Example 1.

According to the same method as in Example 1 or 2,
except that 4-hydroxymethyl-2,5-dimethylphenol was replaced
with other 2- or 4-hydroxymethylphenol or 2- or 4-
alkenylphenol,-tetrahydroxy'compounds of the above mentioned

formula (a) or (c)-(d) can be obtained. i

Example 3 _

Into a mixture of 4.0g of 1,2,3-trihydroxy-4-(4-
hydroxybenzyl)benzene (compound of formula(a)), 18.5g of 1,2-
naphthoquiﬁonediazide-s-sulfonyl chloride and 113g of 1,4~
dioxane, 8.36g of triethylamine were drquise added at 20 -
30 °C ‘'over 1 hour. After completion of the addition, the
mixture was stirred at 30°C for 3 hours. Thereto, 2.04g of
acetic acid was added and then the mikturg was stirred at 30
°C for 1 hour. The reaction mixture thus obtained was
filtered and the obtained filter cake was washed with 1,4-
dioxane. The filtraté and the 1,4-dioxane having been used
for washing the filter cake were collected and added to a

mixture consisting of 5.24g of acetic acid and 524g of ion
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exchanged water, and the mixture was stirred for 1 hour.
Thereafter, the precipitated crystalline product was filtered,
and the filter cake was washed with water and dried at 40°C

to obtain Sensitizer A, main content of which is

: diphenylmethane-2;3,u,u'-tetrayl tetrakis(6-diazo-5,6-dihydro- -

5-oxo—-1-naphthalenesulfonate).

Mass Spectrometry: MS 1160

Example 4
Into a mixture of 4.0g of 1,2,3-trihydroxy-4-(4-

hydroxy-2,5-dimethylbenzyl)benzene (compound A, compound of

formula(b)), 16.5g of 1,Z—ﬂéphéhoquinonediazide-S-sulfonyl
chloride and 103g of 1,4-dioxane, 7.48g of triethylamine was
dropwise added at 20 ~ 30 °C over 1 hour, After completion of
the addition, the mixture was stirred at 30°C for 3 hours.
Thereto, 1.86g of acetic acid was added and the mixture was
stirred at 30°C for 1 hour. The reaction mixture thus
obtained was filtered and the obtained filter cake was washed
with l,u-dioxahe. The filtrate and the 1,4-dioxane having
been used for washing the filter cake wére collected and
added to a mixture consisting of 3.58g of acetic acid and 358g
of ion exchanged water, and the mixture was stirred .for 1
hour. Thereafter, ﬁhe precipitated crystalline product was
filtered, and the filtgr cake was washed with water and dried
at 40°C to obtain Sensitizer B, main content of which is
2',5'-dimethyldiphenylmethane-2,3,4,4"'-tetrayl tetrakis(6-

diazo-5,6-dihydro-5-oxo-1-naphthalenesulfonate).
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Mass. Spectrometry: MS 1188

Example 5
Into a mixture of 4.0g of 1,2,3-trihydroxy-4-(4- -
‘hydroxy-2,3,6-trimethylbenzyl)benzene (compound of formula(c))
, 15.7g of 1,2-naphthoquinonediazide-5-sulfonyl chloride and
98g of 1,4-dioxane, 7.08g of triethylamine was-dropwise added
at 20 - 30 °C over 1 hour. After completion of the addition,
the mixture was stirred at 30°C for 12 hours. Thereto, 1.76g
of acetic acid was added and then the mixture was stirred at
that temperature for 1 hour. .The reaction mixture thus
obtained was filtered and thé obtained filter cake was washed
with 1,4-dioxane. The filtrate and the 1,4-dioxane having
been used for washing the filter cake were collected and
added to a mixture consisting of 3.43g of acetic acid and 342g
of ion exchanged water, and the mixture was stirred for 1
hour. Thereafter, the precipitated crystalline product was
filtered, and the filter cake was washed with water and dried
at 40°C to obtain Sensitizer C, ‘main content of which is
2',3';6'-trimethyldiphenylméthane—Z,3,4,4'-tetrayl tetrakis(6-
diazo-5,6-dihydro—-5-oxo-1-naphthalenesulfonate).

Mass Spectrometry: MS 1202
Example 6

Into a mixture of 4.0g of 1,2, 3 trlhydroxy—u (4-
hydroxy-2,3,5-trimethylbenzyl)benzene (compound of formula(d))
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; 15.7g of 1,2-naphthoquinonediazide-5-sulfonyl chloride and
98g of 1,4-dioxane, 7.08g of triethylamine was drquise added

at 20 - 30 °C over 1 hour. After completion of the additionm,

the mixture was stirred at 30°C for 3 hours. Thereto, 1.76g

of acetic acid was added and then the mixture was stirred at -

that temperature for 1 hour. The reaction mixture thus
obtained was filtered and the obtained filter cake was washed
with 1,4-dioxane. The filtrate and the 1,4-dioxane having
been used for washing the filter cake were collected and added
to a mixture consisting of 3;H33 of acetic acid and 342g of
ion exchanged water, and the mixture was stirred for 1 hour.
Thereafter, the precipitated crystalline product was
filtered, and the filter cake was washed with water and dried
.at 40 °C to obtain Sensitizer D, main content of which is
2',3',5'-trimethyldiphenylmethane-2,3,4,4"' -tetrayl tetrakis(6-
diazo-5,6-dihydro-5-oxo-1-naphthalenesulfonate).

Mass Spectrometry: MS 1202

Example 7

Into a mixture of 4.0g of 1,2,3-trihydroxy-4-(4-
hydroxy-2,5-dimethylbenzyl)benzene (compound A, compound of
tformula(b)), 13.4g of 1,2-naphthoquinonediazide-5-sulfonyl
chloride and 87g of 1,4-dioxane, 6.08g of triethylam;ne was
dropwise added at 20 - 30°C ovef 1 hour, After completion of
the addition, ihe mixﬁure was stirred at 30°C for 3 hours.
Thereto, 1.51g of acetic acid was added and then the mixture

was stirred at that temperature for 1 hour. The reaction

Y
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mixture thus obtained was filtered and the obtained filter
cake was washed with 1,4-dioxane, The filtrate and the 1,4~
dioxane having been used for washing the filter cake were

collected and added to a mixture consisting of 5.24g of

acetic acid and 52i4g of ion exchanged water, and the mixture -

was stirred for 1 pour. Thereafter, the precipitated
crystalline product was filter;d, and the filter cake was
washed with water and dried at 40 °C to obtain Sensitizer E,
main content of which is 1,2-naphthoquinonediazide-5-sulfonic
acid triester of l,233-£rihydroxy-4—(u-hydroxy-z,5-
dimethylbenzyl)benzene and which further contains monoester,
diester and tetraester thereof.

Mass Spectrum of thls compound has" the main peak at

956 and also has relatively large peaks at 1188 and T24.

Example 8 .

Example 4 was repeated, except that 4.0g of 1,2,3-
trihydroxy-4-(l4-hydroxy-2,5-dimethylbenzyl)benzene was
replaced with 4.0g of 1,2,3-trihydroxy-4-(2-hydroxy-3,5-
dimethylbenzyl)benzene (compound of formula(i)) to obtain
Sensitizer I, main content of which is 3',5'-dimethyl
diphenyl methane—2,2',3,H—tetrayl’tetrakis(G—diazo-S,G-
' dihydro-5-oxo-1-naphthalene sulfonate).

Mass Spectrometry: MS 1188

Example 9
Into a 100 ml four necked flask, 2.6g of 1,2,3-
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frihydroxy-u-(M-hydroxy-z,5-dimethy1benzyl)benzene (compound
A, compound of formula(b)), 10.75g of l,g-naphthoquinone
diazide-5-sulfonic acid chloride and 66.75g of 1,4-dioxane

were'charged and completely dissolved. Into the mixture,

4,.86g of triethylamine was dropwise added at 20 - 30°C over 1-

hour. After completion of the addition, the mixture was
stirred at 30°C for 3 hours. Thereto, 1.20g of acetic acid
was added and then the mixture was stirred at that
.temperature for 1 hour., The reaction mixture thus obtained
was filtered and the obtained filter cake was washed with

10.75g of 1,4-dioxane. The filtrate and the 1,4-dioxane

having been used for washing the filter cake were collected.

and added to a mixture consisting of 2.71g of acetic aéid and
271g of ion exchanged water, and_the:ﬁixture-was stirred for
1 hour. Thereafter, the precipitated crystalline product was
'-filtered. The filter cake thus obtained:.was added to 300g of
ion exchanged water, and, then, the mixture was stirred and
filtered. After this water wash process was repeated three
more times, the filter cake was dried at 40 °C to obtain

Sensitizer F, main content of which is 2',5'-dimethyl

diphenyl methane-2,3,4,4'-tetrayl tetrakis(6-diazo-5,6-

dihydro-5-oxo—-1-naphthalene sulfonate).

Mass Spectrometry: MS 1188

'HNMR (dimethyl sulfoxide) J ppm:
1.80(s, 3H); 2.06(5, 3H); 3.70(s, 2H);
6.56(s, 1H); 6.58(d, J=10Hz, 1H);
6.69(d, J=10Hz, 1H); 6.80(s, 1H);
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7.00(m, 3H); 7.35(m, 1H); 7.60(m, 8H);
7.95(d, J=6Hz, 1H); 8.01(d, J=6Hz, 1H);
8.17(d, J=6Hz, 1H); 8.24(d, 1H);
8.34(d, J=T.5Hz, 1H); 8.52(m, 2H);
8.60(d, J=7.5Hz, 1H)

Reference example 1 _

Into a IObOml four necked flask, 148.5g of m-cresol,
121.5g of p-cresol, 252g of methylisobutyl ketone, 37.0g of
10% aqueous oxalic acid sqlution.and 8&.8g of 90% aqueous
aceticacid solution were charged, and thereto, 129.5g of 37%
formalin was added dropwise over 40 minutes while being heated
with an oil bath at a temperature of 1060 °C. Then, the
reaction mixture was kept for 15 more hours to continue the
reaction. Then, the reaction mixture was washed with water
and dehydrized to obtain 466g of methylisobutylketone
solution containing 42.3% of a novolac resin., As measured by
GPC, the product thus obtained had a polystyrene-converted
weight average molecular weight of 4300.

Into-a 5 1 separable flask equipped with a drain
pipe at its bottom, 450g of the solution thus obtained was
charged. Thereto, 909.63 of methyl isobutyl ketone and 996.1g
of n-heptane were further édded. The mixture was stirred at
- 60°C for 30 minutes and then left to stand until it separated
into two layers. To the lower layer obtained by phase
separation, 380g of ZLheptanone was aaded, after which the
methyl isobutyl ketone and n-heptane were removed by means of

an evaporator to obtain a solution of novolac resin in 2-
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heptanone. As measured by GPC, the product thus obtained had
a polystyrene-converted weight average molecular weight of
9000, and the areal ratio of the range in which the molecular
weight as converted to polystyrene was 900 or less to the

total pattern area was 14%.

Reference example 2
By a condensation reaction of m-cresol, p-cresol,
2,5-xylenol, salicylic aldehyde and formaldehyde in a molar

ratio of 3/2/5/1/7, respectively, a novolac resin was

obtained. It has a polystyrene-converted weight average |

molecular weight of 8000 as measured by GPC, and the areal
ratio of the range in which the moleculaf‘weightras converted
to polystyrene was 900 or less to the total pattern area is

20%.

Reference example 3 .

By condensation reactions between 1 part by mole of
4,4 ~pmethylenebis[2-(4-hydroxybenzyl)-3,6-dimethylphenol] and
2 parts by moles of 1,2-naphthoquinonediazide-5-sulfonyl

chloride, Sensitizer X and Sensitizer X' were obtained.

Example 10
15 Parts, calculated as the solid content, of
novolac resin solution in 2-heptanone obtained in Reference

example 1, 5 parts of Sensitizer X obtained in Reference

example 3, 1 part of a condensate of 6-hydroxy-d4a-(2,4-

dihydroxyphenyl)-1,2,3,4, 4a, 9a~hexahydroxanetene-9-spiro-1'-

tt_
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cyclohexane having a structure of the following formula:

and 1,2-naphthoquinonediazide-5-sulfonyl chloride in an mole
ratio of 1:3, respectively, and 3.9 parts of compound A were
added to and dissolved in_2-heptanone so that the total
amount of the solution become 50 parts. The solution thus
obtained was filtered through a filter made from fluorine
resin and having a pore size of 0.2 ym to prepare a resist
solution. A silicon wafer washed in a conventional manner was
coated with the resist solution thus prepared by means of a

spin coater so that the thickness after being baked became

. 1.1 gmand it was baked on a hot plate at 90 °C for one

minute. Subsequently, the wafer was exposed to light by -

using'a reduction projection exposing machine having an
exposure wavelength of 365 nm (i-line) (NSR1755i7A, NA=0.5,
manufactured by Nikon Corp.) while stepwise changing the

amount of exposure. Thereafter, the wafer was baked on a hot

plate at 110 °C for one minute, Then, it was developed for

one minute with SOPD (alkaline developing solution; product

 of Sumitomo Chemical Co., Ltd.) to obtain a positive pattern.

The positive pattern was evaluated according to methods
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ﬁentioned_below and results are shown in Table 1,

Table 1
Effective sensitivity . 400 msec
Resolution 0.35 gm
Profile
Depth of focus : ’ 1.5 pm
s —value : 6.18
Scum : Not found

Examples }1—15

| 10.43 parts of novolac resin obtained in Reference
‘example é, 3.9 parts of 4,4'-(2-hydroxybenzylidene)di-2,6-
xylenol and a Sensitizer shown in Table 2 were dissolved in a
mixed solvent consisting of 2-heptanone and ¢ -butyrolactone
in an weight ratio of 95:5, respectively. The solution thus
obtained was fiitered through a filter having a fine pore size
to prepare a resist solution. The amount of the solvent was
adjusted so that the thickness of the coated resist film after
being baked became 1.1 gm.

A silicon wafer washed in a conventional manner was
coated with the fesist-solution by means of a spin coater and
it was baked on a hot plate at 90 °C for one minute.
~ Subsequently, the wafer was exposed to light by using a

reduction projection exposing machine having an exposure



35

wavelength of 365 nm (i-line) (NSR 1755i T7A, NA=0.5,
manufactured by Nikon Corp.) while stepwise changing the
amount of exposure. Thereafter, the wafer was baked on a hot
plate at 110 °C for one minute. Then, it was developed for
one minute with SOPD (alkaline developing solutioﬁ; proQBct -
of Sumitomo Chemical Co., Ltd.) to obtain a positive pattern.

The positive pattern was evaluated according to methods

mentioned below and results are shoun in Table 2.




Table 2

Formulation Properties of resist
of resist
Exampl Sensi- Resolu- Heat
No. Photo- tivity tion Profile | resist- | v -value| Scum
sensitizer _ ' ance
A : 1 part 170 0.35 Not
11 I 4 3.98
X : b parts msec “m — found
B : 1 part 172 0.35 Not
12 ' I 4 4.70
X" : b parts msec um —_ found
C 1 part 166 0.35 — ' Not
13 4 4,51
X : 5 parts msec ©m found
D : 1 part 175 0. 85 — Not
14 , 4 4.10
X : 5 parts . msec Lm found
| 76 0. 40 — : Not
15 : 3.5 parts 4 4.58
msec o m found

9¢
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_Sensitivity : expressed in exposure amount (time)
at which the film thickness becbme zero on a graph which was
obtained by plotting the exposure amounf against the retained
film thickness.

. Yy

Effective sensitivity (in Example 10) : expressed in

exposure amount (time) giving 1:1 line-and-space of 0.50 gm.

Resolution : evaluated by measuring, with a
scanning electron micrdscope, the dimension of the minimum
line-and-space pattern which could be resolved without film
thickness decrease at an exposure amount giving 1:1 line-and-

space(0.50 ym in Example 10, 0.40 gm in Example 11-15).

Profile : evaluated by observing, with a scanning
electron microscope, the cross-sectional shape of a Q.45 m

line-and-space pattern at the effective sensitivity.

The depth of focus : determ;ned by observing, with a
scanning electron microscope, a degree of focus shifting
where a 0.40ym line—aﬁd—space pattern could be resolved at
the effective sensitivity without film thickness decrease.

Heat resistance : evaluated by observing, with a
‘scanning electron microscope, the extent of sagging of the
resist pattern after bging heated on a hot plate at 124 °C for
5 minutes. Heat resistance is expressed by 5 grade

expression in which 5 is best and 1 is worst.
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v -value : expressed in term of tan@. The @
is obtained by plotting a normalized film thickness (=the
retained film thickness/ the original film thickness)
against a logarithm of the exposure amount and%

calculating the inclination of the plotted line.

Scum : evaluated by observing, with a scanning
electfon microscope, undeveloped residue in the positive

pattern.

The compound of the formula (I ) is useful as a
photosensitizer for a positive fesist composition. The
positive resist composition comprising the compound of the
formula (I ) is excellent in the balance among properties
such as sensitivity, resolution, ¢ -value, profile and heat
resistance, and free from scﬁm.

An o—quinonediazide sulfonic acid ester of compound
A can be used as a photosensitizer for a resist composition..
Compound A can also be used as an alkali-soluble ingredient of
a resist composition. Compound A cén be produced easily in
high purity. A positive resist composition comprising
compound A is excellent in the balance among properties such
as sensitivity, resolution, y -value and profile, and free
from scum. Therefore, it is very appropriate for minute

production processes of semiconductor.
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What we claim is:

1. . A compound represented by the general formula (I ):

RS RIg6 Qlo 0QZ2
|

|
g4 R5R7

wherein one of R' and R? represents -0Q* and the other
represents hydrogén, alkyl having 6 or less carbon atoms,
cycloalkyl having 6 or less carboh atoms, alkenyl having 6 or
less cafbon atoms, alkoxy having 6 or less carbon atoms or
halogen; R?, R* and R® each independently represent hyd?ogen,
alkyl having 6 or less carbon atoms, cycloalkyl'haviné 6 or
less carbon atoms, alkenyl having 6 or less carbon atoms,
alkoxy having 6 or less carbon atoms or halogen; provided that
when R? is -0Q%, both of R® and R* are hydrogen or at least
one of R' and R is alkyl having 6 or less carbon atoms,
cycloalkyl having 6 or less carbon atoms,,alkenyl_having 6 or
less cafbon atoms, alkoxy having 6 or less carbon atoﬁs or
halogen; '

Ré and R each independently represent hydrogen, alkyl having
6 or less carbon atoms or alkenyl having 6 or less carbon
" 'atoms, or R® and R" form a cycioalkane ring having 6 or less
carbon atoms together with the carbon atom to which they are
attached; and

Q', Q?, Q® and Q* each independently represent hydrogen or o-
quinonediazide sulfonyl, provided that at ieast one of Q?',

Q2, Q® and Q* is o—quinonediazide sulfonyl.

* [ L M s *
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2. A compound according to claim 1 wherein R? is -0Q*.
3. A compound according to claim 1 wherein all of R!,
R3, R* and R5 are hydrogen. h
y, A compound according to claim 1 wherein one of(_tR3

and R* is hydrogen and the other is alkyl, and R' and R® ere
each independently hydrogen or alkyl.

5. A compound according to claim 1 wherein'R® and R*
are each independently alkyl, and one of R!' and R® is hydrogen
and the other is alkyl.

6. . A compound according to claim 1 wherein both of R3
and R® are hydrogen, and both of R' and R* are methyl.

T. A compound according to claih 1 wherein all of Q',
Q?, Q3 and Q' are o—quinonedoazide sulfonyl.

8. - 2',5'-Dimethyldiphenyl-2,3,4,4"' ~tetrayl tetrakis(6-
diazo-5,6-dihydro-5-oxo-1-naphthalene sulfonate.

9. A process for producing a compound according to
claim 1 which comprises allow1ng a tetrahydroxy compound

represented by the formula (I ):

RS RIR6 HO OH

|
R2~C§—?—C§-OH (I

g4 RSRT

wherein one of R!' and R? represents hydroxy and the other
represents hydrogen, alkyl heving 6 or less carbon atoms,
cycloalkyl having 6 or less carbon atoms, alkenyl having 6 or

less carbon atoms, alkoxy having 6 or less carbon atoms or

* [ L M S *
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hélogen; R3, R* and R® each independently represent hydrogen,
alkyl having 6 or less carbon atoms, cycloalkyl having 6 or
less carbon atoms, alkenyl having 6 or less carbon atoms,
alkoxy having 6 or less carbon atoms or halogen; pro?ided
that when R? is hydroxy, both of R3 and R* are hydrogen or -
at least one of R' and R® is alkyl having 6 or less carbon
atoms, cycloalkyl having 6 or less carbon atoms, alkenyl
having 6 or less carbon atoms, alkoxy having 6 or less carbon
atoms or halogen; and
Ré and R7 each independently represent hydrogen, alkyl having
6 or less carbon atoms or alkenyl having 6 or less carbon
atoms, or R® ‘and R? form a cycloalkane ring having 6 or less
.- carbon atoms togethefiwith thé carbon atom to ﬁhich they are
attached i ;
'to react with an o-quinonediazide sulfonyl halide in ‘the

presence of a base.

10. A photosensitizer comprising a compound according to
claim 1.
11. A positive resist composition comprising a compound

according to claim 1 and an -alkali-soluble novolac resin.

12. ' A positive resist composition according to claim 11
wherein the alkali soluble novolac resin has a GPC pattern in
»which the areal ratio of a range in that a molecular weight as
converted to polystyrene is not higher than 900 is 25% or
less, based on the total pattern area excluding the pattern
area of unreacted phenél compounds, as measured by using an
UV 254 nm detector.

13. A positive resist composition according to claim 11

-

AN A
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whlch further comprises an alkali-soluble polyhydric phenol

compound having a molecular weight of 900 or }ower.

14, 1,2,3-Trihydroxy-4-(4-hydroxy-2,5-dimethylbenzyl)
benzene.
15. A process for producing 1,2,3-trihydroxy-4-(4-

hydroxy-2,5-dimethylbenzyl)benzene which comprises allowing 4-
hydroxymethyl—Z,5-dimethylphenol to react with pyrogallol.

16. A process according to claim 15 wherein the molar
ratio of 4-hydroxymethyl-2,5-dimethylphenol t6 pyrogallol is
1:1-3.

17. A process according to claim 15 wherein 0.25-5 parts
by weight of water based on 1 part by weight of pyrogallol is
used as a solJent. jl | |

18. A priocess according'to claim 15 wherein the reaction
product is subjected to crystallization from a solution in an
aromatic solvent or from an aqueoué solution of alcohol.

19. A positive resist composition comprising 1,2,3-
trihydroxy-4-(4-hydroxy-2,5-dimethylbenzyl)benzene.

20 A positive resist composition according to claim 19
which further comprises an alkali-solublé novolac resin and an

o-quinonediazide sulfonic acid ester.

THIS SHEET hAS BEEN

REPLAGED
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21. A substituted polyhydric diphenyl methyl derivative. substantially as herein
described with reference to any one of examples 1 to 15.

22. A process for producing a substituted polyhydric diphenyl hlcthyl derivative,
which process is substantially as herein described with reference to any one of examples 1to
9. K
23. A photosensitizer comprising a substituted polyhydric diphenyl methyl
derivative as claimed in claim 21.

24. A positive resist wmposiﬁon, substantially as herein described with reference
to any one of examples 10 to 15.

25. A positive resist composition comprising a substituted polyhydric diphenyl

methyl derivative as claimed in claim 21 and an alkali-soluble novolac resin.

A



