TI VE RESI ST COVPOSI TION FI ELD OF THE | NVENTI ON The present invention
r'el a’t es to a positivelresist corrposltlon sensitive to.radiations such as
- dlg§raviolet rays, far ultravioket rays including excimer |aser, electron
Beanms, ion beams, X rays, ‘etc. DESCRI PTION OF THE RELATED ARL mﬁ tly,
~wi.th arisein the integration |evel of integrated circui ,-' 'f’* of
pattern of subm cron order is required. As its result, %

conposi tion free from spgg‘&@g@qﬁﬁeéoﬁpﬁém and
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FIELD OF THE INVENTION ,
The present invention relates to a pri’“’) 'esist
composition sensitive to radiations such as ultraviolet

rays, far ultraviolet rays including excimer laser,

electron beams, ion beams, X rays, etc.

DESCRIPTION OF THE RELATED ART

Recently, with a rise in the integration level of
integrated circuits, formation of pattern of subamicron
order is required. As its result, a positive resist
composition free from scum (undeveloped residue) and
further excellent in properties such as sensitivity,
resolution, profile, depth of focus, heat resistance, etc.
is demanded. Particularly in the production of 16-64 MDRAMs
(Mega-bit dynamic randam access.memory), it is necessary to
resolve a pattern having a line width of 0.5 pm or less
with a good profile and a good depth of focus.

In JP-A-2-84414, particularly Claim 5 of the
applicatioﬁ, there is described a positive photoresist
which comprises a novolac resin and a photo sensitizer
wherein the novolac resih is a condensation product of (a)a
phenol, a phenol derivative or a mixture thereof and (b)an
aldehyde which is a condensation product of a mixture of
formaldehyde or a formaldehyde precursor and an aldehyde
containing a monchydroxy aromatic aldehyde. The positive

photoreéist, however, is not yet satisfactory i.n re’solution,
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further excellent in properties such as sensitivity, resolution, profile,
dept’h. of focus, heat resistance, etc. is demanded. Particularly in the
production of 16-64 MDRAMs (Mega-bit dynami c randam access nenory), it is
- heéessary to resolve a pattern having a line width of 0.5 [err] or |ess
wi.th a good profile and a good depth of fgcus. In JP-A-2-84414,
particularly Claim5 of the application, €here is described a positive

phot or esi st whi ch,, onpriSﬁg a _novolac resin and a photo sensitizer wherein
the novol ac r &0t iile,;dePRAPE L8 peE@uct of (a)a phenol, a phenol
derivative or a mxture thereof and (b)an :

DESCRIPTION OF THE INVENTION

It is the object of the present invention to
provide a positive resist composition excellent in the
balance among properties such as sensitivity, resolution,

profile, depth of focus and heat resistance, and free from

scunm,
The present invention provides

a positive resist composition(i ) which comprises;

an o—quinonediazide compound; and

a novolac resin(1) which is obtained by allowing
aldehydes containing
an aromatic aldehyde represented by the following formulal(
1)

(CHOr (om)

wherein R s to R¢ each independently represents hydrogen,
a}kyl having 6 or less carbon atoms, cycloalkyl having 6 or
less carbon atoms, alkoxy having 6 or less carbon atoas,
alkenyl having 6 or less carbon atoms or aryl having 10 or
less carbon atoms, k' represents an intgger not smaller than
0 and p represents 1, 2 or 3, provided that k' and p
satisfy k'+p =3,
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al,dehyde which is a condensation product of a n1xtune—e%—%arﬂafdehydE*UT a

f or mal dehyde

precursor and an al dehyde containing a nnnohydrox
al dehyde. The positive photoresist, however, is not .y &is .
resol uti on, - 2 - Repl acenent Sheet (19/7/95)
ent

f ocus, etc.
i nvention to

DESCRI PTI ON OF THE | NVENTI ON It Is the Om

to react with a phenol compound represented by the follow1ng
formula (XI) |

1 R' (II)

wherein R 7 to Ry each independently represents hydrogen,
hydroxy, alkyl having 6 or less carbon atoms, cycloalkyl
having 6 or less carbon atoms, alkoxy having 6 or less
carbon atoms, alkenyl having 6 or less carbon atoms or aryl
having 10 or less carbon atoms, provided that at least one
of Rr to Ry 1is cycloalkyl having 6 or less carbon atoas,
in the presence of an acid catalyst
to obtain a reaction product(l) containing low molecular
weight ingredients (hereinafter this reaction step is
referred to as "Condensation 1");
and, then, allowing the reaction product(1) or the low
molecular weight ingredients isolated from the reaction
product(1) to further react with a phenol compound(1) and
formaldehyde (hereinafter this reaction step is referred to
as "Condensation 2"),
The present invention also provides

a positive resist composition(iji) which comprises;

an o-quinonediazide compound; and

a novolac resin(2) which is obtained by allowing

a compound represented by the following formula(II)
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provide a positive resist conposition excellent in the bal ance anong
Broperties such as sensitivity, resolution, profile—depth—of—focus—and
heat resistance, and free fromscum The present |nvent|on rQvi es a4
Bosi tive resist conposition(i ) which conpri ses;

conpound and a novol ac resin(1l) which is obtalned by ydes
containing an aromati c al dehyde represented by the foI

wherein Rio to Ry: each independently represents hydrogen,
alkyl having 6 or less carbon atoms, cycloalkyl having 6 or
less carbon atoms, alkoxy having 6 or less carbon atoms or
alkenyl having 6 or less carbon atoms, provided that at
least one of Rio to Ri12 is cycloalkyl having 6 or less
carbon atoms, and n is 1 or 2; or

a compound represented by the following formula(V)

@* &

R|1f" "‘Rla

aw
(OHy

wherein Ri3 to Rjs each independently represents hydrogen,

REPLACED

ﬂﬂSSHEETHASBEENI!




having 6 or |ess carbon atons, cycloal kyl having 6

al koxy having 6 or |ess car bon at ons, al kenyl havi ng

havi ng 10 or | ess carbon atons, k' represents

spal ler than O and p represents 1, 2 or 3,5 prOV|ded t hat k'
+p 3,

er “aryl

kl

Lerr] wherein [err] to [err] each independently repgﬁsiﬁ

'.3

ﬁ,a Dyl 90 m,te% ;’;;'3 ky!
lﬂEg on at ons
and

alkyl having 6 or less carbon atoms, cycloalkyl having 6 or
less carbon atoms, alkoxy having 6 or less carbon atoms or
alkenyl having 6 or less carbon atoms, Ris represents
hydrogen, alkyl having 6 or less carbon atoms or aryl having
10 or less carbon atoms, p and q each independently
represents | or 2 and r represents 0 or 1, provided that at
least one of Ri: to Ris is cycloalkyl having 6 or less
carbon atoms;

to react with a phenol compound represented by the following
formula(V)

wherein Rz;o to R:2 each independently represents hydrogen,
alkyl having 6 or less carbon atoms, cycloalkyl having 6 or
less carbon atoms, alkoxy having 6 or less carbon atoms or
alkenyl having 6 or less carbon atoms and k represents 1 or
2; and .
a aldehyde(1) (hereinafter this reaction step is referred to
as "Condensation 3").

As preferred examples of the aromatic aldehyde

compound represented by the formula(] ), benzaldehyde,

methylaldehydes such as'u-methylaldehyde, polyaldehydes

such as terephthalaldehyde, hydroxybenzaldehydes such as o-,
m— or p-hydroxybenzaldehyde, methoxybenzaldehydes such as o-,

p satlsfy

REPLACED
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-3 ; to react with a phenol conpound represented by LhestohlQung.fhaamil a
(11) [err] wherein [err] to [err] each independently r gen,
hydroxy, al kyl having 6 or |ess carbon atons, cycl oal kiﬂl]ﬂﬂ“ﬂﬁllﬂmrl ess
car’bon atons, al koxy having 6 or |ess carbon atons, -al \ or

| ess carbon atons or aryl having 10 or |ess carbon atons, provided that at
| east one of [err] to [err] is cycloal kyl® having 6 or |ess carbon atons,

i? the presencﬁ—oéraﬂ-ﬁ%%ﬁ%fﬁﬂéﬁigiﬁehyde and the like can be mentioned.
Among them, hydroxybenzaldehydes are more preferred. 1In
Condensation 1, these aromatic aldehyde can be used
independently or in the form of mixture two or more. These
aromatic aldehyde can be used in a combination with one or
more kinds of aliphatic aldehydes 6ther than formaldehyde
such as acetaldehyde or glyoxal.

As preferable examples of the phenol compound
represented by the formula(ll ), 2-cyclohexyl-5-methylphenol,
2-cyclopentyl-5-methylphenol and a mixture thereof can be
mentioned.

In the Condensation 1, the molar ratio of the
aromatic aldehyde compound represented by the formula(I ) to
the phenol compound represented by the formula(Il ) is
preferably fromII:Z,to 1:10. Condensation 1 is preferably
carried out in the presence of an organic solvent. As a
preferred examples of the organic solvent, a poor solvent
which is relétively difficult to dissolve the aromatic
aldehyde compound of the formula(I ) and the phenol
compound of the formula(Il ) can be mentioned, Examples of
the poor solvent includes methanol, toluene, hexane,
heptane, cyclphexane and the like. Among the organic
solvents usable for the condensation 1, organic solvents
having boiling points of 50-160°C are preferred and organic
solvents having boiling points of 60-120 °C are more
preferred. Therefore, the above mentioned poor solvents
having boiling points qf 60-120°C are particularly

preferred. As the acid catalyst used for the condensation 1,
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to obtain a reaction product(1) containing | ow noleeular—weight—i-ngredi ents
(herei-nafter this reaction step. is referred to as "Condensation 1"); -and,

then, allowi ng the reaction product(1l) or the | ow nbhigFhest Has Beep Réplaced
ihgredients isolated fromthe reaction product(1) toJ Lmﬁth a
phenol conpound(1l) and formnal dehyde (hereinafter thi _ S

referred to as "Condensation 2") in the p/esence of an acid catal yst. The
present invention also srovides a positive resist conposition( ii) which
conpri ses; an fPRueKaMPdRaziiaorgamicun¢idmauch as hydrochloric acid,

~sulfuric acid and phosphoric acid, organic acids such as

oxalic acid, acetic acid and p-touenesulfonic acid, and
divalent metal salts such és zinc acetate and the like can
be used.

In Condensation 1, the reaction temperature is
usually 60 to 120 °C, and the reaction time is usually 2
to 30 hours. According to Condensation 1 explained above,
a reaction product(i) which contains low molecular weight
ingredients is obtained. .

As example of the low molecular weight ingredients
contained in the reaction product(1), a compound

represented by the following formula:

wherein R 1 to Ry , R 1+ to Ry and m are as defined above,

and a compound represented by the following formula:

. THIS SHEET HAS BEEN
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a_novol ac resin(2) which is obtained by allow ng a conpo
the following fornmula(ll) - 4 - Jerr] wherein [err] tgﬂﬁﬁﬁgﬁgih%“@y
cycl oal kyl having 6 or |ess carbon atons, alkoxy having 6

i hdependently represents hydrogen, alkyl having 6 or |ess
at-ons or al kenyl having 6 or |ess carbon atons, provided that at

wherein R « to Ry , k' and m are as defined above provided
that P-2 20, can be mentioned.

The low molecular weighﬁ ingredients produced by
Condensation 1 can be used for the condensation reaction
with formaldehyde and a phenol compound(1) (i.e.
Condensation 2) after being isolated from the reaction
product(1). However, the reaction product(1) itself can
also be used for the Condensation 2 without isolating the
low molecular weight ingredients from it. Carrying out
Condensation 2 without isolating the“low molecular weight

ingredients is more preferred than carrying out
Condensation 2 after isolating them. The isolation of the
low molecular weight ingredients can be carried out
according to a convenﬁional ﬁethod such as a concentration,
a crystallization, a filtration and drying.
Condensation 2 is carried out after mixing the

reaction product(l) or the isolated low molecular weight
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| east one of [err] to [err] is cycloal kyl having 6 or |€ss carbom atomns;

and n*is 1 or 2;

[err] wherein [err] to [err] each independently represe
al Kyl having 6 or less carbon atons, cycloal kyl having 6 "‘
at.ons, al koxy having 6 or |ess carbon atons or -

or a conpound represented by the fol | owrRgsHeaHRBAL k) mmd

R

ingredients, the phenol compound(1) and formaldehyde. :
Condensation 2 can also be carried out while adding
formaldehyde to a.mixture of the reaction product(l) or the
isolated low molecular weight ingredients and the phenol
compound(1).

As the phenol compound(!) use in Condensation
reaction(2), at least one phenol compound selected from a
group consisting of m-cresol, p-cresol, 2,5-xylenocl, 3,5-
Xylenol, 3,4-xylenol, 2,3,5-trimethylphenol, 2-cyclohexyl-
5-methylphenol, 2-cyclopentyl-5-methylphenol and 3-methyl-
6~-t-butylphenol.

The amount of the formaldehyde used in
Condensation 2 is usually 0.4 - 1 mole, preferably 0.6 -
0.95 mole per | mole of total of the low molecular weight
ingredients and the phenol compound(1). The molar ratio of
the low molecular weight ingredients to the phenol
compound{1) is preferably from 100:10 to 100:50.

In Condensation 2, the reaction temperature is
usually 60 to 120 C. Condensation 2 is preferably
carried out in the presence of an organic solvent. Among
the organic solvents usable for the condensation 2, organic
solvents having boiling points of 50-160°C are preferred and
organic solvents having boiling points of 60-120 °C are
more preferred. Examples of the particularly preferred
organic solvent include ketones having boiling points of
60-120°C such as methylisobutylketone. As the acid catalyst

used for the condensation 2, for example, inorganic acids

such as hydrochloric acid, sulfuric acid and phosphoric

REPLACED
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al kepyl having 6 or |ess carbon atoms, [err] represents—hydrogen, —atkyt—
having 6 or |ess carbon atons or aryl having 10 or |ess qggbggﬂggggﬁReaéﬁm

g each independently represents 1 or 2 and r represents. 0
that at |east one of [err] to [err] is cycloal kyl having

at ons;

to react with a phenol conmpound represented by theﬂwMMkmr“

formula(V) [err] wherein [err]-to [err] eagh-i ndependently represents
hydrogen, al kyl,c33)! BRgln®t A€Dds SRR As?oRib1c Weid? asbt 167538 Snd' p-

touenesulfonic acid, and divalent metal salts such as zinc
acetate and the like can be used.

Preferably, the novolac resin(1) formed by
Condensation 2 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 a molecular weight as converted
to polystyrene is not higher than 900 is 25% or leés, énd )
more preferably 20% or less, based on the total pattern
area excluding the pattern area of unreacted phenol
compounds, as measured by using UV 254 nm detector. The
novolac resin(1) can also be made intoc a novolac resin of
which weight average molecular weight as converted to
polystyrene is 2000 - 20000, which is the preferred weight
average molecular weight range of the novolac resin(1) as
converted to polystyrene.

As preferable examples of the o—-quinonediazide
compound, o-naphthoquinonediazide compound can be mentioned.
Examples of the o-naphthoquinonediazide compound include
the compounds obtained by sﬁbjecting a phenol compound
having two or more hydroxyl groups, preferably three or
more hydroxyl groups, and 1,2-naphthoquinone~diazide-4-
sulfonic acid halide or 1,2-naphthoquinone-diazide-5-
sulfonic acid halide to a condensation reaction in the
presence of a weak alkali such as triethylamine, sodium
carbonate and the like, which is used as a photo sensitizer
for a positive photo resist used for productions of

semiconductors,

REPLACED
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| ess carbon atons, al koxy having 6 or |ess carbon atons or

or |less carbon atons and k represents 1 or 2; and a al defitng

(hereinafter this reaction step is referred to as "Conden
preéferred exanpl es of the aromatic al dehyde conpound repr
formul a(l), benzal dehyde, [err] such as terephthal al dehyde,

al kenyl having ©

Wﬁ? Beﬂin ,i{e laced

hydr oxybenzal dehydes such as [err] REPLACEVENT SHEET

As preferred examples of said phenol compound
having two or more hydroxyl groups, the compounds mentioned
in Page 3 of JP-A-2-103543 as a general formula, the
compounds mentioned in JP-A-2-32352 as the general formula
(T) or (II), the compounds mentioned in JP-A-2-269351 as the
general formula (I), the compounds mentioned in Page 4 of
JP-A-4-50851, the compounds mentioned in JP-A-3-185447 as
the general formula (I), oxyflavans including the compounds
mentioned in JP-A-4-295472 as the general formula (I), etc.
can be referred to.

The positive resist composition(i ) of the present
invention may contain another ingredient in addition to the
novolac resin and the o-quinonediazide compound. Examples
of the another ingredient include an alkali-soluble
polyhydric phenol compound of which molecular weight is
lower than 900, As examples of said alkali-soluble
polyhydric phenol compound of which molecular weight is
lower than 900, the compounds mentioned in JP-A-2-275955 as
the general formula (I), the compoﬁnds mentioned in JP-A-U4-
50851 as the general formula (I), the compounds mentioned
in JP-A-3~-179353 as the general formula (I) can be
mentioned.

As the solvent used for preparation of the
positive resist composition(j ), solvents vaporizable at
an appropriate rate and’capable of giving a uniform and
smooth coating film after evaporation can be used.

Examples of such solvent include glycol esters such as

propylene glycol monomethyl ether acetats, ethyl cellosolve

REPLACED

THIS SHEET HAS BEEN




- 6 - Repl acenent Sheet (19/7/95) m or p-nethoxybenzal dehyde and the
|3 ke’ can be mentioned. Among them hydroxybenzal dehydes are nor e preferred

I n Condensation 1, these aronatic al dehyde can be us dor in
the formof mxture two or nore. These aromatic al deh H in a
combi nation wth one or nore kinds of ali hatlc al deh

f or mal dehyde such as acetal dehyde or gl yoX&l- As preferable exanples of the

henol conpound
ol P cetate and methyl cellosolve acetate, the solvents

mentioned in JP-A-2-220056, esters such as ethyl pyruvate,
n-amyl acetate and ethyl lactate and ketones such as 2-
heptanone, vy -butyrolactone. These solvents are used either
independently or in the form of a mixture of two or more,
The o-quinonediazide compound is usually used in
an amount of 10-50% by weight based on the total solid
component in the positive resist cdmposition(i Y. The
alkali-soluble polyhydric phenol compound of which molecular
weight is lower than 900 is usually used in an amount of 0-
40% by weight, preferably 3-40% by weight, based on the
" total solid component in the positive resist composition(
i).
As preferred examples of the compound of the
formula(lV ), compounds represented by the following

formulae:

THIS SHEET HAS BEEN |
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represented by the formula(ll), 2-cyclohexyl-5-nethyl phenot;
2-cycl opentyl - 5- met hyl phenol and a mni xture thereof canjﬂgsﬁgﬂhgg&g¢7ihgdthe

Condensation 1, the nolar ratio of the aronmatic al dehyde

tepresented by the fornmula(l) to the phenol conpound repimwm‘m lle
formula(ll) is preferably from1:2 to 1:10. Condensation ly -
carried out in the presence of an organic solvent. As a preferred exanpl es
of the organic solvent, a poor solvent whxh is relatively difficult to

di ssol ve the aromatic al dehyde conpound of the formula( | ) and the phenol

H
“ﬁzzg' =|=\_CHs
Ho*&-__‘l _—_<._¢)H

~——OH

M
H3C\£- I ==\ _Cils
{
HO OH
CH,0 O M

can be mentioned. As more preferred examples of the
compound of the formula(lV.), compounds represented by the

following formulae:

CHy WG

HO OH
Uﬁ

CHy | WG

can be mentioned.
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conpound of the fornula(ll) can be nmentioned. Exanples of the poot bU|vent
includes met hanol, toluene, hexane, heptane, cyclohexamemgadhgh&nkh

Anong the organic sol vents usable for the condensati.on vents
I§a\’/i ng boiling points of [err] are preferred and organi mg MHHﬂE’,EH}l ng
biling points of [err] are nore preferref. Ther ef or e, I oned
poor sol vents having boiling points of [e‘#T are particularly preferred. As
the acid catalyst used for the condensation 1, REPLACEMENT SHEET

As preferable example of the phenol coampound

represented by the general formula(V ), at least one phenol
compound selected from a group consisting of phenol, m-
cresol, p-cresol, 2,5-xylenol, 3,5-xylenol, 3,4-xylencl, 2,3,
5-trimethylphenol, 2-cyclohexyl-5-methylphenol, 27
cyclopentyl-5-methylphenol and 3-methyl-é-t—buty1phenol can
be mentioned. In Condensation 3, the molar ratio of the
compound of the formula(ll) or the compound of the general
formula(IV) to the phenol compound of the formula(V) is
preferably 0.5 : 99.5 ~ L0 : 60,

Examples of the aldehyde(1) used in Condensation 3
include a saturated or unsaturated aliphatic aldehydes such
as formaldehyde, acetaldehyde, propionaldehyde, n-
butylaldehyde, isobutylaldehyde, trimethylacetaldehyde, n-
hexylaldehyde, acrolein and crotonaldehyde;
cyclohexanealdehyde; cyclopentanealdehyde; furfural;
furylacrolein; and aromatic aldehydes such as benzaldehyde,
o-, p- or m- tolualdehyde, p-ethylbenzaldehyde, 2,4--
dlmethylbenzaldehyde, 2, 5--d1methy1benzaldehyde, 3,4~
dimethylbenzaldehyde, 3,5-dimethylbenzaldehyde,
phenylacetaldehyde, o-, p- or m-hydroxybenzaldehyde,
cinnamaldehyde, o~, p- or m-anisaldehyde and vanillin. As
preferred examples of the aldehyde(1), formaldehyde can be
mentioned.

In the condensation feaction of the aldehyde(1)
with the compound of the formula(lI) or (IV) and the phenol
compound of the formula(V ), molar ratio of the
aldehyde(1) to the total amount of the compound of the

THIS SHEET HAS BEEN
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-. -. Replacenent Sheet (15/3/96) solvents usabl e f OmistShet HamBdeiRephiedn 1
organi‘c solvents having boiling points of [err] are pr gani c
sol vents having boiling points of [err] are nore prefe e, the
above nentioned poor solvents having boiling points of r r
particularly preferred. As the acid catalyst used for the condensation 1,
for exanple, inorganic acids such as hydrdéhtoric acid, sulfuric acid and
Phosprort ¢ 2c! o %838 (S’ 8% ") na the phenol compound of the

formula(V) is preferably from 1 : 0.005 to 1 : 2. Other

conditions of this condensation reaction are same to those
of Condensation 2.

Preferably, the novolac resin(2) produced by
Condensation 3 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 a molecular weight as con#erted
to polystyrene is not higher than 900 is 25% or less based
on the total pattern area excluding the pattern area of
unreacted phenol compounds, as measured by using UV 254 nm
detector,.as the novolac resin(1). The novolac resin(2) can
also be made into a novolac resin of which weight average
molecular weight as converted to polystyrene is 2000 -
20000, which is the preferred weight average molecular
weight range of the novolac resin(2) as converted to
polystyrene. |

The o-quinonediazide compound used in the positive
resist composition(i ) is same to the compound used in the
positive resist composition(i ).

The positive resist composition(ii ) may contain
another ingredient in addition to the novolac resin(2) and
the o-quinonediazide compound. For example, it may
preferably contain an alkali-soluble polyhydric phenol
compound of which molecular weight is lower than 900. The
contents of the alkali-soluble polyhydric phenol coppound
of which molecular weight is lower than 900, the novolac

resin(2) and the o—-quinonediazide compound in total solid
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oxalic acid, acetic acid and p-touenesul fonic acid, and dival ent netal

Bal ts: such as zinc acetate and the |like can be used. In M@Haﬂam acetihe
reaction tenperature is usually 60 to [err], and the rea

usually 2 to 30 hours. According to Cbndensatlon 1 expla|
reaction product (1) which contains | ow mpl ecul ar wei ght |ngre Ien s |s
obt ai ned. As exanple of the Iom/nDIecuIéﬂsmkight I ngredi ents contained in

the reacti on i el e dhe ALY FRAERE Kb 150 ( 8 LB B

the ratio in positive resist composition(i ) mentioned

above.

The positive resist composition(i ) or (ii) of the
present invention is excellent in the balance among
pfoperties such as sensitivity, resolution, profile, heat

resistance, depth of focus, etc, and free from scum.

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,

parts means part by weight.

Synthesis Example 1

A mixture of 113.4 g of 2-cyclohexyl-5-
methylphenol, 210.8g of methanol, 3.6g of p-
toluenesulfonicacid and 18.3g of salicylaldehyde was
allowed to react at 80°C for 4 hours. Then, the reaction
product thus obtained was cooled and added to 50% aqueous
solution of methanol to obtain a white precipitate. The
precipitate was filtrate, washed and dried to obtain 40g of
a white powdery compound(a) represented by the following

formula:
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[err] wherein [err] to [err] to [err] and k' are as de%rﬁed—abUV""éﬁa'__
tompound represented by the follow ng formula: REPLACEMENT BamRelmxd.

Repl acenent Sheet (15/3/96) [err] wherein [err] to [err] as
geflned above provided that P-2 [err] , can be nentloned
- 17 -
CHy I? HsC,
HO C OH
H .

Purity of the white powdery compound(a) measured according
to the areametric analysis with a liquid chromatography was
99.6%.

FD-MS : m/e = 484

Synthesis Example 2

A mixture of 48.9 g of 2-cyclohexyi-5-methylphenol,
105.6g of methanol, 2.7g of p-toluenesulfonicacid and 17.1g
of vanilline was allowed to react under the refluxing
condition for 4 hours. Then, the reaction product thus
obtained was cooled to obtain a precipitate. The
precipitate was filtrate, washed with 50% aqueous solution
of methanol and dried to obtain 41g of a compound

represented by the following formula:
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The low nol ecul ar wei ght ingredients produced by Condensati-on—i—ean—be used
for the condensation reaction with fornmal dehyde and a phen_IS%ng HOM Ridlaced
However, the reaction product(1) itself can also be used f m m “ '
Condensation 2 wthout isolating the | ow nol ecul ar wei ght i m
ingredients is nore preferred than carryigg}out Condensation 2 after

i solating them The isolation of the | ow™ €cul ar wei ght ingredients can

(L.e. Condensation 2) after being isolated fromthe reacti
It. Carrying out Condensation 2 w thout isolating the | ow nol ecul ar wei ght
be carried out

CHy , HC

' HO é OH

FD-MS : m/e = 514

Synthesis Example 3

To a mixture of 80g of the compound(a) obtained in
Synthesis Example 1, 250g of methyl isobutyl ketone and 189,
2g of m-cresol, 135.6g of 37% aqueous solution of
formaldehyde was.dropwise added over a period of 60 minutes,
and the resulting mixture was allowed to react at 90°C for 8
hours. Then, the reaction mixture was washed with water
and dehydrated to obtain a solution of a novolac resin in
methyl isobutyl ketone. To the solution thus obtained,
1000g of 2-heptanon was added and then methyl isobutyl
ketone in the solution was distilled off by an evaporator
to obtain a solution of a novolac resin in 2-heptanon. As
measured by GPC, the product had a polystyrene-converted

weight average molecular weiéht-of 4300.

Synthesis Example 4
To a mixture of 80g of the compound(a) obtained in

Synthesis Example 1, 250g of methyl isobutyl ketone, 189.2g

THIS SHEET HAS BEEN
REPLACED




according to a conventional method such as concentration crystallizéf?dh,

filfration and drying. Condensation 2 is carried out &khjs cepilat ed
REPLACEMENT SHEET 9 Repl acenent Sheet (15/3/96) [ ct (1)
or-the isolated | ow nol ecul ar weight ingredients, the p l (1)

and fornal dehyde. Condensation 2 can also be.carried out while adding
- 19 -

of m-cresol and 42.8g of 2,5-xylenol, 161.5g of 37% aqueous
solution of formaldehyde was dropwise added over a period
of 60 minutes, and the resulting mixture was allowed to
react at 90°C for 8 hours. Then, the reaction mixture was
washed with water and dehydrated to obtain a solution of a
novolac resin in methyl isobutyl ketone. To the solution
thus obtained, 1000g of 2-heptanon was added and then
methyl isobutyl ketone in the solution was distilled off by
an evaporator to cbtain a solution of a novolac resin in 2-
heptanon. As measured by GPC, the product had a
polystyrene-converted weight average molecular weight of
4270.

Synthesis Example 5 _

To a mixture of 53g of the compound(a) obtained in
Synthesis Example 1, 150g of methyl isobutyl ketone, 121.7g
of m-cresol and 27.5g of 2,5-kylenol, 92.8g of 37% aqueous
solution of fqrmaldehyde was dropwise added over a period of
60 minutes, and the resulting mixture was allowed to react
at 90 °C for 8 hours. Then, the reaction mixture was washed
with water and dehydrated to obtain a solution of a novolac
resin in methyl isobutyl ketone. To the solution thus
obtained, 1000g of 2-heptanon was added and then methyl
isobutyl ketone in the solution was distilled off by an
evaporator to obtain a solution of a novolac resin in 2-
heptanon. As measured by GPC, the product had a
polystyrene-converted weight averagg molecular weight of

7700,
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f ornpl dehyde to a mixture of the reaction product(1) or the isolated | ow

ol.ecul ar wei ght ingredients and the phenol conpound(This Shéet Replaced -
conmpound(1l) use in Condensation reaction(2), at |east ound
sel’'ected froma group consisting of phenol, mcresol, :
2,5-xylenol, 3,5-xylenol, 3,4-xylenol, 2,3,5-trimethyl phenol, 2-

cycl ohexyl - 5-'net hyl phenol , 2-cycl opentyl -5-net hyl phenol and

3-met hyl - 6-t-butyl phenol can be nentioned., The anmount of the fornmal dehyde
used in Condensation 2 is usually 0.4 - 1%fote, preferably 0.6 -

Synthesis Example 6

Synthesis Example 5 was repeated except that the
reaction time was changed to 5 hours to obtain a solution
of a novolac resin in 2-heptanon. As measured by GPC, the

product had a polystyrene-converted weight average molecular
weight of 4800. |

Synthesis Example 7

Synthesis Example 6 was repeated except that the
amounts of m-cresol, 2,5-xylenol and 37% aqueous solution
of formaldehyde were changed to 120.6g, 54.5g and 114,3g
respectively to obtain a solution of a novolac resin in 2- |
heptanon., As measured by GPC, the product had a
polystyrene-converted weight average.molecular weight of
3900, |

Synthesis Example 8

To a mixture of 53g of the compound(a).obtained in
Synthesis Example 1, 150g of methyl isobutyl ketone, 122.7g
of m-cresol and 55.5g of 2,5-xylencl, 115g of 37% aqueous
solution of formaldehyde was dropwise added over a period
of 60 minutes, and the resulting mixture was allowed to
react at 90°C for 6 hours. Then, the reaction mixture was
wa#hed with water and dehydrated to obtain a solution of a
novolac resin in methyl isobutyl ketone. To the solution
thus obtained, ]OObg of 2-heptanon was added and then
methyl isobutyl ketone in the solution was distilled off by
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0.95 nmole per 1 nole of the total of the |ow nol ecul ar—werght—ingredients
and t he phenol conpound(1l). The nolar ratio of the |0Whﬁ%hﬁﬂ%k®&mW@ﬁ@ﬂﬂ

i ngredients to the phenol conpound(l) is preferably fro 0: 50.
I.n ‘Condensation 2, the reaction tenperature is usually Ulwﬂmﬂ)wl& ] '
Condensation 2 is preferably carried out in the presenc C

sol vent. Anpng the organic sol vents usabt&lfor the condensation 2, organic

sol vent s havi ng_bgj.l i Lngs Qf [err] e preferred and organic solyents

havi ng boi | i nggﬂoﬁg%égg?e‘&ém‘]'%&Hoﬁesﬁ%?ﬁm of aE)F&NB&@? desincin 2-

particularly ppgld{fne, As measured by GPC, the product had a
polystyrene-converted weight average molecular weight of
uaoo‘

Synthesis Example 9

100g of a solution of a novolac resin in methyl
isobutyl ketone obtained according to the same manner as in
Synthesis Example 3, in which the content of novolac resin
was 39.2 % by weight, was charged to a 1-liter separable
flask equipped with a drain pipe at its bottom. To the
flask, 50.7g of methyl isobutyl ketone and 95g of n-heptane
were further added. The content of the flask was stirred at
60 °C for 30 minutes and then left to stand until it
separated into two layers. To the under layer thus obtained,
300g of 2-heptanone was added, and then the methyl isobutyl
ketone and n-heptane were removed by means of an evaporator
to obtain a solution of novolac resin in 2-heptanone. As
measured by GPC, the product thus obtained had a
polystyrene-converted weight average molecular weight of
7000, 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 15%.

Synthesis Example 10 |
100g of a solution of a novolac resin in methyl

isobutyl ketone obtained according to the same manner as in

Synthesis Example 4, in which the content of novolac resin
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orgapi ¢ sol vent include ketones having boiling points d B
et hyl:i sobutyl ketone. As the acid catalyst used for tﬁﬂgs}{egﬁnr Hﬁ
acid,

exanpl e, inorganic acids 10 Repl acenent Sheet (
Qrgani ¢ acids such as oxalic acid, acetic acid and p- t
and divalent netal salts such as zinc acetate and the |ike can be used.
Preferably, the novolac resin(l) formad"bfy’2 =
was 42 % by weight, was charged to a 1-liter separable
flask equipped with a drain pipe at its bottom. To the
flask, 61.4g of methyl isobutyl ketone and 101,7g of n-

heptane were further added. The content of the flask was
stirred at 60°C for 30 minutes and then left to stand until
it separated inte two layers. To the under layer thus
obtained 300g of 2-heptanone was added and then the methyl
isobutyl ketone and n-heptane were removed by means of an
evaporator to obtain a solution of novelac resin in 2-
heptanone. As measured by GPC, the product thus obtained
had a polystyrene-converted weight average molecular weight
of 7200, and thé areal ratio of the range in which the
molecular weight as converted to polystyrene was 900 or.less

to the total pattern area was 16%.

Synthesis Example 11

A mixture of 76.1 g of 2-cyclohexyl-5-methylphenol,
155.9g of methanol, Y4.2g of p-toluenesulfonicacid and 21.1g
of salicylaldehyde was allowed to react at 80 °C for 4 hours.
After the reaction was completed, 317.9g of methyl isobutyl
ketone was added to the reaction product and the resulting
solution was distilled until the inner temperature rose to
85 °C in order to remove methanol. After 189.2g of m-
cresol was added thereto, 135.6g of 37% aqueous solution of
formaldehyde was dropwise added over a period of 60 minutes,
and the resulting mixture was allowed to react at 90°C for 8
hours, Then, the reaction mixture was washed with water

and dehydrated to obtain a solution of a novolac resin in
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Condensation 2 is made, by a nmethod such as fractiomatTom, Tnro a novol ac

resin in which the areal ratio of the GPC pattern of -msrgi,gggagmeﬂ faced

mpl ecul ar wei ght as converted to polystyrene is not hi
, and nore preferably 20% or |ess, based on the
excluding the pattern area of unreacted phenol conpoun d by

of |ess

using W 254 nm detector. The novol ac re's@?’( I) can al so be made into a
novol ac resin of i,ch ht erage no ht as, converted to
pol ystyrene isM® 5@31 %ﬁ%ﬁé& %ék ehpne. e$9 E &EPgﬁbuﬁv ned,

mol ecul ar “e'g?boﬁ?“ﬁ?c&—ﬁgﬁtgﬁoglagsrg deﬁl ﬂ%sthen methyl isobutyl

ketone in the solution was distilled off by an evaparator
to obtain a solution of a novolac resin in 2-heptanon. As
measured by GPC, the product had a polystyrene-converted

weight average molecular weight of 4250.

Synthesis Example 12

A mixture of 76.1 g of 2-cyclohexyl-5-methylphenol,
155.9g of methanol, 4.2g of p-toluenesulfonicacid and 21.4g
of salicylaldehyde was allowed to react at 80 °C for 4 hours.
After the reaction was completed, 317.9g of methyl isobutyl
ketone was added to the reaction product and the resulting
solution was distilled until the inner temperature rose to
85 °C to remove methanol, After 189.2g of m-cresol and
42,8g of 2,5-xylenol were added thereto, 161.5g of 37%
aqueous solution of formaldehyde was dropwise added over a
period of 60 minutes, and the resulting mixture was allowed
to react at 90 'C for 8 hours. Then, the reaction mixture
was washed with water and dehydrated to obtain a solution of
a novolac resin in methyl isobutyl ketone. To the solution
thus obtained, 1000g of 2-heptanon was added and then
methyl isobutyl ketone in the solution was distilled off by
an evaporator to obtain a solution of a novolac resin in 2-
heptanon. As measured by GPC, the product had a
polystyrene-convéfted weight average molecular weight of

4300.

s 25%
area
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convyerted to polystyrene. As preferable exanples of the o- U|noned|a2|de

tqnpound, o-napht hoqui nonedi azi de conpound can be nentio
t he o- napht hoqui nonedi azi de conpound i ncl ude the conpound
Subj ecting a phenol conpound having two or nore hydroxyl

e

any

three or nore hydroxyl groups, and 1,2-naphthoqui none- d|a2|de 4- sulfonic

acid halide or 1,2-naphthoqui none-di azi degp~ sulfonic acid halide to a
condensation reaction in the presence of a weak al kali such as
tri et hyl am ne, Syothesis Bxampdecidind the |ike, which is used as a photo

sensitizer

A mixture of 32,8 g of 2-cyclohexyl-5-methylphenol,
67.2g of methanol, 1.8g of p-toluenesulfonicacid and 9.2g of
salicylaldehyde was allowed to react at 80 °C for 4 hours.
After the reaction was completed, 177g of methyl isobutyl
ketone was added to the reaction product and the resulting
solution was distilled until the inner temperature rose to
85 °C in order to remove methanol. After 121.7g of m-
cresol and 27.5g of 2,5-Xylenol were added thereto, 92.8g
of 37% aqueous solution of formaldehyde was dropwise added
over a period of 60 minutes, and the resulting mixture was
allowed to react at 90 °C for 8 hours. Then, the reaction
mixture was washed with water and dehydrated to obtain a
solution of a novolac resin in methyl isobutyl ketone. To
the solution thus obtained, 1000g of 2-heptanon was added
and then methyi isobutyl ketone in the solution was
distilled off by an evaporator to obtain a solution of a
novolac resin in 2-heptanon. As measured by GPC, the
product had a polystyrene-converted weight average
molecular weight of 7800,

Synthesis Example 14

A mixture of 32.8 g of 2-cyclohexyl-5-methylphenol,
67.2g of methanol, 1.8g of p-toluenesulfonicacid and 9.2g of
salicylaldehyde was allowed to react at 80 °C for 4 hours.
After the reaction wasicbmpleted. 1778 of methyl isobutyl
ketone was added to the reaction product and the resulting

solution was distilled until the inner temperature rose to
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for a positive photo resist used for productions of ~sem conductors.
REPLACENMENT SHEET - 11 - Repl acenent Sheet (19/ﬁ{sgﬁéatb?ﬁde’n uedad

exanpl es of said phenol conmpound having two or nore hyﬂmm“ ml the

CONpounds mentioned in Page 3 of JP-A-2-103543 as a ge t he

conpounds nentioned in JP-A-2-32352 as Eﬁgsq?neral
85 °C in order to remove methanol. After 121,7g of m-
cresol and 27.5g of 2,5-xylenol were added thereto, 92,8g
of 37% aqueous solution of formaldehyde was dropwise added
over a period of 60'minutes, and the resulting mixture was
allowed to react at 90 'C for 5 hours. Then, the reaction
mixture was washed with water and dehydrated to obtain a
solution of a novolac resin in methyl isobutyl ketone. To
the solution thus obtained, 1000g of Z—heptanon was added
and then methyl isobutyl ketone in the solution was
distilled off by an'evaporator to obtain a solution of a
novolac resin in 2-heptanon. As measured by GPC, the
product had a polystyrene-converted weight average

molecular weight of 4900,

Synthesis Example 15

A mixture of 32.5 g of 2-cyclohexyl-5-methylphenol,
66.6g of methanol, 1.8g of p-toluenesulfonicacid and 9.1g of
salicylaldehyde was allowed to react at 80 °C for 4 hours.
After the reaction was completed, 177g of methyl isobutyl
ketone was added to the reaction product and the resulting
solution was distilled until the inner temperature rose to
85 °C in order to remove methanol. After 120.6g of m-
cresol and 54.5g of 2,5-xylenol were added thereto, 114.3g
of 37% aqueous solution of formaldehyde was dropwise added
over a period of 60 minutes, and the resulting mixture was
allowed to react at 90°C for 5 hours, Then, the reaction
mixture was washed with water and dehydrated to obtain a

solution of a novolac resin in methyl isobutyl ketone. To
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(1) pr (11), the conpounds nentioned in JP-A-2- 269351—aS‘fhe—geﬁeF&L~——

formul-a (1), the conpounds nentioned in Page 4 of Jp-ﬂls%hégﬁ een

conpounds mnentioned in JP-A-3-185447 as the general ?Favans

i,ncl udi ng the conpounds nentioned in JP-A-4-295472 as LEH, u) rnula

(l.), etc. can be referred to. The positive resist conp f the

present invention may contain another |ngﬂéd1ent in addition to the novol ac

resin and the uin lazjde co ound es. of the anot her ingredi ent

i hcl ude an aIk gﬁgg tﬁ %ﬁﬁhﬁg tanon, Was, s

wei ght i's and then methyl 1sobutyl ketone in the solution was
distilled off by an evaporator to obtain a solution of a
navolac resin in 2-heptanon. As measured by GPC, the

product had a polystyrene-converted weight average
molecular weight of 3850.

Synthesis Example 16

A mixture of 33.1 g of 2-cyclohexyl-5-methylphenol,
67.8g of methanol, 1.8g of p-toluenesulfonicacid and 9.3g of
salicylaldehyde was allowed to react at 80 °C for 4 hours.
After the reaction was completed, 177g of methyl isobutyl
ketone was added to the reaction product and the resulting
solution was distilled until the inner temperature rose to
85 °C in order to remove methanol. After 122.7g of m-
cresol and 55.5g of 2,5-xylenol were added thereto, 115g of
37% aqueous solution of formaldehyde was dropwise added
over a period of 60 minutes, and the resulting mixture was
allowed to react at 90°C for 6 hours. Then, the reaction
mixture was washed with water and dehydrated to obtain a
solution of a novolac resin in methyl isobutyl ketone. To
the solution thus obtained, 1000g of Z?heptanon was added
and then methyl isobutyl ketone in the solution was
distilled off by an evaporator to obtain a solution of a
novolac resin in 2-heptanon. As measured by GPC, the
product had a polystyrene~converted weight average
molecular weight of 4700,
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| ower than 900. As exanples of said alkali-soluble poryhydric phenol

Conpound of which nol ecular weight is | ower than 900, uh@s 9Beed Be
mentioned in JP-A- 2-275955 as the general formula (1), t

frentioned in JP-A-4- 50851 as the general formula (1), t

nmentioned in JP-A-3-179353 as the general forrmula (I) ca nentloned As
t he sol vent used for preparation of the pé&3sitive resist conp03|t|on(

sol vents vapori zabl e at _an aE qgrlate rate and capable of giving a unlform
and smooth coadymehesismExempdeclbporati on can be used.

100g of a solution of a novolac resin in methyl

isobutyl ketone cobtained according to the same manner as in
Synthesis Example 11, in which the content of novolac resin
was 39.2% by weight, was charged to a 1-liter separable
flask equipped with a drain pipe at its bottom. To the
flask, 50.7g of methyl isobutyl ketone and 95g of n-heptane
were further added. The content of the flask was stirred at
60 °C for 30 minutes and then left to stand until it
separated into two layers. To the under layer thus obtained
300g of 2-heptanone was added, 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-
heptanone. As measured by GPC, the product thus obtained
had a polystyrene-converted weight average molecular'weight
of 7050, 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 15%.

Synthesis Example 18

100g of a solution of a novolac resin in methyl
isobutyl ketone obtained according to the same manner as in
Synthesis Example 12, in which the content of novolac resin
was 42% by weight, was charged tolg }-liter separable flask
equipped With a drain pipe at its bottom. To the flask,
61.Ug of methyl isobutyl ketone and 101.7g of n-heptane
were further added. The content of the flask was stirred
at 60°C for 30 minutes and £hen left to stand until it
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Exanpl es of such solvent include glycol esters such as propyl ene egcoI
nmononet hyl ether acetate, ethyl cellosolve REPLACENVENThisSigeEHas dm
"ned in

Date :. ... . - 12 - Repl
(.1977/95) acetate and nethyl cellosolve acetate, the s
JP- A- 2- 220056,

esters such as ethyl pyruvate,

separated into two layers. To the under layer thus obtained
300g of 2-heptanone was added, 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-
heptanone. As measured by GPC, the product thus obtained
had a polystyrene-converted weight average molecular weight
of 7300, 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 16%.

Examples
According to the formulation shown in the
following Table 1, 2 and 3, a novolac resin (in Table 1, 2
and 3, simply referred to as "resin"), a i1,2-
naphthoquinonediazide compound (in Table 1, 2 and 3, simply
referred to as “photo sensitizer") and an alkali—soluﬁle
polyhydric phenol compound of which molecﬁlar weight is
less than 900(in Table 1, 2 and 3, simply referred to as
"additive B") wWwere mixed and dissolved in 50 parts of 2-
heptanone.
The solution thus obtained was filtered through a
Teflon filter having a pore size of 0.2 pgm to prepare a
resist solutlon. A sillcon wafer washed in a conventional
manner was coated with the.;ésist solution up to a thickness
of 1.06um by means of a Spin coater and baked on a hot
plate at 90°C for one-minuie. Subsequently, the wafer was
exposed to light by using a reduction projection exposihg

machine having an exbosure wavelength of 365 nm (i-line)
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n-anyl acetate and ethyl lactate and ketones such as 2-

heptanone [err]-butyrol actone. These solvents are u dently
or inthe formof a mixture of two or nore. The o-qui npound
is-usually used in an amount of 10-50% by melght base SO|Id
conponent in the positive resist conposition(i ). The alkall-soluble

pol yhydri c phenol conpound of mhlch nol ec2f ar melght |s | ower than 900 is
usual |y used in_an.anoy - 40% by wei ght, ref 40W b ht ,
based on the t6¥§ﬁ1355#3 R manufa QJ) g éﬂ *Pgﬁfg

stepwise changing the amount of exposure.

Subsequently, the wafer wés 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.
A resolution was evaluated by measuring, with a scanning
electron microscope, the dimension of the minimum line-and-
space pattern which could be resolved without film thickness
decreasé at an exposure amount giving 1:1 line-and-

space(effective sensitivity).

Profile and scum were evaluated by gbserving, with
a scanning electron microscope, the cross-sectional shape
of a O.SO;Lm.line—and-space pattern at the effective
sensitivity. B

Heat resistance was evaluated by observing the
extent of sagging of the resist pattern after being heated
on a hot plate at 124 °C for 5 minutes.

The depth of focus was determined by observing,
with a scanning electron microscope, a degree of focus
shifting where a 0.50y m line-and-space pattern could be
resolved at the effective sensitivity without film thickness
decrease.

In Table 1,2 and 3, the additive B is an
alkalisoluble polyhydric phenol compound represented by the

following formula:
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As preferred exanples of the conpound of the f Gl glunds
tepresented by the followi ng formul ae: Repl a eE m 9/ 7/ 95) - 13-
[err] can be nmentioned. As nore preferred exanp ound of the
formul a(lV), conpounds represented by the

- 30 -
HyC, CHy
HO H OH

HaC
| ® He

In Table 1,2 and 3, photo sensitizers C to E are
each a condensate formed between 1,2-naphthoquinonediazide-
5-sulfonic acid chloride and the following phenol compounds
C', D' and E', respectively in the molar ratio of 2.6, 2.0
and 4.0, respectively:

|
o o
o
u"; , mﬁ
(D>
oH HO OH
HO CH4
0 OH
HsC” “CH
&)
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group

d by the
ol ,

heePheet

i

0l

conmpound s

conpo

2,5-xyle

p- cresol,

can be nmenti oned.
| east one phenol

m cresol,

at

[err]

g fornul ae:
(19/7/95) As preferable exanple of the phenol

formula(V ),
ting of phenol,

>

follow n
general
'CoNnsi s

2, 3,

3. 4-xyl enol ,

- 31 -
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5-trinmet hyl phenol, 2-cycl ohexyl -5-nethyl phenol , 2-

tycfopentyI-S-nEthyIphenol and 3- et hyl - 6-t - but y| pHéshet & efi oned.
I Condensation 3, the nolar ratio of the conpound H ﬂ (111) or
t he conmpound of the general formula(lV) to the phen t he

formula(V ) is preferably 0.5 : 99.5 - 4@:.60. Exanples of the al dehyde(1)
used in Condensation 3 include a saturated or unsaturated aliphatic
al dehydes such as fornmal dehyde, acetal dehyde, propional dehyde, n-

but yl al dehyde, Fgﬁﬂﬁfylalcenyae, TTT et yracetalﬁﬁﬁvyé, n- phexyl al dehyde,
acrol ein and cr ¢t onal d®€hyde; ' | ,
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cycl ohexaneal dehyde; cycl opent aneal dehyde; furfural; furylacroleln and
aremati ¢ al dehydes such as benzal dehyde, o-, p- or nﬁmaﬂmal “e

p- et hyl benzal dehyde, 2, 4-- di net hyl benzal dehyde, 2, 5-- dehyde,
3, 4-- di net hyl benzal dehyde, 3, 5- dlnethylbenzaldehyde hyde,
0--, p- or mhydroxybenzal dehyde, cinnamal dehyde, o-, p- or m ani sal dehyde

and vanillin. As preferred exanpl es of rh%3aﬂdehyde(|) f or mal dehyde can be
mentioned. In the condensation reaction of the al dehyde(l) with the

conpound of the [f0 Ta(i1]) Of (V) o LHEpTEﬂU
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conpound of the fornmula(V ), nolar ratio of the al ggh%fle

ot al
anpunt of the conpound of the - 15 - Repl aceng Hab ot {95)
formula( I'11) or (1V) and the phenol conpound of theUlm l‘}auj S
preferably from1 : 0.005 to 1 : 2. Qhgr condition ensation
reaction are sanme to those of Condensat’ A 2. Preferabl y, the novol ac
resin(2) produced b\é
BRIEF DESCRIPTION OF THE DRAWINGS
FIG.1 shows a '"H-NMR spectrum of the compound
obtained in Synthesis Example 1.
FIG.2 shows a 'H-NMR spectrum of the compound

obtained in Synthesis Example 2.

REPLACED
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Condensation 3 is nade, by a nethod such as fractionatief—into—anovotac

rg;sm in which the areal ratio of the GPC pattern of a ran

nol ecul ar wei ght as converted to polystyrene is not hlg im Iwm I“F%
or- l ess based on the total pattern area excluding the p

‘unr eact ed phenol conmpounds, as neasured-ﬁﬁ asing U 254 nn1detector as t he

novol ac resi n‘ The novoI ac resin(2) can also be made into a novoI ac

resin of whi %l%tc i nol ecul ar wei ght as converted to pol ystyrene
i-s 2000 - 20000, - |c&|s

f d h
range of the novol ac *r €5i t) rgﬁﬁeiﬁft‘é%‘%%ni%\ﬁer"ﬁgshn%ﬁﬁyigésWe' ght

an o-quinonediazide compound; and

a novolac resin which is obtained by allowing
an aldehydes containing

an aromatic aldehyde represented by the following formula(
1)

.(CHo)p (OH) y/

wherein R » to R¢ each independently represents hydrogen,
alkyl having 6 or less carbon atoms, cycloalkyl having 6 or
less carbon atoms, alkoxy having 6 or less carbon atoms,
alkenyl having 6 or less carbon atoms or aryl having 10 or
less corbon atoms, k' represents an integer not smaller than
0 and p represents 1, 2 or 3, provided that k' and p
satisfy k'+p £3, '

to react with a phenol compound represented by the following
formula( 1l )

OH . _
This Sheet Has Been Reﬂlaced
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pol ystyrene. The o-qui nonedi azi de conpound used-in the positive resist
copposition(ii) is same to the conpound used in the positive Tesist

conmposition(i). The positive resist conposition(ii ) ma '
_ngr edi ent élm[mammﬂWI ﬁl
- Me s

canpound. For exanple, it may preferably contain an alk

pol yhydri c phenol

in addition to the novolac resin(2) and the

contents of the al kali-soluble pol yhydrit 3%henol conpound of which
nol ecul ar wei g IS Logeg haa 900, , t he ,novol_ ac
. )

wherei each independently represents hydrogen,

hydroxy, alkyl having 6 or less carbon atoms, cycloalkyl

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

carbon atoams, alkenyl having 6 or less carbon atoms or aryl
having t0 or less corbon atbms, provided that at least one
of Rs to Ry is cycloalkyl having 6 or less carbon atoms,
in the preéence of an acid catalyst to obtain a reaction
product(1) containing low molecular weight ingredients; and
, then, allowing the reaction product(l) to further react
with a phenol compound(l) and formaldehyde.

2. A positive resist composition according to Claim 1
wherein the reaction product(l) is allowed to further react
with a phenol and formaldehyde without isolating the low
molecular weight ingredients from the reaction product(1).

3. A positive resist composition according to Claim 1
in which ;he phenol compound represented by the formula(
I) is at least one compound selected from 2-cyclohexyl-5-
methylphenol and 2-cyclopentyl-S5-methylphenol.

4. A positive resist composition according to Claim 1
in which the phenol compound(1) is at least one ﬁhgnol
compound selected from a group consisting of phenol, m-

cresol, p-cresol, 2,5-xylenol, 3,%5-xylenol, 3,4-xylenol,

- 2,3,5~trimethylphenol, 2-cyclohexyl-5-methylphenol, 2~

cyclopentyl-5-methylphenol and 3-methyl-6-t-butylphenol.

5. A positive resist compositioﬁ According to Claim 1
in which the reaction of the aldehyde containing the
aromatic aldehyde represented by the formula( ] ) and the

conpound of which nol ecul ar weight is |ower than 900. The

. This Sheet Has Been Replaced
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resin(2) and the o-quinonedi azi de conpound in total soll EET
Dale 20 JUL 1995 - 16 - Repl acenent Sheet (19/ 7/ ruggﬂtent of the

p05|t|ve resi st conposition(ii) are sane to the ratio uﬁ(’
I,

- conposition( i ) mentioned above. The posg_};lve resi st co
phenol compound represented by the formula(ll ) is carried

(ii ) of the

out in the presence of an acid catalyst and an organic
solvent having the beiling temperature of 50-160°C.

6. A positive resist composition according to Claim )
in which the novolac resin(1) is the one in which the areal
ratio of the GPC pattern of a range in that a molecular
weight as converied to polystyrene is not higher than 900
is 25% or less based on the total pattern area excluding
the pattern area of unreacted phenol compounds, as measured
by using UV 254 nm detector.

7. A positive resist composition which comprises;

an o—-quinonediazide compound; and
a novolac resin which is obtained by allowing

a compound represented by the following formula(ll)

n{HO) (OH)n

R —f-\:‘:'—lv‘i R (‘,ﬁ—ﬂ

xnll\aen 12 ;;;Il: 12
N “l i

HC——i— A —CH
/

ﬁ;ffl\‘ R, <j,n
n(Hofsg .F'l’é/ (OH)

11

wherein R 19 to Ri2 eacb independently represents hydrogen,

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

This Sheet Has Been Reﬂlaced '




present invention is excellent in the bal ance anong properiies such—as——
segpsitivity, resolution, profile, heat resistance, dept and
free fromscum PREFERRED ENVMBODI MENT OF THE | NVENTI ON T H@mwjﬂﬁm on
i.s explained in nore detail with reference to the followngec

invention is by no neans limted by these38xanples. In the exanples, parts
nmeans part by weight. Synthesis Exanple 1 A m xture of 113. 4 g of

2- cycl ohexyl - Sesseciaybone ations)1@lRoxyt hawtingnél or3légsotapbon atoas or
alkenyl having 6 or less carbon atoms, provided that at

least one of R 19 to R 12 1s cycloalkyl having 6 or less
carbon atoms, and n is 1 or 2; or

a compound represented by the foilowing formula(IV):

wherein R 13 to Rys esach independently represents hydrogen,
alkyl having 6 or less carbon atoms, cycloalkyl having 6 or
less carbon atoms, alkoxy having 6 or less carbon atoms or
alkenyl having 6 or less carbon atoms, Ris represents
hydrogen, alkyl having & or less carbon atoms or aryl having
10 or less corbon atoms, p and q each independently
represents 1 or 2 and r represents 0 or 1, provided that at
least one of R 13 to R ;5 is cycloalkyl having 6 or less
carbon atoms;

to condensate with a phenol compound represented by the

following formula(V):

/\ j _ ( ) : ﬂ This Sheet Has Been Repl
® R (V) HIIIII lIIIlHIlI 0
0 \’ ) 1n

THIS SHEET HAS BEEN
REPLACED
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t ol ugnesul foni caci d and 18.3g of salicyl al dehyde mas_aLLQMEQ_LQ_LEEELHE;
[*er-r] -for 4 hours. Then, the reaction product thus obtained was cool'e
added to 50% aqueous sol ution of methanol to obtain aJm,
The precipitate was filtrate, washed and dried to obt mmn Mm
pomdery conpound(a) represented by the follow ng fornul*a: ¢ LRep
Sheet (19/7/95)
-39 -
wherein R 20 to R:: each independently represents hydrogen,
alkyl having 6 or less carbon atoms, cycloalkyl having 6 or
less carbon atoms, alkoxy having 6 or less carbon atoms or
alkenyl having 6 or less carbon atoms and k represents 1 or
8. A positive resist composition according to Claim 7
in which the compound of the formula(Iy) is one of the

compounds represented by the following formulas:

H:;CD__E =y, CH,
HO <: ;EOH

CHs0 —0OH

9. A positive resist composition according to Claim 7
in which the phenol compound of the formula(V ) is at
least one phenol compound selected from a group consisting
of phenol, m-cresol, p-cresol, 2,5-xylenol, 3,5-xylenol,

3,4-xylenol, 2,3,5-trimethylphenol, Z-cyclohexyl-s-

This Sheet Has Been Rei




;17 ¢ lerr] Purity of the white powdery conpound(a) measured according to

L"6a Synthesis eample 2 A mxture of 486 g o i I RN ©
2- cycl ohexyl - 5- met hyl phenol , 105. 6g of ne%ﬁanol, 2.7g of * ¢ bt m s =

p-t ol uenesul foni cacid and 17.1g of vanilTli'He was allowed to react under the

refluxing conglibhgd phthel ,"Ieye180ER eyl "E-RERRY BHeREY4RE S0HE thy1 -6~
: t-butylphenol.
10. A positive resist composition according to Claim
7 in which the molar ratio of the compound of the formula(
Il ) or the compound of the general formula(ly) to the
phenol compound of the formula(V ) is from 0.5:99.5 to 40:
60,
| 17. A positive resist composition according to Claim
7 in which weight average molecular weight as converted to
polystyrene of the novolaé resin is 2000 - 20000.
12. A positive resist composition according to Claim
] or 7 which further contains an alkali-soluble polyhydric

phenol compound of which molecular weight is lower than 900,

This Sheet Has Been Re|placed |




obtqi ned was cooled to obtain a precipitate. The precipitate was filtrate,
snashed w th 50% aqueous sol ution of nethanol and dried to obtain 41g of a
-conmpound represented by the follow ng formula: Repl acenent Sheet
(19/7/95) -18 - [err] FD-M5S : me 514
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Syn{,hesi s Exanple 3 To a mixture of 80g of the compound(a) obtained in
Synthesi s Exanple 1, 2509 of nethyl isobutyl ketone and 189. 2g of
Mmcresol, 135.6g of 37% aqueous sol ution of fornal dehyde was dropw se added
épver a period of 60 mnutes, and the resulting m xture was allowed to react
at, [err] for 8 hours. Then, the reaction m xture was washed with water and
dehydrated to obtain a solution of a novobac resin in nmethyl isobutyl

ket one. To the solution thus obtained, 1000g of 2-heptanon was added and
t-hen nethyl isobutyl ketopne in the solution was.distilled off by

Ao pri——-
evapor at or j gro
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to obtain a solution of a novolac resin in 2-heptanon. As neasured by GPC,
t he product had a pol ystyrene-converted wei ght average nol ecul ar wei ght of
4300. Synthesis Exanple 4 To a m xture of 80g of the conpound(a) obtained

in Synteesis Exanple 1, 250g of nethyl isobutyl ketone, 189.2g REPLACENMENT

SHEET -19- Replacenent Sheet (19/7/95)
ABSTRACT
POSITIVE RESIST COMPOSITION
| A positive resist composition sensitive to
radiations such as ultraviolet rays, far ultraviclet rays,
which comprises;
ah o-quinonediazide compound; and

a novolac resin(1) obtained by allowing
an aromatic aldehyde of the formula(])

(CHO)% (om)

wherein R « to Rs¢ reprasents hydrogen, alkyl, cycloalkyl,
alkoxy, alkenyl or aryl, k' represents an integer not
smaller than O and p represehts 1, 2 or 3,

to react with a phenol compound of the formula (1)

OH

R, R, (1D
R,
wherein R 1 to Ry represents hydrogen, hydroxy, alkyl,
cycloalkyl, alkoxy, alkenyl or aryl, provided that at 1ea§t

one of Ry to Ry 1is ecycloalkyl having 6 6r less carbon
atoms, |

is Sheet Has Been Reilaced
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of mcresol and 42.8g of 2,5-xylenol, 161.5g of 37% aqueous sol ution of

f or mal dehyde was dropw se added over a period of 60 mnutes, and the
resulting mxture was allowed to react at [err] for 8 hours. Then, the
reacti om m xture was washed with water and dehydrated to obtain a solution
of a novolac resin in methyl isobutyl ket@ne. To the solution thus

obt ai ned, 1000g of 2-heptanon was added and then nethyl isobutyl ketone in
t he sol ution Wtﬁgsgfég%eoﬁr &Y RYdeyapyEkor to obtain a solution of a
novol ac resin in 2- heptanon. As neasured by GPC, the product had a

pol yst yr ene- copy esitinva giefacsionapeodut (L) asontaigliingolow molecular

weight ingredients;
and, then, allowing the reaction product(1) to further react
with a phenol compound{i) and formaldehyde.

" This Sheet Has Been Reﬂlaced
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in Syathesis Exanple 1, 1509 of methyl isobutyl ketone, 121.7g of mcresol

¢ and 27.5g of 2,5-xylenol, 92.8g of 37% aqueous sol ution of formal deh de mas
dropw se added over a period of 60 ninuties, andRepigcemantl Sheed f%7¥P%)
al l owed to react at [ePOBITTVESRESIST. COMPOSITI®ONT eacti on mi xture was
washed with water and dehydrated to obtain a solution of a novolac resin in
net hy! isobutyl ketone. To the sol ution thus obt ai ned, 1000g of 2-heptanon
was added and then net hyl

FIELD OF THE INVENTION

f,4270 Synthe5|s Exanple 5 To a m xture of 53g of the compound(a) obtained

The present invention relates to a positive resist
composition sensitive to radiations such as ultraviolet
rays, far ultraviolet rays including excimer laser,

electron beams, ion beams, X rays, etc.

DESCRIPTION OF THE RELATED ART

Recently, with a rise in the integration level of
integr#ted circuits, formation of pattern of submicron
order is required. As its result, a positive resist
composition ffee from scum (undeveloped residue) and
further excellent in properties.such as sensitivity;
resdlution, profile, depth of focus, heat resistance, etc.
is demanded. Particularly in the production of 16-64 MDRAMs
(Mega-bit dynamic randam access memory), it is necessary to
resolve a pattern'haviné a line width of 0.5 pgmor less
with a good profile and a good depth of focus,

In JP-A-2-84414, particularly Claim 5 of the
application, there is described a positive photoresist
which comprises a novolac resin and a photo sensitizer
wherein the novolac resin is a condensation product of (a)a
phenol, a phenol derivative or a.mixture thereof and (b)an
aldehyde which is a condensation product of a mixture of
formaldehyde or a formaldehyde precursor and'an aldehyde
containing a monohydroxy aromatic aldehyde. The positive

photoresist, however, is not yet satlsfactory in resolution,

REPLACEMENTSHEET




isobutyl ketone in the solution was distilled off by an evaporator to
obtaim a solution of a novol ac resin in 2- heptanon. As neasured by GPC,
t he product had a pol ystyrene-converted wei ght average nol ecul ar wei ght of

7700.” * Repl acement Sheet (19/7/95) -_20_- Synkélﬂ%cémé:ﬁtam& @19/7/95)
_ profile, depth of focus, etc.

DESCRIPTION OF TﬁE’INVENTION
It is the object of the present invention to
provide a positive resist composition excellent in the
_balance among prbperties such as sensitivity, fesolution,
profile, depth of focus and heat resistance, and free from
scum. |
The present invention pfovidés

a positive resist composition(i ) which comprises;

an o-quinonediazide compound; and

a novolac resin(1) which is obtained by allowing
aldehydes containing |
an aromatic aldehyde represented by'the following formula (

1)

(CHO® (om)y

wherein R s to R¢ each independently represents hydrogen,
a}kyl having 6 or less carbon atoms, cycloalkyl having 6 or
less carbon atoms, alkoxy having 6 or less carbon atoms,
alkenyl having 6 or less carbon atoms or aryl having iO or
less carbon atoms, k' represents an integer not smaller than

0 and p represents 1, 2 or 3, provided that k' and p

satisfy k'+p £3,

REPLACEMENTSHEET




Synt hesi s Ex
to 5 hours t
measur ed by
nol ecul“ar we
repeat ed "exc
sol ution of
respectlvely
measur ed by

anple 5 was repeated except that the reaction tine was changed
0 obtain a solution of a novolac resin in 2-heptanon. As
GPC, the product had a polystyrene converted wei ght aver age

i ght of 4800. Synthe3|? Exa gﬁ ﬁgzﬁ&ﬂlg 16/ 7/8% %

S
o8 g‘g?sehysswgfgﬂéﬁgﬁgfe ”ﬁf@? ety s i e
&gmahhgl(g 38t ULlasnaO a novo aC reSI n In ep anon

OH

R R, (1D
Ra

wherein R 1 to Ry each independently represents hydrogen,
hydroxy, alkyl having 6 or less carbon atoms, cycloalkyl
having 6 or less carbon atoms, alkoxy having 6 or léss
carbon atoms, alkenyl having 6 or less carbon atoms or aryl
having 10 or less carbon atoms, provided that at least one
of R7 to Ry is cycloalkyl having 6 or less carbon atoms,
in the presence of an acid catalyst

to obtain a reaction product(l) containing low molecular
weight ingredients (hereinafter this reaction step is
referred to as "Condensation 1");

and, then, allowing the reaction product(l1) or the low
molecular weight ingredients isolated from the reaction

product(l) to fﬁrther react with a phenol compound(1) and

formaldehyde (hereinafter this reaction step is referred to

as "Condensation 2").

The present invention also provides

e s . . s . .. . This Sheet Has Been Replace
a positive resist composition(i ) which comprises; ”I"I “l"““l i

an o-quinonediazide compound; and
a novolac resin(2) which is obtained by allowing

a compound represented by the following formula(Il)

THIS SHEET HAS BEEN REPLA%EMENT SHEET
REPLACED 0 JUL 1995
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‘pol yst y ene-converted wei ght average nol ecul ar wei ght of 3900. Synt hesi s
Exanple 8 To a m xture of 53g of the conpound(a) obtained in Synthesis

Exanpl e 1, 150g of nethyl
2, 5-xylenol ,
added over a period of 60 m nutes,
react at [err] for 6 hours. Then,

i sobut yl

ket one, 122.7g of mcresol and 55.5g of

115g of 37% aqueous sol ution of fornmal dehyde was dropw se

and the resulting m xture was allowed to
the reaction m xture was washed with

wat er'’ and dehydrated to obtain a solution of a Eovol ac nrtegli'lgeg ?1573;/%;

i sobutyl ketone. To the solution’ 4. eplaceme
nHo) (OH)n
NP R e

F 12 10l 12
o9 b g
Yy Loam
HC CH
A
< A
RI:F\/RM R '/Rlz
8% o N
11 11

wherein Rio to Ri2 each independently represents hydrogen,
alkyl having 6 or less carbon atoms, cycloalkyl having 6 of
léss carbon atoms, aikoxy having 6 or less carbon atoms or
alkenyl having 6 or less carbon atoms, provided that at
least one of Rie to Ri: is cycloalle having 6 or less

carbon atoms, and n is 1 or 2; or

a compound represented by the following formula(IV)

wherein Ri3 to Ri1s each independently represents hydrogen,

REPLACEMENT SHEET
20 JuL 1895




- .

“thus obtainéﬂ?s Begn cE’Stanon was added and then nethyl isobutyl
ket one in the ﬂ istilled off. by Repl acenent Sheet (19/7/95)
an evapor at or [ | ution of a novolac resin in 2- heptanone. As

measut €éd by GPC, the product had a pol ysgyrene- eplazenent Saeght( 184198y
ol ecul ar” we4 giofr] oha¢8HR- 656pt 1885Sca¥BBh! 4t8ms, cycloalkyl having 6 or

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

alkenyl having 6 or less carbon atoms, R:s represents
hydrogen, alkyi having 6 or less.carbon atoms or aryl having
10 or less carbon atoms, p and q each.independently
represents 1 or 2 and r represents 0 or 1, provided that at
least one of Ris to Ris is cycloalkyl having 6 or less

carbon atoms;

to react with a phenol compound represented by the following

" formula(V)

wherein Rzo_to Rz2 each independently represents hydrogen,
alkyl having 6 or iess carbon atoms, cycloalkyl having 6 or
less carbon atoms, alkoxy having 6 or_less carbon atoms or
alkenyl having 6 or less carbon atoms and k represents 1 or
2; and -~

a aldehyde(1) (hereinafter this reaction step is referred to
as "Condensation 3").

As preferred examples of the aromatic aldehyde
compound represented by the formula( ), benzaldehyde,
methylaldehydes such as 4-methylaldehyde, polyaldehydes
such as terephthalaldehyde, hydroxybenzaldehydes such as o-,
m- or p-hydroxy?enzaldehyde, methoxybgnzaldehydes such as o-,

THIS SHEET HAS BEEN REPLACEMENT SHEET
REPLACED

-----------------------




100g of- a solution of a novolac resin'in nethyl isobutyl ketone obtained
according to the same manner as in Synthesis Exanple 3, in which the
content of novolac resin was 39.2 % by weight, was charged to a 1-liter
separabl e flask eqw pped with a drain pldoe at i Replagenenh Sheett Iﬁ¢91f7I/95)<

50.7g of ety ELa PdEn Y& ehblU

The. cont ent of th flaﬁo%v?s stl rred§ errfﬁgpli %ﬁﬁupgshgn t hen Ieft
to stand unt ra e us

obt ai ned, 3'&5% o% %H%glpt ﬁ%ﬁggw%%aﬁ %-ﬁaeﬁr.lgt He rretq#?fl?gggﬁtyl In

kEtm“’a”d't&ﬁ&@ﬁﬁhﬁ&%hrﬁnn%ﬁbgé EdRat i fNadbdPyae®’'can be used
independently br in the form of mixture two or more. These
aromatic aldehyde can be used in a combination with one or
more kinds of aliphatic aldehydes other than formaldehyde
such as acetaldehyde or élyoxal.

As preferable examples of the phehol compound
represented by the formula(I ), 2-cyclohexyl-5-methylphenol,
2-cyclopentyl-5-methylphenol and a mixture thereof can.be
mentioned.

In the Condensation 1, the molar ratio of the
aromatic aldehyde compound represented by the formula(]) to
the phenol compound represented by the formula(J]) is
preferably from 1:2 to 1:10. Condensation 1 is preferably
carried out in the presence of an organic solvent. As a
preferred examples of the oréanic-solvent, a poor solvent:
which is relatively difficult to dissolve the aromatic
aldehyde compound of the formula(] ) and the phenol

" compound of the formula(J ) can be mentioned. Examples of
the poor solvent includes methanol, toluene, hexane,
heptane, cyclohexane and the like. Among the organic
solvents usable for the condensation 1, organic solvents
having boiling points of 50-160°C are preferred and organic
_solvents having boiling points of 60-120 °C are more
preferred. Therefore, the above mentioned poor solvents
having boiling points of 60-120°C are particularly

preferred. As the acid catalyst used for the condensation 1,

REPLACEMENT SHEET
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_ to ebtain a solution of novolac resin in 2-heptanone. As measured by GPC,
the product thus obtained had a pol ystyrene-converted wei ght average
mol ecul ar wei ght of 7000, and the areal ratio of the range in which the.

mol eculfar wei ght as converted to pol ystyjene wagq e
ngfﬁrPnaggﬁﬁg?sﬁﬁgﬁniprgfgﬁgéﬁﬁigﬁgé accordlggﬁf;mfhgggéﬁégégfgéfags I n
Synt hesi s EkgﬁmfﬁrﬁcIdbﬂmléhdtbgos9M6¥Ec(ﬁcﬂ@yobﬁgaﬁ$bfhclds such as
| oxalic acid, acetic acid and p-touenesulfonic acid, and
divalent metal salts such as zinc acetate and the like can
~ be used.
In Condensation 1, the reaction température is
usually 60 fo 120 C, and the reaction time is usually 2
to 30 hours. According to Condensation 1 explained above,
a reaction product(1) which contains low molecular weight
. ingredients is obtained.
As example of the low molecular weight.ingredients

contained in the reaction product(1), a compound

represented by the following formula:

wherein R 1 to R3s , R ¢+ to Ry and m are as defined above,

and a compound represented by the following formula:

_—

'\
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Replacenent Sheet 19/ 7/95) was 42 % by melght was charged to a

1-liter separa d with a drain pipe at its bottom™  To the
flask, 61.4g of ket one and 101. 7g of n- heptane were
further added. the flask was stirred at [err] for 30 m nutes

and thenleft to stan_d unt|I it separated into RepdatementsSheeto(197&/96)der
| ayer,. thus obtained 300g of 2-heptanonre8was added and then the nethyl
ket one and n- heptane were r aned by neans of an

R :

i sobut yl

wherein R s to Ry ; k' and m are as defined above provided
that P-2 20, can be mentioned.

The low molecular weight ingredients produced by
Condensation 1 can be used for the condensation reaction
witﬁ~formaldehyde-and a phenol.compound(1) (i.e.
Condensation 2) after beiﬁé isolated from the reaction
product(1). However, the reaction product(1) itself can
also be used for the Condensation 2 without isolating the
low molecular weight ingredients from it. Carrying out
Condensation 2 without isolating the low molecular weight
ingredients iS'more preferred than carrying out
Condensation 2 after isolating them. The isolation of the
low molecular weight ingredients ean be carried out
according to a conventional method such as a concentrafion,
a crystallization, a filtration and drying.

Condensation 2 is carried out after mixing the

reaction product(1) or the isolated low molecular weight

THIS SHEET HAS BEEN | || REPLACEMENT SHEET
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measur ed by

-evaporator to oﬂ? Spect “%f novol ac resin in 2- heptanone As
GPC, us ‘obt ai ned had a pol ystyrene-converted
wei ght average nD of 7200, and the areal ratio of the range

in whi ch the nnlecular wei ght as convert&d to pRs

to the td&tals

of 2- cyclohexy

p-tol'uenesu
[err] for 4
I sobut yl

iR

formaldehyde to a mixture of the reaction product(l) or the
isolated low molecular weight ingredients and the phenol
compound(l). |
As the phenol compound(1) use in Condensation
reaction(2), at least one phenol compound selected from a
group consisting of m-cresoi, p-cresol, 2,5-xylenol, 3,5-
xylenol, 3,4—xylehol, 2,3,5-trimethylphenol, 2-cyclohexyl-
5-methylphenol, 2-cyclopentyl-5-methylphenol and 3~methyl-
6-t-butylphenol.
The amount of the formaldehyde used in
Condensation 2 is usually 0.4 - 1 mole, preferably 0.6 -

0.95 mole per 1 mole of total of the low molecular weight

ingredients and the phenol compound(1). The molar ratio of .

the low moleculér-weight ingredients to the phenol
compound(1) is preferably from 100:10 to 100:50.
In Condensation 2, the reaction temperature is

usually 60 to 120 ?3. Condensation 2 is preferably

carried out in the presence of an organic solvent. Among

the.orgahic solvents usable for the condensation 2, organic
solvents having boiling points of 50-160°C are preferred and
Organié solvents having boiling points of 66—120 ‘C are
more preferred. Examples of the particularly preferred

organic solvent include ketones having boiling points of

60-120°C such as methylisobutylketone. As the acid catalyst

used for the condensation 2, for example, inorganic acids

such as hydrochloric acid, sulfuric acid and phosphoric

ess

Sc¥ngieshas PP
e g ST NN i A U
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ket ane ,.was added to the reaction product and the resultihg sol ution was
distilled until the inner tenperature rose to [err] in order to renove
nmet hanol . After 189.2g of m cresol was added thereto, 135.6g of 37%

aqueous sol ution of fornmal dehyde was dr\(:g{;t se af dc@rﬂéﬁt Shaxar { p3)/ 79850

m nut es, “and é?ﬁérgﬁgg#iggagia utfchgs?d g@gm%gﬁ ?éﬁegﬁgﬁgéhyéﬁgtgh to

hour s. Then I on n1x ur e was

obtaih a $°|H&ﬁ&ﬁegﬁlfoﬂﬁﬁobﬁidﬁe%H@'dlvalent metal salts such as zinc

acetate and the like can be used.

Preferably, the novolac resin(1) formed by
Condensation 2 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 a 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 phendl
compounds, as measured by using UV 254 nm detector. The
novolac resin(1) can also be made into a novolac resin of
Iwhich weight average molecular weight as converted to
polystyrene is 2000 - 20000, which is the preferred weighﬁ
aQerage moleculér weight range of the novolac resin(1) as
converted to polystyrene.

As preferable examples of the o-~quinonediazide
compound, o-naphthoquinonediazide compound can be mentioned.
Examples of the o~-naphthoquinonediazide compound include
the compounds obtained by subjecting a phenol compound
having two or more hydroxyl groups, preferably threé or
more hydroxyl groups, .and 1,2-naphthoquinone-diazide-4¥
sulfonic acid halide or 1,2-naphthoquinone-diazide-5-
sulfonic acid halide to a condensation reaction in the
presence of a weak alkali such as triethylamine, sodium
carbonate and the like, which is used as a photo sensitizer

for a positive photo resist used for productions of

semiconductors.
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- 23 - Repl acenent Sheet (19/7/95) nethyl isobutyl ketone. To the
solutlon t hus obt ai ned, 1000g of 2-heptanon was added and then et hyl
i sobutyl ketone in the solution was distilled off by an evaporator to

obtai’n a solution of a novolac resin in 2-hept @sﬁ agke ﬁed(egé BDS:
e E M e LI,
'g fgngggéﬁ: onlc C|g82§gok??§gﬁg?g n?%gﬂgeﬁy ﬁ32% %ﬁﬂgqunt%gﬁﬁdeﬂ
[err] for‘1fﬁ“P%ge 3 of JP-A-2-103543 as a general formula, the
compounds menfioned in JP-A-2-32352 as the general formula
(I) or (II), the compounds mentioned in JP-A-2-269351 as the
general formula (I), the compounds mentioned in Page 4 of
JP-A-4-50851, the compounds mentioned in JP-A-3-185447 as
the general formula (I), oxyflavans including the compounds
mentioned.in JP-A-4-295472 as the general formula (I), etc.
'can be referred to.

The positive resist composition(j ) of the present
invention may contain another ingredient in addition to the
novolac resin and the o-quinonediazide compound. Examples
of the another ingredient include an alkali-soluble
polyhydric phenol compounduof which molecular weight is
lower than 900. As examples of said alkali-soluble

: polyhydri; phenol compound of whiéh'molecular weight is
lower than 900, the compounds mentioned in JP-A-2-275955 as
the general formula (I), the compouﬁds mentioned in JP-A-4-
50851 as the general formula (I), the compounds mentioned
in JP-K-3-179353 as the general formula (I) can be
mentioned.

As the solvént used for preparation of the
positive resist composition(i ), solvents vaporizable at
an appropriate rate and cépable of giving a uniform and
smooth coating film after evaporation can be used.

Examples of such solvent include glycol esters such as

propylene glyco} monomethyl ether acetate, ethyl cellosolve
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After t.he reaction was conpleted, 317.9g of nethyl isobutyl ketone was
added to the reaction product and the resulting solution was distilled.
until the inner tenperature rose to [err] to renove nethanol. After 189. 2g

of meresol and 42.8g of 2,5-xylenol werge added gaBgs
o 5 et . v (R ALY o o1 o
nour st Then, peAE68aR 0 TR 444 2iasgeher it ButR' 8L BRAACIIRALSE,
sol ution thug_ meirﬁﬁbté%gpgﬂﬂ éfﬂ??tig%{g%g 244°%eAthade Such as 2-
heptanone,q--butyrolactone. These solvents are used either
independently or in the form of a mixture of two or more.

The o-quinonediazide compound is usually used in
an amount of 10-50% by weight based on the total solid
component in the positive resist composition(ji ). The
alkali-soluble polyhydric phenol compound of which molecular
weight is' lower than 900 is usually used in an amount of 0-
40% by weight, preferably 3-40% by weight, based on the
total solid componenﬁ in the positive resist composition(
i). ,

As preferred examples of the compound of the

formula(IV),'compounds represented by the following

formulae:

REPLACEMENT SHEET
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met hyl .i sobutyl ketone in the solution was distilled off by an evaporator
to obtain a solution of a novolac resin i.n 2- heptanon. As neasured by GPC,
t he product had a pol ystyrene-converted wei ght average nol ecul ar wei ght of
4300.~ © - 24 - Repl acenent Sheet (19/7/95) Synthesis Exanple 13 A

m xture of 32.8 g of 2-cycl ohexyl -5-nethyl phenol,

Replacement Sheet (19/7/95)

5 o . - 13 -
HsC H
HO “oH

| Lon
H
H3C®_—c| =[=\_Cls
: . HO OH
CHsO _OH

can be mentioned. As more preferred examples of the
compound of the formula(IV), compounds represented by the

following formulae:

CH;H HC,

HO C: OH

CHy |, MG

HO i OH

OH

" can be mentioned.

JL 9%

nuu--n-------no-nuu.-
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67.2g of nethanol, 1. 89 of p-toluenesul fonicacid and 9.2g of

sal i cyl al dehyde was allowed to react at [err] for 4 hours. After the
reaction was conpleted, 177g of nethyl isobutyl ketone was added to the
reaction product and t he resul ting solutigon wasReplacemenddShaeti (1347495 hner

tenperatire rose to [erAl preflelable examslacbfantle phéhel bomgeuad m
cresal and 27.5g of 2,5-xylenol were added thereto, 92.8g of 37% aqgueous

o e o fepTSSdncadebueshel peneogi dordutey  pay asast Sferpauen,
the reaCt'mbd&pbuhﬂ\%ﬁléaﬁéﬁdﬂﬂdd1awﬁﬁéuanédﬁﬁmﬁkﬁhgdoﬁopﬂéﬁbr -
cresol, p-cresol 2,5-xylenol, 3,5-xylenol, 3,4-xylenol, 2,3,
5- trlmethylphenol 2- cyclohexyl 5-methylphenocl, 2-
cyclopentyl-s-methylphenol.and 3-methyl-6~t-butylphenol can
be mentioned. In Condensation 3, the molar ratio of the
compound of the formula(Il ) or the compound of the general
formula(FV) to the phenol compound 6f the formula(V ) is
preferably 0.5 : 99.5 - 40 : 60.
Examples of the aldehyde(1) used in Condensation 3
' inclﬁde a saturated or unsaturated aliphatic aldehydes such
as formaldehyde, acefaldehyde, propionaldehyde, n-
butylaldehyde, isobutylaldehyde, trimethylacetaldehyde, n-
hexylaldehyde, acrolein and crotonaldehyde;
cyclohexanealdehyde; cyclopentanealdehyde; furfural;
furylacrolein; and aromatic aldehydes such as benzaldehyde,
o-, p— or m-tolualdehyde, p-ethylbenzaldehyde, 2,4--
‘dimethylbenzaldehyde, 2,5-~dimethylbenzaldehyde, 3,4--
dimethylbenzaldehyde, 3,5-dimethylbenzaldehyde,
phenylatetaldehyde, o-, p- or m-hydroxybenzaldehyde,
cinnamaldehyde, o-, p- or m-anisaldehyde and vanillin. As
prefefred examples of the aldehyde(1), formaldehyde can be
mentioned. | _
In the condensation reaction of the aldehyde(l)
with the compound of the formula(lf) or (IV) and the phenol
compound of the formula(V ), molar ratio of the

aldehyde(T) to the total amount of the compound of the

REPLACEMENT SHEET
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" solutian of a novolac resin in nethyl isobutyl ketone.. To the solution thus
obt ai ned, 1000g of 2-heptanon was added and then nethyl isobutyl ketone in
the solution was distilled off by an evaporator to obtain a solution of a
novol &C resin in 2-heptanon. As measuredSby Gcheplﬂ;ememU&eemddgw/QS)

pol ystyr eéne-fropmerla gbtr gan® eHs aphen et bmpPPnd
Exanple 14 A n1xturedg?e%2 8 a&gﬁaz cycloggin 5- nethylphenol ¥ﬂ§g 0

reTanel 1 Sl 0) s natety v 7. 0070086 4o o
conditions of this condensation reaction are same to those
of Condensation 2.
| Prefepably, the novolac resin(2) produced by
Condensation 3 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 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 phenol compounds, as measuréd by using UV 254 nm
detector, as the novolac resin(1). The novolac resin(2) can
also be made into a novolac resin of which weight average
molecular weight as converted to polystyrene is 2000 -
20000, which is the preferred weight average molecular
weight range of the novolac resin(2) as converted to
polystyrene. ¢ |

The o-quinonediazide compound used-in the positive
resist composition(i ) is same to the compound used in the
positive resist composition(i ).

The positive resist composition(ii ) may contain
another ingredient in addition to the novolac resin(2) and
the o-quinonediazide compound. For example, it may
preferably contain an alkali-soluble polyhydric phenol
compound of which molecular weight is lower than 900. The
contents of the alkali-soluble polyhydric phenol compound
of which molecular weight is lower than 900, the novolac

resin(2) and the o-quinonediazide compound in total solid
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“After the reaction was conpl eted, 177g of nethyl isobutyl ketone was added
.to the reaction product and the resulting solution was distilled until the

i nner_tenperature rose to - 25 - Repl acenent_ Sheet (19/7/95) }err]
order” fo renove nmethanol. After 121.7¢ 16 -m cREBILACCRAREL Sheet (J£77/95)

2,5-xyl enol gententdef ther positivedye¥ist/ Gomprpinion| s )oaref same to
f or mal dehyde was dropwi se added over a period of 60 mnutes, and the
resulting mehereawio in positive resist composition(i ) mentioned
above.
The positive resist composition(i ) or (ii) of the
present invention is excellent in the balance among
properties such as sensitivity, resolution, profile, heat

resistance, depth of focus, etc., and free from scum.

PREFERRED EMBODIMENT OF THE INVENTION

The present invention is explained in more detail
with reference £o~the following examples. The invention is
by no means limited by these examples. In the examples,

parts means part by weight._

Synthesis Example 1

A mixture of 113.4 g of 2-cyclohexyl-5-

methylphenol, 210.8g of methanol, 3.6g of p-
toluenesulfonicacid and 18.3g of salicylaldehyde was
allowed to react at 80°C for 4 hours. Then, the reaction
product thus obtained was cooled and added to 50% aqueous
solutior of methanol to obtain a white precipitate. The
precipitate was filtrate, washed and dried to obtain 40g of
a white powdery compound(a) represented by the following

formula:

REPLACEMENT SHEET
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“allowed to react at 90 C for 5 hours. Then, the reaction nixture was
“‘washed with water and dehydrated to obtain a solution of a novolac resin in
met hyl isobutyl ketone. To the solution thus obtained, 1000g of 2-heptanon
was added and then nmethyl isobutyl ketone in the solution was distilled off
by an evédporator to obtain a solution of a novo resin i - . As
measured by GPC, the product had a polysyrene- B%%l\%g@%'ﬂ: ﬁ?@n?@ﬂ?%e

mol ecul ar wei ght of 4900.. Synt hesis Exanple 15 A m xture of 32.5 g of

2- cycl ohexyl - 5- met hyl phenol , CHg y HsC '

OH
OH

Purity of the white powdery compound(a) measured according
- to the areametric analysis with a liquid chrdmatogréphy was

99.6%.

FD-MS : m/e = 484

Synthesis Example 2

A mixture of U48.9 g of 2-cyclohexyl-5-methylphenol,
105.6g of methanol, 2.7g of p-toluénesulfonicacid and 17.1g
of vanillipe was allowed to react under the refiuxing
coﬁdiﬁion for 4 hours. Then, the reaction product thus
obtained was cooled to obtain a precipitate. The
precipitate was filtrate, washed with 50% aqueous selution
of methanol and dried to obtain 41g of a compound

represented by the following formula:

| REPLACEMENT SHEET U
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66. 6g aof nethanol, 1.8g of p-toluenesul fonicacid and 9.1g of

sal i cyl al dehyde was allowed to react at [err] for 4 hours. After the
reaction was conpl eted, 177g of nethyl isobutyl ketone was added to the
reaction product and the resulting solution was distilled until the inner
tenperature rose to [err] in order to renobve ne m
cresol and 54.5g of 2,5-xylenol were agagd_pherB?@?R%T%ﬁggﬁéﬁéggagggﬁzous
sol ution of formal dehyde was dropw se added over a period of 60 m nutes,
and the resulting mxture wa$th Igredfh react” at [err] for 5 hours. Then,
the reaction m xture was gwaghed vi£h wat g==pnd dehydrated to obtain a

CHs
OH

FD-MS : m/e = 514

Synthesis Example 3
To a mixture of 80g of the compound(a) obtained in
Synthesis Example 1, 250g of methyl isobutyl ketone and 189.
2g of m-cresol, 135.6g of 37% aqueous solution of
formaldehyde was dropwise added over a period of 60.minutes,
.and the resulting mixture was allowed to react at 90°C for 8
hours. Then, the reaction mixture was washed with water:
and dehydrated to obtain a solution of a novolac resin in
methyl isobutyl ketone. To the solution thus obtained,
"~ 1000g of 2-heptanon was added and then methyl isobutyl
ketone in the solution was distilled off by an evaporator
to obtain a solution of a novolac resin in 2-heptanon. As
measured by GPC, the product had a polystyrene-converted

weight average molecular weight of 4300.

Synthesis Example 4

To a mixture of 80g of the coﬁpound(a) obtained in

Synthesis Example 1, 250g of methyl isobutyl ketone, 189.2g

REPLAGEMENT SHEET |
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“solutiqn of a novolac resin in nethyl isobutyl ketone. To - 26 -
Repl acenent Sheet” (19/7/95) the solution-thus obtained, 1000g of 2-heptanon
was added and then nethyl isobutyl ketone in the solution was distilled off

ot oy GF-t el Mt AB3Ug 0oLy SRR NOT S OF O SAGALS
solution of formaldehyde was dropwise added over a period
of 60 minutes, and the resulting mixture was allowed to
reaci at 90°C for 8 hours. Then, the reaction mixture was
washed with water and dehydrated to obtain a solution of a
novolac resin in methyl isobutyl ketone. To the solution
thus obtained, 1000g of 2-heptanon was added and then
methyl isobutyl ketone in the solution was distilled off by
an evaporétor to obtain a solution of a novolac resin in 2-
f_heptaqon. As measured by GPC, the product had a
polystyrene-converted weight average molecular weight of

4270.

Synthesis Example 5
To a mixture of 53g of the compound(a) obtained in
Synthesis Example 1, 150g of methyl isobutyl ketone, 121.7g
- of m-cresol and 27.5g of 2,5-xylenol, 92.8g of 37% aqueous
solution of formaldehyde was dropwise added over a period of
60 minutes, and the resulting mixture was allowed to react
at 90 °C for 8 hours. Then, the reaction mixture was washed
with water and dehydrated to obtain a solution of a novolac
resin in methyl isobutyl ketone. To the solution thus
obtained, 1000g of 2-he§fanon was added and then methyl
isobutyl ketone in the solution was distilled off by an
evaporator to obtain a solution of a novolac resin in 2-
heptanon. As measured by GPC, the product had a

polystyrene-converted weight average molecular weight of
7700,
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“Synthesis Exanple 16 A mixture of 33.1 g of 2-cycl ohexyl -5-methyl phenol
67.8g of nethanol, 1.8g of p-toluenesul fonicacid and 9.3g of

sal i cyl al dehyde was allowed to react at [err] for 4 hours. After the
reaction was conpleted, 177g of methyl isobutyl ketone was added to the
reaction ‘product and the resulting solution was

distilled untjl Jd_aner
tenperature rose to [err] in order to refpve netRﬁBi?ﬁef“e%?tsgPeﬁz(ﬂngggéf) m

cresot and 5 : &, P ok were add®d thereto, 115g of 37% aqueous
sol ution of sgﬁgggééﬁyggé%ggadéopmﬁse added over a period of 60 m nutes,

and the resulting m Xt WpmiBis Example 5 was repeated except that the
reaction time was changed to 5 hours to obtain a solution
of a novolac resin in 2-heptanon. As measured by GPC, the
product had a polystyrene-converted weight average molecular

weight of 4800.

Synthesis.Example T

Synthesis Example 6 was repeated except that the
amoupts of m-cresol, 2,5-xylenol and 37% aqueous solution
of formaldehyde were changed to 120.6g, 54.5g and 114.3g
respectively to obtain 5 solution of a novolac resin in 2-
heptanon. As mgasured by GPC, the product had a

polystyrene-converted weight average molecular weight of
3900,

Synthesis Example 8

To a mixture of 53g of the cdmpound(a) obtained in
Synthesis Ekample 1, 150g of methyl isobutyl ketone, 122.7g
of m-cresol and 55.5g of 2,5-xylenol, 115g of 37% aqueous
solution of formaldehyde was dropwise added over a period
of 60 minutes, and the resulting mixture was allowed to
react at 90°C for 6 hours. Then, the reaction mixture was
washed with water and dehydrated to obtain a solution'of a
novolac resin in methyl isobutyl ketone. To the solution
thus obtained, 1000g of 2-heptanon was added and then
methyl isobutyl'ketone in the solution was distilled off by

REPLACEMENT SHEET
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allowed to react at 90 C for 6 hours. Then, the reaction m xture was washed
with water and dehydrated to obtain a solution of a novolac resin in nethyl
i sobutyl ketone. To the solution thus obtained, 1000g of 2-heptanon was
added and then methyl isobutyl ketone Lnpfhe solReplacement Sheeti(19¢2/9%)f by
an evapor at cantevaponator tol obtainoa so%.amﬂomc ofed movoladamsiwnin As-

measured by GPC, the product had a pol ystyrene-converted wei ght average
nmol ectil ar wehgptahos®0. As measured by GPC, the product had a
polystyrene-converted weight average molecular weight of

4800.

Synthesis Examplehs
100g of a solution of a novolac resin in methyl
isobutyl ketone obtained according to the same manner as in
Synthesis Example 3, in which the content of novolac resin
was 39.2 % by weight, was charged to a 1-liter separable
flask equipped with a drain pipe at its bottom. To the
flask, 50.7g of methyl isobutyl ketone and 95g of n-heptane
were further added. ' The content of the flask was stirred at
60 ‘C for 30 minutes and then left to stand until it
separated into two layers. To the under layer thus obtained,
| 300g of 2-heptanone was added, and then the methyl isobutyl
ketone and n-heptane were removed by means of an evaporator
to obtain a solution of novolaé resin in 2-heptanone. As
measured by GPC, the product thus obtained had a
polystyrene-convertéd Wweight average molecular wéight of
7000, and the areal fatio of the range in which the
molecular weight as converted to polystyrene was 900 or less

to the total pattern area was 15%.

Synthesis Example 10
100g of a solution of a novolac resin in methyl
isobutyl ketone obtained according to the same manner as in

Synthesis Example 4, in which the content of novolac resin

REPLACEMENT SHEET
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= 27- , Replacenent Sheet (19/7/95) Synthesis Exanple 17 100g of a _ .
“solution of a novolac resin in nethyl isobutyl ketone obtained according to

the same manner as in Synthesis Exanple 11, in which the content of novol ac
resin was 39.2% by weight, was charged_tp a 1-1iReplacenesy Sheex f(l19pk/95
equi pped ‘W t ay i w0 hiS t flaskys; g

B Nl B P dights WIS Yhargld 1o adfjliter tslbatdte |

I sobutyl ketone and epfane wer e rther added. ent o
flaskewas stipnaack abqhepbed it 0a pdit il 1487148 bdOeshand T ide ' !
flask, 61.4g of methyl isobutyl ketone and 101.7g of n-
heptane were further added. The content of the flask was
stirred at 60°C for 30 minutes and then left to stand until
it separated:into two layers. To the under layer thus
obtained 300g of 2-heptanone.was added and then the methyl
isobutyl ketone and n-heptane were removed by means of an
evaporator'to obtain a solution of novolac resin in 2-
‘heptanone. As measured by GPC, the product thus obtained
had a polystyrene-converted weight'average molecular weight
of 7200, 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 16%.

Synthesis Example 11 -

A mixture of 76.1 g of 2-cyclohexyl-5-methylphenol,
155.9g of methanol, 4.2g of p-toluenesulfonicacid and 21.4g
of salicylaldehyde was allowed to react at 80 °C for 4 hours.

" After the reaction was completed, 317.9g8 of methyl isobutyl
ketone wés added to the reaction product and the resulting
solution was distilled until the inner temperature rose to
85 °C in order to remove methanol. After 189.2g of m-
cresol was added thereto, 135.6g of 37% aqueous solution of
formaldehyde was dropwise added over a period of 60 minutes,
and the resulting mixture was allowed to react at 90°C for 8
hours. Then, the reaction mixture was washed with water

and dehydrated to obtain a solution of a novolac resin in
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separat.ed into two layers. To the under |ayer thus obtained 300g of
2- hept anone was added, after which the nethyl isobutyl ketone and n-heptane
were renoved by nmeans of an evaporator to obtain a solution of novol ac

resin in 2- heptanone. As neasured by_ C, the P ue ,é §§€Qt i? had a
pol ystyr ene- gl edsobudlyl wefsge, ! é% i ’ 6€¥% %
areal ratio of the range in which the no e'é#.l ar vvg'ig]t as conver e‘{ d,

pol yst yrene Oogr 2-aféptanbhe t \Mﬁﬁ 0 '
Exanple 18 1\3%((’? gfsa ut i O‘%Qg?ﬁa %ﬁ%gggﬁegﬁr}l ?%ﬁ%gt hy Eﬁﬁ §%Mﬂ’i
ketone in the solution was distilled off by an evaporator
to obtain a sélution of a novolac resin in 2-heptanon. As
measured by GPC, the product had a polystyrene-converted

weight average molecular weight of 4250.

Synthesis Example 12

_A mixture of 76.1 g of 2-cyclohexyl-5-methylphenol,
155.§g of methanol, 4.2g of p-toluenesulfonicacid and 21.4g
of salicylaldehyde was aliowed to react at 80 °C for 4 hours.
After the reaction was completed, 317.9g 6f methyl isobutyl
ketone was added to the reaction product and the resulting
solution was distilled until the inner temperature rose to
85 °C to remove methanol. After 189.2g of m-cresol and
42.8g of 2,5-xylenol were added thereto, 161.5g of 37%
aqueous solpmion.of formaldehyde was dropwise aﬁded over a
period of 60 minutes, and the resulting mixture was allowed
to react at 90 °C for 8 hours. Then, the reaction mixture
was washed with water and dehydrated to obtain a solution of
a novolat resin in methyl isobutyl ketone. ' To the solution
thus obtained, 1000g of Z—ﬁeptanon was added and then
methyl isbbutyl ketone in the solution was distilled off by
an evaporétor-to obtain a solution 6f a novolac resin in 2-
heptanon. As measured by GPC, the product had a
polystyrene-converted wéight average molecular weight of

4300.
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.. sobut x| ketone obtained according to the same manner as in Synthesis
Exanpl e 12, in which the content of novolac resin was 42% by wei ght, was
charged to a 1-liter separable flask eqU| pped with a drain pipe at its

bottom To the flask, 61.4g of nethyl utyI R 99

n- hept ane V\BSynithesilsr Example TBe conten of t he Ias V\gsS%gtéFr(?eg?égts) re] -
for -:30 mnutes and then |eft to_stand until it - 28 - Repl acerrent

Sheet * (19/ 7/ 95) A mixture of 32.8 g of 2-cyclohexyl-5-methylphenol,

67.2g of methanol, 1.8g of p-toluenesulfonicacid and 9.2g of
salicylaldehyde was allowed to react at 80 °C for 4 hours.
After the reaction was completed, 177g of methyl isobutyl
ketone was added to the reaction product and the resulting
solution was::distilled until the inner temperature rose to
85 °C in order to remove methanol. After 121.7g of m-
cresol and 27.58 of 2,5-xylenol were added thereto, 92.8g
of 37% aqueous solution of formaldehyde was dropwise added
over a period of 60 minutes, and the resulting mixture was
allowed to react at 90 °C for 8 hours. Then, the reaction
mixture was washed with water and dehydrated to obtain a
solution of a novolac résin in methyl isobutyl ketone. To
the solution thus obtained, 1000g of'2-heptanon was added
and then methyl isobutyl ketone in the solution was.
distilled off by an evaporator to obtain a solution of a
novolac resin in 2-heptanon. As measured by GPC, the

product had a polystyrene-converted weight average

" molecular weight of 7800.

Synthesis Example 14

A mixture of 32.8 g of 2-cyclohexyl-5-methylphenol,
67.2g of methanol, 1.8g of p-toluenesulfonicacid and 9.2g of
salicylaldehyde was allowed to react at 80 °C for 4 hours.
After the reaction was completed, 177g of methyl isobutyl
ketone was added to the reaction product and the resulting

solution was distilled until the inner temperature rose to

S
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separ at,ed into t wo | ayerss. To the under |ayer thus obtained 300g of
2- hept anone was added, after which the nethyl isobutyl ketone and n-heptane-

were renoved by nmeans of an evaporator obt ai. sol ut ] of . nav
resin in.2- heptanone. As neasured by "G%%,'the Begmﬁ?f"e[]}ﬁﬁ'esgtélgﬁz}c?%ﬁad a
pol yst yr ene- 86nver tel EdERN ©Qeregovimimethanodsi ghAfser7302] | fgd athem-
areal-ratio of the range in which the nol ecul ar weight as converted to
pol ystyrene o#es9do and |ZEe58 00fhd, boxyllenal: srerenraddeds thexetioxarg? s8g
According to the formulation shown in the -
of 37% aqueous solution of_formaldehyde was dropwise added
over a period ‘of 60 minutes, and the resulting mixture was
allowed to react at 90 °C for 5 hours. Then, the reaction
mixture was washed with water and dehydrated to obtain a
solution of a novolac resin in methyl isobutyl ketone. To
the solution thus obtained, 1000g of 2-heptanon was added
and then methyl isobutyl ketone in the solution was
distilled off by an'evaporator to obtain a solution of a
novolac resin in 2-heptanon. As measured by GPC, the
product had a polystyrene-converted weight average

molecular weight of 4900.

Syﬁthesis Example 15

A mixture of 32.5 g of 2-cyclohéxff-S-methylphenol,
66.6g of methanol, 1.8g of p-toluenesulfonicacid and 9.1g of
salicylaldehyde was allowed to react at 80 °C for 4 hours.
After the reaction was completed, 177g of methyl isobutyl
ketone was added to the reaction product and the resulting
solution was distilled until the inner temperature rose to
85 °C in order to remove methanol. After 120.6g of m-
cresol and 54.5g of 2,5-xylenol were added thereto, 114.3g
of 37%:aqueous solution of formaldehyde was dropgise added
over a period of 60 minutes, and the resulting mixture was
allowed to react at 90°C for 5 hours. Then, the reaction
mixture was washed witﬁ water and dehydrated to obtain a

solution of a novolac resin in methyl isobutyl ketone.  To
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f ol I'ow,ng Table 1, 2 and 3, a.novolac resin (in Table 1, 2 and 3, sinply
“‘refefred to as "resin"), a 1, 2- naphthqu|noned|aZ|de conpound (in Table 1,
2 and_3, sinply.referred to as "photo sensitizer") and an al kali-soluble -

pol yhydric phenol conpound of which nul egular WR%ﬂiHceinénﬁ ShRéett 139/HQ8(1 n
Table 1, 2 atite 3solutibn thus robtained, ' addo i o€ @-hepyanon xwdsaadded
dlssolved in 50 parts of 2- heptanone. The so ution thus obt ai ned was

filtered throndghthdrf n@tiylt dsdbuityl akptionei ta dhé. sdrutlhidw wagpare
a resist solution. A silicon wafer washed in a conventi onal
distilled off by an evaporator to obtain a solution of a
novolac resin in 2-heptanon. As measured by GPC, the
product had a polystyrene-converted weight average

molecular weight of 3850.

Synthesis Example 16

A mixture of 33.1 g of 2-cyciohexy1-5-methylphenol,
67.8g of methanol, 1;83 of p-toluenesulfonicacid and 9.3g of
saligylaldehyde was allowed to react at 80 °C for 4 hours.
After the reaction was completed, 1778 of methyl isobutyl
ketone was added to the-reaction product and the resulting
solution was distilled until the inner temperature rose to
85 °C in order to remove methanol. After 122.7g of m-
cresol and 55.5g of 2,5-xylenol were added thereto, 115g of
37% aqueous.;solution of formaldehyde was dropwise added
over a period of 60 minutes, and the resultiné mixture was
allowed to react at 90°C for 6 hours. Then, the reaction
mixture was washed with water and dehydrated to obtain a
solution of a novolac resin in methyl isobutyl ketone. To
the solution thus obtained, 1000g of 2-heptanon was added
and then methyl isobutyl ketone in the solution was
distilled off by an evaporator to obtain a solution of a
novolac resin in 2-heptanon. As measured by GPc; the

product had a polystyrene-converted weight average

molecular weight of 4700.
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_nﬁhnerﬁmas coated with the resist solution up to a thickness of 1.06[err]
by means of a spin coater and baked on a hot .plate_at [err] for one m nute.
Subseguently, the wafer was exposed to |ight by using-a reduction

proj ection exposing nmachi ne having an gexgosure \agyledcemgtﬁmﬁéeﬁ%g/ms)

(i-1ine)

Synthesis Eeampltentht Sheet 19/ 7/ 95) (NSRL755i 7A, NA=0

manuf act ur ed by Ni kon Corp.) while stepw se changing the anount of

expos(re.

100g of a solution of a novolac resin in methyl
isobutyl.ketone obtained according to the same manner as in
Synthesis Examble 11, in which the content of novolac resin
was 39.2% by weight,.was charged to a 1-liter separable
flask equipped with a drain pipe at its bottom. To the
flask, 50.7g of methyl isobutyl ketone and 95g of n-heptane
were further added. The content of the flask was stirred at
60 °C for 30 minutes and then left to stand until it
separated into two layers. .To the under layer thus obtained
300g of 2-heptanone was addéd, 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-
heptanone. As measured by GPC, the product thus obtained
had a polystyrene-converted weight average molecular weight
of 7050, and the areal ratio of the range in which the
molecular weight as converted to polyétyrene was 900 or less

to the total pattern area was 15%.

Syntheéis Example 18

* 100g of a solution of a novolac resin in methyl
isobutyl ketone obtained according to the same manner as in
Synthesis Exémple 12, in which the content of novolac resin
was 42% by weight, was charged to a 1-liter separable flask
equipped with a drain pipe at its bottom. To the flask,
61.4g of methyl isobutyl ketone and 101.7g of n-heptane
were further added. The content of the flask was stirred

at 60°C for 30 minutes and then left to stand until it
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'Subsequently, the wafer was baked on a hot plate at [err] for one mnute.
Then, it was devel oped for one mnute with SOPD (al kal i ne devel opi ng
solutjon; product of Sumitono Chemical Co., Ltd.) to obtain a p05|t|ve '

pattern (A resolution was eval uated by_.ngasuri pmééﬂ'eﬁt%ﬁ:‘a@:@l(qg Q@;tron
m croscope, sépaphwd\sintootwbhhyemﬂuﬁrélﬂ?ea.% Bf&
coul d, be resolved without filmthickness decrease at an exposure am)unt

giving 1:1 |300gasf 2phegitdfienel \#a§eﬂaute'd\“ taf el Q{Fhieha'?ﬂhécﬂ@tw:@

eval uated by observing, with a scanning e 'ect’r on m cr oscope,

cross-secti ojgbb@bgeketone and n-heptane were removed by means of an
evaporator to obtain a solution of novolac resin in 2-
heptanone. As meésured by GPC, the product thus obtained
had a polystyrene-converted weight average molecular weight
of 7300, and the areal ratio of the range in which the
molecular weight as converted to polystyrene was 900 or less

to the total péttern area was 16%.

Examples

According to the formulation shown in the
following Table 1, 2 and 3, a novolac resin (in Table 1, 2
and 3, simply referred to as "“resin"), a 1,2?
nephthoquinonediazide compound (in Table 1, 2 and 3, simply
referred to as "“photo sensitizer") and an alkali-soluele
-polyhydric phenol compound of which molecular weight is
less than 900(in Table 1, 2 and.3, simply referred to as
“additive B") were mixed and dissolved in 50 parts of 2-

heptanone.
" The solution thus obtained was filtered through a
Teflon filter 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 up to a thickness
of 1.06 u m by means of a spin coater and 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)
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of a 0.50[err] line-and-space pattern at the effective sensitivity. Heat
resi'stance was eval uated by observing the extent of sagging of the resist
pattern after being heated on a hot plate at [err] for 5 mnutes. The depth

2 et 5 oo ke okt ek b SRS
resolved at the effective sensitivity without filmthickness decrease. In
Tabl e 1,2 argepwilges cxdiginge thel amdiint of exposure.

Subsequently, the wafer was baked on a hot plate

at 110 °C fbr:qne minute. Then, it was developed for one
minute with SOPD .(alkaline developing solution; product of
_SumitomO'Chemical Co., Ltd.) to obtain a positive pattern.
A resolution was evaluated by measuring, with a scanning
electron microscope, thg 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(effective sensitivity).

Profile and scum were evaluated by observing, with
a scanning electron microscope, the cross-sectional shape
of a 0.50 m line-and-space pattern at the efféctive
sensitivity. |

Heat resistance was evaluated by observing the
extent of sggging of the resist pattern after being heated’
on a hot plate at 124 °C for 5 minutes.

The depth of focus was determined by observing,
with.a scanning electron microscope, a degree of focus
shiffing where a 0.50y m line-and-space pattern could be
resolved at the effective sensitivity without film thickness
decrease. |

In Table 1,2 and 3, the additive B is an
alkalisoluble polyhydrié phenoi compound represented by the

following formula:

REPLACEMENT SHEET




- al kal i-gol ubl e pol yhydri c phenol conpound represented by the foll ow ng

f or mul a:

Repl acenent Sheet (19/7/95) - 30 - [err] In Table 1,2 and 3,

phot o, sensitizers Cto E are each a condensate fornmed between
1, 2- napht hoqui nonedi azi de- 5-sul fonic acid chl OrREHfac%HQn{ %ﬁeé9|(|1gwl@g)

phengl conpounds : - 30 -

HC CHg

'HO CH -OH

H3;C
@ s

In Table 1,2 and 3, photo sensitizers C to E are
each a condensate formed between 1,2-naphthoquinonediazide-

5-sulfonic- acid .chloride and the following phenol compounds

C', D' and E', respectively in the molar ratio of 2.6, 2.0

and 4.0, respectively:

OH s
CH
Gl, , m?'l
(D>
OH c;?D OH
HO ol °
N OH
(E")




2.0 and 4.0,

Replacement Sheet (19/7/95)

Repl acenent Sheet (19/7/95)

ratio of 2.6,

-3 -

oH

oH

respectively in the nol ar

[err]

D .and E',

respectivel y:
31 - Jerr]
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Replacement Sheet (19/7/95)

~Repl acenent Sheet (19/7/95)

- 32 -

[err]

Repl-acement Sheet (19/7/95) - 32 - [err]
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- 35_-,_ Repl acenent Sheet (19/7/95) Wat we claimis: 1. A positive
resi st conposition which conprises; an o-quinonedi azi de conmpound; and a
novol.ac resin which is obtained. by allow ng an al dehydes containin

aromatic al dehyde represented by the fold%owni ng Repkagesent Shee r(]19)0\7?/§|5é| n
[err] to [erBRIEHCBESGHEB@EGNnOFyTHEpmkﬁwmmsshydrogen

L

FIG.1 shows a 'H-NMR spectrum of the compound
obtained in Synthesis Example 1.

FIG.2 shows a 'H~NMR spectrum of the compound
obtained in Synthesis Example 2.

!
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al kyl having 6 or Iess carbon atons, cycloalkyl having 6 o[“uﬂ j"lﬂmmm”m
atons, al koxy having 6 or |l ess carbon atons, al kenyl having'® p Ll
carbon atoms or aryl having 10 or |ess corbon atoms, k' represents ah

4

integer not snmaller than O and p represggts 1, ﬁelﬂracéme rgp@&e@,gmbst' and
p satisfy k'wWhat[wer¢élaimtdsteact with a phenol conpound represented by the
follaw ng formula(ll) [err]

1. A positive resist composition which comprises;
an o-quinonediazide compound; and
a novolac fesin which is obtained by allowing

an aldehydes cont;ihing

an aromatic aldehyde represented by the following formula(
I)

(CHO)P (OH) K'

, %é R, (I)

R

R

wherein R 4 to R¢ each independently represents hydrogen,
alkyl-having 6 or less carbon atoms, cycloalkyl having 6 or
less carbon.atoms, alkoxy having 6 or less carbon atoams,
alkenyl having 6 or less carbon atoms or aryl having 10 or
less corbon atoms, k' represents an integer not smaller than
O and p represents 1, 2 or 3, provided that k'-and p
satisfy R'+p £3,

to react with a phenol compound represented by the following
formula(Il)

R REPLACEMENT SHEET
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- 36 -. Replacenent Sheet (15/3/96) wherein [err] to [

| ndependent |y repr’ﬂﬁeﬁﬂt«s hpedh droxy, al kyl havin jg!‘l!@ Eimmﬂ!ﬂﬂl

atons, cycl oal Kyl carbon atons, al koxy

car bon” at ons, alken Iess carbon atons or aryl having 10 or
h .

| ess corbon at ons, prOV| at at | east one opeﬁﬁﬂﬁgmﬁﬂasﬁgégk19;7/95)
cyel Qal kyl having 6 or Iess carbon atommgg Ln the presence of an acid

bk oo PREESENIE 970 B McLAd pententiy s eqehos 4 gtreped)
hydroxy, alkyl having 6 or less carbon atoms, cycloalkyl
heving 6 or less carBon atoms, alkoxy having 6 or less
carbon atoms, alkenyl having 6 or less carbon atoms or aryl
having 10 or less corbon atoms, provided that at least one
of Rs to Ry is cycloalkyl having 6 or less carbon atoms,
in the presence of an acid catalyst to obtain a reaction
product(l) containing low molecular weight ingredients; and
, then, allowing the reaction product(1) to further react
with a phenol compound(1) and formaldehyde.

2. A positive fesist composition according to Claim 1
wherein the reaction produpt(]) is allowed to further react
with a phenol and formaldehyde without isolating the low
molecular weight ingredients from the reaction product(1).

3. A positive resist composition according to Claim 1
in which the phenol compound represented by the formula(
I) is at least one compound selected from 2-cyclohexyl-5-
methylphenol and 2-cyclopentyl-5-methylphenol.

4. A positive resist composition according to Claim 1
in whichi the phenol compound(1) is at least one phenol
compound selected from a group consisting of phenol, m-
cresol, p-cresol, 2,5-xylenol, 3,5-xylenol, 3,4-xylenol,
2,3,5-trimethylphenol, 2-cyclohexyl-S-methylpheno1,,2-.
cyclopentyl-5-methylphenol and 3-methyl-6-t-butylphenol.

5. A positive resist composition according to Claim 1
in which the reaction of the aldehyde containing the

aromatic aldehyde represented by the formula( ] ) and the

REPLACEME‘NT SHEET THIS SHEET HAS BEEN
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“Twi t h-a .phenol conpound(1l) and fornal dehyde 2. A bositigm‘ W"Hﬂmﬁ jjtion
according to daim1l wherein the reaction product (1) i9%¥ ! her . -
react, wwth a phenol and fornal dehyde w thout isolating the |ow ffol &cut ar

wei ght ingredients fromthe reaction progpct (1) .Re@__.lae%méﬁﬁighbgg (1897 A35)

conposi tion Pn@uumrupmpoﬁhdlneﬁresenhe byhetheheformedap ) d ise waraeigdd

by the formula( Il ) is at |east one conpound sel ected from 2-cycl ohexyl - 5-

net hyl phenol ot 2ncthleopregencenefhdmhecdtd. catalpseti and apsorganic

conposition according to Claim1l in which the phenol conmpound(1l) is at

| east one phgpdlvent having the boiling temperature of 50-160°C.

‘e

6. A positive resist composition according to Claim 1
in which the novolac resin(1) is the one in which the areal
ratio of the GPC pattern 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 pattérn_area of unreacted phenol compoﬁnds, as measured

. by using UV 254 nm detector.
ﬁ. A positive resist composition which comprises;
‘an o-quinonediaiide compound; and
a novolac resin which is obtained by allowing

a compound represented by the following formula(Il)

wherein R 1o to Ri: each independently represents hydrogen,

alkyl having 6 or less carbon atoms, cycloalkyl having 6 or
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conpound selected froma group consi sting of phenol, Jﬂuumﬁ .
2,5-xylenol, 3,5-xylenol, 3,4-xylenol, 2,3, 5-trinet hyI m""m m”ﬁﬂl
2- cyclqhexyl 5-nethy|pheno| 2- cyclopentyl 5- nethylphenol
3-nmet hyl - 6-t-butyl phenol. 5. A positive 3gesi st R@ﬁmgméﬁtogh@&cmgi/ﬁgsjo
Caiml in whesh tarboraatons ofallexyl kehysg soai-anessgcfa% H¥da$ or
aldehyde represented by the formula( 1 ) and the Repl acenent
Sheet *(19/ 7/ @3kenyl having 6 or less carbon atoms, provided that at
least one of R 10 to R 12 is cycloalkyl having 6 or less
carbon atoms, énd nis 1 or 2; or

a compound represented by the following formula(IV):

é h R,,
p(HOY ,\ < OH)q
Hls

Rys
' R, |
(v
_«)Hy

wherein R 13 to Ris each independently represents hydrogen,
alkyl having 6 or less carbon atoms, cycloalkyl having 6 or
less carbon atoms, alkoxy having 6 or less carbon atoms or
alkényl having 6 or less carbon atoms, Ris represents
hydrogen, alkyl having 6 or less carbon atoms or aryl having
10 or less cofbén atoms, p ‘and q each independently
represents 1 or 2 and r represents 0 or 1, provided that at
least one of R 13 to R 15 is cycloalkyl having 6 or less |

carbon atoms;

to condensate with a phenol compound represented by the

following formula(V):

(OH) k.

Ra 0 M 1t
RE.PLACEMENT SHEET
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" phenol conpOUﬁﬁ represented by the fornula(ll) |s'car
presence of anpacid Aatmk la@@d an organi c sol vent h melmcmmrm,
tenperature of tive resist composition accorditng"to®d%aim1l
in wiitch the no I ﬁu is the one in whiRebladement Sheet aAt1i967495)t he
GPC patteérn of a mol ecugdr- wei ght as converted to
pol ygtyrene is not h| gher than 900 is 25% or |ess based on the total
pattern areaylapéimi RY, b N"EoPRL b eeachS Qﬁd@ﬁeﬁﬂéﬁﬁi?eQeﬁbéQ@thO Hydrdgen ,as
nmeasured by using W 254 nmdetector. 7. A positive resist conposition
whi ch conprigHeyl having 6 or less carbon atoms, cycloalkyl having 6 or
' less carbon atoms, alkoxy having 6 or less carbon atoms or
alkenyl having 6 or less carbon atoms and k represents 1 or
8. A positive resist composition according to Claim 7
in which the compound of the formula(IV) is one of the

compounds represented by the following formulas:

9. A positive resist composition according to Claim 7
in whiqh the phenbl compound of the formula(V ) is at
least one phenol compound selected from a group consisting
of phenol, m-cresol, p-crésol, 2,5-xylenol, 3,5-xylenol,

3,u—xyienol, 2,3,5-trimethylphenol, 2-cyclohexyl-5-

. THIS SHEET HAS BEEN REPLAGEME'NT SHEET
. ’ REPLAL: D 2 0 JUL 1895
: _ Date :




an o- qyi nonedi azi de conpound; and a novol ac. resin lm m m d by
al1 ow ng a. conpound represented by the foll ow ng ' m mnlﬂ) ﬂ[
vvhereJ n[err] to [err] each independently represenf’s fiydr odens a haV| ng

6 or 1ess carbon atoms, cycloal kyl havingg & or Replacdhent Sheeﬁpﬂ@??
Sheet (197 7/ ma)tuyamembprewmisopehtylysmm hEnd Esénd g @ataqus-or

' t-butylphenol.

10. A positive resist composition -according to-Claim
7 in.which theé molar ratio of the compound oflthe formula(
']][) or the compound of the general formula(ly) to the
phenol compound of the formula(V) is from 0.5:99.5 to 40:
60. |

11. A positive resist composition according to Claim
7 in which weight average molecular weight as converted to
polystyrene of thé novolac resin is 2000 - 20000.

12.. A positive resist composition aceording to Claim
1 or 7 which fﬁrther contains an alkali-soluble polyhydric

phenol compound of which molecular weight is lower than 900.

- “ﬁﬁiiﬁ‘fii‘iff” i‘ﬁin

”-REPLACEMENTSHEET}
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al kenyl, having 6 or | ess carbon. atons, provided that at |east one of RIlo
to R1,2 is cycloal kyl having 6 or |ess carbon atons, and nis 1 or 2; or a
conpauild represented by the following fornula(lV): [err] wherein [err] to
[err] each independently represents hydrogen, alkyl having 6 or |ess carbon
atons, cycloal kyl having 6 or |ess carbon atons, al koxy having 6 or |ess
carban atons or al kenyl having 6 or |ess carbon ) r e S
hydr ogen, .al kyl having 6 or | ess carbon atons or ??f?e"ﬁggignh]geioﬂgﬁﬁe@s
corbon atons, p and g each independently 12 '
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represents 1 or
[err] to [err]

f
L4

2 and r

represents 0 or

I's cycl oal kyl having 6 or

mnth(ahphenol conmpound represented by the follomnng fornula(\o [err]
Replacenent Sheet (15/3/96) - 39 -

FIG 2

1, provided that at |east one of
| ess carbon atons; to condensate
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““wherain R 20 to R22 each independently represents hydrogen al kyl having 6
or.Fess carbon atons, cycloal kyl having 6 or |ess carbon atons, al koxy
having 6 or |ess carbon atons or al kenyl having 6 or |ess carbon atons and

k represents 1 or 2; and an al dehyde(1l). 8. A
according to..Claim7 in which the conpound of t

'

i ' )t i on
%‘?“%L‘F g?ile\ég' cﬁ?’%\?)of t he

compounds r epBSTBACRd by the following formulas: [err] 9. A positive resist
conpesition according to ClaipgsTTIVE RESISH comeopiTaoR! conmpound of the

formula(V ) is at

A positive resist composition sensitive to
radiations suéh-as ultraviolet rays, far ultraviolet rays,
which comprises; )

an o-quinonediazide compound; and
a novolac resin(1) obtained by allowing
an aromatic aldehyde of the formula()

(CHO)p (OH) ¢/

wherein R s to R¢ represents hydrogen; alkyl, cycloalkyl,
alkoxy, alkenyl or aryl, k' represents an ihteger not
smaller than O and p répresents 1, 2 or 3,

to react with a phenol compound of the formula (1)

OH

" R, R (1D
R, |

wherein R ¢ to Ry represents hydrogen, hydroxy, alkyl,
cycloalkyl, alkoxy, alkenyl or aryl, provided that at least

one of Rt to Re 1is cycloalkyl having 6 or less carbon

I
- —

atoms, .
et Has Been Replaced

i

Ll
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1 east~ one phenol conpound sel ected froma group consisting of phenol,
me_p’esol , p-cresol, 2,5-xylenol, 3,5-xylenol, REPLACEI\/EI\_FI' SHEET
Repl acenment Sheet (15/3/96) -40 - 3,4-xylenol, 2,3,5-trinethyl phenol,
2-cycl ohexyl -5- net hyl phenol , 2-cycl operétyl 5- nﬁéﬂﬂwcaﬂﬂéﬂpbhé’&d(%mwl 6-

v bl‘jtyl phen0|1n the presence of an acid catalyst
to obtain a reaction product(1) containirig low molecular
weight mgredlents,
and, then, allow:.ng the reaction product(1) to further react
with a phenol compound(1) and formaldehyde.

REPLACEMENT SHEET
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10. A positive resist conposition according to daim7 in which the nolar
rati o of the conpound of the formula(. Il1) or the conpound of the general
formula (1V) to the phenol conpound of the formula(V) is from0.5:99.5 to
40: 60. 11. A positive resist conpositipn accBerliaagnerd hestnd 15/34%hi ch t he
wei ght avetagveactewithr anphghelocompeundysepresentadabycbheefrddowdng

pol ystyrene is 2000 - 20000. 12. A positive resist conposition according to
O aim1 orfermplan (i)t her contains an al kali-sol uble pol yhydri c phenol
conpound the nol ecul ar wei ght of which is | ower than :

OH

R,. Ro.' (II)
R,

wherein R 7 to Ry each independently represents hydrogen,
hydroxy; aikyl having 6 or less cgrbon atoms, cycloalkyl
having 6 or less carbon atoms, alkoxy having_G or less
carbon atoms, alkenyl having 6 or less carbon atoms or aryi
having 10 or less carbon atoms, provided that at least one
of Rr to Ry . is cycloalky1 having 6 or less carbon atoms,
in the. presence of an acid catalyst

to obtain a:reéction pfoduct(l) contéining low molecular
weight ingredients (hereinafter this feadtion step. is
referred to as "Condensation 1");

and, then, allowing the reaction product(1) or the_ldw
molecular weight ingredients isolated from the reaction
product(1) to furtper'react with a phenol compound(1) and
formaldehyde (hereinafter this reactiqn step is referred to

as "Condensation 2") ip.the presence of an acid catalyst.

The present invention also provides
~a positive fesist composition(ii ) which'comprises;
an o-quinonediazide compound; and
a novolac resin(2) which is obtained by allowing

a compound represented by the following formula(Il)

REPLACEMENT SHEET
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alkyl having 6 or less carbon atoms, cycloalkyl having 6 or

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

alkenyl having 6 or less carbon atoms, R represents:
hydrogen, alkyl having 6 or less carbbn atoms or aryl having
10 or less carbon atoms, p and q each independently
represents 1 or 2 and r represents 0 or 1, provided that at
least one of Ri3: to Ris is.cycloalkyl-having 6 or less
carbon atoms;- .

to react with a phenol compound represented by the following

formula(V)

wherein R0 to R:: each independently répresents hydrogen,
alkyl having 6-or'less carbon atdms, cycloélkyl having 6 or
less carbon atoms, alkoxy having 6 br less carbon atoms or
alkenyl having 6 or ;ess carbon atoms and k represents 1 or
2; and :

a aldehyde(1) (hereinafter this reaction step is referred to

as "Condensation 3").

As preferred examples of the aromatic aldehyde

compound represented by the formula(I ), benzaldehyde,

. - Ac-methylbenzaldehvde
ﬁgﬁﬁg&gﬁ%gﬁggsg'such as 4-methyiatdehyde, polyaldehydes

such as terephthala;dehyde, hydroxybenzaldehydes such as o~

REPLACEMENT SHEET
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solvents usable fér the condensat1on 1, organic solvents

having boiling points of 50-160°C are preferred and organic
solvents.hﬁving boiiing points of 60-120 °C are more
preferred. Therefore, the abdve ﬁéntioned poor solvents
having boiling points of 60-120°C are particularly
preferred. As the acid catalyst used for the condensation 1,
for example, inorganic acids such as hydrochloric acid,'
sulfuric acid and phosphoric acid, organic'acids-Such as
oxalic acid, acetic acid and p-touenesulfonic acid, and
divalent metal salts such as zinc acetate and the like can
be used.

In Condensation 1, the reaction temperature is
usually 60 to 120 °C, and the reéction time is usually 2
to 30 hours. According to Condensation 1 expiained above,
a reaction product(1) which contains low molecular weight
ingredients is obtained.

As example of the ldw molecular weight ingredients
contained in the reaction product(1), a compound

represented by the following formula:

oH

wherein Ra. t°‘§;=; Rs to Ry and k' are as defined above,

and a compound represented by the foilowing.formula:

REPLACEMENT SHEET
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OH

wherein R x to Ry , k! andqg_gre as defined above prdvided'
that P-2 20, can be mentioned_./

Thé low moleculag weight ingredients produced bj
Condensation 1 can be'used for the condensation reaction
with formaldehyde and a phenoi compound (1) (i.e.
Condensation.Z) after being isolated from the reaction
product(l). Hq#ever, the reaction product(1)'itself can
also be used for the Condensation 2 without isolating the
low molecular weight ingredients from it. Carrying out
Condensation 2 without isolating the low molecular weight
ingredients is more preferred than carrying out
Condensation 2 after isolating them. The isolation of the
low molecular weight ingredients can be carried out
according to a conventional method such as concentratlon,

crystallization, filtration and drying.

Condensation 2 is carried out after mixing the

REPLAGEMENT SHEET
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reaction product(1) or the isolated low molecular weight

ingredients, the phenol compound(1) and formaldehydeﬁ
Condensation 2 can also bé carried out while adding
formaldehyde to a mixture of the reéétion product(1) or the.
isolated low molecular weight ingredients and the phenol
compound(1).

As phenol compound(1) use in Condensation
reaction(2), at least one phenol compound selected from a
group consisting of phenol, m-cresol, p-cresol, 2,5-xylenol,
3,5-xylenol, 3,4-xylenol, 2,3,5-trimethylphenol, 2-
cyclohéxylfs-methylphenol, 2-cyclopentyl-5-methylphenol. and
3-me£hyl-6-t-butylphenol can be mentioned. '

The amount of the fofmaldehyde used in’
Condensation 2 is usually 0.4 - 1 mole, preferably,O.G_f
0.95”mole per 1 mole of the total of the low molecular
yeight ingredients and the phenol compound(1). The molar
ratio of the low molecular weight ingredients tb the phenol
compound(1) is preferably from 100:10 to 100:50.

In Condensation 2, the feaction temperéture is
usually 60'to 120 C. Condensation 2 is preferably
carried out in the presence of an organic solvent. Among
the organic solvents usable for the condensation 2, organic
solvents having boiling points of 50-160°C are preferred and
organic solvents having boiling points of 60-120 °C ére
more preferrea. Exampleé of the particuiarly preferred
organic solvent include ketones having boiliné points of
60-120°C such as methylisobutylketone. As the acid catalyst

used for the condensation 2, for example, inorganic acids

REPLACEMENT SHEET
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;uherein R+ to R, each independently represents hydrogen,
-hydroxy, alkyl-having 6 or less carbon atoms, cycloalkyl -
having 6 or less carbon atoms, alkoxy having 6 or less
carbon atoms, alkenyl having 6 or.less carbon atoms or aryl
having 10 or less cdrben atoms, provided that at least one

of Rr to Ry is cycloalkyl having 6 or less carbon atoms,

in the presence of an acid catalyst to obtain a reaction
product(l) containing low molecular weight ingredients, and'

R then, allowing the reaction product(i) to further react
with a phenol compound(i) and formaldehyd = pnse::::id catal 'st.
2. A positive resist composition according to Claim 1
wherein the reaction product(l) is allowed to further react
with a phenol and formaldehyde without isolatlng the low

molecular weight ingredients from the reaction product(l)
- 3. A positive resist composition according to Claim 1
in which the phenol compound represented by the'formula(

I) is at least one comﬁound selected frcq 2-cyclohexyl-5-

- methylphenol and 2-cyclopentyl-S-methylphenol.

4. A positive resist composition according to Claim 1
in which the phenol compouﬁd(l) is at least one phenol
compound selected from a group consisting of phenol, am-
cresol, p-cresol, 2,5-xylenol, 3,5-xylenol, 3,4-xylencl,
2,3,5¥trimethYlphenol, 2-cyclohexyl-s-methylphenol, 2~
cyclopentyl-s-methylphenol and 3-methyl-6-t-butylphenol.

5. A positive resist composition according to Claim 1
in which the reaction of the aldehyde containing the

aromatic aldehyde represented by the formula( I ) and the

REPLACEMENT SHEET
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-39 -
wherein R 20 to R:: each independently represents hydrogen, '

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

alkenyl having 6 or less carbon atoms and k represents 1 or

~2; and an aldehyde(1).

8. A positive resist composition according to Claim 7
in which the compound of the formula(ly) is one of the

cpmpoﬁnds represented by the following formulas:

9. A positive resist composition according to Claim 7
in which the phenol compound of the formula(V ) is at
least one phenol compound selected from a group consisting

of phenol, m-cresol, p-cresol, 2,5-xylenol, 3,5-xylenol,

REPLACEMENT SHEET
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“ 3,4-xylenol, 2,3,5-triﬁéﬂz;lphenol, 2-qyclohexy1-5-
methylphehol, 2-cyclopentyl-5-méthylphenol and 3-methyl-6- "
t-butylphenol. | | | .

10. A positive resist composition according to Claim
7 in which the molar ratio of the compound of the formula(.
II ) or the compound of the general formﬁla(N)_ to the
phenol compound of the formula(V) is from 0.5:99.5 to 40:
60. : '
. 11. A positive resist compositioﬁ according to Clﬁim
7 in which the weight average molecular weight of the
novolac resin as convertad to polystyrene is 2000 - 20000.
12. A positive resist composition according to Claim
-1 or 7 which fqrther contains an alkéli-soluble polyhydric

phenol compound the molecular weight of which is 1owef than
_ ool _aall
900. '




ABSTRACT

POSITIVE RESIST COMPOSITION CONTAINING AN O- QUINONEDIAZ]DE
COMPOUND AND A NOVONAC RESIN

A positive resist composition sensitive to radiations such as ultraviolet rays, far
ultraviolet rays, which comprises;

an o-quinonediazide compound; and
a novolac resin (1) obtained by allowing an aromatic aldehyde of the formula(T)

(CHOX% (om)

R jR
gt

(I)

wherein R4 to Rs represents hydrogen, alkyl, cycloalkyl, alkoxy, alkenyl or aryl, k'
represents an integer not smaller than O and p represents 1, 2 or 3, to react with a
phenol compound of the formula (I)

OH

wherein R7 to Ro represents hydrogen, hydroxy, alkyl, cycloalkyl, alkoxy, alkenyl or
aryl , provided that at least one of R7 to Re is cycloalkyl having 6 or less carbon atoms,
in the presents of an acid catalyst to obtain a reaction product (I) contammg low
molecular weight ingredients 1ncludmg compounds of formula (IIT):

~ n(HO) (OH)n

SN, AL
TR "2

R

11

(OH)n REPLACEMENT SHEET




