DESCRIPTION POSITIVE-TYPE PHOTOSENSITIVE RESIN
COMPOSITION TECHNICAL FIELD [0001] The invention relates to a
positive-type photosensitive resin composition. More specifically, the
invention relates to a positive-type photosensitive resin composition that
is suitable for surface protective films for semiconductor devices,
interlayer dielectric films, insulatipg tayers f§ organic electro-luminescent
devices, and so on, and the portion of which exposed to ultraviolet light
becomes soluble in alkaline developing solutions. BACKGROUND ART
[0002] Heat-resistant resins such as polyimide and polybenzoxazole have
a high VeI b NEatTresitanoeTakE efectrical irstdating-propestiesrand
therefore are used for surface protective films for semiconductor devices
such as LSI (Large Scale Integration) and interlayer dielectric films. In
recent years, as semiconductor devices become finer, surface protective
TH{iAs L inbdridyer dielectric films and so on, have been required to be

formed at a 1 resolution of few pm. In such applications, therefore,

Sitive- -type photosensitive polyimide or polybenzoxazole which can be

subjected to fine processes is used. [0003]
The invention relates to a positive-type

photesensitive resin composition. More specifically, the
invention relates to a positive-type photcosensitive resin
composition that is suitable for surface protective films
for semiconductor devices, interlaver dielectric films,
insulating layers for organic electro-luminescent devices,
and so on, and the portion of which exposed to ultraviolet

light becomes soluble in alkaline developing solutions.

BACKGROUND ART
100027

Heat~resistant resins such as polyimide and
polybenzoxazole have a high level of heat resistance and
electrical insulating properties and therefore are used for
surface protective films for semiconductor devices such as
L5I ({large Scale Integration) and interlaver dielectric
films. In recent vears, as semiconductor devices become
finer, surface protective films, interlayer dielectric

films and so on, have been required to be formed at a



On the other hand, there is proposed a positive-type photosensitive resin
composition comprising novolac resin, which is widely used for
photoresists, and a polyimide precursor or a polybenzoxazole precursor,
and a quinone diazide compound (see for example Patent Document 1).
However, thermally cured films produced with such a resin composition
aes véntbrttlecandimsufficientlin mectanigab ipropértiess particalarlydmne ,
elongation or strength, as compared with those of conventional polyimide
R SpolyBénz ok ol aHereare alsoepreposedipssitivectygel ybenzoxazole
photosensitive resin compositions comprising a novolac resin, and a
‘Hotyamita prEEurdor of a 5oty BehzoxBZol8 THIeRERDY, arfd A<ftfhone
@Z@; compound, and a polyfunctional methylol compound (see for

e e Patent Documents 2 to 4) . However, such resin compositions

have paor mechanirg:al pr0£ertie§ r storage stability and the problem of
A s o) A
S|gn|f|canrf ch%%ggé“ i geﬁs&}wfy. or these~ réjars%%é/,sﬁ as t?eg;snl |fffé%lttype

) AN A |
%%?‘%85@%%%%% %OéEE%S'H‘%@ place.of phgtosensifive R%%{E'O:S Vesin,

ybenzoxazole in such applications as surface protectlge

wemiconductordevices apd f@?”é}é%rt%%]&‘s‘qi&%f)'”é%dpéteg%PgﬁHEQfé‘t
1: Japanese Patent Application Laid-Open (JP-A) No. 2005-352004

delaim 43 Patent Qogment 2 -HA N0 2005:062464-(clainy 1), RaleRbne
Document 3: JP-A_ No. 2005-250160 (claim 1)

diazide compound (see for example Patent Document 1).
However, thermally cured films produced with such a resin
composition are very brittle and insufficient in mechanical
properties, particularily in elcngation or strength, as
compared with those of conventional polyvimide or
polybenzoxazole. There are also proposed positive-type
photosensitive resin compositicns comprising a novolac
resin, and a polvamide precursor or a polybenzoxazole
precurscr, and & gquincne diazide compound, and a
polyfunctional methylol compound ({(see for example Patent
Documents 2 to 4). However, such resin compositions have
poor mechanical properties or storage stability and the
proplem cof significant changes in sensitivity. For these
reasons, it has been difficult to use these resin
cempositions in place of photosensitive polyimide or
peclybenzoxazole in such applications as surface protective

films for semiconductor devices and interlaver dielectric



Patent Document 4: JP-A No. 2006-285037 (claim 1) DISCLOSURE OF
INVENTION Problem to be solved by the Invention [00041 An object of
the invention is to provide a positive- type photosensitive resin
composition that is produced with novolac resin and has good mechanical
properties and high storage stability. Means for Solving the Problems
£4{0065] The invention is directed to a positive-type photosensitive resin
composition comprising: (a) a novolac resin; (b) a polymer comprising, as
Patmmain Oomypoaent, a: stractune sepresanted bydoimulat(1yandéor & Cpen
structure represented by formula (2); (c) a quinone diazide compound;
{{@)y-an alkoxyatethyligradp4ontainibg cbmpound; and (e) a solvent.
[00061 3 [Formula 1] (OH)p (OH)g (OH)p R5-NH tCO-R1-CO-NH-R2--NH
PLORECOMNARS (B | (COBRYM (COORAGICOORI M IOH)q (OH)p
(OH) ~ c R6--CO-NH-R2-NH CO-RI-CO-NH-R'2-NH CO-R6 (2)
Patent Document 3: JP-2 No. 2005-250160 {claim 1)

Patent Document 4: JP-A No. 2006-285037 {(claim 1)

DISCLOSURE OF INVENTION
Problem to be solved by the Invention
[0004]

“An object of the invention is to provide a positive-
type photosensitive resin composition that 1s produced with
novolac resin and has good mechanical properties and high

storage stability.

Means for Solving the Problems
[0005]

The invention is directed to a positive-type
photosensitive resin composition comprising: {a) a novolac
resin; (k) a polymer comprising, as a main component, a
structure represented by formula (1} and/or a structure
represented by formula (2}:; (¢} a quinone diazide compound;
(d) an alkoxymethyl group-containing compound; and (e) a
solvent.

{0006}



[1iin (COOR4)1 (COOR3)m (COOR4)1 (0007] In formulae (1) and (2),
R1 and R2 may be the same or different and each represent an organic
group having at least two carbon atoms and a valence of 2 to 8, R3 and R
may be the same or different and each represent hydrogen or a
monovalent organic group of | to 20 carbon atoms, -NH-R6 in formula (1)
ansl6iQ-+RE in formula (2) each represent a polymer end group, R5 and
R6 each represent a monovalent organic group having 2 to 30 carbon
atoms which includes an unsaturated hydrocarbon group, n is in the
range of 10to 1 0, 1 and m% represenfép{nteger of 0 to 2, and
p and g egeh represeft an integef of ® to, providetthat p +a > 0.

Effects gibesiyveptionrHORIBIASTOMGNG 18 fheimueplignJperes (4

provided a | positivé-type photoserisitive relin composition having good

mechanica propg 'm@ﬁi)high 5(@@@)?23 bllity( B@ﬁt@ESCRIPTION
OF DRAWING [0009] Fig: T shows criteria for evaluatior 8f pattern

profile Characteristics after heat curing. BEST MODE FOR CARRYING
OUT THE INVENTION [0010]

({?H}q ({?H)g} (?H}q
Rﬁ—“CO*NH“RE?-“NH -CO—R'-CO-NH—RZ-NH+CO-R®  (2)
(COOR%);,  (COORY,, (ci:-omf:a‘*}; "

[0C07]

In formulae (1) and (2), r' and R® may be the same or
different and each represent an organic group havinq at
least two carbon atoms and a valence of 2 to 8, R and R*
mav be the same or different and each represent hydrogen or
a monovalent organic group of 1 to 20 carbon atoms, -NH-R®
in formula (1) and -CO-R® in formula {2) each represent a
polymer end group, R° and R® each represent a monovalent
organic group having 2 to 30 carbon atoms which includes an
unsaturated hydrocarbon group, n is in the range of 10 to

100,000, 1 and m each represent an integer of 0 to 2, and p

and g each represent an integer of 0 to 4, provided that p

Effects of the Invention



The positive-type photosensitive resin composition of the invention
contains (a) a novolac resin and (b) a polymer comprising, as a main
component, the structure represented by formula (1) and/or the structure
represented by formula (2). [0011] The novolac resin (a) may be obtained
by polycondensation of phenols and aldehydes according to known
Iéthdds. The composition may contain a combination of two or more
types of novolac resins. [0012] Preferred examples of the phenols above
include®phenolioxrésol;mecresok picresgl, 2 3=-x¢enel, 2&sHixdenql,
3,4- xernoI 3,5-xylenol, 2,3,5-trimethylphenol, and 3,4,5-trimethylphenol.

ppéﬁlb&l‘é?ly‘ﬁf@férﬁéd@‘%%ﬁéﬁmt irzeresels preresalp2 Sexylenohaving good
2,5-xylenol, 3,4- xylenol, 3,5-xylenol, or 2,3,5-trimethylphenol. Two or

T ORE B fFres e%ﬁ%&tm e:dséd mcomisination. dnake\vi iafisolubility in
alkaline developing solutions, m-cresol is preferred, and a combination of
m-cresol and p-cresol is also preferred. Specifically, the novolac resin (a)

pPrEierably.in Luggg a cresol novolac resin having m-cresol residues or
havm;]?nycreﬁso‘l residuss a a -crhé%ol residues. In this case, the molar
f m-cresol residues to p- cresol residues (m-cresol residues/p-cresol

residues (m/p)) in the cresol novolac resin is preferably 1.8 or more. In

Fig. 1 shows criteria for evaluation of pattern

profile Characteristics after heat curing.

BEST MODE FOR CARRYING CUT THE INVENTION
[0010]

The positive-type photosensitive resin composition of
the invention contains (a) a nevolac resin and (b) a
polymer comprising, as a main component, the structure
represented by formula (1) and/or the structure represented
by formula (2.
[0C11]

The novolac resin (a) may be obtained by
polycendensation of phenols and aldehydes according to
known methods. The composition may contaln a combination

of two or more types of novolac resins.

Preferred examples of the rhenols above include

h - 1 -cr ~Ccres 1
phenol, o-cresol, m-cresol, p-crescl, 2,3-xylenol, 2,5-



this. range, the resin can have suitable solubility in alkaline developing
solutions and achieve good sensitivity. The molar ratio is more preferably

4 or more. [0013] Preferred examples of the aldehydes above include
formalin, paraformaldehyde, acetaldehyde, benzaldehyde,
hydroxybenzaldehyde, and chloroacetaidehyde. Above all, formalin is
paricitarly prefergd eTws or mérexoftkesel aldehydesimaybdeiusedtianol ,
combination. The aldehydes are preferably used in an amount of 0.6 mol
Yrnored moré TpFetér O Rbt or Rioré Lreterably 3 hvol oF fexs, hiore
preferably 1.5 mot or less, based on 1 mol of the phenols. 6 [00141 The
RIEBNdeRs &6 feactibn Hetwaen pherold Ghe aldehydes i/ d&Rérally 5+ 4~

erformed using an acid catalyst.  Examples of such an acid catalyst
RIS hyarochTotie SEE. nitHE sbic Salfirc 366 7oV HE BE: oxAHE a6

acetic acid, and p-toluenesulfonic acid. The acid catalyst is generall ,
B S o Ao OnE O TS T0-85 551025 a, Badt R Aol OF the 1° View

@Dbegetﬁng&pggy%ndaeﬁ@mﬁresg@oeq@&eﬁgef%'évl%%ffmmed Using. o1 is

} 10Hs, 1
water as a reaction medium. When the reactio system Is heterogeneous

grom the-dnitialstage, howsver, a:hydrephilic sqlventor.a Jipophilic, ., ;-

solvent may be used as the reaction medium. Examples of hydrophilic

Solvents-inelude-alcohgls-suah as 1methangl ethanol [propaaek, butanol,

and propylene glycol

preferably includes a cresol novolac resin having m-crescl
residues or having m-cresol residues and p-cresol residues.
In this case, the meclar ratio of m-cresol residues to p-
cresol residues (m-crescl residues/p-crescl residues (m/p))
in the crescl novolac resin is preferably 1.8 or more. 1In
this. range, the resin can have suitable solubility in
alkaline developing solutions and achieve good sensitivity.
The molar ratio is more preferably 4 or more.

(0013]

Preferred examples of the aldehydes above include
formalin, paraformaldehyde, acetaldehyde, benzaldehyde,
hydroxybenzaldehyde, and chiorocacetaldehyde. »Above all,
formalin is particularly preferred. Two or more of these
aldehydes may be used in combination. The aldshydes are
preferabiy used in an amount of 0.6 mol or more, more

preferably 0.7 mol or more, preferably 3 mol or less, more

preferably 1.5 mol or less, based on 1 mol of the phencls.



monomethyl ether; and cyclic ethers such as tetrahydrofuran and
dioxane. Examples of lipophilic solvents include ketones such as methyl
ethyl ketone, methyl isobutyl ketone and 2-heptanone. The reaction
medium is generally used in an amount of 20 to 1,000 parts by weight,
based on 100 parts by weight of the reactants. [0015] The
[pdlyéondensation reaction temperature is generally from 10 to 200C,
while it may be appropriately controlled depending on the reactivity of the
materidlse Theljolycoidensation reactionimay be pesformstdnpany Znd
appropriate method such as a method that includes introducing phenols,
2AdBRYHES, dif acinaralydty and sboomed atime andallowing them lost .
react, or a method that includes gradually adding phenols, aldehydes and
E&6BR 165t redlkfion 3ystifilih the prégericelsran deidicetalystds the acid,
reaction proceeds. After the polycondensation reaction is completed, the
empérat e of the reddtio S7stén i$ Yeheralfrafoe PRALITIZ30C in
a823(;lte.r to remove ath unreacted materials, the acid catalyst, the reaction

meditim_ and sé on front the' SYSteHT: ARt the F6tite coftfpoRiéhts a2 1yst
LU e S e ISR £
pReeferaply f'aﬁ@poJBfStﬂ%]ep'ﬁgWg?Eem Wieril%htpaé/ e {f?‘:%%den sation
reaction is generally performed using water as a reaction
medium. When the reaction system is hetercgeneocus from the
initial stage, however, a hydrophilic solvent or a
lipophilic solvent may be used as the reaction mediun.
Examples of hydrophilic solvents include alcohols such as
methanol, ethancl, propanol, butancl, and propylene glycol
meonomethyl ether; and cyclic ethers such as tetrahydrofuran
and dioxane. Examples of lipophilic solvents includse
ketones such as methyl ethyl ketone, methyl isobutyl ketone
and Z-heptanone. The reaction medium is generally used in
an amount of 20 to 1,000 parts by weight, based on 100
parts by weight of the reactants.
[0015]

The polycondensation reaction temperature is
generally from 10 to 200°C, while it may be appropriately
controlled depending on the reactivity of the materials.

The polycondensation reaction may be performed by any



molecular weight (hereinafter referred to as "Mw") of 1,000 or more,
preferably 2,000 or more, preferably 20,000 or less, more preferably
10,000 or less. In this range, the positive-type photosensitive resin
composition of the invention can have high solubility in alkaline
developing solutions and can provide good workability in the process of
2rapphing #16 drsubstate o017 THe Polyiict (b1 ESmprisihgcas a main
component, the structure represented by formula (1) and/or the structure
g epieseritad By Fafmdla 2 ¢ah BEEconvBRed fith £H5HMET thavifig ah® ©"
imide ring, an oxazole ring or any other cyclic structure by he

) a h agn or
atusing-af apprpriate CAtANst  ThE STyrhar (o) is Preferdbiy léopolgiﬁﬁ‘&e
. h | ic, acid |
i e b e

mic acid ester
retursorsuchas po )%Sydréi);jy%% %é‘?hgrfgrrﬁgtioonnofto

the r%/g!,! fggctgreagﬁg%nm%%C%'!s/e'.m&égvseesntgs heat resistange grthe o ¢

Solvent resistanc e composition may contain a combination of two or

«more of these resing. Asusedherein, the termy ‘majp compoenent” means:; o

that the n structural units of the structure represented by formula (1)

1 and/grthe ne structyralunits.of the structire represented ly formuiad(2) s

make up 50% By mole or more of the structural units of the polymer. The
garstrciural vaits;prefer@bly make uBt0% by moleoF merergiiee the

preferably 90% by mole of more of the structural units of the polymer.
unreacted materials, the acid catalyst, the reaction medium,
and so on from the system, and the volatile components are
removed under reduced pressure so that the novolac resin

can be collected.
[0016}

In an embodiment of the invention, the ncvolac resin
(a) preferably has a polystyrene-eqguivalent welght average
molecular weight (hereinéfter referred to as "Mw") of 1,000
or mecre, preferably 2,000 or mecre, preferably 20,000 or
less, more preferably 10,000 or less. In this range, the
positive-type photosensitive resin compesition of the
invention can have high solubility in alkaline developing
solutions and can provide good workability in the process
of applying 1t to a subétrate.
[CO17]

The polymer (b} comprising, as a main compeonent, the

structure represented by formula (1) and/cr the structure



[0018] [Formula 2} (OH)p (OH)q (OH)p R5-NH CO- R '-CO-NH- ~2-NH
CC)-R'-CO-NH-R5 (1) (COOR3)m (COOR4I (COOR3)m 9 (OH)M (OH)p
(OH)g R6-CO-NH-R2-NH CC)-R'-CO-NH-R2-NH CO-R6 (2) I I in
(COOR4)E (COOR3)m (COOR4)1 [0019) in formulae (1) and (2) , the R1
may be the same or different and each represent an organic group having

ripo ok amorsicarpofcatomsandia vatenceof 2da@: wihich mayo a polymer
correspond to a structural component of an acid. Examples of an acid

hthat mgay: foramthésR T with, a walense o 2dnclude aronwatic dicarboxyliclic
acids such as terephthalic acid, isophthalic acid,

sgiphenylethardidaebBddylie aeid, uaapithalenetieariosylic acichapdyst. The
bis(carbox phenyl)propane and aliphatic dicarboxylic acids such as

PeyciBRéxaredicarbBXccdcid Bndaadisié Bt Exadmples o ah 4cigthats
may form the R’ with a valence of 3 include tricarboxylic acids such as

ORIHEIME aefiand e Exarfiple§ of an &tid that May fithrifRZr:

. _with a valence of 4 mcludjﬁ?éracarboxyllc CIdS such as pyromellltlc aC|d

Ph&hzopitencieteracarBoxyiic atid * Bipheh§iteracirbokyicaciar ©*

c?éﬁf@ygﬂhenguaumgog%atlcaily improves the heat resistance

or the solvent resistance. The composition may contain a
combination of two or more of these resins. As used herein,
the term "main component” means that the n structural units
of the structure represented by formula. (1) and/or the n
structural units of the structure represented by formula

(2) make up 50% by mole or more of the structural units of
the polymer. The n structural units preferably make up 70%
by mole or more, more preferably 920% by mole of more of the
structural units of the polymer.

[o0ig]

[Formula 2]

<?H)p <CIJH)Q (?H)p
RI~NHTCO—R™CO~NH—RZ-NH-TCO-R"™—CO-NH-R5 (1

B
(COOR3), (COORY (COOR®),



acid, and diphenylsulfonetetracarboxylic acid, diester compounds
produced by modifying two carboxyl groups thereof with methyl or ethyl
groups, aliphatic tetracarboxylic acids such as butanetetracarboxylic acid
and 10 cyclopentanetetracarboxylic acid, and diester compounds
produced by modifying two carboxyl groups thereof with methyl or ethyl
groups. Examplggﬂgl reof also ing hydroxyl ;gico taining acids
such as hydroxyghtha?hc acid and hydroxytrimellitic ac ne or more of

1RE5e GO RO b RSP I RV ATIBOORI s (2)
preferred that tetrpcarbo ylic amd&should make uq 1 to 40 /oﬂby mole of

the acid compor(@@@mqew of @@@t@ in alkam@@g:(é ping solutions
or photosensitivity, a hydroxyl group conta{?hlng acid component(s)
should preferably make up at least 50% by mole, more preferably at least
g&)%tpy mole of the acid components used. [0020] In view of heat
resistance, the R' preferably has an aromatic ring and is more preferably

an Ofgﬂ@icf%@&%&lg%‘”g 96930 ¢a Onfﬂgmﬁla%? valence o3, a4,
More specifically, R~( OORS),,,(OH)’ in formulae (11) and (2) preferably

apasa-stiuctyresrepresented by farnpula(6) - [0021} [Rormula 8L842)0 <wo or
(OH), (C00 41)t

" more carbon atoms and a valence of 2 to 8, which may

correspond to a structural component of an acid. Examples
of an acid that may form the R* with a valence of 2 include
aromatic dicarboxylic acids such as terephthalic acid,
iscphthalic acid, diphenyletherdicarboxylic acid,
naphthalenedicarboxylic acid, and
bis({carboxyphenyl)propane; and aliphatic dicarboxylic acids
such as cyclohexanedicarboxylic acid and adipic acid.
Examples of an acid that may form the R* with a valence of
3 include tricarboxylic acids such as trimellitic acid and
trimesic acid. Examples of an acid that may form the R
with a valence of 4 include tetracarboxylic acids such as
pyromellitic acid, benzophenonetetracarboxylic acid,
biphenyltetracarboxylic acld, diphenylethertetracarboxylic
acid, and diphenylsulfonetetracarbcexylic acid, diester
compounds produced by modifying two carboxyl groups thereof
with methyl or ethyl groups, aliphatic tetracarboxylic

acids such as butanetetracarboxylic acid and

10



[0022] 11 In formula (6), R39 and R4, each represent an organic group
having 2 to 20 carbon atoms and a valence of 2 to 4, R40 represents an
organic group having 3 to 20 carbon atoms and a valence of 3 to 6, F42
and R43 may be the same or different and each represent hydrogen or a
monovalent organic group of | to 20 carbon atoms, o and t each

Jeplesent anrteger o£0 o2 andd represents.an integer.of 1104, 4o
provided that o + t <_ 2. [0023] In view of the heat resistance of the

presdlingcpolymesqthe,R 35 apdR4zeacikprefesablyhaves.an argmatic
ring, and examples of particularly preferred structures thereof include
mgintetiticcacie tinipe sic acids ande naphthalenetricasbexyicacid residues.
[0024] F4 represents an organic group having 3 to 20 carbon atoms and
hy alkenge of Bere: dnadaitiom thex o hydroxylcgroupstare prefesably-at: o
locations adjacent to the amide bond. For example, such a structure may
2pe BoRded ko tHeoantinonpoup of @ fluokide atome-containing compotrck
such as bis(3-amino-4-hydroxyphenyl)hexafluoropropane or bis(3-
2hydroXyARaROphen§ly HeallG6roprdpaife erithéraming group iofd ion.
fluorine atom-free compound such as bis(3-amino-4- _
hydroxysteryiprohane bis@iii6 kR4 aminepReriy) propans, make up 1
t§,3A'1-51L€argi§r}o-4,4'-dihydrtoggblfhfnyl, 3,3'-dihydroxy-4,4'

mole oL cid’ components.,” In view of
solubility in alkaline developing solutions or
photosensitivity, a hydroxyl group~containing acid
component (s) should preferably make up at least 50% by mole,
more preferably at least 70% by mole of the acid components
used.
[0020]

In view of heat resistance, the R? preferably has an
aromatic ring and is more preferably an organic group
having © to 30 carbon atoms and a valence of 2 or 4. More
specifically, R?(COOR%m(OH)p in formulae (1) and (2)
preferably has a structure represented by formula {6):
[0021]

[Formula 3]

WTEQ—wmmﬁﬂai‘ﬁmwﬁ*c&?‘**-—- (6)

(COOR2),  (OH), (COOR®),

[CDZ2Z]

11



12 diaminobiphenyl, 2,4-diamino-phenol, 2,5-diaminophenol, or 1,
4-diamino-2, 5-dihydroxybenzene. [0025] In formula (6), R42 and R43

may be the same or different and each represent hydrogen or a

monovalent organic group of 1 to 20 carbon atoms, each preferably
represent hydrogen or a hydrocarbon group of 1 to 20 carbon atoms.

When the nGmbser of theé carbion atomis i 2Gerdessesuitablesoubilityganic
alkaline developing solutions can be provided. The letters o0 and t each
FapieRehtdAintegef 6f Doto R Preferablypmsora?: provided eharo ¢ 5220 4,
The letter r represents an integer of 1 to 4. In this range, good patterning
PropetR AT hE Prévided I0026] Breterred @Xamples 6ﬂhg%tr%%ﬁ}?@n atoms

represented by formula (6) includg, but are not limited to, the following
Fhttcfirds: [H02%) Formuta 4y 13°0HEHO | BN PAC €13 H2HBOE |
C%QE)H OHO OHO

erent and each represent hydrogen cor a monovalent

organic group of 1 to 20 carbon atomg, © and t each
represent an integer of 0 to 2, and r represents an integer
of 1 to 4, provided that o + t £ 2.
[00233

In view of the heat resistance of the resulting
polymer, the R’ and R* each preferably have an aromatic
ring, and examples of particularly preferred structures
thereof include trimellitic acid, trimesic acid, and
naphthalenetricarboxylic acid residues.
100241

R*" represents an organic group having 3 to 20 carbon
atoms and a valence of 3 to 6. In addition, the r hydroxyl
groups are preferably at locations adiacent to the amide
bond. For ezample, such a structure may be bonded to the
amino group ¢f a fluorine atomwéontaining compeund such as
bis{3-amino—4-hydroxyphenyl)hexafluoropropane or bis(3-
hydroxy~4-aminophenyl)hexafluorcpropane or the amino group
of a flucorine atom-free ccmpound such as bis{3-amino-4-
hydroxyphenyl)propane, bis(3-hydroxy-4-aminophenyl)propane,

3,3"'-diamino~4, 4'~dihydroxybiphenyl, 3,3'-dihydroxy-4,4'~

12



H H3C CH3 H HOOC COOH OHOOHO 11 JOAN 0S 2 H HOOC
COOH OHO OHO HOOC COOH C OON HOOCHOdoNH OO
[0028] [Formula 5] 14 OHO OHO HOOC H F3C CF3 H COON 0 HO OH
O N H3COOC " HH3C CH3H COOCH3 HO OH H3COOC COOCH3

diaminobiphenyl, 2,4~diamino-phenol, 2,5~diaminophencl, or
1l,4~-diamino-2, b-dihydroxybenzene.
[0025]

In formula {6), R* and R* may be the same or
different and each represent hydrogen or a moncvalent
organic group of 1 to Z0 carbon atoms, each preferably
represent hydrogen or a hydrocarbon group of 1 to 20 carbon
atoms. When the number of the carbon atpms is 20 or less,
suitable solubility in alkaline developing solutioné can be
provided. The letters o and t each represent an integer of
0 to 2, preferably 1 or 2, provided that o.+ t = 2. The
letter r represents an integer of 1 to 4. In this range,
good patterning property can be provided.

[0026]

Preferred examples of the structure represented by
formula (6} include, but are not limited to, the following
structures:

[0027]

13



_~0HOOHO IHHIC2H6caOC COOC2H5 CdH900C O OH
CtOC4H9 *,J\1BAH O O [00291 in formulae (1) and (2), the R2 may
be the same or different and each represent an organic group having two
or more carbon atoms and a valence of 2 to 8, which may correspond to
a structural component of a diamine. Among them, in view of the heat

ring. A diamine 15

be used an _

‘ dlamlnes sych as bis(
hydroxy-pheay Hexafl oroprogaste daé zbis(triflidrom nzidine,
fluﬁr@'é/tom free diamines such as phenylenediamine, diamQdithenyl
ether, aminophenoxybenzene, diaminodiphenylmethane,
diaminodiphenylsulf é’ﬁ bls(amlnophenoxyphe§ [)propane, and
bis(aminophenoxyph 9 ffong PO RS i@d therefrom and
having an aIkyI gro p or a | tuent on the aromatic

mpo & it mote di e components may
H j : AMples include

{0028]

[Formula 5)

14



dihydroxybenzidine, diaminobenzoic acid, diaminoterephthalic acid,
aliphatic diamines such as cyclohexyldiamine,
methylenebiscyclohexylamine and hexamethylenediamine, and diamine
compounds each having a structure represented by any one of formulae
(7), (8) and (9), which corresponds to R2(C0O0R4)i(OH)g in formulae (1)
and (2). In particular, theiﬁléjroxyl group- contalnln amine
component(s) preferat@y 5 ? é"g‘@le of the diamine
components used |n v e devd|oping solutions or

CG’NH R4'F}\Itl:- Q-R49- (8)H(OH) :

(7) (C)u (OR) _
5 9) (OH)x [OOSﬂ In formula (7), R44 and

-R50-QOMNER

LI
represent an organic group having 2 to 20 carbon atoms and a valénce of
3 to 4, R45 represents a divalent organlc group of 2 to 30 carbon atoms,
and u and v each reprsefﬁ} | OL2 CBH? and R49 each

C4Hg00C,

(00291

In formulae (1) and (2}, the R? may ke the same or
different and each represent an organic group having two or
more carbon atoms and a valence of 2 tc 8, which may
correspond to a structural component of a diamine. Among
them, in view of the heat resistance of the resulting

polymer, the R? preferably has an aromatic ring. A diamine



represents an integer of 1 to 4. In formula (9), R50 represents a divalent
organic group of 2 to 20 carbon atoms, R51 represents an organic group
having 3 to 20 carbon atoms and a valence of 3 to 6, and x represents an
integer of 1 to 4. [0032} 17 In formula (7), R44 and R46 each represent
an organic group having 2 to 20 carbon atoms and a valence of 3to 4. In

yigw of thec heat resistanceseftbedesulting pelymermdhe R 44-0rR46:s4
preferably has an aromatic ring. Examples of -R99(OH)~- and R46(OH),-
ariclude bydioxyphebyk dihydroxypkemgd laydroxyraphtiylarine include
dihydroxynaphthyl, hydroxybiphenyi, dihydroxybiphenyl,
bis(hydroxyphenylitexaflunriopropare; 1bishysinaty phenyl) propanes -
bis(hydroxyphenyl)sulfone, hydroxydiphenyl ether, and dihydroxydiphenyl
fethe- AN aliphatic §roupisushrahydroxycyelohexyl or
dihydroxycyclohexyl may also be used. R4' represents a divalent organic
Ryr8up Bt 218 B0 ETBbH atbihs 2whiche preferablibas ah roriatie ringanines
view of the heat resistance of the resulting polymer. Examples of such a
Yi6tip FiclEdE BHERTIBipHBAYE dipheffiétherphenyl etner,
diphenylhexafluoropropane, diphenylpropane, and diphenylsulfone.

BedigES HEAIRE an Aliphatic GroTH Suh a8 SRioHeG may also be

&fﬁgig§§¥%henylsulfone, bis (aminophenoxyphenyl}propane, and

bis(aminophenoxyphenyl)sulfone, compounds derived therefrom
and having an alkyl group or a halogen atom as a
substituent on the aromatic ring,
diaminodihydroxypyrimidine, diaminodihvdroxypyridine,
hydroxy—diamino—pyrimidine, diaminophenocl,
dihydroxybenzidine, diaminobenzoic acid,
diamincterephthalic acid, aliphatic diamines such as
cyclohexyldiamine, methylenebiscyclohexylamine and
hexamethylenediamine, and diamine compounds each having a
structure represented by any one of formulae (7), (8) and
(9), which corresponds to R®{COOR'),(CH), in formulae (1)
and (2}). 1In particular, the hydroxyl group-containing
diamine component (s} preferably makes up at least £0% by
mole of the diamine components used, in view of solubility
in alkaline developing solutions or photosensitivity.
[0020]

[Formula 6]
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In formula (8), R47 and R99 each represent a divalent organic group of 2
to 20 carbon atoms, which preferably has an aromatic ring in view of the
heat resistance of the resulting polymer. Examples of such a group
include those listed above for R4'. R48 represents an organic group 18
having 3 to 20 carbon atoms and a valence of 3 to 6, which preferably
has an aromatic ring in view of the heat resistance of the resulting

potymd® Exaiple<D RIBIOHIDE Jnelinie) thopeisied above(Toy
-R99(O§—|)u and -R41(OH),-. 0034] In formula %9) R50 represents a

dival anic group of 2 to 20 carbon ato hich preferably has an
aromatic ri U in view of the heat resistance o @sulting polymer.
Examples of such a group include those listed above for R95. R 51
represents an organic group having 3 to 20 carbon atoms and a valence
of 3 to 6, Which preferably has an aromatic ring in view of the heat

pelymer. E ples R51(OH) lude
those g@ﬁ%ﬁ I-ﬁ{%an R4 [0035] FIr erred
examples of the structure! represented by formula (7) include, but are not
limited to, the following { ﬁ} yres: [0036] [Formula 71 19

maﬁﬂ-m*NHwFfﬁ’i% ()
(OH)y

[C031]
44 .
In formula (7}, R* and R*® each represent an organic
group having 2 to 20 carbon atoms and a valence of 3 to 4,
45 - : " - .
R™ represents a divalent organic group of 2 to 30 carbon
atoms, and u and v each represent 1 or 2. In formula (8),
a7 - : :
R and R* each represent a divalent organic group of 2 to
20 carbon atoms, R*® re £ ]
, represents an organic group having 3
to 20 carbon atoms and a valence of 3 to 6, and w
represents an integer of 1 to 4. In formula (9), R
represents a divalent organic group of 2 to 20 carbon atoms,
51 ' :
R represents an organic group having 3 to 20 carbon atoms
and a valence of 3 to 6, and ¥ represents an integer of 1
to 4.

{0032]



OHO tHO H OHO OHO H O OHO OHO S OHO 02 OHO FF3C F3 OHO
OHO H3C H3 HO OHO H OO H N 0037 Preferred examples of the

structure represented by 20 formula (8) include, but are not limited to, the
following structures: [0038] [Formula 8] F3C CF3 H 5~j HNO OH H H3C

CH3H '~ HCIHO02H YJC |

In formula (73, R and R*® each represent an organic
group having 2z to 20 carbon atoms and a valence of 3 to 4
In view of the heat resistance of the resulting polymer,
the R' or R preferably has an aromatic ring. Examples of
wR“(OH)u~ and R“WOH)V— include hydroxyphenyl,
dihydroxyphenyl, hydroxynaphthyl, dihydreoxynaphthyl,
hydroxybiphenyl, dihydroxybiphenyl,
bis(hydroxyphenyl)hexafluoropropane,
bis(hydroxyphenyl)propane, bis(hydroxyphenyl)sulfone,
hydrexydiphenyl ether, and dihydroxydiphenyl ether. An
aliphatic group such as hydroxycyclchexyl or
dihvdroxycyclohexyl may also be used. R® represents a
divalent organic group of 2 to 30 carbon atoms, which
preferably has an aromatic ring in view of the heat
resistance of the resulting polymer. Examples of such a
group include phenyl, biphenyl, diphenyl ether,
diphenylhexafluorcpropane, diphenylpropane, and
diphenylsulfone. Besides the above, an aliphatic group
such as cyclohexyl may also be used.
(0033}

Tn formula (8), RY and R*® each represent a divalent
organic group of 2 to 20 carbon atoms, which preferably has
an aromatic ring in view of the heat resistance of the

resulting polymer. Examples of such a group include those

. N 45 :
listed above for R*, R represents an organic group

18



OHC~""{OHO HH ~}HQ 0 d HC :3::D OH 0 [0039] Preferred
examples of the structure represented by formula (9) include, but are not
limited to, the following 21 structures: [00401 [Formula 9] OHO OHO
[00411 In formulae (1) and (2) , R3 and R4 may be the same or different
and each represent hydrogen or a monovalent organic group of 1 to 20

ha-€aron atoms.oinew of the: stability of the resulting selution of the ynich
photosensitive resin composition, R3 and R4 are each preferably an
prOfeaRic 1 graoups bahinview:of selubility in alkaliag developing. sgtutions,

R3 and R4 are each preferably hydrogen. In an embodiment of the
redrivendione hydrogen ansktherarganiccgromp rmayrbeprasent tagethét | Hihe-
contents of the hydrogen and the organic group represented by R3 and
in@Rddre Tontrelléd sthe dlissolutiorfrate irRafkalihe.develdping Sdldtions will

be changed. Therefore, the control makes it possible to produce a

[ 0phélosensitive resin composition having a suitable dissolution rate. In a
preferred range, " .
In formula (8), RY repressnts a divalent organic

group of 2 to 20 carbon atoms, which preferably has an
arcomatic ring in view of the heat resistance of the
resulting polymer. Examples of such a group include those
listed above for R*. R represents an organic group
having 3 to 20 carbon atoms and a valence of 3 tfo 6, which
preferaply has an aromatic ring in view of the hsat
resistance of the resulting polymer. Examples of —R(OH) .~
include those listed above for -RY(OH),- and -R*®(0OH).-.
[0035]

Preferred examples of the structure represented by
formula (7} include, but are not limited to, the following
structures:

[0036]

[Formula 7]
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the hydrogen atom should make up 10 to 90% by mole of each of the R3
and R4 moieties. In view of solubility in alkaline developing solutions, the
organic group should 22 have 20 or less carbon atoms. Therefore, the
moieties represented by R3 and R4 preferably include at least one
hydrocarbon group of 1 to 16 carbon atoms and hydrogen atoms as the
remainder moieties. [0042) In formulae (1) and (2), 1 and m each

+ (> 0. In formulae

Sber othe répeating structural units of

the polymer, which & in th rangg of 10fto 100,000. If n is less than 10,

the solubility of the polymer ifr-dlkaline developing solutions may be too

high so that na P%);trast may be obtained rgg\@een the exposed and
IOSeC [

_pOtfibns, which may make it i rm the desired
is :; re than 100,000, the sol blllty o the p Iymer in alkaline
4 praype too Iowesa thetihe portlon may be

) ) I
preferably 1,000 or less, morebpreferably 100 or less. In view of
|mprovement the elongatlon n is preferably 20 or

(1) and (2) n>fepre8bnts 1

[0Q37]

Preferred examples of the structure represented by

20



more. [0043) 23 The number n in formulae (1) and (2) is easily calculated
from the weight average molecular weight (Mw) which may be measured
by gel permeation chromatography (GPC), light-scattering method, small
angle X-ray scattering technique, or the 'like. The number nis Mw/M (n =
Mw/M), wherein M is the molecular weight of the repeating unit, and Mw
£ dsthe wei @ht averaggymolecularweight.ef theppelymer,In %%@”ﬁ%?ﬁl’@@mhg
of the invention, the number n of the repeating units may refer to a value
stcaleiatess using polystyrene-equivalent GPC measurement, which is
most convenient. 0044; In order to improve the adhesion to substrates, a
[ (gild%ane structure-containing aliphatic group may be used as the R’
and/or the R2 in formulae (1) and (2), as long as it does not reduce the
[ theatwesistance. Specifically, 1 to 10% by mole of a diamine component
such as bis(3 aminopropyl)tetramethyldisiloxane or bis(p-amino- phenyl)
octamethylpentasiloxane may be copolymerized. 0045) In formulae (1)
: er end group In the

[0039]
Preferred examples of the structure represented by

formula (%) include, but are not limited to, the following
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a monoacid chloride compound, or a mono-active ester 24 compound may
be used at the end. R5 and R6 each represent a monovalent organic
group having 2 to 30 carbon atoms which includes an unsaturated
hydrocarbon group. R5 and R6 each preferably has an aromatic ring in
view of the heat resistance of the resulting polymer. The unsaturated

stHwgrecarben group in the R5 and R6 can react to form a crosslinked
structure during curing by heat so that good mechanical properties can be

[ (grovided. Since novolac resin, which corresponds to the component (a),
is relatively brittle, known conventional compositions containing novolac

[ Fesinpazguinone diazide compound and a polyimide precursor or a
polybenzoxazole precursor have the problem of insufficient mechanlcal

allowed to proceed by eat treatment, the resin cd]mbosmon of the
invention can be thermally cured to have dramatically improved

{gé%qnjanical properties, even though it contains novolac resin. [0046]
xamples of the R5 and R6 include o-vinylphenyl, m-

In formulae (1) and (2}, r? and R may be the same or
different and each represent hydrogen or a monovalent
organic group of 1 to 20 carbon atoms. In view of the
stability of the resulting soclution of the photosensitive
resin composition, R’ and R® are each preferably an organic
group, but in view of solubility in alkaline developing
solutions, R° and R! are each preferably hydrogen. In an
embodiment cf the invention, hydrogen and the corganic group
may be present fTogether. If the contents of the hydregen
and the organic group represented by R’ and R! are
contrelled, the dissclution rate in alkaline developing
solutions will be changed. Therefors, the control makes it
possible to produce a photosensitive resin composition
having a suitable.dissolution rate. In a preferred rangs,
the hydrogen atom should make up 10 to 90% by mole of each
of the R’ and R! moieties. In view of solubility in

alkaline developing solutions, the organic group should

22



25 vinylphenyl, p-vinylphenyl, o-ethynyiphenyl, m- ethynylphenyl,
p-ethynylphenyl, o-propynylphenyl, m- propynylphenyl, p-propynylphenyl,
o-allylphenyl, m- allylphenyl, p-allylphenyl, o-(3-hydroxy-3-methyl-I-
butynyl)phenyl, m-(3-hydroxy-3-methyl-I-butynyl)phenyl, p-
(3-hydroxy-3-methyl-I-butynyl)phenyl, o-(3-hydroxy-3-

na JIEY LR RRSIN) {3 INron: et peRPhEnYL
p-(3-hydroxy-3-methyl-I-pentynyl)phenyl,

3:0ydroxys3-etayl-Lpentynyphenyl, ;-(3-bydrixy=3-5 ¢ 1 east
J:{_}Eg%hysl-l-pentyrg/%()phenyl, p-(3-f§%}§roxy-??—eth§a-i- pentynyl)apheneflia,18 -oone

hy @Rirophenylgmsnitrophenyly p- nirophenyl, oxnethylolphenyha rogen
m-methylolphenyl, p- metitylolphenyl, o-methylbenzoate,

at &rinetbylbenzeales and £r methytbeazoate. Examples of the aromatic
ring-free group include 3-vinylcyclohexyl, 4-vinylcyclohexyl, 3-

f 0 etiynylcyclohexyl, 4-ethynyicyclohexyl, 3- propynyicyclohexyl, and
4-propynylcyclohexyl. More preferred are m-vinylphenyl, p-vinylphenyl,
m-etlynyfghenyl 2 p-ethynydplieny?,)m-propynylphenytp-peepyryiphenyhe
m- allylphenyl, p-allylphenyl, m-(3-hydroxy-3-methyl-l- pentynyl)phenyl,

nuahdp-(SEhydroxyB-metwl-|apemtyayyphenyt: |1 view ot heatresisténics; 1s
an unsaturated triple bond-containing group such as m- ethynylphenyl,

an plethgaphenyl ‘mtgropynyiphényiz b gropyaylphenykn formulae (1)

m-((3-hydroxy-3-methyl-l-pentynyl)phenyl, or 26

and {2), p and g each represent an integer of 0 to 4,

provided that p + g > 0. In formulae {1} and {2}, n
represents the number of the repeating structural units of
the polymer, which is in tThe range of 10 to 100,000, If n
is less than 10, the sclubility of the polymer in alkaline
develeoping solutions may be too high so that no contrast
may be obtained between the exposed and unexposed portions,
which may make it impossible to form the desired pattern.
If n is more than 100,000, the sgolubility of the polymer in
atkaline developing solutions may be too low so that the
exposed portion may be insoluble, which makes it impossible
to form the desired pattern. In view of the solubility of
the polymer in alkaline developing solutions, n is
preferably 1,000 or less, more preferably 100 or less. In
view of improvement the elongation, n is preferably 20 or
more.

{00643]

23



p- (3-hydroxy-3-methyl-1-pentynyl) phenyl is more preferred. The R5 and
R6 may each have two or more unsaturated bonds. [0047] The polymer
end group is preferably introduced in an amount of 0.1 to 40% by mole,
particularly preferably 1 to. 30% by mole, based on the amount of the
diamine component(s). 0048] The end group introduced into the polymer

is easilyrdetegted by the methods.described below. For exarpple; the

resin having the introduced end component may be dissolved in an acid

-saldtion and decamposed.jBioiesineIPpgRENt -URItS:SUGh 3s agraming, )
component and an acid anhydride component, and the components may

vie measued by:gass chramatpgiaihy{(&6)=erNMR so thatihe endgroup
can be easily detected. Alternatively, the resin having the introduced end
(aamponéritghay beadirectlymeasureddy pyrolysisgas ehtbmatpgraphy
(PGC), infrared spectroscopy, and 13C NMR spectroscopy so that the

send grouprcart behdetgeted. J0049]<T heipolymer comprising, as a man/M (n
component, the structure represented by formula (1) and/or the structure

=réfésentedt by Feriula (23 mdiebasyrhiesizad by iths tniethddsdeswibetling
below. For example, when the polymer is 27 polyamic acid or polyamic

u&ﬁ@esﬁﬂ?ﬂMﬁa}ﬁe%&ﬁﬂﬁ%& " average molecular weight of the

polymer. In an empbodiment of the invention, the number n
of the repeating units may refer to a valus calculated
using polystyrene-equivalent GPC measurement, which is most
convenient.

[0044]

In oxrder to improve the adhesion to substrates, a
siloxane structure-containing aliphatic group may be used
zs the R! and/cr the R® in formulae (1) and (2}, as long as
it does not reduce the heat resistance. Specifically, 1 to
10% by mole of a diamine componentT such as bis(3-
aminopropyl)tetramethyldisiloxane or bis{p-amino-
phenyl)octamethylpentasiloxane may be copolymerized.

[0045]

In formulae (1) and (2), -NH-R® and -C0-R® each
represent a polvmer end group. In the case of formula (1},
a nmoncamino compcound may be used at the end. In the case
of formula (2), a monoacid anhydride, a monocarboxylic acid,

a menoacid chloride compound, or a mono-active ester
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by a method that includes performing, at low temperature, the reaction of
a tetracarboxylic acid dianhydride, a diamine compound, and a
monoamino compound used for end capping, a method that includes
producing a diester from a tetracarboxylic acid dianhydride and an
alcohol and then allowing the diester to react with a diamine compound

and a monoamino compaound in the presepee of a candensing agent, or
Corgpr%%{h%nﬁ%%t |n€(§:Il}:‘dSeegq pr%%u%l}ﬁ% a %éterB\‘ror%né? t%tra%%%oxd‘ycﬁ ra%i%ent a

morqjé%gl?ygﬂge&P%a?%’]ﬁ%‘r’%%?léﬁé%&%&e@i”Qoth%6e@§¥%§rﬁ%adé%a£%%xyv@iﬁich

acid into an aci owing them to react wit lamine

1n£0Mpoungd,and,a monoamino;compound, \hen e POYMer|s ps oacn

polyhydroxyamide, it may be synthesized by a'method that includes
prBelysgndensing ahisamingnhenol ¢empound, & dicarbexyicacid and a
monoamino compound. Specifically, such a method may include allowing

redidelwdratings condensation-agentsychasdicyclghexylearbodimide
(DCC) to react with an acid and then adding a bisaminophenol

hycdempearndangramoncanmine cempeihdkthereto erinclidecadding a
tertiary amine such as pyridine to a solution of a bisaminophenol
cr cempouRdansta monoamido compoundang thenhaddinga dicarbaxytic
acid dichloride solution dropwise to the solution. [0050] 28 In a preferred
ne fiote] aftér theomatdrigls ara polymearizedisistie methot desoribeglc resin,
above, the product is
which corresponds to the component (a), is relatively
brittle, known conventional compositions containing novolac
resin, a guinone diazide compound and a polyvimide precursor
or a polybenzoxazcle precursor have the problem of
insufficient mechanical properties after heat curing.
Therefore, satisfactory mechanical properties have not bheen
opbtained in permanent film applications such as protective
films for semiconductor devices. In the poesitive-type
photosensitive resin composition of the invention, the
polymer as the component (b) has the end group as described
above. Therefore, as the crossiinking reaction is allowed
to proceed by heat treatment, the resin compositicn of the
invention can be thermally cured to have dramatically
improved mechanical properties, even though it contains

TIoVolac resin.

[0048]

Examples of the R’ and R® include o-vinylphenyl, m~



added to a large amount of water or a mixture of methanol/water or the
like, and the resulting precipitate is separated by filtration and dried so
that the polymer comprising, as a main component, the structure
represented by formula (1) and/or the structure represented by formula
(2) can be isolated. The separation process makes it possible to remove

#i&%ﬁ%@@%&eﬁ @D{?QH&%@@féﬁigomt@g}H@qwﬁﬁyph@s dimers and

trimers, which improves the properties of the thermally cured film. [0051]

et hhe amountof the, pelymercosrpising, as-a mai rsorppersnt, the-

structure represented by formula (1) and/or the structure represented by
priosnla £2)ds pleferalby 30 vparts by weightorahore: phereydreferably 40
parts by weight or more, based on 100 parts by weight of the novolac
a lregirp{ah yThe arzcoung ipthas rangecallcivé g durther-imprevément. in the
mechanical properties after heat curing. In order to improve the
budansitivity trevamountlispreferably-100paits by wéighvorlesshieore , -
preferably 80 parts by weight or less. [0052] The positive-type
{ JpHiotesensitivie i E8mposifib IS LthelifvehtionccontainE & qerione
diazide compound cg. The 29 compoaosition of the invention may contain

maVer ThoRe B/peRY of qiiRBHe didzide’ comipbaitds. Eximpiés of the
ocinons \diazide compotind Inglude Polyydioxy,comeound dedvalvesy 1,
o-{3-hydroxy-3-ethyl-l-pentynyl)phenyl, m-(3-hydroxy-3-
ethyl-Il-pentynyl)phenyl, p-{(3-hydroxy-3-ethyl-1-
pentynyl)phenyl,‘o—nitrophenyl, m-nitrophenyl, p-
nitrophenyl, o-methylolphenyl, m-methylcolphenyl, p-
methylolphenyl, o-methylbenzoate, m-methylbenzcate, and p-
methylbenzoate. Examples of the aromatic ring-free group
include 3-vinvlcyclohexyl, 4-vinyloycliohexyl, 3-
ethynylcyclohexyl, 4-ethynylcyclohexyl, 3-
propynylcyclohexyl, and 4-propynylcyclchexyl. More
preferred are m-vinylphenyl, p-vinylphenyl, m-ethynyliphenyl,
p-ethynylphenyl, m-propynylphenyl, p-propynyiphenyl, m-
allylphenvl, p-allylphenyl, m-(3-hydroxy-3-methyl-1-
pentynyl)phenyl, and p-(3-hydroxy-3-methyl-1-
pentynyl)phenyl. In view of heat resistance, an
unsaturated triple bond-containing group such as m-
ethynylphenyl, p-ethynylphenyl, m-propynylphenyl, p-

propynylphenyl, m-{3-hydroxy-3-methyl-l-pentynyl)phenyl, or
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having an ester-bonded quinone diazide sulfonic acid part, polyamino
compound derivatives having a sulfonamide-bonded quinone diazide
sulfonic acid part, and polyhydroxy- polyamino compound derivatives
having an ester-bonded quinone diazide sulfonic acid part and/or a
sulfonamide- bonded quinone diazide sulfonic acid part. For example, the

gLHNC diazidecc d me by allowing 5- oy
" ngépht oqi*uc?r%% e%%%?&ﬁulg%?%eﬁ%ﬁgg 5[:(? %e%% "\jivitjﬁsagnpooﬁwfd?gfy rred.
ricompound;in-the,presence of fiethylamine. Not.-all the functiopal.groups
of the polyhydroxy compound or the polyamino compound have to be

r splpstituted with quinone diazide. In view of the contrast between the
exposed and unexposed portions, 50% by mole or more of all the

functionad greups-are preferably substituied withguinone, iazide<hen an
use of the quinone diazide compound makes it possible to produce a
arpositivestypé photasensitivieyest epmpositionseasitivegegepeiy 1 to
ultraviolet rays such as i line (365 nm), h-line (405 nm), and g-line (436
3mpraysofrom imerctny dampse[053)1Exampleshef the spolyhydroxy
compound include, but are not limited to, Bis-Z, BisP-EZ, TrisP-HAP,
COPrigPPAL TRisP- 30 SA, TrisOCR-PA, BisOCHP-Z, BisP-MZ, BisP-PZ,
BisP-IPZ, BisOCP-IPZ, BisP-CP, BisRS-2P, BisRS-3P, BisP-OCHP,
[ tHéfhylene tris-FR-CR, BisRS-26X, DML-MBPC, DML-MBOC, DML-

OCHP, DML-PCHP, DML-PC, DML-PTBP, DML-34X, DML-EP,
l)ML:E@@,end group introduced into the polymer 1s easily

detected by the methods described below. For example, the
resin having the introduced end component may be dissolved
in an acid solution.and decomposed into resin component
units such as an amine component and an acid anhvdride
component, and the components may be measured by gas
chromatography {GC) or NMR sc that the end group can be
easily detected. Alternatively, the resin having the
introduced end component may be directly measured by
pyrolysis gas chromatography (PGC), infrared spectroscopy,
and °C NMR spectroscopy so that the end group can be
detectead.
[0049]

The polymer comprising, as a main component, the
structure representec by formula (1) and/or the structure
represented by formula (2) may be synthesized by the

methods described below. For example, when the polymer is
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dimethylol-BisOC-P, DML-PFP, DML-PSBP, DML-MTrisPC, TriML-P,
TriML-35XL, TML-BP, TML-HQ, TML-pp-BPF, TML-BPA, TMOM-BP,
HML-TPPHBA, and HML-TPHAP (trade names, manufactured by Honshu
Chemical Industry Co., Ltd.); BIR-OC, BIP-PC, BIR-PC, BIR-PTBP,
BIR-PCHP, BIP-BLOC-F, 4PC, BIR-BIPC-F, TEP-BIP-A, 46DMOC,

pAODMOEP, and TM-BIPra{trade names, manufagtured by rAsahOngasic; e
Chemicals Industry Co., Ltd.); 2,6- dimethoxymethyl-4-tert-butylphenol,

@ G-dimethoxymethyl-pr cresl 2 Scdiactiaxympthyltp-teasol siaphthoh re,
tetrahydroxybenzophenone, methyl gallate, bisphenol A, bisphenol E,

+ meethylepeshisphendl, and BisP:AB(rade name, dmatefacturediay 2
Honshu. Chemical industry Co., Ltd.). [0054] Examples of the polyamino

d cempesnddneludedbutzare notdimitechto;d,4-phenylededipesinépr end
1,3-phenylenediamine, 4,4'-diaminodiphenyl ether,

c4pp-aigminodighenyimetiraine] rd; 4 udiaminodiphieryisulforéi aager from a
4,4'-diaminodiphenyl sulfide. [0055) Examples of the ,

£ polyhydrxy=polyaminsl o poahd dReltide 2B\ B rivtfiftited B¢ then
2,2-bis(3-amino-4- 31 hydroxyphenyl)hexafluoropropane and 3,3

a ldiRydioxybaszidines (0056 inHrémbtidintert of g ifventighpound and 2
5-naphthoquinone diazide sulfonyl group and 4-naphthoguinone diazide

MEGRGIRA BroG AR BB preferablyUsedTor the’quifiofe nUers~ng agent,

or a method that includes producing a diester from a
tetracarboxylic acid dianhydride and an alcohol, then
converting the remaining dicarboxylic acid into an acid
chloride, and allowing them to react with a diamine
compound and a monéamino compound. When the polymer is
polyhydrozyamide, it may be synthesized by a method that
includes polycondensing a bisaminophenol compound, a
dicarboxylic acid and a moncamino compound. Specifically,
such a method may include allowing é dehydrating
condensation agent such as dicyclohexylcarbodiimide (DCC)
to react with an acid and then adding a bisaminophencl
compound and a monoamino compound thereto or include adding
a tertiary amine such as pyridine to a solution of a
bisaminophencl compound and a monoamino compound and then
adding a dicarboxylic acid dichloride solution dropwise to
the sclutilon.

[0050]
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diazide. Some 4-naphthoquinone diazide sulfonyl ester compounds that
show absorption in the mercury lamp i-line region are suitable for i-line
exposure. Some 5- naphthoquinone diazide sulfonyl ester compounds that
show absorption up to the mercury lamp a-line region are suitable for
g-line exposure. In an embodiment of the invention, 4-naphthoquinone

diazidg sulfonyl.ester compannds. 1.5 papithoguinone diazide sulfony
ester compounds are preferably selected depending on the exposure

po¥ayelength, A.naphihoguinong diazide sylfonyl gster campound having,

both 4-naphthoquinone diazide sulfonyl and 5-naphthoquinone diazide

acsilfonylgroups;ina singlen molecule is-alsg.availahle-and a,

4-naphthoquinone diazide sulfonyl ester compound may be used in

meGQMRbinatioRvith a S-naphthoguinonediazide suonyl esterGampelRG.t e
[005'7) The molecular weight of the quinone'diazide compound is

i spreferablyr-2/5000r fess; raareqreferably 1,500 erlessa €VERIMEKE] yine

preferably 1,200 or less. The quinone diazide compound with a molecular
coneight 0h2,500s0r:less can ber@ sufficientlirdecamposed by heat #xheat=d

treatment after pattern forming, so that a cured film having a high level of
byheatresistance) ard:ddlesicnh progerties car beabtainedt ©@n the dtrenula

hand, the molecular weight is preferably 300 or more, more preferably
(235G 6Rmuteifppb8ted. The separation process makes it
possible to remove the unreacted monomers and oligomer
components such as dimers and trimers, which improves the
properties of the thermally cured film.
(0051

The amecunt of tThe polymer comprising, as a main

component, the structure represented by formula (1} and/or
the structure represented by formula (Z2) ig preferably 30
parts by weight or more, more preferably 40 parts by weight
or more, based on 100 parts by weight of the novolac resin
{a). The amount in this range allows a further improvement
in the mechanical properties after heat curing. In order
to improve the sensitivity, the amount is preferably 100
parts by welght or less, mere preferably B0 parts by weight
or less,
[0052]

The positive-type photosensitive resin composition of

the invention contains a quinone diazide compound (c). The
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In an embodiment of the invention, the composition preferably contains a
naphthoquinone diazide compound represented by formula (3).
Positive-type photosensitive resin compositions that contain a novolac
resin and a polyimide precursor or a polybenzoxazole precursor like the
positive-type photosensitive resin composition of the invention should be
heat-treated so_that the.polgimide precursor or the ngbenzoxazole .
composiTion ol Thne vention. ma conTaln,. I more Lypes
pFécursor can be cureduf’hrougﬁ a rlng-glosmg reaction By%eatmg.
o£Paticylarly Hhé‘i%*b%p@b‘igﬁ!%ﬁ%.s% rotective films far ;e
semiconductor devices and interlayer dielectric films, cured films are
aigenerally. yeated at a high femperatine of ~L80 10290 ina POSt RLOCESs
In order to prevent gas formation in the post treatment process, therefore,

nathenFesin cempositionsarg offen-cured by heatitreatmentatd acid part,
temperature higher than that in the post treatment process, namely at a
pdemperature :30Q60rdighers YWhens aicettainy patteu fosmediusing ended
positive-type photosensitive resin containing the novolac resin (a) and the
gudalpmer {1)=33 demprisifign as aamath ecampoenentithecstrichdreo sy ~
represented by formula (1) and/or the structure represented by formula
poRYy stheat-treated at A Migh tompératareof300C o Mghery itisgdnerally
deformed because the novolac resin has a low softening point. According
qubhe nvEniiphdthes nhphthbguirioreé diaZie Tofhpound représemed B9~

formula (3) may be used, so that pattern deformation can be prevented
bonded gquinone diazide sulfonic acid part. For example,

the quinbne diazide compound may be produced by allowing 5-
naphthoguinene diazide sulfonyl chloride to react with a
polyvhydroxy compound in the presence of triethylamine. Not
all the functiocnal groups of the polyhydroxy compound or
the polyvaminc compound have Lo be substituted with guinone
diazide. In view of the contrast between the exposed and
unexposed portions, 50% by mole or more of all the
functicnal groups are preferably substituted with guinone
diazide. The use of the quinone diazide compound makes it
possible to produce a positive-type photosensitive resin
composition sensitive to general ultraviclet rays such as
i=-line {365 nm), h~line {405 nm), and g-line (436 nm) rays
from mercury lamps.

[0053]

Examples of the polyhydroxy compound include, but are

9

not limited to, Bis-7, BisP-EZ, TrisP-HAP, TrisP-PA, Trisb-
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even when the resin composition containing novolac resin is subjected to
heat treatment at 300C or higher. [0059] [Formula 10] QQ 0Q ~(R)a it\
R" (3) ()c Q0 QQ [0060] In formula (3), F7 to R1 may be the same or
different and each represent hydrogen or a monovalent organic group of
1 to 10 carbon atoms. Examples of the organic group include a

sAydsacaghon gjoup suchas alky oL 1 19,10 cartion, atgys and alkenyl and
a

an alkoxy group of i to 10 carboh oms. The alkyl gréup is preferably

Bfgb@kmﬁguw{gﬁ%?a@pyﬁé@%g%ysl%e%@% methyl, eyl putyl, propyl,

n- butyl, isobutyl, sec-butyl, or tert- “The alkoxy group is preférably

mA-8IKRLgROUP-0fi{O 4 carhoRiomE, SUBR ASHRSIOMMENeXYe . -
hydroxyethoxy, propoxy, hydroxypropoxy, isopropoxy, isobutoxy,

odubytoxy see=hutoxyor tert-bitoxy-Fhe alkanyl group ispreferabiynan cop,
alkenyl group of 2 to 4 carbon atoms, such as vinyl, propenyl, allyl, or

dhetenyl 1B 11 gepresents adivaient organic group, whichis:preferablya v -z,
hydrocarbon group of 1 to 30 carbon atoms.

TriML-35XL, TML-BP, TML-HQ, TML-pp~BPF, TML-RPA, TMOM-EP,
HML-TPPHBA, and HML-TPHAP (trade names, manufactured by
Honshu Chemical Industry Co., Ltd.)}; BIR-0C, BIP~PC, BIR-PC,
BIR-PTBP, BIR-PCHP, BIP-BIOC~F, 4PC, BIR-BIPC-I', TEP-BIP-A,
4eDMOC, 40DMOEP, and TM-BIP-A (trade names, manufactured by
Asahl Organic Chemicals Industry Co., Ltd.); 2,6~
dimethorymethyl-d-tert-butylphencl, 2,6-dimethoxymethyl-p-
Cresolf 2, ¢-diacetoxymethyl-p-cresol, naphthol,
tetrahydroxybenzophenone, methyl gallate, bisphenol A,
bisphencl E, methylene bisphencl, and BisP-AP (trade name,
manufactured by Honshu Chemical Industry Co., Ltd.).
(00547

Examples of the polvamino compound include, but are
not limited to, 1,4-phenylenediamine, 1,3-phenyienediamine,
4,4"'-diamincdiphenyl ether, 4,4'-diaminodiphenylmethane,
4,4'-diaminodiphenylsulfeone, and 4,4'-diamincdiphenyl
sulfide,
[C6055]

Examples of the polvhvydroxy-polyaminoe compound

include, but are not limited to, 2,2-bis(3-amino-4-
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[0061] In formula (3), Q represents a 5-naphthoquinone diazide sulfonyl
group, a 4-naphthoquinone diazide sulfonyl group or hydrogen, provided
that not all Q moieties are hydrogen. In an embodiment of the invention,
the molar ratio of the naphthoquinone diazide sulfonyl group represented
by Q to the hydrogen atoms represented by Q (naphthoquinone diazide

npult BQXJPQ.{QHEMF'}\F@&?&%M% RIEterably 3/5 gnmore, which, Jaads %Q&?&q dine.

pattern profile. The molar ratio is preferably 3 or less, more preférably
[ 543 @1 less, which leads to an improvement in patterning property. As
used herein, the term "naphthoquinone diazide sulfonyl group” refers to

the totahoks-napbthoghinone, diazide sulenyt apd 4-naphippguingneénone
diazide sulfonyl 35 groups. (0062] The quinone diazide compound

d representadi by forinua Iprefetablyh@s-a molecitanwetght of 24500 or

less, more preferably 1,600 or less and preferably has a molecular
s wefghtyof 800cormere, morepreferably=300/or sroref {0063} T heuinone

naphthoquinone diazide compound represented by formula (3) may be
dpraduted bf @sterfficatiph betwean: thes coirespoisdifg polyhytreaier

compound and naphthoquinone diazide sulfonic acid. For example, the
cg@@@y@@&ﬂﬁmﬁ;show absorption in the mercury lamp i-line
raeglon are sultable for i-line exposure. Some 5-
naphthoguincne diazide sulfonyl ester compounds that show
absorption up te the mercury lamp g-line regicn are
suitable for g-line exposure. In an embodiment of the
invention, 4-naphthoguinonse diazide sulfonyl ester
compounds or S5-naphthoguinone diazide sulfonyl ester
compounds are preferably selected depending on the exposure
wavelength. A naphthoguinone diazide suifonyl ester
compound having both 4-naphthoguinone diazide sulfonvl and
S-naphthoguinone diazide sulfonyl groups in a single
melecule is also available, and a 4-nap5ﬁhoquinone diazide
sulfonyl ester compound may be used in combination with a
S5-naphthoguincne diazide sulfonyl ester compound.

(00577

The mclecular weight of the guinone diazide compound

is preferably 2,500 or less, more preferably 1,500 or less,
even more preferably 1,200 or less. The guincone diazide

compound with a molecular weight of 2,500 or less can be
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compound may be synthesized according to the method described in
JP-A No. 49-250, which includes allowing an a- (hydroxyphenyl)styrene
derivative to react with a polyphenol compound in the presence of an acid
catalyst. Examples of polyhydroxy compounds that are preferably used

in an embodiment of the invention include the compounds shown below.

wo ar more of these polyh compounds may be used in
SuEom ination: [O%%ﬁ?m[go#nglgb HOLBI—F’IED@ ON® BB HEL=er

--ADHHOOH OHHIQ O QU KO 01 - 1 0H 1K HO O MOt
iHHOH Ho OF O T H c?oclil”oﬁoﬁ o E

of heat resistance and adhesion properties can be obtained.
On the other hand, the molecular weight is preferably 300
or more, more preferably 350 or more.

[0058]

In an embodiment of the invention, the composition
preferably contains a naphthoguinone diazide compound
represented by formula (3). Positive-type photosensitive
resin compositions that contain a novolac resin and a
polyimide precursor or a polybenzoxazole precursor like the
positive-type photosensitive resin composition of the
invention snould be heat-treated so that the polyimide
precursor or the pclybenzoxazole precurscr can be cured
through & ring-closing reaction by heating. Particularly
in such applicaticns as surface protective films for
semiconductor devices and interlayer dielectric films,
cured films are generally treated at a high temperature of
180 to 290°C in a post process. In order to prevent gas
formation in the post treatment process, therefore, the
resin compositions are often cured by heat treatment at a
temperature higher than that in the post treatment process,
namely at a temperature of 300°C or higher. When a certain
pattern formed using a positive-type photosensitive resin

containing the novelac resin (a) and the polymer (b)
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HO OHHdH HOH |10 CJ'H OH 37 [0065] For example, the
naphthoquinone diazide compound represented by formula (3) may be
produced by performing a general esterification reaction of part or all of
the hydroxyl groups of the polyhydroxy compound with 1,2-
naphthoquinonediazide-5-(and/or -4-)sulfonyl chloride in the presence of
c&Rasic catalyst sSpegifically: given, amounis,ef the RONAVOXE b resented
compound, 1,2- naphthoquinonediazide-5-(and/or -4-)sulfonyl chloride and
p@ sekent are gcharged iate a Hasks anddhey are-subjestatktodaby formula
condensation reaction, while a basic catalyst is added dropwise thereto.
(For £xampie,the sotvent mayba tioxaner@eetoner methyl3ethylkeione,
N-methylpyrrolidone, or the like. For example, the basic catalyst may be
nsodrm hydroxidggsediamlhydregemarbonate; tbdethylamineyol the fikein
The reaction temperature is generally from -20C to 60C, preferably from
h@t to 406. Bld kesulting product isfgeneralywashedWwith \Wwater tthen , the

purified and dried. [0066] In the esterification reaction, a mixture of
nppddurtguinone diazide compound represented by formula (3]

may be used, so that pattern deformation can be prevented
even when the resin composition containing noveolac resin is
subjected to heat treatment at 300°C or higher.

[0059]

[Formula 10]

[0060]

In formula (3), R’ to R'™ may be the same or different
and each represent hydrogen or a monovalent organic group
of 1 to 10 carbon atoms. Examples of the organic group
inciude a hydrocarbon group such as alkyl of 1 to 10 carben

atoms and alkenyl and an alkoxy group of I to 10 carbon
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different in the number and position of the ester groups is obtained. As
used herein, the "esterification degree" (the molar ratio of the
naphthoquinone diazide sulfonyl groups represented by Q to the
hydrogen atoms represented by Q) is defined as the average value with
respect to the mixture. 38 The esterification degree as defined above may
be_con ggeda%t e mixin% ratio between the raw materials, the

2= OB hydroxy Sompourid ahd T-2-rapRioy cHfinAde s (GhdgP °f 1

-4-) | chloride. Since,1,2- naphthoquinonediazide-5-(and/or _
to-sz-)gﬁ%%fc%g% ghdglggﬁcétfsensg&ﬂb&dnti%ﬁ%%ﬁ’es?é‘lflrfgéa%afioﬁ ropyL, n
pufgActions the, molarratio hetyeen the raw me rtlgjs sh be-controlled

U‘s%athatazrjnixtu?(}witﬁ the des\ged esterificati’o%gge ree ggjrl\%be% tained.

grSpgcHisally, basedron 1 mol of H&gpr?]m%mgfc%mlegu nd, the.guinane, . ,

diazide compound is preferably 1 ol or more and preferably 3 mol or

sulessa dnake:preferably:2.6:mol orjess, {06 7Althe ampypt,ofthe quinone

diazide compound (c) is preferably 1 parts by weight or more, more

hypreferably3oparts by syeight-orymores greferably SA-paktscyweight obutoxy,

less, more preferably 40 parts by weight or less, based on 100 parts by
orweight-ofthetotal afficeint bktheyriovotac:sedin (ayand theopelymeral kenyl

component (b). [0068] The positive-type photosensitive resin composition
grgpp of Z to 4 carbon atoms, such as vinyl, propenyl,
allyl, or butenyl. R”‘represents a divalent organic group,
which is preferably a hydrocarbon group of 1 to 30 carbon
atoms.
(0061

In formula (3), Q represents a 5-naphthoguinone

diazide sulfonyl group, a 4-naphthoquinone diazide sulfonyl
group o©r aydrogen, provided that not all Q mcieties are
hydrogen. In an embodiment of the inventicon, the molar
ratio of the naphthoguincone diazide sulfonyl group
represented by ¢ tTo the hydrogen atoms represented by
(naphthoquinone diazide sulfonyl group/hydrogen) is
preferably 3/5 or more, which leads to good pattern profile.
The molar ratio is preferably 3 or less, more preferably
5/3 or less, which leads to an improvement in patterning
property. As used herein, the term "naphthoquinone diazide
sulfonyl group” refers to the total of 5-naphthoqguinone

diazide sulfonyl and 4-naphthoguinone diazide sulfonyl
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the invention contains an alkoxymethyl group-containing compound (d)
The alkoxymethyl group can cause a crosslinking reaction in a
temperature region of 150C or higher. Therefore, the compound
contained in the 39 composition can be added to the ortho-position with
respect to the phenolic hydroxyl group of the novolac resin (a) or the
grBelymer (b) comprising, as a main component, the structure represented
by formula (1) or (2) so that a crosslinked structure can be formed, when
[ othezpolyimide precursor or the polybenzoxazole precursor is cured by
heat treatment through a ring-closing reaction by heating. This process
achieves geodmeehanicat prepertiesdif the compenent &) is-absertuthe
cured film can be too brittle to be self-supporting, because the novolac
( Sresirristhritte L T hescompanerdt {d). isrpreferably acdorfipdund havihgstwp-or
more alkoxymethyl groups, in order to increase the crosslinkina density.
molpeordet {6 furthey increése the krossliakihgrdensity anditheasechanical
properties, the compound preferably has four or more alkoxymethyl
MCgrdtpsa In @R emibodiment bf tie RvERtiom ke alkoxymethyigrelp- or
containing compound is preferably a compound having a group
Yepresented by formula (4) or a compound represented by formula (5)

These compounds may be used in combination. [0069] R120™CF92"
'NCH2-0rR13 (4) ©

The naphthcguinone diazide compound represented by
formula (3) may be produced by esterification between the
corresponding polyhyvdroxy compound and naphthoguinone
diazide sulfonic acid. For example, the polyvhydroxy
compound may be synthesized according to the method
described in JP~A No. 49-250, which includes allowing an o-
{(hydrozyphenyl)styrene derivative to react with a
polyphencol compound in the presence of an acid catalyst.
Examples of polyhydroxzy compounds that are preferably used
in an embodiment of the invention include the compounds

shown below. Two or more of these polvhvdroxy compounds
may be used in combination.
[0064]

[Formula 11]
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40 R14 R OR16 (5) R15R17 R19 R 02 -6-F222 R18 R21 H XHX
C(R23) - f ~(R25)3 1 C-27)3- -C(R28)3 C(R24)3 6(R2% R33 (R29)3 C '\ (
)D(R31}3 R35,C C f C(R30)3 (R2)3C > OH--CH /< R37 0070] In
formula (4), Rig and R13 each represent an alkyl group of 1 to 20 carbon
atoms, which is preferably an alkyl group of 1 to 10 carbon atoms, more
preferaﬁ% an alkyl group of 1 to 3 carbon atoms, in view of the solubility
41 with i sition. [0073dn formula (5), R19 and R15 each
represent O




atoms in view of compatibility with other components. R16 represents a
hydrogen atom, a methyl group or an ethyl group. R17 to R37 may be the
same or different and each represent a hydrogen atom, a monovalent
organic group of I to 20 carbon atoms, ClI, Br, I, or F, and j represents an
integer of 1 to 4. (0072) Examples of the compound having the group

[ depeesented by formula (4) include, but not limited to, the following
compounds: [00731, [Formula1314200NNIS Oc. OONN UUON

O Z~z:QrC: L) 6, Q1O A 2@ 008N None diazide compound
represented by formula (3) may be produced by performing a
general esterification reaction of part or all of the
hydroxyl groups of the polyhydroxy compound with 1,2-
naphthoquinonediazide—ﬁ—(and/or ~4-Ygulfonyl chioride in
the presence of a basic catalyst. Specifically, given
amounts of the polyhydroxy compound, 1,Z2-
naphthoguinonediazide-5~ (and/or ;4H)sulfonyl chloride and a
solvent are charged into a flask, and they are subjected to
a condencgation reaction, while a basic catalyst is added
dropwise thereto. For example, the solvent may be dioxane,
acetone, methyl ethyl ketone, N-methylpyrrolidone, or the
like. For example, the basic catalyst may be sodium’
hydroxide, sodium hydrogen carbonate, triethylamine, or the
like. The reaction temperature is generally from -20°C to
60°C, preferably from.G°C Lo 40°C. The resulting product
is generally washed with water, then purified and dried.
[0066]

In the esterification reaction, a mizxture o products
different in the number and pesition of the ester groups is
obtained. As used herein, the "esterification degree” (the
molar ratio of the naphthoguincone diazide sulfonyl groups
represented by Q0 to the hvdrogen atoms represented by Q) 1s

defined as the average value with respect to the mixture.
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SCOC) O3 Mc711001C+'iNC71c0z0 zo0zO 0iOL)-rL) O
C,NIC)I McoSIcomNNC)C)C?0 OOOONNNNSIII C)O0
C)C) "4l

The esterification degree as defined above may be
controlled by the mixing ratio betwesen the raw materials,
the pelyhydroxy compound and 1,2-naphthoquinonediazide-5-
{and/or -4-)sulfonyl chloride. Since 1,2-
naphthoquinonediazide-5-{and/or -4-)sulfonyl chloride added
causes substantially all esterification reactions, the
molar ratio between the raw materials should be controlled
so that a mixture with the desired esterification degree
can be obtained. Specifically, based on 1 mol of the
polyhydroxy compound, the quinone diazide compound is
prefefably 1.5 mol or more and preferably 2 mol or less,
more preferably 2.5 mol or less.

10067]

The amount of the guinone diazide compound (c) is
preferably 1 parts by weight or more, more preferably 3
parts by weight cor more, preferably 50 parts by weight or
less, more preferably 40 parts by welght or less, based on
100 parts by weight of the total amount of the novolac
resin (a) and the polymer component (b).

[0068]

The positive-type photosensitive resin composition of
the invention contains an alkoxymethyl group-containing
compound (d). The alkoxymethyl group can cause a
crosslinking reaction in a temperature region of 150°C or

higher. Therefore, the compound contained in the
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0 0 FOO741 Examples of the compound represented by formula (5)

include, but are not limited to, the following compounds: [0075] [Formula

14] 44 SXNNLBUUXx mxUUMMaN (P"NjJCNxxmUUXx zxx0

Oxmca (JUNNXX~C3UUNUO NmUSxmmN xUU-UCNN

X NNUry~NNC?010 }S7x0USy=Nr~-QMmxSI1t3CImxXx _
c¥ddltion can be added to the ortho-position with respect

to the phenolic hvdroxzyl group of the novolac resin (a) or
the polymer (b) comprising, as a mailn component, the
structure represented by formula (1} or (2} so that a
crosslinked structure can be formed, when the polyimide
precursor or the polybenzeoxazole precursor 1s cured by heat
treatment through a ring-closing reaction by heating. This
process achieves good mechanical properties. If the
component {(d) is absent, the cured f£ilm can be too brittie
o be self-supperting, because the novolac resin is brittle.
The component (d} 1s preferably a compound having two or
more alkoxymethyl groups, in order to increase the
crosslinking density. In order to further increase the
crosslinking density and the mechanical properties, the
compeund preferably has four or mere alkoxymethyl groups.
Iin an embodiment of the invention, the alkoxymethyl group-
containing compound is preferably a compound having a group
represented by formula (4) or a compound represented by

formula (5). These compecunds may be usaed in combination.

[0069]

2
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Nmxx mmxx0L)OUxOUxx Mx oxOvxi90xUCJUN UUx
CYCO)UUIXI~ xxxUoS M~M~xx USSNFUUNUUUC)U N
QNxcoc?O0oxxm~ U{XUNNO UUx Mm=sMMxxUovUKX
XXX XNUXIXXxXC30x00Om  m~mU.7~UUX xx!ILILLm~m
C.)xTT xzmow' x U-U-U U-U(} U-U O

[0070]

In formula (4), RY and RY each represent an alkyl
group ¢f 1 to 20 carbon atoms, which is preferably an alkyl
group of 1 te 10 carborn atoms, more preferably an alkyl

to 3 carbon atoms, in view of the solubility

&
[’
[

group
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NN'UNUUN XXNQUNPNXNQNxOOOxxOxxaU UUQQ
UIXQx2N=SNU=U SUUoU][0076) In view of mechanical
properties, the amount of the alkoxymethyl' group-containing compound
(d) is preferably 5 parts by weight or more, more preferably 10 parts by
weight or more, based on 100 parts by weight of the total amount of the
w @%V(;J%% resin (a) %%%%hoe gﬁlgf@‘[[fr component (b) In vie_w_of mechanical
properties, the amoun o?t e alkoxymethyl group-containing compound
[O@) is preferably 50 parts by weight or less, more preferably 40 parts by
weight or less, even more preferably 30 parts by weight or less. [0077]
The pesitivetype photosensitive, fesin:conposition ef-dhe invention:®
contains a solvent (e). Examples of the solvent include polar aprotic
wreolvants slich-as Nemethd- 2 pysrolidone,y-hdtyralactope, ¢ carbon
N,N-dimethylformamide, N,N- dimethylacetamide, and dimethylsulfoxide;
atethers suchcas itetrahydreftranydioxare,land propylenefglycalc 2 carbon
monomethyl ether; ketones such as acetone, methyl ethyl ketone,
adiisebuityl ketonepand diaetone alcoholy esters stiehr asoethyhacetate, R
propylene glycol monomethyl ether acetate, and ethyl lactate; and
r epofRtic tydiodarbongsuchasm, a methyl group or an ethyl

-

group. RY to R’ may be the same or different and each
represent a hydrogen atom, a monovalent corganlc group of 1
to 20 carbon atoms, Cl, Br, I, or F, and j represents an

integer of 1 to 4.
00721

Examples of the compecund having the group represented
by formula (4) include, but not limited to, the following
compounds:
[C073]

[Formula 13]
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toluene and xylene. The composition of the invention may contain two or
more of these solvents. The amount of the solvent is preferably 50 parts
by weight or more, more preferably 100 carts by weight or more,
preferably 2,000 46 parts by weight or less, more preferably 1,500 parts
by weight or less, based on 100 parts by weight of the total amount of
the novolac resin (a) and the polymer component (b). [0078] The
positive-type photosensijtive-yesin composition of the invention may
contain (f) a silane co@po d. The siiane compound (f) contained in the
composition can imprave the adhesion to the underlying substrate.
Examples of the silan%co@ound (f) include, but are not limited to,
N-phenylaminoethyltrimethoxysilane, N- phenylaminoethyltriethoxysilane,
N- phenylaminopropykfimegfioxysi lane, N-
phe IarﬁInopropyItrlelhoxyﬁllane N- phenylaminobutyltrimethoxysilane,
N- phen mlnobutyltr thoxysilane, vinyltrimethoxysilane,
vmy ieth ysﬂanr@aoe(nyfc silane, vinyltris(R- methoxyethoxy)silane,
g loxypropyli#ineiBoxysilane, 3-acryloxypropyltrimethoxysilane,
ethacryloxypropylmethyldimethoxysilane, 3-

p styr Itrilmethoxysila 3/
%QQ% x&ropylmeﬂ#yl thoxysiiane, and the following siiane
com C)
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[0079] [Formula 15147 L)MM~~>vma_.-0lvzzo-n-oMmMM _z
-u3-a NNOM~Mtiaa-~a ZUw.Mo-wOMUmZ MoMNUNM1
01Gdr\OZd-naQn-a00-in-O~y NU\ZZUZzzzzzMMM
MmMu Z2Z2Z7Z2ZZa--000-L-000 MUm™Nmr+yU)0~jo

[0074]

Examples of the compound represented by formula (5)
inciude, but are not limited to, the following compounds:
(00757

[Formula 14)
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Ual0ZuuMmfO-n-axOzOCv0=iQLOOtC'0-in-0UiI00!8 zz
NzSO=0z Uo Z=eh U U -~[0080] Based on 100 parts by weight of
the total amount of the novolac resin (a) and the polymer component (b),
the amount of the silane compound (f) is preferably 0.001 parts by weight
or more, more preferably 0.005 parts by weight or more, even more
preferably 0.01 parts by weight or more, preferably 30 parts by weight or
less, more preferably 20 parts by weight or less, even more preferably 15
parts by weight or less. In this range, tHg, silang&cgmpound can be
sufficiently effective as an adhesion aid &while gge?%eat resistance of the
pQSltive-%pe photosensitive resin com%/si@nI gaintained. [0081] L
n@essam, the posttive-type photosensiti/e fesih “somposition of the
infenﬁhay alscgcont@n &phenolic hygdroyyl grpup-containing
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is hardly soluble in alkaline developing solutions before exposure but
becomes easily soluble in alkaline developing solutions upon exposure so
that development can be readily performed without degrading the film.
Examples of particularly preferred phenolic hydroxyl group-containing
compounds include Bis-Z, TekP-4HBPA, TrisP-HAP, TrisP-PA, 49
BisRS-2P, and BisRS-3P (trade names, manufactured by Honshu
[0€R&mical Industry Co., Ltd.), and BIR-PC, BIR-PTBP, and BIR-BIPC-F

(trade_names, manufactured by Asahi Organic _Chemicals Industry Co
Ltd.). Mb8%in§£e Sﬁlﬂi%lalp%arfs gyr\?vglg%% of the total a%ngﬁnscofogueﬁhe

eﬂ%ﬁi#%%%%%ﬁé%ﬁ'H%ﬂ§3%¥¥q§£8 ”E%nggﬁﬂfW@%ﬁ?@“ﬁ£8E¥%§bly 5

olic group-containing compound is preferably ™I part by

pAueight or more, more preferably. 3 parts- by weight.or more, preferably, 501

" parts by weight or less, more preferably 40 parts by weight or less. In the

oPresent invention, gyenyvhen having @ phenelie hydraxyl greupquiRene «
diazide moiety-containing compounds are classified as the quinone

o diazide gompaunds{e). {00831 kartherpurpeseat impevingwattahility. 1n
. between the composition and a substrate, if necessary, the composition
visay asoweantainiasurfactapt esters suchasathyldactate and propylene

glycol monomethyl ether acetate, alcohols such as ethanol, ketones such
adscoyciehexahope@ama-methyk ining compound (d) is preferably 50
parts by welght or less, mcre preferably 40 parts by weight
or less, even more preferably 30 parts by weight or less.
[CO77]

The positive~{ype photosensitive resin composition of
the invention contains a2 solvent (e). Examples of the
solvent include pelar aprotic solvents such as N-methyl-Z-
pyrrolidone, y-butyrolactone, N,N-dimethylformamide, N,N-
dimethylacetamide, and dimethylsulfoxide; ethers such as
tetrahyvdrefuran, dioxane, and propylene glycol monomethyl
ether; ketones such as acetone, methyl ethyl ketone,
diisobutyl ketone, and diacetone alcohol; esters such as
ethyl acetate, propylene glycol monomethyl ether acetate,
and ethyl lactate; and aromatic hydrocarbons such as
toluene and xylene. The composition of the invention may
contain two or more of these solvents. The amount of the

solvent i1s preferably 50 parts by weight or more, more

preferably 100 parts by welght or more, preferably 2,000
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isobutyl ketone, or ethers such as tetrahydrofuran and dioxane. The
composition may also contain particles of an inorganic material such as
silicon dioxide or titanium dioxide or polyimide powders. [0084] 50
Examples of methods for preparing the positive-type photosensitive resin
composition of the invention include methods that includes adding the
components (a) to (e) and other optional components to a glass flask or a
Pastainlbss “dalVesss! arik stirring themivifiea avdchahicdl Stirarop the
like to form a solution, methods of applying an ultrasonic wave to the
WedGRpoRENts18 Torm B$GIuiBh, ahd  AEERGUSTOF StRARG the EompBnéRtsdn
a planetary mixing/defoaming machine to form a solution. The viscosity
ATGFE ComposTioT s praferabf from A/ to™ 5,006 PR Y ive CHBOSITGH
(bmay also be filtered through a filter with a pore size of 0.1 pm to 5 pm so
t)nat foreign substances can be removed. [0085] Next, a description is
{O%ix// 3 of methods for forming a heat-resistant resin pattern by using the
" positive-type photosensitive resin composition of the invention. [0086]

o AT i ot s ol o e B ASIEDD, o
«rfilm; Siicen; on may contain (f) a silane compound. The
silane compcound (f) contained in the composition can
improve the adhesion to the underlying sugstrate. Examples
of the silane compound (f) include, but are not limited to,
N-phenvlaminocethyltrimethoxysilane, N-
phenvlamincethyltriethoxysilane, N-
rhenylaminopropyltrimethoxysilane, N-
phenylaminopropyltriethoxysilanse, N-
phenylamincbutyltrimethoxysilane, N-
phenylaminobutyltriethoxysilane, vinyltrimethoxysilane,
vinyltriethoxysilane, vinyltrichlorosilane, vinyliris(p-
methoxyethoxy)silane, 3-methacryloxypropyltrimethoxysilane,
3-acryloxypropyltrimethoxysilane, p-styryltrimethoxysilane,
3-methacrylozypropylmethyidimethoxysilane, 3-
methacryloxypropylmethyldiethoxysilane, and the following
silanse compounds.

[0079)

[Formula-15]
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nitride, ITO, or the like may be used (but not limited to) for the substrate.
The method of application may be spin coating with a spinner, spray
coating, roll coating, slit die coating, or the like. The composition is
generally 51 applied so that the coating film can have a thickness of 0.1
to 150 m after drying, while the thickness depends on the method of
application, the solids content of the composition, the viscosity of the
composition, or the like. [0087] The photosensitive resin composition
coated on the substrate is then dried to form a photosensitive resin film.
The drying is preferably performed at a temperature in the range of 50C
to 150C for 1 minute to several hours with an oven, a hot plate, infrared
rays, or the like. [0088] Actinic rays are then applied to the photosensitive
resin film through a mask having the desired pattern in an exposure
process. Examples of actinic rays used in she exposure process include
ultraviolet rays, visible rays, electron beams, and X rays. In an
embodiment of the invention, j;line (365 nm), h-line (405 nm), or g-line
(436 nm) light from a mercurglamp is preferably used. [gb89] After the
exposure, the exposed portion/mray be removed using atdeveloping
solution so that a patterned he gsistant resin film can%f:)e produced
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photosensitive resin film. The developing solution is preferably an
agueous solution of tetramethylammonium, an aqueous solution of an
compound which shows alkaline 52 property such as diethanolamine,
diethylaminoethanol, sodium hydroxide, potassium hydroxide, sodium
carbonate, potassium,carbonate, triethylamine, diethylamine,
methylamine, dimethylamine, dimethylaminoethyl acetate,

L& hylaminoethanol, dimethylaminoethyl methacrylate,
cyclohexylamine, EF lenediamine, or hexamethylenediamine. In some
cases Ong Cf@wi %o?é}rstoﬁvé?ﬁs‘gﬁ&ﬁﬁg N IméthS -2 HyrroliaBRent of

N,N-dimﬁtai\w Ifgremamid imﬁthyIaCftamide, dimeth Isylfog}ide,

a

the’ novo Teg 1l %ftakg The ¥ O 1 { é the
y-buﬁlrolac_ one, and dimethylacry midé; &icohols"Ster ad methariol;

arflfig °'¢§“9h§°95‘r°1p6}€‘é’"c%% 5. sueh as ethyl lactate and propyleng . ¢ o
al sthe c]ﬂg 1 8]

ycol monomethy r acetate, and ketones Such as cycCloperitanon

e ele] nggemiéegvtyﬂngﬁ@n&@@gPg%t!ﬂg [sobyty! 52% e@gw&gﬁ or

added singly or in combination to the aquéous solution ompo

mokle development may: be followed bwingmg;:\yit%i\;v&w%&mh%?nﬁiege,
C

process, alcohols such as ethanol and isopropyl alcohol or esters such

prasethyblactate ang-repylengglyeal mononaethyl ether acetate may beso

added to water. [0090] After the development, the film is converted info a
paheat-registantgesinditmibysapplyinga temperatuse of :200C 135006 They
heat treatment may be performed for 5
weight or less. In this range, the silane compound can be
sufficiently effective as an adhesion aid, while the heat
resistance of the peositive-type photosensitive resin
composition is malntained.
(00811}

If necessary, the positive-type photosensitive resin
composition of the invention may also contain a phenolic
hydroxzyl group-containing compound. The resulting
pesitive-type photosensitive resin composition containing
the phenclic nydroxyl group-containing compound has
improved sensitivity. Therefore, the resulting composition
is hardly soluble in alkaline developing solutions before
exposure but becomes esasily scluble in alkaline developing
solutions upon exposure so that development can be readily
performed without degrading thse film. Examples of
particularly preferred phenclic hydroxyl group-containing

compounds inciude Bis~-7, TekP-4HBPA, TrisP~HAP, TrisP-PA,
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minutes to 5 hours, in which the temperature may be selected and
gradually raised, or a certain temperature 53 range may be selected, and
the temperature may be continuously raised. For example, heat treatment
may be performed at each of 130C, 200C and 350C for 30 minutes. An
alternative method includes linearly raising the temperature from room
temperature to 320C over 2 hours. [0091] The heat-resistant resin film
Bisfiduted usiy thespositive-tyré PRofodBRS v P Tompogitionvof tRBSh 4
. invention is suitable for use in applications such as pal}%%/gg%%%ilms for
ChEIm B daBor devikes Cprotedtive’ filndd for Semiconduttor devides, 2
s xDisriayer diefectris fims for myltlayerinterconneggons for high densty
packaging, and msﬁaﬂng €fa)/ers Tor organic e sctro’ Iiminescent devises.
AMPLE he inventjon is further described by the examples
Chk%eﬁévc'\\% whic n[e%%%r?g;{nt&é%d'edﬂf%%?mi'the scope of the invention. The
gRhotesensitive resin composition obtained in each example was
evaluated by the methods described below. [0093] (1) Evaluation of

Patterping-Brapertyo Preparation of Fhotpsensitive ResiR FM amount of
the novolac resin (a) and the polymer component (b)), the

amount of the phenolic hydroxyl group-containing compound

-

is preferably 1 part by weight or more, more preferably 3

parts by weight or more, preferably 50 parts by weight or

less, more preferably 40 parts by weight or less. In the

t

present invention, even when having a phenolic hydroxyl
group, quinone diazide moiety-containing compounds are
classified as the quinone diazide compounds (c).

[0083]

For the purpose of ilmproving wettabllity between the
compesition and a substrate, 1f necessary, the composition
may also contain a surfactant, esters such as ethyl lactate
and propylene glycol monomethyl ether acetate, alcohols
such as ethanol, ketones such as cyclohexanone and methyl
iscbutyl ketone, or ethers such as tetrahydrofuran and
dioxane. Ths compositicn may also contain particles of an
incrganic material such as silicon dioxide or titanium
dioxide or polyimide powders.

[0084]
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54 .The photosensitive resin composition (hereinafter referred to as
"varnish") was applied to a 6-inch silicon wafer so that the coating film
could have a thickness Tl of 8.0 m after prebaking. The coating was then
prebaked using a hot plate (a coating and developing system Mark-7
manufactured by Tokyo Electron Limited) at 120C for 3 minutes so that a
photosensitive resin film was obtained. [0094] Method for Measuring Film
Thickreasn b da- Até STMLB0XmaRifiFed Dy DanppohtScreeh vre
Mfg. Co., Ltd. was used. The thickness of the film after the prebaking and

PREf&t ST the deveRphient Wit thédstited fat %%fﬁéé‘ﬂ%”ﬁ%dék efE6pde
and that of the ‘cufr‘ed film was measured at a refractive index of 1.773.

e FoYs] EXposure A pafiémadtelifle Whs HIalBE I AR expdsuredsystamand

tg-lme stepper DSO'-8570i mgnu%‘:acturedwt%/ GC@CQJ{Jorgtiqn). The

© pﬁéto%%nsffir\}g‘reg’lﬁr?ﬁ)r%nﬁgs %ngse% foridling light At thé iﬁteﬁgiﬂ}%%%
nm for different exposure times. . [0096) Development In the develppin

S Mo T L Lbr el by Toyer Ercton e 85 aqhcopeer o

£né-38% tetrametiylammonium; fydroxide soltion-was sprayed an, the
exposed film at 50 55 ;

ultrascnic wave to the components to form a solution, and

methods of stirring the components in a planetary

mixing/defocaming machine to form a solution. The viscosity

cf the composition is preferably from 1 to 10,000 mPa-s.

The compositicon may also be filtered through a filter with

a pore size of 0.1 um to 5 um so that foreign substances

can be removed.
[0085]

Next, a description is given of methods for forming a
heat-resistant resin pattern by using the positive-type
photosensitive resin composition of the invention.
rocge]

The photosensitive resin composition is applied to a
substrate. A gsilicon wafer, ceramics, gallium arsenide,
metal, glass, a metal oxide insulating film, silicon
nitride, ITO, or the like may be used (but not limited to)
for the substrate. The method of application may be spin
coating with a spinner, spray ccating, roll coating, slit

die coating, or the like. The composition is generally
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rpm for 10 seconds. The film was then allowed to stand at O rpm for 30
seconds, rinsed with water at 400 rpm and dried by centrifugation at
3,000 rpm for 10 seconds. [0097] Calculation of Sensitivity After the
exposure and development, the exposure time Eopl for whicha 50 m 1:1
line and space pattern (IL/LS) was formed (hereinafter referred to as

"optimal exposure time") was determined. Cases where the, Eopl was 400
DR 0 08 werE eldthned 16 hitle G560 PARBIing BIGHEIRF wibte

0. referrq% s 200 mJ/cm2 Cfpr less. [0%%%]#2) X%Iuggon of Stora eDSetgglllty

ft&FtheVarkishwas Storéd thder & ye ow amp a l&%?grslﬁ ays, a "

+r208ting film was prepared.from the ,varnish at the.same rotatien.aymber

as in the evaluation section (1), and the thickness T2 of the coating film

coNas sneaspred. Subsequently, the film was sybjected to.the gxpeswe, ; ke.

and the development, and the optimal exposure time Eop2 was
[ (determined. The value of Ti - T2 was calculated. Cases where the
absolute value of T1 - T2 was 0.3 m or less were evaluated as good,

while casegwhetasit was:mote than .3 orwerei evaluatedzaspoar: Thge
value of Eop2 - Eopl was also calculated. Cases where the absolute value
swof Eop<Eopl wasb0dad/emZror [Bsswete eialuatechas good, 56awhileilm.
cases where it was more than 50 mJ/cm” were evaluated
The drying is preferably performed at a temperature in the
range of 50°C to 150°C for 1 minute to several hours with
an oven, a hot plate, infrared rays, or the like.
(G088

Actinic rays are then applied to the photosensitive
resin film through a mask having the desired patfern in an
exposure process. Examples of actinic rays used in the
exposure process include ultraviolet rays, visible rays,
electron beams, and X rays. In an embodiment of the
invention, i-lins (365 nm), h-line {405 nm}, or g-line (4386
nm) light frem a mercury lamp is preferably used.

[0089]

After the exposure, the exposed portion may be
removed using a developing solution so that a patterned
heat-resistant resin fillm can be produced from the
photosensitive resin £ilm. The developing sclution is
preferably an aqueous solution of tetramethylammonium, an

agueous solution of an compound which shows alkaline
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as poor. [0099] (3) Evaluation of Mechanical Properties Preparation of
Heat-Resistant Resin Film The varnish was applied to a 6-inch silicon
wafer so that the coating film could have a thickness of 13 um after
prebaking. The coating was then prebaked using a hot plate (a coating
and developing system Mark-7 manufactured by Tokyo Electron Limited)
at 120C for 3 minutes so that a photosensitive resin precursor film was
PT ebRied. STHEilR® WS therrdevaioped) byl thetmpiroul describeddn the
section (1), and the resulting photosensitive resin precursor film was
5 O R HltrREUHES nitP6GerT fiow tal ST 6RYgei coReEatraticH 62 phiY
or less) with Inert Oven INH-21CD manufactured by Koyo Thermo
POSHSRTEC A A fich the Sifwag hegredHISHE Bt StPminutes,
;_%en raised the  temperature to 320C over 1 hour.and heated at 320C for
e 36V HUSS 5o RAFS REAETERRTant TR fi (SIS iy, we B bpaked.

o108, Psnarionl Mezsymen, vl The cued i prperedo

e sificon wafer was immerse :
oo SRR 6 s e L A R e
Ining%ﬂié:r%'é{@g%’,a%g gotimilggig §tflp§ﬂ|£qa§&%%ﬁggeguch as N-
methyl-Z-pyrrolidene, N,N-dimethylformamide, N,N-
dimethylacetamids, dimethylsuifoxide, y-pbutyrolactone, and
dimethylacrylamide, alcchols such as methanol, ethancl, and
isopropanocl, esters such as ethyl lactate and propylene
glycbl monomethyl ether acetate, and_ketones such as
cyclopentancne, cyclohexanone, isobutyl ketone, and methyl
iscbutyl ketone may be added singly c¢r in combination to
the agueous sclution of the compound. The development may
be followed by rinsing with water. In the rinsing process,
alcohcls such as ethanol and isopropyl alcohol or esters
such as ethyl lactate and propylene glycol moncmethyl ether
acetate may be added to water.
[0090]

After the development, the film is converted into a
heat-resistant resin film by applyving & temperature of
200°C to 500°C. The heat treatment may be performed for 5
minutes to 5 hours, in which the temperature may be

selected and gradually raised, cor a certain temperature



knife, and the strips were used as measurement samples. [0101]
Measurement Each measurement sample was attached to Tensilon
RTM- 100 manufactured by Orientec Co., Ltd., and the initial sample
length was set to 50 mm. The tensile test was performed on the sample
at a tension rate of 50 mm/minute. The measurement was performed on
12 samples (n = 12), and_the averages of the resulting top five maximum

radifssdBeY ebsstiREhBa R indPEIBngatior < WER GetemminedY reSpectively.

[0102] (4) IEgE/aIuatLon of Pattern Profile Qaracterj'cstigs after Heat Curi%%
R g Fhedimavas developad By the mathod destrBed in i’
_section (1), and the resulti hato ifive resjn.precursor fil as |
“hrea?ﬁ%e(agi]e_c? tnder ﬁitrcé)@eggﬂ@w(g(af%ﬁéogygaer}ldcgrgc(gﬁ r:#ijgﬁ cr)If) %mplﬁlrﬁ ==

Anouﬁ%%ngzbckﬂgt.%ﬂ%ﬁL@%ﬁ%é@ﬂ&%@&ﬁgﬁwMQJMH@

System Co., Ltd. i e film was placed in the oven at™150C,

¢ dnediately. raised the tempergture-to,320C aver;30 mindtes andhaats |

treated at 320C for 30 minutes so that a heat-resistant 58 resin film (cured
[ ditma) was prepared. [0103) Evaluation of Pattern Profile

The heat-resistant resin £ilm produced using the
positive-type photosensitive resin composition of the
invention is suitable for use in applications such as
passivation films for semiconductor devices, protective
films for semiconductor devices, interlayer dielectric
films for multilayer interconnectiocons for high density
packaging, and insulating lavers for corganic electro-

luminescent devissas.

EXAMPLES
(00921

The invention ls further described by the examples
below, which are not intended to limit the scope of the
invention. The photosensitive resin composition obtained
in each example was evaluated by the methods described
below.
[0093]

(1} Evaluation of Patterning Property

Preparation of Photosensitive Resin Film
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After the heat curing, the cross-section of the patterned film was

observed using FE-SEM manufactured by Hitachi High-Technologies

Corporation. According to the evaluation criteria, rectangle or almost

rectangle cross- sections were evaluated as acceptable, while almost

round cross-sections with no sharp edge were evaluated as

unacceptable. Fig. 1 shows the criteria for the evaluation of the pattern

profile’éfaradtetiRies aftér the HedtLeurigiie WhichoA id breelfemt, B és

good and acceptable, and C is unacceptable. [01041 Synthesis Example
refsftRedie ot hydiGagRoup cBAtIRAE BERFarifydtide &} Uhdet Higon

nitrogen flow, 18.3 g (0.05 mol) of 2,2- ) A X
Wad?s(%-éfhiﬁ&iﬁhy%*egxyb%*hwﬁe%ﬂdar&&%bgné%@ﬂHt)f&hﬁc snepg (6.3 of

mol) of allyl glycidy| ether were dissolved in 100 g of

5 - garfha2bG FolREfnE KEEL), and&hé fRkttie wasS cobred tBLrebe kad

solution of 22.1. (%O.l mol) of trimellitic anhydride chloride in 50 g of |
uséé% ﬁa§ gddgé% r%p\llﬁ/lase"tzé %énrﬁix?ul}é iy %&ceh‘ aThannerthat ﬁ‘uggar w1

matsm@a%@w%&fﬁgﬁ s '8nﬁﬂg@t@g@%&%%dﬁca@ﬁggbe agldition

was completed, the mixture was allowe to react at OC for 4 hours. The

nirgsulting solutionwas goncentrated ysing aJtotary evaporatar. Jhe. ..

concentrate was added to 1 L of toluene so that a hydroxyl group-
[ orpsaining acid anhydride (a) represented by the formula

Method for Measuring Film Thickness

Lambda Ace STM-602 manufactured by Dainippon Screen
Mfg. Co., Ltd. was used. The thickness of the film after
the prebaking and that after the development were measured
at a refractive index of - 1.629, and that of the cured film
was measured at a refractive index of 1.773.
rooss)

Exposure

A patterned reticle was placed in an éxposure system
(i-line stepper DSW-85701 manufactured by GCA Corporation).
The photosensitive resin film was exposed to i-line light
at the intensity of 365 nm for different exposure times.
[C0ge]

Development

In the developing system Mark-7 manufactured by Tokyo
Electron Limited, an aguecus 2.38% tetramethylammonium

hydroxide solution was sprayed on the exposed film at 50
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below was obtained. [01051 [Formula 16] HO OH 0 Hydroxyl
group-containing acid anhydride (a) [0106] Synthesis Example 2:
Synthesis of hydroxyl group- containing diamine compound (b) A solution
of 18.3 g (0.05 mol) of BAHF in 100 mL of acetone and 17.4 g (0.3 mol)
of propylene oxide was cooled to -15C. A solution of 20.4 g (0.11 mol) of
3- nitrobenzoyl chloride in 100 mL of acetone was added dropwise
rothefeto. AftesthecadditionTvas caompleted, theamixiireowas alloweddad at
react at -1.5C for 4 hours and then returned to room temperature. The
0 presipitatedWhite sofid swas separated. by filtestion aid diéd updernd
vacuum at 50C. [0107] 60 Thirty g of the solid was added to a 300 mL
drstafldss steet abifortave and dispersddin2B0 heof etk cefiésolve,
and 2 g of 5% palladium-carbon was added thereto. Hydrogen was
tGRftdduced thereto from a balloon so that a reduction reaction was
performed at room temperature, After about 2 hours, it was confirmed

that tHePH&llboh* c8HdHot etate arfy-mbre, and the reaction was

completed. After the reaction, the&)a(lladiu? compound catalystwas
ATter the exposure an evelopmenht, tThe exposure time

Fopl for which a 530 wn 1:1 line and space pattern {(1L/18)
was formed (hereinafter referred to as "optimal exposure
time") was determined. Cases where the Eopl was 400 mJ/cm?
or less were determined to have good patterning property.
More preferred is 200 mJ/cm® or less.
[0098]

(2) Evaluation of Storage Stability

After the varnish was stored under a yellow lamp at
23°C for 14 days, a coating film was prepared from the
varnish at the same rotation number as in the evaluation
section (1}, and the thickness TZ of the coating film was
measured. Subseguently, the fiim was subjected to the
exposure and the development, and the optimal exposure time
Eop2 was determined. The wvalue of Tl - T2 was calculated.
Cases where the absolute value of Tl - TZ was 0.3 pm or
less were evaluated as good, while cases where it was more
than 0.3 um were evaluated as poor. The value of EopZ -
Eopl was alsoc calculated. Cases where the absolute value

of Eop? - Eopl was 50 mJ/cm® or less were evaluated as good,



removed by filtration, and the filtrate was concentrated using a rotary
evaporator so that a hydroxyl group- containing diamine compound (b)
represented by the formula below was obtained. [0108] [Formula 17]to /
OH Co H2N NH2 . H F3C CF3 H,,. Hydroxyl group-containing diamine
(b) [0109] Synthesis Example 3: Synthesis of hydroxyl group- containing
diamine (c) A solution of 15.4 g (0.1 mol) of 2-amino-4- nitrophenol in 50

whMleot-acatanaand30 g (034 mebof 16l propylene oxide was.ceoled (e « o ¢
-15C. A solution of 11.2 g (0.055 mol) of isophthaloyl chloride in 60 mL of

asagetone was added dropwise thereto. After the addition was completed,

the mixture was allowed to react at -15C for 4 hours. The product was
[ Ofrtenreturned to room temperature, and the resulting precipitate was

collected by filtration. [0110] The precipitate was dissolved in 200 mL of

GBL, ahd 3 wpof:8% pallactfuiecarbon was addedsherete and vigorously

stirred. A balloon filled with hydrogen gas was attached thereto, and the

mixtuFE ARBICoRtiAloASly btiredi@ yoorhant Resin Film

The varnish was applied to a b-inch silicon wafer so

that the coating f£ilm could have a thickness of 13 um after
prebaking. The coating was then prebaked using a hot plate
(& coating and developing system Mark-7 manufactured by
Tokyo Electron Limited) at 120°C for 3 minutes so that a
photosensitive resin precursor f£ilm was obtained. The film
was then develcped by the method described in the section
{1y, and the resulting photosensitive resin precursor film
was heat-treated under nitrogen flow (at an oxygen
concentration of 20 ppm cor less) with Inert Oven INE-21CD

manufactured by Koyo Thermo System Co., Ltd. in which the

film was heated at 150°C for 30 minutes, then raissad

t

h

0]

temperature to 320°C over 1 hour and heated at 320°C

=

]
W
fan)

o
minutes sc that a heat-resistant resin film {cured film)
was prepared.
[0100]

Preparation of Measurement Sample

The cured f£ilm prepared on the silicon wafer was
immersed in 47% hydrofluoric acid at room temperaturelfor 7

minutes, then washed with water, and carefully separated

]
T



temperature until the hydrogen gas balloon did not deflate any more. The
mixture was further stirred for 2 hours with the hydrogen gas balloon
remaining attached. After the stirring was completed, the palladium
compound was removed by filtration, and the solution was concentrated
to half volume using a rotary evaporator. Ethanol was added to the
concentrate, and recrystallization was performed so that crystals of a
£ riaydroxyl grolip<contamifg:dianine (e representedby<tie farmuladelowt
was obtained. [0111] [Formula 18] 62 H2N N N *N CI NH2 Hydroxyl
irgroup-contaihiteg, diahmime (O [0T121rSynthesis Example 4: Synthesissafied
hydroxyl group- containing diamine (d) A solution of 15.4 g (0.1 moi) of
kr-afming4 nitrsphensl e100 AL BE&ckteRe BRE ATAEI0B Mol
propylene oxide was cooled to -15C. A solution of 20.4 g (0.11 mol) of
[l Aitrobenzoyl chloride in 100 mL of acetone was gradually added
dropwise thereto. After the addition was completed, the mixture was
allowetfea8taf*15C for 4 hours. The product was then returned to
room temperature, and the resulUT% preC|p|tate w% C

IIect
filtratict: é’}?l%%i‘blft% ivas tRER subjecfaeaatbtt $ame pr?i:é‘sss‘aié) f BT
nthesi sto %‘rt C rystals

manu ac Ltd., and the initiasl
sample length was set to 50 mm. The tensile test was
performed on the sample at a tension rate of 50 mm/minute.
The measurement was periormed on 12 samples (n = 1Z), and
the averages of the resulting top five maximum stresses,
elastic moduli, and elongations were determined,
respectively.
[0102]

(4) Evaluation of Pattern Profile Characteristics
after Heat Curing

Heat Curing

The film was developed by the method described in the
section (1), and the resulting phcotosensitive resin
precursor film was heat-treated under nitrogen flow (at an
oxygen concentration of 20 ppm or less) with Inert Oven
CLE-21CD manufactured by Koyo Thermce System Co., Ltd. in
which the film was placed in the oven at 150°C, immediately
raised the temperature to 320°C cver 30 minutes and heat-

treated at 320°C for 30 minutes so that a heat-resistant



hydroxyl group-containing diamine (d) represented by the formula below
was obtained. [01131 [Formula 19] 632 H H2N N C HP Hydroxyl
group-containing diamine (d) [011-41 Synthesis Example 5: Synthesis of
quinone diazide compound (e) Under dry nitrogen flow, 15.31 g (0.05
mot) of TrisP- HAP (trade name, manufactured by Honshu Chemical
Industry Co., Ltd.) and 40.28 g (0.15 mol) of 5-naphthoquinone diazide

r e Sulfonyl Ghioride MAGS) were, dissglveddn 450 g of 1,4-dioxane, and the
solution was kept at room temperature. A mixture of 50 g of 1,4-dioxane
[0and115.18 g of triethylamine was added dropwise to the solution in such a

manner that the system did not exceed 35C. After the addition, the
mixtuie avassstirred atf30G fare2-hoarse Theetriethylamine salt was
separated by filtration, and the filtrate was added to water. The resulting
precipifdte wash ¢hére sollented by filttatone Fhe preeipitdterwas dtied
using a vacuum drier so that a quinone diazide compound (e)
patdresented byrthedermbladssion was.otaifedSEM manufactured by

Hitachi High-Technologies Corporation. According to the
evaluation criteria, rectangle or almost rectangle cross-—
sections were evaluated as acceptable, while almost round
cross-sections with no sharp edge were evaluated as
unacceptable. Fig. 1 shows the criteriz for the evaluation
of the pattern profile characteristics after the heat
curing, in which A is excellent, B is good and acceptable,
and C 1s unacceptable.

(01047

Synthesis Example 1: Synthesis of hydroxyl-group
containing acid anhydride (a)

Under dry nitrogen flow, 18.3 g (0.05 mol) of 2,2-
bis (3-amino-4~hydroxyphenyl)hexafluocrcpropane (BAHF) and
34.2 g (0.3 mel) of aliyl glycidyl ether were dissolved in
100 ¢ of gamma-butyrolactone (GBL), and the mixture was
cocled to ~15°C. A solution of 22.1 ¢g (0.11 mol) of
trimellitic anhydride chloride in 50 ¢ of GRL was added
dropwise to the mixture in such a manner thét the
temperature of the reaction liguid did not exceed 0°C.

After the addition was completed, the mixture was allowed



[0115] [Formula 20] 64 f~u 113 Q0 0 N2 S02 0 | Quinone diazide
compound (e) [0116] Synthesis Example 6: Synthesis of quinone diazide
compound (f) Under dry nitrogen flow, 21.22 g (0.05 mol) of TrisP- PA
(trade name, manufactured by Honshu Chemical Industry Co., Ltd.),
26.86 g (0.10 mol) of 5-naphthoquinone diazide sulfonyl chloride and
13.43 g (0.05 mol) of 4- naphthoquinone diazide sulfonyl chloride were
todissalveddn 45Q@gofd,4-dioxane, antithe selutiohiwas keptuatiroonwas
temperature. The solution was then subjected to the same process as in
- coSynthesstExamplens withm inixtiree 50 §of ok, 4-dibxane andel . 85 eof
triethylamine, so that a quinone diazide compound (f) represented by the
wafprgafeBelow wab oitaired f0FL 73 JFefmbilaz2 1185 CHE CHIOWO 00

CC OQN2N2 ‘
containing acid anhydride (a) represented by the formula

below was obtained.
[0103]

[Formula 196)

Hydroxyl group-containing acid anhydride (a)

[0106]

Synthesis Example 2: Synthesis of hydroxyl group-
containing diamine compound (b)

A solution of 18.3 g (0.05 mol) of BAHKF in 100 mL of
aceteone and 17.4 g {0.3 mol) of propylene oxide was cooled
to -15°C. A solution of 20.4 g (0.11 mol} of 3-
nitrobenzoyl chloride in 100 mL of acetcone was added
dropwise thereto. After the addition was completed, the
mixture was allowed to react at ~15°C for 4 hours and then
returned to room temperature. The precipitated white solid
was separated by filtration and dried under vacuum at 50°C.

(01071
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CH, Q=1Sot 02 oo I I Quinone diazide compound (f) 1 [0118] Synthesis
Example 7: Synthesis of quinone diazide compound (g) To a 2 L flask
were added 57.67 g (0.1 mol) of TekP- 4HBPA (trade name,
manufactured by Honshu Chemical Industry Co., Ltd.) and 26.87 g (0.1
mol) of NACS. They were dissolved in 450 g of 1,4-dioxane, and the
solution was kept at room temperature. A mixture of 50 g of 1,4-dioxane
and 10:12-g of ¢riethylahmines wasdadded dropgwiserto the38dlution #rsuchi ass
manner that the system did not exceed 35C. After the addition, the
s tixtureuyas stirred 2t 40CL fore2 hedrsi T he Gfiethylamfinessaitwias
separated by filtration, and the filtrate was added to water. The resulting
Cepreeipitate wasthen collected byHitkatish UThe pracipitate svasididat using
a vacuum drier so that a quinone diazide compound (g) was obtained.
tHereop [Fo?ﬁﬁﬁl%?géf]%é@ﬁ) oG L9314 SHhenedainoheTdidzige L Loon so

compound (9) 1 ,
that a IEdUCDWOﬁ reaction was performed at room temperature.

After about 2 hours, it was confirmed that the balloon
could not deflate any more, and the reaction was completed.
After the reaction, the palladium compound catalyst was
removed by filtratién, and the filtrate was concentrated
using a rotary evaporator so that a hydroxyl group-
contalning diamine compound (b) represented by the formula
below was obtained.

[0108]

[Formula 17]

Hvdroxyl group-containing diamine (b)

[0109]

Synthesis Example 3: Synthesis of hydroxyl group-
centalning diamine (<)

A solution of 15.4 g (0.1 mol) of Z-amino-4-

nitrophencl in 50 mL of acetone and 20 g (0.34 mol) of
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[01201 Synthesis Example 8: Synthesis of quinone diazide compound (h)-

To a 2 L flask were added 57.67 g (0.1 mot) of TekP- 4HBPA (trade

name, manufactured by Honshu Chemical Industry Co., Ltd.) and 40.30 g

(0.15 mol) of NACS5. They were dissolved in 450 g of 1,4-dioxane, and the

solution was kept at room temperature. A mixture of 50 g of 1,4-dioxane

and 15.18 g of triethylamine was added dropwise to the solution in such a
prmenhenthaithesystem disbdstexceed 135C.- Aftér #ve additionothel 1- 2 g

mixture was stirred at 40C for 2 hours. The triethylamine salt was
(CodiSeiratedl by Hltratior idneethe ilirate Vods dddedtdWater. The 2redbfting

precipitate was then collected by filtration. The precipitate was dried using
wag v Jrierssithat ARGaRbAe didZits torBouddhy Wi dhtdined.

[0121] 67 [Formula 23] 44 00 CH3 d CH3\4/."H SO 2 4%09 1525
cq@a%ﬁﬁﬁqﬂaﬁagég r &ﬁs allowed to redgct at -15°C for 4
hours. The product was then returned tc room temperature,
and the resulting precipitate was collected by filtration.
[61190]

The precipitate was dissolved in 200 mlL of GBL, and 3

g of 5% palladium-carbon was added thereto and vigorously
stirred. A balloon filled with hyvdrcgen gas was attached
thereto, and the mixture was continuously stirred at room
temperature until the hydrogen gas balloon did not deflate
any more. The mixture was further stirred for 2 hours with
the hydrogen gas balloon remaining attached. After the
stirring was completed, the palladium compound was removed
by filtration, and the solution was concentrated to half
volume using a rotary evaporator. Ethanol was added to the
concentrate, and recrystallization was performed sc that
crystals of a hydroxyl group-containing diamine (¢)
represented by the formula below was obtained.
[0111]

[Formula 18]
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[0122 Synthesis Example 9: Synthesis of auinone diazide compound (i)
To a 2 L flask were added 57.67 g (0.1 mol) of TekP- 4HBPA (trade name,
manufactured by Honshu Chemical Industry Co., Ltd.) and 53.74 g (0.2
mot) of NACS. They were dissolved in 450 g of 1,4-dioxane, and the
solution was kept at room temperature. A mixture of 50 g of 1,4-dioxane
and 20.24.g of triethylamine was added dropwise to the solution in such a
manner that the system did not excead 35C. After the addition, the
mixture was stirred at 40Gfor 2 1 &ars. fhe trigthylamine salt was

separateﬂ %s%flltratlon angh the filfy as addﬁéj to water. Thg ;resulting
precipita ErTes o)

'4Eo|ﬁ¢Jv aedusmg
a vacuum drier ;b that @A &i (i) was obtalned

Hydroxyl group-containing diamine (c)
[611z]

Synthesis Example 4: Synthesis of hydroxyl group-
containing diamine {(d)

A solution of 15.4 g (0.1 mol) of Z-amino-4-
nitrophenol in 100 mi of acetone and 17.4 ¢ (0.3 mol) of
propylene oxide was cocled to -15°C. A scluticn cof 20.4 g
{0.17 mol) of 4-nitrobenzoyl chloride in 100 mL of acetone
was gradually added dropwise theretc. After the addition
was completed, the mixture was allowed to react at -15°C
for 4 hours. The product was then returned to room
temperature, and the resulting precipitate was collected by
filtration. The precipitate was then subjscted to the same
process as in Synthesis Example 2 so that crystals of a
nydroxyl group-containing diamine (d) represented by the
ZTormula below was obtained.

[0113]

{Formula 19]
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Synthesis Example 10: Synthesis of auinone diazide compound (j) Toa 2
L flask were added 57.67 g (0.1 mol) of TekP- 4HBPA (trade name,
manufactured by Honshu Chemical Industry Co.., Ltd.) and 67.17 g (0.25
mol) of NAC5. They were dissolved in 450 g of 1,4-dioxane, and the
solution was kept at room temperature. A mixture of 50 g of 1,4-dioxane
and 25.30 g of triethylamine was added dropwise to the solution in such a
manner that the system did not exceed 35C. After the addition, the

mixture was stirred at 40C for 2 hours. The tgiet! it alt was
separated by filtration, and the filtreje was§ ddedo water. The resulting
precipitate was tpg ollect; d by f| tlon Iy] cipitate was dried using

a vacuum drier so at Y,

Hydroxyl group=-containing diamine (d)

(01147

Synthesis Example 5: Synthesis of guinone diazide
compound (=)

Under dry nitrogen flow, 15.31 g (0.05 mol) of TrisP-
HAP (trade name, manufactured by Honshu Chemical Industry
Co., Ltd.) and 40.28 g (0.15 mol} of S5-naphthoguinone
diazide sulfonyl chloride (WNACL}) were dissclved in 450 g of
1,4-dicxane, and the solution was kept at room temperature.
2 mixture of 50 g c¢f 1l,4~dioxane and 15.18 ¢ of
triethylamine was added dropwise to the solution in such a
manner that the system did not exceed 35°C. BAfter the
addition, the mixture was stirred at 30°C for 2 hours. The
triethylamine salt was separated by filtration, and the
filtrate was added tc water. The resulting preciplitate was
then collected by filtration. The precipitate was dried
using a vacuum drier so that a guinone diazide compound (e)
represented by the formula below was obtained.
[0115]

[Formula 20]
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Synthesis Example ii: Synthesis of quinone diazide compound (k) To a 2
L flask were added 57.67 g (0.1 mol) of TekP- 4HBPA (trade name,
manufactured by Honshu Chemical Industry Co., Ltd.) and 80.60 g (0.3
mol) of NACS. They were dissolved in 450 g of 1,4-dioxane, and the
solution was kept at room temperature. A mixture of 50 g of 1,4-dioxane
and 30.36 g of triethylamine was added dropwise to the solution in such a
manner that the system did not exceed 35C. After the addition, the
mixture was stlrr@ﬁ54, for 2 hours The triethylamine salt wag.,

jed by flltratlon : f

Quinone diazide compound (e)

[ciie]

Synthesis Example 6: Synthesis of quinone diazide
compound (£)

‘Under dry nitrcgen flow, Z1.22 g {0.05 mol} of TrisP-
PA (trade name, manufactured by Honshu Chemical Industry
Co., Ltd.), Z6.8¢ g (0.10 mel) of S-naphthoguincne diazide
sulfonyl chloride and 13.43 g (0.05 mol) of 4-
naphthoguinone diazide sulfonyl chloride were dissclved in
450 g of 1,4-dioxane, and the solution was kept at room
temperature. The soluticn was then subjected to the same
process as in Synthesis Example 5 with a mixture of 50 g of
1l,4~dioxane and 12.65 g of triethylamine, so that z guinone
diazide compound (f) represented by the formula below was
obtained.
(01171

Formula 21)
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Under dry nitrogen flow, 70.2 g (0.65 mol) of m- cresol, 37.8 g (0.35 mol)
of p-cresol, 75.5 g of an aqueous 37% by weight formaldehyde solution
(0.93 mol of formaldehyde), 0.63 g (0.005 mol) of oxalic acid dihydrate,
and 264 g of methyl isobutyl ketone were added to a flask, and the flask
was immersed in an oil bath. While the reaction liquid was refluxed, a
polycondensation reaction was performed for 4 hours. The temperature of
the oil bath was then raised over 3 hours, and then the pressure in the

flaskwas redy to §01g56 mmHg so that the volati{e
Q%@e fé@ﬁﬁ was cooled eei’*- jelperature’so N,
that a polyffér solid ed novolac resin=A) ed. It
average molecular weight was 3,500 as measureff by*GPC. 716129
Synthesis Example 137 Synthesis of novolac resirs8, A polymer solidso,
(named novolac resind&) was obtained using the process of Synthesik
Example 12, except that 108 g (1.00 mot) of m-ceesol was used in place
H7DLH 0 B52 Mol iEressland 37.8 g (0.35 mot) of p-cresol. Its
0 ight average molecular weight was 4,000 as measured by GPC. [0130]
hesis Example 14: Synthesis of novolac resin C A polymer solid

(named naovolagc resin C) was obtained, using the process of Synt §§i§
nlx.%xes 3 Stéf\ih%lglg f§49.a§1yr1bhesgs oT qu,mo%e mg 14de
)

Example 12 excep

compound (g

To a 2 L flask were added 57.67 g (0.1 mol) of TekP-
4HBPA (trade name, manufactured by Honshu Chemical Industry
Co., Ltd.) and 26.87 g (0.1 mol) cof NACE. They were
dissolved in 450 g of 1,4-dioxane, and the solution was
kept at room temperature. A mizture of 50 g of 1,4-dioxane
and 10.12 g of triethylamine was added dropwise to the
solution in such a manner that the system did not exceed
3590, After the addition, the mixture waé stirred at 40°C
for 2 hours. The triethylamine salt was separated by
filtration, and the filtrate was added to water. The
resulting precipitate was then collected by filtration.
The precipitate was dried using a vécuum.drier so that a
gquinone diazide compound (g) was obtained.
rel19)

[Formula 22]
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g (0.80 mol) of m-cresol and 21.6 g (0.20 mol) of p-cresol were used in
place of 70.2 g (0.65 mot) of m-cresol and 37.8 g (0.35 mol) of p creso L
Its weight average molecular weight was 5,000 as measured by GPC.
[0131] Synthesis Example 15: Synthesis of novolac resin D A polymer
solid (named novolac resin D) was obtained using the process of
Synthesis Example 12, except that 54 g (0.50 mol) of m-cresol and 54 g
(0.50 me!) of p-cresol were (0.65 mol) of m-cresol and 37.8 g used in

leace of 70.2 g (0.35 mol) of p-cresol. sclweight average molecular

eight was 3,500 as measured by GPC.[0132] 72 Synthesis Example 16:

yFTasis of polymer A Under dgen flow, 4.40 g (0.022 mot) of 4,4'-
0

(0.005 mol) of 1,3-

siloxane (SiDA) were dissolved in 50 g of
. A0 the solution were added 20.4 g (0.030
taining acid anhydride (a).Qbtaikied iR,

ol) of 4-ethynylaniline as an_£nd capping agent was then added
allowed to react at 4?%2for 1 hour. A
Qo o0

1 : 3

Cuinone diazide compound (g)

i0120]

Synthesis Example 8: Synthesis of guinone diazide
compound {h)

To a 2 L flask were added 57.67 g (0.1 mel) of Tekp-
4HBPA (trade name, manufactured by Honshu Chemical Industry
Co., Ltd.)} and 40.30 g {(0.15 mol) of NACS. They were
disscolved in 450 g of 1,4-dioxane, and the Solutién wWas
kept at room temperature. A mixture of 50 g of 1,4-dioxane
and 15.18 ¢ of triethylamine was added dropwise to the
solution in such a manner that the system did not excesd
35°C. After the addition, the mixture was stirred at 40°C
for 2 hours. The triethylamine salt was separated by
filtration, and the filtrate was added to water. The
resulting precipitate was then collected by filtration.
The precipitate was dried using a vacuum drier so that a
guinone diazide compound (h) was ocbtained.

01217



solution prepared by diluting 7.14 g (0.06 mol) of N,N- dimethylformamide
dimethyl acetal with 5 g of NMP was then added dropwise thereto over 10
minutes. After the addition, the mixture was stirred at 40C for 3 hours.
After the reaction was completed, the solution was added to 2 L of water,
and the resulting polymer solid precipitate was collected by filtration. The
polymer solid was dried at 50C for 72 hours with a vacuum drier so that a
[ Felyimigde pprecursor (named polymer A) was obtained. [0133) Synthesis
Example 17: Synthesis of polymer B Under dry nitrogen flow, 13.6 g
(0.0225 mol) of the hydroxyl group-containing diamine (b) obtained in
Synthesis 73 Example 2 was dissolyed in 50 g of NMP. To the solution
wee added 17.5 g (0.025 mol) of tiie hydroxyl group- containing acid

an xample 1 and 30 g of pyridine, and
the 40C for 2 hours. Thereafter, 0.58 g
(0.00 as an end capping agent was gdded
thereto jurther allowed to react at 4QC fdr 1 lﬂpur A
Solutio; .35 <\ (0.05 mol) o\, N- o@% mamide
di @ en added dropwise.leretd over
miR e Mmixture was stirred at 40C. for 2 hoéurs.

Aftér the reaction was completed the solution was added
8fd the resulting polymer solid oa

ouinone diazide compound (h)
(0122

G 2 L of water,
15 . 25

Synthesis Example 9: Synthesis of guinone diazide
compound (i)

To a 2 L flask were added 57.67 g (0.1 mol) of TekP-
4HBPA {trade name, manufactured by Honshu Chemical Industry
Co., Ltd.} and 53.74 ¢ {0.2 mcl) of NACS., They were
dissolved in 450 g of 1,4-dioxane, and the solution was
kept at room temperature. A mixture of 50 g of 1,4-dioxanse
and 20.24 g of triethylamine was added dropwise to the
solution in such a manner that the system did not exceed
35°C. After the addiéion, the mixture was sti;red at 40°C
for 2 hours. The triethylamine salt was separated by
filtration, and the filtrate was added to water. The
resulting precipitate was then collected by filtration.
The precipitate was dried using a vacuum drier sc that a
guincne diazide compound (1) was cbtained.

[0123]
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precipitate was collected by filtration. The polymer solid was dried at 80C
for 72 hours using a vacuum drier so that a polyimide precursor (hamed
polymer B) was obtained. [0134] Synthesis Example 18: Synthesis of
polymer C Under dry nitrogen flow, 15.13 g (0.040 mol) of the hydroxyl
group-containing diamine compound (c) obtained in Synthesis Example 3
and 1.24 g (0.005 mol) of SiDA were dissolved in 50 g of NMP. To the

[ rSektien were added 15.51 g (0.05 mol) of
3,3',4,4'-diphenylethertetracarboxylic acid anhydride (ODPA) and 21 g of
AMP, and the mixture was allowed to reget at 20C for i hour and then at
50€ for 1 74 hour. Thereafter, 0.95 g (¢.008 mol) of 4-allylaniline as an

end capring agent was added theto, and the mixture was further
allgwed po react at SOC for 1 hout. A solation prepared by diluting 13.2 g
09 |

mer C) was obtained. [0135] Synth 8@ Example 19: ESyntheS|s of
polymer D 1 : 1

Quincne diazide compound {i}
[0124)

Synthesis Example 10: Synthesis of qguinocne diazide
compound {7)

To a 2 L flask were added 57.67 ¢ (0.1 mol) of TekP-
4HBPA {trade nameg, manufactured by Honshu Chemical Industr
Co., Ltd.) and &7.17 ¢ (0.25 mol) of NACH. They were
dissolved in 450 ¢ of 1,4-dioxane, and the solution was
kept at room temperature. A mixture of 50 g of 1,4-dioxans
and 25.30 g of triethylamine was added dropwise to the
solution in such a manner that the system éid not exceed
35°C. After the addition, the mixture wazs stirred at 40°C
for 2 hours. The triethylamine salt was separated by
filtration, and the filtrate was added to water. The
resulting precipitate was then cellected by filtration.
The precipitate was dried using a vacuum drier so that a
guinone diazide compound (J) was obtained.

[0125]
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Under dry nitrogen flow, 6.08 g (0.025 mol) of the hydroxyl
group-containing diamine compound (d) obtained in Synthesis Example
4,4.51 g (0.0225 mol) of DAE and 0.62 g (0.0025 mol) of SiDA were
dissolved in 70 g of NMP. To the solution were added 24.99 g (0.035 mol)
of the hydroxyl group-containing acid anhydride (a) obtained in Synthesis
Example 1, 4.41 g (0.010 mol) of 3,3",4,4'- biphenyltetracarboxylic acid

{ Flianhydride (BPDA) and 25 g of NMP at room temperature, and the
mixture was stirred at room temperature for 1 hour and then at 40C for 1

&5 ethynylbenzenedicarboxylic

aphydride as an end cappingage€nt was added thereto, and the
‘iiﬁiﬁ

as further allowed to rg 4OC for 1 hour. A solution
prepared’ by dllutmgép"’, 09¢g (O 11 molY of N,N- dimethylformamide
dimethy ag with g 0 ,

Syhthesis Example 20: Synthesis of poly#@er E Under dry nitrogen flow,

18.31 g (0.050 mot) of BAHF 25 : 15
Quinone diazide compound {J)

[0126]

Synthesis Example 11: Synthesis of guinone diazide
compound [k

To a 2 L flask were added 57.67 g (0.1 mol) of TekP-
4HBPA {trade name; manufactured by Honshu Chemical Industry
Co., Ltd.) and 80.60 g (0.2 mol) of NACS. They were
dissolved in 450 g of 1,4-dioxane, and the scoluticn was
kept at room temperature. A mixture of 50 g of 1,4-dioxane
and 30.36 g of triethylamine was added dropwise to the
solution in such a manner that the system did not exceed
35°C. After the addition, the mixture was stirred at 40°C
for 2 hours. The triethylamine salt was separated by
filtration, and the filtrate was added to water. The
resulting precipitate was then collected by filtration.
The precipitate was dried using a vacuum drier so that a
quinone diazide compound (k) was obtained.

(01271
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and 19.70 g (0.040 mol) of a dicarboxylic acid derivative produced by the
reaction of 1 mol of diphenylether-4,4- dicarboxylic acid dichloride (DEDC)
with 2 mol of 1- hydroxybenzotriazole were dissolved in 200 g of NMP,
and the solution was stirred at 75C for 12 hours. A solution of 3.76 g
(0.020 mol) of 3-allylbenzenedicarboxylic acid anhydride as an end
capping agent in 30 g of NMP was then added thereto. The mixture was

r rdutthersstipred at 75C for 12 hours so that the reaction was completed.
After the reaction, the solution was added to 3 L of a solution of 76 water

ngd methanol (3 : 1), and the resulting palymer solid precipitate was

ollected by filtration. The polymer solig” Was dried at 80C for 20 hours

, vacuum drier so that a pglyb zoxazole precursor (named
4 10

esis Example 21: Synthesis of
g (0.0205 mol) of DAE and 1.24

A solution prepared by dilyting 7. .
/N-dimethylformamide dimethyl acefal with 5 g of NMP3®as then added

Qdropwise thereto over 10 minutes. Afterdtie addition, thel mixture was
stirred at 50C for 3 hours.
Quinone diazide compound (k) 3 : 1
[0128]

Synthesis Example 12: Synthesis of novolac resin A

Under dry nitrogen flow, 7.2 g (0.65 mol) of m-
cresol, 37.8 g (0.35 mol) of p~cresol, 75.5 g of an agueous
37% by welght formaldehyde solution (0.93 mcl of
formaldehyde), 0.63 ¢ (0.005 mol) of oxalic acid dihydrate,
and 264 g of methyl ischbutyl ketone were added to a flask,
and the flask was immersed in an oll bath. While the
reaction li@uid was rerfluxed, a polycondensation reaction
was performed for 4 hours. The temperature of the oil bath
was then raised over 3 hours, and then the pressure in the
flask was reduced to 30 to_SO mmHg so that the volatile
components were removed. The.dissolv@d resin was cooled to
room temperature so that a polymer solid {named novolac
resin A} was obtained. Its welght average molecular weight

was 3,500 as measured by GPC.
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After the reaction was completed, the solution was added to 2 L of water,
and the resulting polymer solid precipitate was collected by filtration. The
polymer solid was dried at 50C for 72 hours using a vacuum drier so that
a polyimide precursor (named polymer F) was obtained. [0138] Synthesis
Example 22: Synthesis of polymer C Under dry nitrogen flow, 48.1 g of
DAE and 25.6 g of SiDA were dissolved in 820 g of NMP, and 105 g of
[I@BPA was 77 added thereto. The mixture was stirred for 8 hours, while
its temperature was controlled to be in the range of 10C to _30C, so that a
solutioh&f-& palyimide iettirsbr (naMBa Fdlymer 6)WAS bBGiréF > B
[0139] Synthesis Example 23: Synthesis of polymer H Under dry nitrogen
flow, 40 &8 BFEAHE A3 7Y 5F SAWEHE chésotved n 406 g6f NP2

and 46.7 g of ODPA was added thereto and stirred, . The mixture was.
”Sa%\‘}{/eia%%g FEact & foom tg%%é%laﬁﬁ%esfo%%%% o) %Iﬁateg %8%ﬁon%? ‘a 108

g Fég{y."fs" e%%ffg;fsgr@%@;g&om@gr H) %,!\é?siqpt_?ifgge [8%4%5.%@?%. 65

amp hthesis 6 polymer I Under dry nitrogen flow, 198 g 0

noiPAWas dissalved in.600.g of NMPgand 123.6,9 o QDRA ang78.2:g of
maleic anhydride were added thereto. The mixture was stirred for 8

wOOuFs, Whiledislemperature waseaniralledda be indhe s neasured by
GPC. |
(0130}

Synthesis Example 14: Synthesis of novolac resin C

R polymer solid (named novolac resin C) was obtailned
using the process of Synthesis Example 12, except that 86.4
g (0.80 mel) of m-cresol and 21.6 g (0.20 mol) of p~cresol
were used in place of 70.2 g {(0.65 mel) of m-cresol and
37.8 g (0.35 mol) of p-crescl. Its Qeight average
molecular weight was 5,000 as measured by GPC.
[0131]

Synthesis Example 15: Synthesis of novclac resin D

A polymer solid (named novelac resin D) was obtained
using the process of Synthesis Example 12, except that 54 g
{0.50 mol) of m-crescl and 54 ¢ (C.50 mol} of p-crescl were
used in place of 70.2 g {(0.65 mol) of m-crescl and 37.8 g
(0.35 mol) of p-crescl. Its weight averagé molecular
welght was 3,500 as measured by GPC.

(0132}
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range of 10C to 30C, so that a solution of a polyimide precursor (named
polymer I) was obtained. [0141] Synthesis Example 25: Synthesis of
polymer Under dry nitrogen flow, 13.90 g (0.023 mol) of the hydroxyl
group-containing diamine (b) obtained in Synthesis Example 2 was
dissolved in 50 g of NMP. To the solution were added 17.5 g (0.025 mol)
of the hydroxyl group 78 containing acid anhydride (a) obtained in

Synthesis I 0-g-of pyridi Ay ' allowed
(o o5 AL A0C Tor 2 Rt AL<sluEn prosave by diLung 7 36 g (0.05

mol) of N N-dimethytfermamiderdiefhyl acetal guith 5gpof NMP was then » -

added dropwise thereto over 10 minutes. After the addition, the mixture
d:was:stipies-at: 40€fer-2 hours. After the reactionowas sompleted sthe, 5-

solution was added to 2 L of water, and the resulting polymer solid
biprecipitate syasceolerted- by fikration dThe 1potymer sglibwaswiied at 80C

for 72 hours using a vacuum drier so that a polyimide precursor (named
dipelyimesd) ivass Obtained 0142 Synthesis-Exampten26: (Sytithesislof the

polymer K Under dry nitrogen flow, 15.13 g (0.040 mol) of the hydroxyl
sogroupscontaining: diaadné tofppuhd (8P6btained inf SyhthesisiExample 3

and 1.24 g (0.005 mol) of SiDA were dissolved in 50 g of NMP. To the
gréploticw Weré hgdedasis) anhydride {a) obtained in Synthesis
Example 1 and 14 ¢ of NMP, and the mixture was allowed to
react at 20°C fer 1 hour and then at 40°C for 2 hours.
Thereafter, 0.71 g (0.006 mol) of 4-ethynylaniline as an
end capping agent was then added thereto, and the mixture
was further allowed to react at 40°C for 1 hour. A
solution prepared by diluting 7.14 g (0.06 mol) of N,N-
dimethylformamide dimethyl acetal with 5 g of NMP was then
added dropwise thereto over 10 minutes. After the addition,
the mixture was sitirred at 40°C for 3 hours. After the
reaction was completed, the solution was added te 2 L of
water, and the resulting polymer scolid precipltate was
collected by filtration. The polymer sclid was dried at
50°C for 72 hours with a vacuum drier so that a polyimide
precursor (named polymer A) was obtailned.
[0133]

Synthesis Exampls 17: Synthesis of polymer B

Under dry nitrogen flow, 13.6 ¢ {0.0225 mol) of the

hydroxyl group-containing diamine (b) obtained in Synthesis’
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g (0.05 mol) of 3,3',4,4'-diphenylethertetracarboxylic acid anhydride
(ODPA) and 21 g of NMP, and the mixture was allowed to react at 20C
for 1 hour and then at 50C for 1 hour. A solution prepared by diluting 13.2
g (0.09 mol) of N,N-dimethylformamide diethyl acetal with 15 g of NMP
was then added dropwise thereto over 10 minutes. After the addition, the
mixture was stirred at 40C for 3 hours. 79 After the reaction was

Exeeppleted,the selutionwas addeddo 2 Lof water, and thesresylting: or.
polymer solid precipitate was collected by filtration. The polymer solid

weWwas giiedaat 80C for 72 howrs Hsing acvacuum erjerse:that @ pefyimide
precursor (named polymer K) was obtained. [0143] Synthesis Example
coitaSynthesisof polmnerd: \daderdry stittagensfiovi 14 .3¥rg-{3:018 niclpoble
the hydroxyl group-containing diamine compound (d) obtained in
1 Synth@sisdExample=t, disk g (810225 waof) iof DAE: and ©.62 go(@&:0025
mol) of SIDA were dissolved in 70 g of NMP. To she solution were added
r 24299 (04035 mivhrofahb dwrleoxyIT Grotpaécaining- adid anhydrde (apl)
obtained in Synthesis Example 1, 4.41 g (0.010 mol) of 3,31,4,4'-
ohiphewistiacarboxy e agil dirarfiydride¥BPDA) 2¢r 5 jof REE
room temperature, and the mixture was stirred at_room temperature for 1
it Hhd e at 20 C of THGUrYAS séiufibh prefared By tildting 25769 *
o (B oD of M- dmethylformamide dimethylagetel with 5, ST NME
{0.05 mcl) of N,N-dimethylformamide diethyl acetal with 5 g
of NMP was then added dropwise thereto over 10 minutes.

After the addition, the mixzture was stirred at 40°C foxr 2
hours. After the reaction was completed, the solution was
added to 2 L of water, and the resulting polymer solid
precipitate was collected by filtration. The polymer solid
was dried at 80°C for 72 hours using a vacuum drier so that
a polyimide precursor (named polymer B) was obtained.
{0134)

Synthesis Example 18: Synthesis of polymer C

Under dry nitrogen flow, 15.13 g (0.040 mol) of the
hydroxyl group-containing diamine compound (¢} obtained in
Synthesis Example 3 and 1.24 g (0.005 mol) of SiDA were
dissolved in 50 g of NMP. To the solution were added 15.51
g (0.05 mol) of 3,3',4,4'-diphenylethertetracarboxylic acid
énhydride (ODPA) and 21 g of NMF, and the mixture was

allowed to react at 20°C for 1 hour and then at 50°C for 1
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added dropwise thereto over 10 minutes. After the addition, the mixture
was stirred at 40C for 3 hours. After the reaction was completed, the
solution was added to 2 L of water, and the resulting polymer solid
precipitate was collected by filtration. The polymer solid was dried at 80C
for 72 hours using a vacuum drier so that a polyimide 80 precursor
(named polymer L) was obtained. [0144] Synthesis Example 28:

hooYNthesis of pelymer M Under dry nitiegenflow. 18.31 010,050 mal).of
BAHF and 19.70 g (0.040 mal) of a dicarboxylic acid derivative produced

an by:the reagtionoflymet of diphenylether-4. 4= dicarbexylicracid.dichloride,; -
(DEDC) with 2 mol of 1- hydroxybenzotriazole were dissolved in 200 g of

fuliMRrand 1the selutionwas: stiged g 75Cer-12 heyrs-so thakthe:tion
reaction was completed. After the reaction was completed, the solution

prw@sadtieshtod Lwof arsplutiark obwater @ndmmetharfol(31), and the

' resulting polymer solid precipitate was collected by filtration. The polymer

diselidh mdsdried at!i80€ifer 2 hoars isihgraivacuuin drief stiftfatwas then
polybenzoxazole precursor (hamed polymer M) was obtained. [0145]

adgyathesiPRY AR plen29:sSynthesis of polyihrer e Undérfdymitrbgers flowtion,
4.40 g (0.022 mol) of DAE and 1.24 g (0.005 mol) of SiDA were dissolved

thip 56 §OF RME ST G thietS6idticn webe added 23.4:§ {9930 mbhwt thee

reaction was completed, the solution was added to 2 L of
water, and the resulting polymer solid precipitate was
collected by filtraticon. The polymer solid was dried at
80°C for 72 hours using a vacuum drier so that a polyimide
precurscr (named polymer C} was obtained.
[0135]
Synthesis Example 19: Synthesis of ﬁblymer B
Under dry nitregen flow, 6.08 g (0.02% mol} cof the
hydroxyl group-containing diamine compound {(d) obtained in
'Synthesis Example 4, 4.51 g {0.0225 mol) of DAE and 0.62 g
(0.0025 mol) of SiDA were dissclved in 70 g of NMP. To the
solution were added 24.9% g (0.035 mol) of the hydroxyl
group~containing acid anhydride {a)‘obtained in Synthesis
Example 1, 4.41 ¢ (G.010 mcl) of 3,37,4,4'-
biphenyltetracarboxylic acid dianhydride (BPDA) and 25 g of
NMP at room temperature, and the mixture was stirred at
room temperature for 1 hour and then at 40°C for 1 hour.

Thereafter, 1.72 g (0.010 mol) of 3-
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hydroxy group-containing acid anhydride (a) obtained in Synthesis
Example 1 and 14 g of NMP, and the mixture was allowed to react at 20C
for 1 hour and then at 40C for 2 hours. Thereafter, 0.71 g (0.006 mol) of
4-ethynylaniline as an end capping agent was added thereto, and the
mixture 81 was further allowed to react at 400C for 1 hour. A solution
prepared by diluting 7.14 g (0.06 mol) of N,N- dimethylformamide dimethyl

@WM%%&QfﬁWrW@§§h%rb aflded dropwiseithereto ayerd0d capping

minutes. After the addition, the mixture was stirred at 40C for 3 hours.

adfter the sreagtien wassgermpleteds dhe selution was-added .2 tiafrwater,
and the resulting polymer solid precipitate was collected by filtration. The

= potywaer salidrwas dried at 05Q0C far 72 hours using sxvacuunm drieesa red
that a polyimide precursor (named polymer N) was obtained. [0146]

bEXxanipie iAyaindish ©f @ pHotésensitive resinicdmpasitich waso ohtined
by dissolving 7 g of novolac resin A, 3 g of solid polymer A, 2.2 g of a

d trofioneldiazidesdormpddn b (MGC300 {ifatlé paiie) manifactuied by Toyo
Gosei Co., Ltd.), 1.5 g of NIKALAC MX-290 (trade name, manufactured

tlﬁ?%@v@‘@ﬁe&ﬂ:a’ﬂ@b&tﬁté ), aftd o3 g%?%lr%ﬁﬁﬁ?dﬁ8xy§|5ﬁe%x3@é e
of GBL, The patterning property, storage stablllty and mechanical

wRFoperties & v\ié) é%véﬂjafe(f 38 désEibEcFabo e tasing e FeRiftngVarkish.

completed, the solution was added to 2 L ¢f water, and the
resulting polymer solid precipitate was collected by
filtration. The polymer solid was dried at 80°C for 72
hours using a vacuum drier so that a pelyimide precursor
(named polymer D) was obtained.
[0136]

Synthesis Example 20: 3Synthesis of polymer E

Under dry nitrogen flow, 18.31 g (0.050 mol) of BAHF
and 19.70 g (0.040 mol) of a dicarboxylic acid derivative
produced by the reaction of 1 mol of diphenylether-4,4"-
dicarboxyvlic acid dichloride (DEDC) with 2 mol oI 1-
hydroxybenzotriazole were dissolved in 200 g of NMP, and
the solution was stirred at 75°C for 12 hours. A sclution
of 3.76 g (0.020 mol) of 3-allylbenzenedicarboxylic acid
anhydride as an end capping agent in 30 g of NMP was then
added thereto. The mixture was further stirred at 73°C for
12 hours so that the reaction was completed. After the

reaction, the solution was added to 3 L of a solution of
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[0147] Example 2 A varnish of a photosensitive resin composition was
obtained by dissolving 6 g of novolac resin B, 4 g of solid 82 polymer B, 2
g of quinone diazide compound (f), 2.5 g of NIKALAC MX-270 (trade
name, manufactured by Sanwa Chemical Co., Ltd.), and 0.3 g of N
phenylaminopropyltrimethoxysi lane in 30 g of GEL. The patterning
property, storage stability and mechanical properties were evaluated as

wadgscibed aboye Hising the . resulting yarpish. [0148] Efﬁ@pg)%ﬁ?ﬁxggrrg?lid

of a photosensitive resin composition was obtained by dissolving 6 g o

pr@a@yg'@@g@éim%s4(goqflseo@@leeoh;y?gefﬁtlrégiqirgyin@ﬂ% diazideer solid
compound (e), 2.0 g of HMOM-TPHAP (trade name, manufactured by

wa flogshy Chemicab dndustry Gon didtehd, and 03 aokBcuum drier so that
acetylaminophenyltrimethoxysilane in 25 g of GEL and 5 g of ethyl lactate

a feL)oERe patierling prepeartys storagersiabilitylant-mechanical properties: .
were evaluated as described above using the resulting varnish. [0149]
[ 0EXainple 4 A varnish of a photosensitive resin composition was obtained
by dissolving 6.5 g of novolac resin B, 3.5 g of

Synthesis Example 21: Synthesis of polymer F

Under dry nitrogen flow, 4.10 g (0.0205 mcl) of DAL
and 1.24 g {0.005% mol) of SiDA were dissolved in 50 g of
NMF. To the sclution were added 2Z1.4 ¢ (0.030 mol) of the
hvdroxy group=~containing acid anhydride (a) obtained in
Synthesis Example 1 and 14 g of NMP, and the mixture was
allowed to react at 20°C for 1 hour and then at 50°C for 4
hours. & sclution prepared by diluting 7.14 g {0.06 mol)
of N,N~dimethylformamide dimethyl acetal with 5 g of NMP
was tThen added dropwise thereto over 10 minutes. After the
addition, the mixture was stirred at 50°C for 3 hours.
After the reaction was completed, the sclution was added to
2 L of water, and the resulting polymer sclid precipitate
was collected by filtration. The polymer solid was dried
at 50°C for 72 hours using a wvacuum drier sco that a
polyimide precursor (named polymer F) was obtained.
[0138]

Synthesis Example 22: Synthesis of polymer G

Under dry nitrocgen flow, 48.1 g of DAE and 25.6 g of

SiDA were dissolved in B20 g of NMP, and 105 g of ODPA was
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solid polymer D, 2 g of MG-300 (a quinone diazide compound), 1.0 g of
HMOM-TPPA (trade name, manufactured by Honshu Chemical Industry
Co., Ltd.), and 0.2 g of N 83 phenylaminopropyltrimethoxysilane in 30 g of
GBL. The patterning property, storage stability and mechanical

properties were evaluated as described above using the resulting varnish.
[0150] Example 5 A varnish of a photosensitive resin composition was

aRptaingdy.dissolving. 8.g; of novolag.resin A2 g-0fsokids palymes E.Adie
of quinone diazide compound (e), 1.0 g of NIKALAC MX-270, 1.5 g of

1 tHisRRAtrade name smapytactured aby Hopshy Chemicakingusty Conec
Ltd.), and 0.2 g of vinyltriethoxysilane in 30 g of NMP. The patterning

cdpreperty, steragesstabiliprand mechanical propethesivere evatiated asamed
described above using the resulting varnish. [0151] Example 6 A varnish

palasnehtathedwasing the pracess of Example "I, except that 4 g of novolac
resin A and 6 g of solid polymer A were used instead. The patterning

[ pkaperty, storage stability and mechanical properties were evaluated as
described above. [0152] Example 7
Synthesis Example 23: Synthesis of polymer H

Under dry nitrogen flow, 49.6 g of BAHF and 3.74 g of
SiDA were dissolved in 400 g of NMP, and 46.7 g of ODPA was
added thereto and stirred. The mixture was allowed to
react at room temperature for 5 hours sc that a solution of
2 polyimide precursor (named polymer H) was cbtained.
101407

Synthesis Example 24: Synthesis of polymer I

Under dry nitrogen flow, 198 g of SiDA was dissocolved
in 600 g of NMP, and 123.6 g of ODPA and 78.2 g of maleic
anhydride were added thereto. The mixture was stirred for
8 hours, while its temperature was controlled to be in the
range of 10°C to 30°C, so that a sclution of a polyimide
precursor (named polymer 1) was obtained.
[0141] |

Synthesis Example 25: Synthesis of polymer J

Under dry nitrogen fiow, 13.9%0 g (0.023 mol) of the
hydroxyl group-containing diamine (b) obtained in Synthesis
Example 2 was dissolved in 50 g of NMP. To the solution

were added 17.5 g (0.025 mol) of the hydroxzyl group-
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A varnish was obtained using the process of Example 1, exceptthat 7 g
of novolac resin D obtained in Synthesis 84 Example 15 was used in
place of 7 g of novolac resin A. The patterning property, storage stability
and mechanical properties were evaluated as described above. [0 1 53]
Example 8 A varnish was obtained using the process of Example 2,
except that 2.5 g of NIKALAC MX-290 was used in place of 2.5 g of

NIKALAC MX-270. The patterning property, storage stabili
patierning property, ¢

and
Tain d anh e Bx le
“Chechanical ap(r:olperfllgs were vallte escribed a We%ifﬁ] xamp

- ' btained .usi f le 1,
1 Example §t§)§a§\}%é§9§& ang %‘ﬁ@%‘l‘dﬁﬁ%‘*%g E)_(ﬁr?ggdl o

except th volac resin B was use m_p’1ace of 7g © r_lovolac
refgSin A Thepatterping propedy, storage stability echaniCaly; 1yt ing

properties were evaluated as described above. [0155] Examplé 10 A

7. varnish\was obfrined uising, the prosess offexamplede. excephthat g.0f 1
novolac resin C was used in place of 7 g of novolac resin A. The

wipatterningpraperty, storage rstability ang-mechanricakproperiesiuere; o
evaluated as described above.

minutes, After the addition, the mixture was stirred at
40°C for 2 hours. After the reaction was completed, the
solution was added to 2 L of water, and the resulting
polymer solid precipitate was collected by filtration. The
polymer solid was dried at 80°C for 72 hours using a vacuum
drier so that a poliyvimide precursor (named polymer J) was
obtained.
[0142]

Synthesis Example 26: Synthesis cf polymer K

Under dry nitrogen fliow, 15.13 g (0.040 mol) of the
hydroxyl group=-containing diamine compound (¢} obtained in
Synthesis Example 3 and 1.24 g (0.005 mel) of SiDA were
dissclved in 50 g of NMP. To the solution were added 15.51
g (0.05 mol) of 3,32',4,4"-diphenylethertetracarboxylic acid
anhydride (ODPA) and 21 g of NMP, and the mixture was
allowed to react at 20°C fcor 1 hour and then at 50°C for 1
hour. A solution prepared by diluting 13.2 g (0.0% mol) of
N, N-dimethylformamide diethyl acetal with 15 g of NMP was
then added dropwise theresto over 10 minutes. After the

addition, the mixture was stirred at 40°C for 3 hours.
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[0156] 85 Example 11 A varnish was obtained using the process of
Example 1, except that 5 g of novolac resin A and 5 g of solid polymer A
were used instead. The patterning property, storage stability and
mechanical properties were evaluated as described above. [0157]
Example 12 A varnish was obtained using the process of Example 1,
except that 5.6 g of novolac resin A and 4.4 a of solid polymer A were

nsed ipstead. The patterning property. . storage. stability and mechanical 4 +o

properties were evaluated as described above. [0158] Example 13 A

2 viarpishuas obtained using the process of Example 4o 1exceptthat (34 gee
of novolac resin A and 2.6 g of solid polymer A were used instead. The

watiesningprepery, storage stability argemgehanieal propetiesawerer:ed
evaluated as described above. [0159] Example 14 A varnish was

atobtained fising/therproeess: of Exampteadnexceptibhat @5 abkt 2
HMOM-TPHAP was used instead. The patterning property, storage
petahilitydndmechasical (named polymer K) was obtained.

[0143]

Synthesis Example 27: Synthesis of polymer L

Under dry nitrogen flow, 4.37 g {(0.918€ mol) of the
hydroxyl group-containing diamine compound (d) obtained in
Synthesis Example 4, 4.51 g (0.0225 mol) of DARE and 0.6Z2 g
(0.002% mol) of SiDA were dissolved in 70 g of NMF. To the
sclution were added 24.9%99 g (0.035 mol) of the hydroxyl
gfoup—coataining acid anhydride {a) obltained gn Synthesis
Example 1, 4.41 ¢ (0.010C mol) of 3,3%,4,4'-
biphenyltetracarboxylic acid dianhydride (BPDAR) and 25 g of
NMP at rocm temperature, and the mixture was stirred at
room temperature for 1 hour and then at 40°C for 1 hour. A
splution prepared by diluting 13.09% g (0.11 mol) of N,N-
dimethylformamide dimethyl acetal with > g of NMP was then
added dropwise theretco over 10 minutes. After the addition,
the mixture was stirred at 40°C for 3 hours. After the
reaction was completed, the scluticn was added to 2 L of
water, and the resulting polymer scolid precipitate was
collected by filtration. The polymer solid was dried at

BO°C for 72 hours using a vacuum drier so that a polyimide
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86 properties were evaluated as described above. [0160] Example 15 A
varnish was obtained using the process of Example 3, exceptthat1.0g
of HMOM-TPHAP was used instead. The patterning property, storage
stability and mechanical properties were evaluated as described above.
[0161] Example 16 A varnish was obtained using the process of Example
3, except that 3.0 g of HMOM-TPHAP was used instead. The patterning
property, storage stability and mechanical HET)ro,perties were evaluated as
(

PrYeutRted AB6VeE o621 B mple 17 A Virhieh H7s: obtained using the
wﬁ)lr;o ess of Example 3, except that 4.0 g of HMOM-TPHAP was used
ms% ad. The patterning property, storage stability and mechanical

ponsgs et sl s dedd g, 0153 oo

varnish was obtaine ng the proc ) &%%pt“tﬁat 50¢g

of HMONL TPHAP was used.instead. The pafterning pfopefty, Storage, »

stability and mechanical properties were evaluated as described above.
an8719.70 g (0.040 mel) of a dicarboxylic acid derivative
produced by the reaction of 1 mol of diphenvylether-4,4'-
dicarboxylic acid dichloride (DEDCY) with 2 mol of 1-
hydroxybenzotriazole were dissolved in 200 g of NMP, and
the solution was stirred at 75°C for 12 hours so that the
reaction was completed. After the reaction was completed,
the soluticn was added to 3 L of a2 scolution of water and
methancol (3 : 1}, and the resulting polymer solid
precipitate was collected by filltration. The polymer solid
was dried at 80°C for 20 hours using a vacuum drier so that
a pelybenzoxazele precurser {(named polvmer M) was obtained.
101457

Synthesis Example 29: Synthesis of polymer N
Under dry nitrogen fiow, 4.40 g (0.022 mol) of DAE

and 1.24 g (0.005 mol) of SiDA were dissolved in 50 g of
NMP. To the solution were added 21.4 ¢ {0.030 mol) of the
hydroxy group-centaining acid anhydride (a) obtained in
Synthesis Example 1 and 14 g of NMP, and the mixture was
allowed to react at 20°C for 1 hour and then at 40°C for 2
hours. Thereafter, 0.71 g {0.006 mol) of 4-sethynvlaniline

as an end capping agent was added thereto, and the mixture
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[0164] Comparative Example 1 A varnish was obtained using the process
of Example 1, except that 3 g of solid polymer F was used in place of 3 g
of solid polymer A. The patterning property, storage stability and
mechanical properties were evaluated as described above. [0165]
Comparative Example 2 A varnish was obtained using the process of
Example 2, except that 22.3 a of the polymer G solution was used in

w=Rag8 Aldg ol sqlg pavmer .aad tat 18,6 of GAL was jused instead.

he patterning property, storage stability and mechanical properties were

soﬁvﬂ%tﬁdpaﬁ%g%%@egya%%ﬂ%gﬁh%H‘p@ra{tb/?o%x%m@'ﬁ‘ 3A varpish

was obtained using the process of Example 3, except that 20 g of the

aiRymer H salutionavas; usedhin placeof ¥ g ot solid polymen@ and shathen
10 g of GBL was used instead. The patterning property, storage stability

a cRidimeebanicak prapertiesswere-evalvatetrastdescrilretiraboven026@} = 1o,
Comparative Example 4 A varnish was obtained using the process of
t Hexampled,e exeeptdhatr& Zqy et thedpdlymer| Solotier was tsadin 88
place of 3.5 g of solid polymer D and that 25 g of GBL was

reaction was completed, the solution was added to 2 L of
water, and the resulting polymer solid precipitate was
collected by filtration. The polymer sclid was dried at
50°C for 72 hours using a vacuum drier so that a pelyimide
precursor (named polymer N} was cbtained.
f0146]

Example 1

A varnish of a photosensitive resin composition was
obtained by dissolving 7 g of novolac resin A, 3 g of solid
polymer A, 2.2 g of a guinone diazide compound (MG-300
(trade name) manufactured by Toyvo Gosei Co., Ltd.), 1.5 g
of NIKALAC MX-290 (trade name, manufactured by Sanwa.
Chemical Co., Ltd.), and 0.3 g of vinyltrimethoxysilane in
30 g of GBL. The patterning property, storage stability
and mechanical properties were evaluated as described above
using the resulting varnish.
(01477

Lxample 2

A varnish of a photosensitive resin composition was

obtained by dissolving ¢ g of novolac resin B, 4 g of solid



used instead. The patterning property, storage stability and mechanical
properties were evaluated as described above. [0168] Comparative
Example 5 A varnish was obtained using the process of Example 2,
except that NIKALAC MX-270 was not used. The patterning property,
storage stability and mechanical properties were evaluated as described
above. [01691 Comparative Example 6 A varnish was obtained using the

rocess of Example 3, except that 4 g of solid polymer F was used in
o0 D ot o7 oF ool BEMENC Atd (s EIMORETEFAP frat ror 1s8d°
NIIIEE pa r_ni'n]g}pr erty, stora e stabilit an% mechanic roperties wer
eva uat(gg% as descell%téa1 abg\/aé?%lbf%;} gn%pélr% |vea%<2énag e % E@%?rﬁg 1
c O\_NgsLoLtggi gdaqﬁing]t_kge Rrogesy of Example 2, except that 22.3 g of the
polymer G solution was Used in place of 4 g of solid polymer B,

phd -qimtﬁwi-&py@%@iwg@wgggm place of NIKALAG, M*270, ang.15 g

of GBL was used instead. The patterning property, storage stability and
pamechanical propasties, wete gyalyated-as desaripegraboyes {04 71189

Comparative Example 8 A varnish was obtained using the process of
prbxample:8, were evaluated as described above using the
resulting varnish.

[0148)
Example 3

A varnish cof a photosensitive resin composition was

obtained by dissclving ¢ ¢ of novelac resin C, 4 of solid

e}

ge!

olymer C, 1.5 g of gquinone diazide compound (e), 2.0 g of

HMOM~-TPHAP (trade name, manufactured by Honshu Chemical
Industry Co., Ltd.), and 0.3 g of m~
acetylaminophenyltrimethoxysilane in 25 ¢ of GBL and 5 g of
ethyl lactate (EL). The patterning property, storage
stability and mechanical properties were evaluated as
described abowve using the resulting varnish.
l{01491

Example 4

A varnish of a photosensitive resin composzsiticon was
obtained by dissolving 6.5 ¢ of novolac resin B, 3.3 ¢ of
solid polymer D, 2 g of MG-30C {(a guinone diazide compound),
1.0 g of HMOM-~TPPA (trade name, manufactured by Honshu

Chemical Industry Co., Ltd.), and 0.2 g of N-
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except that 20 g of the polymer H solution was used in place of 4 g of
solid polymer C, 2.0 g of 2,2-bis(4-
hydroxy-3,5-dihydroxymethylphenyl)propane was used in place of 2.0 g
of HMOM-TPHAP, and 10 g of GBL was used instead. The patterning
property, storage stability and mechanical properties were evaluated as
described above. [0172] Comparative Example 9 A varnish was obtained

f?xf‘ﬂél%! C £
pn%%%é%?#y%% g‘q d|hydr%%meth%%r%;?]{yllg)ggp?neowagiged Elhﬁlace

202 5,01 0f; NHCALACMX-270Q, - Ehe pattenning RRIPeHY, storage stability

and mechanlcal properties were evaluated as described above. [01731

oriie photesensitizes the phesglie hydroxyl-gredn- spataining compatnd
and the alkoxymethyl group-containing compound used in each of the
reaxamylles and:the €omparative examples are shown below. [0174]

[Formula 27] 90 COOCH 0 3 N2 QO OQ OQ S02 MG-300 OH
[0150]

Example 5

A wvarnish of a photosensitive resin composition was
obtained by dissolving 8 g of novolac resin A, 2 g of solid
polymer E, 2 g of quinone diazide compound (e), 1.0 g of
NIKALAC MX-270, 1.5 g of TrisP-PR {trade name, manufactured
by Honshu Chemical Industry Co., Ltd.), and 0.2 g of
vinyltriethoxysilane in 30 g of NMP. The patterning
property, storage stability and mechanical properties were

evaluated as described above using the resulting varnish.
[0151]
Example ©
2 varnish was obtained using the process of Example 1,
except that 4 ¢ of novolac resin A and 6 g of solid polymer
A were used instead. The patterning property, storage
stability and mechanical propsrties were evaluated as
described above.
[0Ll52]
Example 7
A varnish was obtained using the process of Example 1

except that 7 g of novolac resin D obtained in Synthesis
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1, CH3 H3COH2C-N CH20CH3 H3COH2C-NAN-CH20CH3 H3C' Cbgd
p OH H3COH2C-NN-CH20CH3 CH3 OH NIKALAC MX-270 NIKALAC
MX-270 TnsP-PA H3COH2C CH- CH20CH3 H3COH2C 011 C~
H3CH20CH3 HO-~-C--OH HO~ OH H3COH2C CH20CH3 H3COH2C
CH3j ~;" CH20CH3 H,COH2C OHCH20CH3 H3COH2C CH2DCH3 OH
HMOM-TPHAP HMOM-TPPA [0175] The compositions of Examples 1 to
18 and Comparative Examples 1 to 9 and the results of the evaluation are
Exshgwre ih Tables t10@. [0176]aTabledl 91 P clf NneWlllere| a4 ich NEL' ~
IlpallllluoCalFtTe,PcnPPPPIsI
The patterning property, storage stability and mechanical
properties were evaluated as described above.
(01537
Example 8
A varnish was obtained using the process of Example 2,
except that 2.5 g of NIKALAC MX-290 was used in place of
2.5 g of NIKALAC MX-270. The patterning property, storags
stability and mechanical properties were evaluated as
described abovs.
[0154]
Example 9
A varnish was obtalned using the process of BExample 1,
except that 7 g of noveolac resin B was used in place of 7 g
of novelac resin A. The patterning property, storage
stability and mechanical properties were evaluated as
described above.
[0155]

Example 10

A varnish was obtained using the process of Example 1,
except that 7 g of novolac resin C was used in place of 7 g
of novolac resin A. The patterning property, storage
stability and mechanical properties were evaluated as

described above.

[0156]
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MPP,PNmMN,Pt+tM,+, mmP 'oHmMHM .~ NOOHmM, O0O0o0
OHmM CNaCaNNaNNGNNC OCOoNOGNCOO0CCCiC
NO aCH.CHCCCHCCCCCAHaaCaC,Ci'hHaHHHHHO
G OHOOO-HHO-H-HH-H-HO OMCCCroC~~NNCNmMm

NNmmMmCCT.HHH HHNTTH ~C)TNN>LH. NX~. vHi~.y
NXX~.NIXXXXXEN. COC2CTCO0OOCOOOOOCCHHT
HCCCCCH J1C)'~'Y' C)x'~"/1JC)x43JJNlyJU'T" HNOJ)

09 C F*ETPAFCHE) NNNWC)uOmEwm ~ oalEEC)EEEClE

P b B CETRES, 513 N6 000600066 Mo Phit ) AT
~ " al Q. [
T8 00 St P08 0 Y B3 0 D & D B b iy Bt gy e
Afuor% VAN '\ih%'t'&'a'éi'\' ”EHE NJE\&%E}AJ; ’\lﬁ'\{or)c&to% @a%%%ﬁgw b~

bh~'4-CtoenO'aa,~0O C~c.o,nN.aov)v) nv)mn
stability and mechanical properties were evaluated as

described above.
[C157]
Exampie 12
A varnish was obtained using the process of Example 1,
except that 5.6 g of novolac resin A and 4.4 ¢ of sclid
polymer A were used instead. The patterning property,
storage stability and mechanical properties were evaluated
as described above.
[0158]
Example 13
A varnish was obtained using the process of Example 1,
except that 7.4 g of novolac resin A and 2.6 g of solid
polymer A were used instead. The patterning property,
storage stability and mechanical properties were evaluated
as described abové.
(01593
Example 14
A varnish was obtained using the process of Exampie 3,

except that 0.5 g of HMOM-TPHAP was used instead. The

patterning property, storage stabllity and mechanical
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0O0aUUx:JvvUvvv(c~vm ~wukE QFCo; 2i 2~uC ti* FC FG a
‘aA’aHoHNElItoaHaHal~-aNa,H~-aH~aH~HHlapU~YC.x
O0xC)xxxxC)xIC)E IHCHHHHHHHHH_b0Z0~2Z22~2Z
ZZZ0 ibyW((N~WIIIN NNNNNNHbb~bro~2Z50~N.HO0O .ti
OPOOPHNOPOPOPO~OO-NP~""ObBtOOO~00~0IGCO
MNItPbmMPCPMMCPMTNmMOCCa.HHuU7,HININININN
NINH~ OtNONtN bNbCOCCCGaoOOCCCaaa~aau
PLRPEP- PP PePfpalpated pp PRSPTERNE PR %mohm ~ N ~o ~

o 6~~mm Va~wo~qw~a~a~a~~halo~ill*maPPolPIP~P
%’OF;IPP aP.imomtO~m~~0rrin~o

Example 15
A varnish was obtained using ths process of Example 3,
except that 1.0 g of HMOM-TPHAP was used instead. The
patterning property, storage stability and mechanical
properties were svaiuated as described above.
[0161]
Example 16
A wvarnish was cbtained using the process of Example 3,
except that 3.0 g of HMOM-TPHAP was used instead. The
patterning property, storage stability and mechanical
properties were evaluated as described ebovs.
[0162]
Example 17
2 varnish was obtained using the process of Example 3,
except that 4.0 g of HMOM-TPHA? was used instead. The
patterning property, storage stapility and mechanical
properties were evaluated as described above.
[(0163]
Example 18
A wvarnish was cobtained using the process of Example 3,
except that 5.0 g of HMOM-TPHAP was used instead. The
patterning property, storage stability and mechanical

properties were evaluated as described above.



4~o0sO{lU~FCOIWW{c(~UzIGh~,~iHHHHHHHH HNNN
NNaaaaaaaaaEEaa GCEEEEECxX%Y, XCXKxCCC
CC WWw~L~w~b]W~W~4i[.J]Wwow.Wavv cNo N~mN m
aaa0,,aMauFMmaMma~,i~a4"~N~w”~NHONocpGawN
mwNI)StLUati'a QlIHHIoCaNaoLaL HNH"L>"'~"Tpvj~
NEcCE~I~0,ANaLN NNTHprrtR~"timcmC L.-IOHO .{~O .+
i{]ISFGAN]ENONO.lNHbNON9TTLL

Comparative Example 1
A varnish was obtained using the process of Example 1,
except that 3 g of solid polymer F was used in place of 3 g
of sclid pelymer A. The patterning property, storage
stability and mechanical properties were evaluated as
described above.
[0165]
Comparative Example Z
A varnish was cbtaeined using the process of Example 2,
except that 22.3 g of the polymer G solution was used in
place of ¢4 g of solid polilymer B and that 15 g of GBL was
used instead. The patterning property, storage stability
and mechanical properties were evaluated as described above,
[0166]
Comparative Example 3
& varnish was obtained using the process cof Example 3,
excaept that 20 g of the polymer H solution was used 1n
pilace of 4 g of sclid polymer C and tThat 10 g of GBL was
used instead. The patterning property, storage stability
and mechanical properties were evaluated as described above.
[0ie7]
Comparative Example 4
A varnish was obtained using the process of Example 4,

except that 8.7 g of the polymer I solution was usad in
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Nb6 aitaa~NaMalaNaNaaabtiNImo;Ol.1lLi.a.-l.yrr~I1(1
~MIMIMNM((~1'a(nMM C CO CO OGO v Oo C04LO Co Ca Gp P+o
ovvvvcovOovpopva GLLNN.CHHAHLH dINNWNNN
NNvNnJ LLLa~P.C(LCCG.-laCaCaCaGOrpap0.,CP.C 00
roorooroomiomorooomo,yomcrooro UC.-aq,i®yCNm
CryCYCNCHCtHC/Fvmmmmx~wm-~,~gwmgi,gN *xx
XXXXXX-XXXX -tiyOOOONLOCOII'OCOOOLO7y ~ItN
PLEINN'DEN Y roly &Y ¥6 [ow JvweryY Yo and) tray NeO NI'OOI 8L Njps
NCNNUNCNUNiIrmNrororomHaroaamacroa wlli+ ~CE
usRAi NP HZPE 6 NP NPA SRR IR APE 4N ERREEZ N EPNERSE N 1R 22 R

'Nz-ul~1~tiYCY.LPLuuU:)Y+~yUL9Ill,1laaaa2SaaiTl b~
ang(§%g§gpé%ﬁ%)Qfopertles were evaluated as described above.

0168]
Comparative Examples 5
& wvarnish was obtained using the process of Example 2,
except that NIKALAC MX-~270 was not used. The patterning
property, storage stabillity and mechanical properties were
evaluated as described above.
[0169]
Comparative Example 6
A varnish was obtained using the process of Example 3,
except that 4 g of solid polymer F was used in place of 4 g
f solid polymer C and that HMOM-TPHAP was not used. The
patterning property, storage stability and mechanical
properties were evaluated as described zbove.
[01706]
Comparative Example 7
A wvarnish was obtained using the process of Example 2,
except that 22.3 ¢ of the polymer G sclution was used in
place of 4 g of solid polymer B, 2, é~dimethyloli-p-cresocl
was used in place of NIKALAC MX-270, and 15 g of GBL was
used instead. The patterning property, storage stability
and mechanical properties were evaluated as described above.

[0171]
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NMv~asaaaaaaaaas.9alLa-aa OLGItoWNWNWNMO
CUOWNWNWWO ~lu~C)IC)c)C)c)C)C)CcUCC)c) 'l -Nb,to
crb,tomeoJHLHOo0OO1omIl-oLCNINPO.NDHC:NNN S.Y
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N~IJNaNLaOHHHc+iIXXX~XxX!'ovvvvwvwmwmw mvm
mvcvv'~mvvavItsz NNaLNaNaNNNaNNNaNNN
NvmidHRYE RS it o & mma-0 0 '0bJatNt ONt.ONt-

~10fItNNOM51ONNUdIN CYOO

00D GEOE ¢ Tareiee trnd B At DO BAR R 5,

except that 20 g of the polymer H solution was used in
place of 4 g of solid pelymer C, 2.0 g of 2,2~bis(4~-
hydroxy-3, 5-dihydroxymethylphenyl)propane was used in place
of 2.0 g of HMOM-TPHAP, and 10 g of GBL was used instead.
The patterning property, storage stability and mechanical
properties were evaluated as described above.
(01721

Comparative Example 9

L varnish was obtained using the process of Example 2,
except that 2.5 g of 2,2-bis{(4-hydroxy-3,5-
dihydroxzymethylphenyl)propane was used in place of 2.5 g of
NIKALAC MX-270. The patterning property, storage stability
and mechanical properties wers evaluated as described above,
[0173]

The photosensitizer, the phenolic hydroxyl group-
containing compound and the alkoxymethyl group~containing
compound used in each of the examples and the comparative
exanples are shown balow.

(0174}

[Formula 27)
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UOdddPO OQOOPC'd LTadIIllI11FO"masalacPao~a
o~maa mONmwiomrmiomioio0; ONUUU'TU[CN):JimU
PlUQI zNii OM~~WNNNNFNG) J1iCIW ~;ti~_?Npmv~m
io~Dr+ _pm Pw.)vJvvvywvv-~a"C,aaauauas,Naaaaua'Ca
Nar roEmEmFarom=mroEmB ocof6 NNKbmamO.roam
am~dRC)NC)NamON HxxOXIExi~CxxxxxEr. owoc~io rilo
rilow ow ors oril Ora™ v 40 .voU U o Uto[0178] Table 3 Patterning
Storage stability Mechanical properties property Eop2- Maximum Elastic
ml-m 58861% Eopl stress modulus Elongation

e U

Q0" X"ea [
0Q 502
MG-300

?i 9]
HyCOH,C—N" N—CH,0CH,8 z—égcomc—}rg’ﬁ‘ﬁ—csﬁzocm
HaCOH QC-“i\;EYN—-CHg*OCHg ;

o

NIKALAC MX-270 NIKALAC MX-270 TrisP-PA

HaCOH,C,_ CHy CHaOCH;
HO- %G+ -OH
HiCOH,C #)  CHyOCHz
H5COH,C™ & 7CH,OCH,

HMOM-TPHAP HMOM-TPPA
(01757

The compositions of Examples 1 to 18 and Comparative
Examnples 1 to 9 and the results of the evaluation are shown
in Tables 1 to 3.

[0176]

Table 1
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24 Example 2 180 0.1 0 148 3.5 18 Example 3220 0 10 143 3.9 25

(mJ/cm) (wm) (mJ/cm2) (MPa) (GPa) (~) Example 12000 1ui 145 3.4
Example 4 200 0.1 20 138 3.3 20 Example 5260 0.2 30 137 3.3 16
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dissolved in 30.g of GEL so that a varnish of a photosensitive resin
composition was obtained. The patterning property, storage stability,
mechanical properties, and the pattern profile after the heat curing were
then evaluated as described above. [0181] Example 21. Weighed were 6
g of novolac resin A, 4 g of polymer N, 2 g of quinone diazide compound
(1), 2.5 g of NIKALAC MX- 270, and 0.3 g of vinyltrimethoxysilane. They
vy dissolved in 30 g of GEL so that a varnish of a photosensitive resin
com osition was obtained. The patterning property, storage stability,
rﬁﬁgh%mcal properties, and the pattern profile after the heat curing were
en evaluated as described above. 95-[0182] Example 22 Weighed were

6 g of novol&eTEsin T, 4 gsmﬂagéyma&g,l 2 giof qu@cf}%rQ@'qﬁot)ertlea
Com Oun( I\pWE}E y\ L TDLIAD el 2 -~ £ 2 zn
P (1), 20 g Ot IVIUIVI T o oy e RSl ILEHélé:‘:Ii&J)\]ybllal Ictlon
They were dlgsg)‘ﬁ?ég in 0? GBL sathat a varnish of anphotose nﬁ?ﬁfg“)
resin..composition.was nhmlnpd hﬁnﬁﬁﬁb}'n ng JGperty Stofdge
Example, 1 I 200 T S . .-.,:J Ij 4ﬂl F+.-..;j+=l£.-. haat 24
E§§§E§lity2 Iﬁeeh—&@g%al—pfqpcuuﬂc?, ana ulcopcu.t M| Piﬁ’é“c et tReneat—;
EEklg wele tnelzevalua|[ed as described abgve. IFERS]| 3.9 25
Example 4 200 0.1 20 138 3.3 20
Example & 260 0.2 0 137 3.3 16
Example § 35C 0.3 50 135 3.2 28
Example 7 510 0.1 10 140 2.4 19
Example B8 180 0 G 148 2.4 i3
Example ¢ 180 0 G 14C 3.4 25
Example 10 180 0 0 142 2.4 23
Example 11 300 0.1 30 140 3.5 25
Example 12 230 0 10 143 3.7 21
Example 13 180 0 : 0 145 4,0 10
Example 14 230 0.1 ! 0 130 3.5 * 1l
Example 15 230 G 10 140 3.5 20
Example 16 200 0 10 145 3.4 24
Example 17 220 ] 0 144 3.5 17
Example 1 250 0.1 G 150 4.0 10
Compar;tlve 360 0.1 10 Tooc brittle to measure
Example 1
Compa?:fmlve 350 0.5 20 Too britile to measure
Example 2
Cempar:iatlve 280 G.¢é 30 Too brittle to measure
Example 3
comparative 300 1.0 30 Too brittle to measure
Example 4
Compar«iizlve 200 5.2 20 Too brittle to measure
Example 3
Comparative 220 0.1 20 Too hritile to measure
Example 6§
CEmparét;ve 340 0.7 200 Too prittle to measurs
Example 7
comparative 300 0.9 180 Too brittle to measure
Example 8
3 L
Comparative 208 6.5 210 144§ 3.3 10
Example §
[0179]

Example 189
Weighed were €6 g of novolac resin A, 4 g of polymer A,
2 g of guincne diazide compound {g), 2.5 g of NIKALAC MK~
270, and 0.3 g of vinyltrimethoxysilane. They were

dissolved in 30 g of GBL so that a varnish of a
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Example 23 Weighed were 4 g of novolac resin A, 6 g of polymer N, 2g
of quinone diazide compound (i), 2.5 g of NIKALAC MX- 270, and 0.3 g of
vinyltrimethoxysilane. They were dissolved in 30 g of GBL so that a
varnish of a photosensitive resin composition was obtained. The
patterning property, storage stability, mechanical properties, and the
pattern profile after the heat curing were then evaluated as described
above. [0184] Example 24 Weighed were 7 g of novolac resin A, 3 g of
PhLOBRMEN & 28 gt Htin S Eiaside WmpGtnd @) 1 6:§0f NIKELAC MX_
210, and 0.3 9 of vinyltrimethox silane.ﬂ'g .were 96 dissolved.in 30 g of
02 G0 Hata VAT of & SHOASGer e rosin ComBoSiB s

obtained. The, patterning property, storage stability, mechanical :
prcﬁpoeﬁei_”rﬁeess : ’anadgcﬁetélaette%rﬁ %%rgﬁlelya%? the ﬁerf?tfc'ugrﬁlg&/lv“ertﬁ-:-11 Tiven CUring

wefolipted a5 deagihed anove, JA83lFxamnle 250 varish wasoiained,
using the process of Example 19, except that 2 g of qumone diazide
va¢ampound (h) was used in place of 2 g of quinone diazide compound (g)
The patterning property, storage stability, mechanical properties, and the
[opattern profile after the heat curing

Example 20
Weighed were & g of novolac resin A, 4 g of polymer A,
2 g of guinone diazide compound (k), 2.5 g of NIKALAC MX-
270, and 0.3 g of wvinyltrimethoxysilane. They were
dissolved in 30 g of GBL so that a varnish of a
photosensitive resin composition was cobtained. The
patterning property, storage stability, mechanical
properties, and the pattern profile after the heat curing
were then evaluated as described . above.
[clei]
Example Z1
Weighed were © g of novolac resin A, 4 g of polymer N,
2 g of guinone diazide compound (i), 2.5 g of NIKALAC MX-
27C, and 0.3 g of vinyltrimethoxysilane. They were
dissolved in 30 g of GBL =sc that a varnish of a
photosensitive resin composition was obtained. The
patterning property, storage stability, mechanical
properties, and the pattern profile after the heat curing

werse then evaluated as described above.



were evaluated as described above. [0186] Example 26 A varnish was
obtained using the process of Example 19, except that 2 g of quinone
diazide compound (i) was used in place of 2 g of quinone diazide
compound (g) The patterning property, storage stability, mechanical
properties, and the pattern profile after the heat curing were evaluated as
described above. [01871 Example 27 A varnish was obtained using the
rocess of Example 19, except that 2 g of quinone diazide compound (j)
{Cﬁﬁg 197 used in place of 2 g of quinone diazide compound (g) The
patterning property, storage stability, mechanical properties, and the
patterﬁﬁgﬁéeaftg the heat curing were evaluated as described above.

[018%:}% Exam@ple §§@A garni%i%wggvobi%igeg: ggiﬁ the pyocess fD% amgLe ~
19, excecplflt%at‘ﬁ g of quiﬁone d|a2|é)elcompouﬁ" (K)'was Used if p dce of '

2 Z0 ot ayinane diagide ompoLnegl The Patieraing Broperyysiprage
. . n = - > 2Ly

stabi |ty?mec anical properties, the patternprofilé after the heat

a &”@93W§“%?V@Eﬁ§§¥%iH@%ﬂﬁ%?%@ﬁ%%%io1%%ey were dissolved in

30 g of GBL so thaf a varnish of a photcsensitive resin
composition was obtained. The patterning property, storage
stability, mechanical properties, and the pattern profile
after the heat curing were then evaluated as described
above.
(018373
Exanple 23
Weighed were 4 ¢ of novolac resin A, 6 g of polymer N,
2 g of quinone.diazide compound (1), 2.5 g of NIKALAC MX-
270, and 0.3 g of vinyltrimethoxysilane. They were
dissolved in 30 g of GBL so that a varnish of a
photosensitive resin composition was obtained. The
patterning property, storage stability, mechanical
properties, and the pattern profile after the heat curing
were then evaluated as described above.
(0184]
Example 24
Weighed were 7 g of novolac resin A, 3 g of polymer N,
2.2 g of guinone diazide compound (i1}, 1.0 g of NIKALAC Mx-

270, and 0.3 g of vinvltrimethoxysilane. They wers
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Comparative Example 10 Weighed were 6 g of novolac resin B, 4 g of
polymer 2 g of auinone diazide compound (h), 2.5 g of NIKALAC MX=
270, and 0.3 g of vinyltrimethoxysilane. They were dissolved in a mixture
of 25 g of GEL and 5 g of EL so that a varnish of a photosensitive resin
composition was obtained. The patterning property, storage stability,
mechanical properties, and the pattern profile after the heat curing were
then evaluated as described above. [0190] Comparative Example il
diypeighed were B gof ndvelb resint@ a4 gaof palymietK 00822 g of quinone
diazide compound (i), 2.5 g of NIKALAC MX- 270, and 0.3 g of
PhCpREMAAMITGPropylnetReEHENE I Phey averellissoivet in 30g of GBL
so that a varnish of a photosensitive resin composition was obtained. The
Pabaftéring propdieE storage Stadifty Sthdkharical pR5isdraes, Snd the
pattern profile after the heat curing were then evaluated as described .
PT3Bve. [f01r913 Eomparative ExXpié 12 WeighktSherd s o' Gtiovotdc: "9
resin A, 4 g of polymer L, 2 g of quinone diazide compound (j), 2.5 g of
“SRIKACAE MIC 270, And b3 05T ViryRitemsxafiane. They were
gogii?% lved in 30 g of NMP so that a varnish of a photosensitive resin
composition was obtained. The

Example 25

A varnish was obtained using the process of Example
19, except that 2 g of guinone diazide compound (h} was
used in place of 2 g of guincne diazide compound (g). The
patterning property, storage stability, mechanical
properties, and the pattern profile after the heat curing
were evaluated as described above.
[0186]

Example 26

A varnish was obtained using the process of Example
19, except that Z g of guinone diazide compound (i) was
used in place of Z g of guinone diazide compound {(g). The
patterning propsrty, storage stablility, mechanical
- properties, and the pattern profile after the heat curing
were evaluated as described above.
[0187]

Example 27

A wvarnish was obtained using the process cf Example

19, except that 2 g of guinone diazide compound (3} was
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patterning property, storage stability, mechanical properties, and the
pattern profile after the heat curing were then evaluated as described
above. [01921 Comparative Example 13 Weighed were 6 g of novolac
resin C, 4 g of polymer M, 1.5 g of quinone diazide compound (1), 1.5 g
of NIKALAC MX- 290, and 0.3 g of
m-acetyl_aminophenyltrimethoxysilane. They were dissolved in 30 g of
GBL so that a varnish of a photosensitive resin composition was

useitaifeds Thee pafternifly Proféity Stitade 3tabfify TRBERARICal '$9 - The
properties, and the pattern profile after the heat curin ere the

2B R SR et ae® 1051 B ifve ELAHTE 14 weighed
were 7 g of novolac resin A of quin diazide compound (g), 2.5

pr&%k&%‘f&\s@ nﬁ%%&%%‘?f gr(ﬁ |ﬁy%%%gth%z>%(ygiran%£ﬁ“h%§av?er((:eurIgng

dissolved in 30 9 of GEL _sQ that a varnish of a photosensitive resin
were evalualé aB £3 ﬁ%]eu SDOVE . -
composition was obtained. The patterning property, storage stability,

rdne anical properties, and the pattern profile after the heat curing were

" ‘évaluated as described above using the resulting varnish. [01941
Comparative Example 15 Weighed were 6 g of novolac resin B, 2 g of
quinone

A varnish was obtained using the process of Example
19, except that 2 g of guinone diazide compound (k) was
used in place of 2 g of quinone diazide compound (g}. The
patterning property, storage stability, mechanical
properties, and the pattern profile after the heat curing
were evaluated as described above.
[0189]

Comparative Example 10

Weighed were 6 g of novolac resin B, 4 g of polymer J,
2 g of guinone diazide compound (h), 2.5 g of NIKALAC M-
270, and 0.3 g of vinyltrimethoxysilans. They were
dissolved in a mixture of 2% g of GBL and 5 g of EL so that
a varnish of a photosensitive resin composition was
obtained. The patterning property, storage stabllity,
mechanical properties, and the pattern profile after the
heat curing‘were then evaluated as described above.
{0190]

Comparative Example 11

Weighed were 6 g of novolac resin C, 4 g of polymer K,
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diazide compound (h), 2.5 g of NIKALAC MX-270, and 0.3 g of
vinyltrimethoxysilane. They were dissolved in a mixture of 25 g of GBL
and 5 g of EL so that a varnish of a photosensitive resin composition was
obtained. The patterning property, storage stability, mechanical
properties, and the pattern profile after the heat curing were then
evaluated as described above. [0195] Comparative Example 16 Weighed
were 10 g of polymer K, 2 g of quinone 100 diazide compound (i), 2.5 g of
2 NIKALACLNXG:270,iand 038 gohiN-phenylaminapropylmethoxysiane. Mx -~
They were dissolved in 30 g of GBL so that a varnish of a photosensitive
27 fesinrcbripgsitior WaswiitainetlzThe pattepiig propertys Slorage  They
stability, mechanical properties, and the pattern profile after the heat
WeEGring feve Tieh évaldbted a5 deséribed above.d0T96C6mpatative
Example 17 Weighed were 10 g of polymer L, 2 g of quinone diazide
PhESMPBUAY () Ve 55 G Bf NIKARERC MX 270, BRE (P pdfed. The
| vinyltrimethoxysilane. They were dissolved in 30 g of NMP so that a
Payarnish-6fa photsseniitive resin ToniPdstionwils SRt Fhe
patterning property, storage stability, mechanical properties, and the
prﬁgt%rhlﬁ?%file%ﬁie Fthe ﬁglatttc‘?ﬁﬁﬁg{wé)r%%g n %@ﬁﬁﬁtg&‘ S Yeltribed Lng

we%%p%%en evaluated as described above.
(01911

Comparative Example 12

Weighed were € g of novolac resin A, 4 g of polymer L,
2 g of guinone diazide compound (3}, 2.5 g of NIKALAC MX-
270, and 0.3 g of vinyltrimethoxysilane. They were
dissclved in 30 g of NMP so that a varnish of a
photosensitive resin composition was obtained. The
patterning property, storage stability, mechanical
properties, and the pattern profile after the heat curing
were then evaluated as described above.
(01927

Comparative Example 13

Weighed were & g of novolac resin C, 4 g of polymer M,
1.5 g of guinone diazide compound (i), 1.5 g of NIKALAC M-
290, ana 0.3 ¢ of m-acetylaminophenvyltrimethoxysilane.
They were dissolved in 30 g of GBL so that a varnish of a
photosensitive resin composition was obtained. The

patterning property, storage stability, mechanical
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[0197) Comparative Example 18 Weighed were 6 g of novolac resin C, 4 g
of polymer K, 2 g of quinone diazide compound (e), 2.5 g of NIKALAC
MX- 270, and 0.3 g of N-phenylaminopropylmethoxysilane.. They were
dissolved in 30 g of GBL so that a varnish of a photosensitive resin
composition was obtained. The patterning property, storage stability,
mechanical properties, and the pattern profile after the heat curing 101
were then evaluated as described above. [0198] Comparative Example
prigWEighed wenel 6tdof nevdlac resin Cf AL§ of PoMETIR, Rafpof GUIRGAE
diazide compound (i), 2.5 g of NIKALAC MX- 270, and 0.3 g of
weNEpheRgRanfiiepiopyifethioxysiffie: They averesdissolved in 30 g of GBL
so that a varnish of a photosensitive resin composition was obtained. The
[O&a?t%}ning property, storage stability, mechanical properties, and the
pattern profile after the heat curi:f%ql were then evaluated as described

above [0TRT EoniarafideEXanple 20 Weighed were 6 g of novolac
resin A, 22.3 g of the palymer G solution, 2 g of quinone.diazid »
S GS 5 6 NIAAC W10 a3 g ot 2 0 BF quinone

compouehdg' , g of

d%%%%%”f%%%’%’éﬂ%ﬁe'(g hey were dissolyedin, 30-0,0f NMg sofhatd 3 4 of
vinyltrimethoxysilane. They were dissclved in 30 g of GBL
so that a varnish of a photesensitive resin composition was
obtained. The patterning property, storage stability,
mechanical properties, and the pattern preofile after the
neat curing were evaluated as described above using the
resulting varnish.
[0154]

Comparative Example 15

Weighed were © g of novelac resin B, 2 g of guinone
diazide compound (h), 2.5 g of NIKALAC MX~27C, and 0.3 g of
vinyltrimethoxysilane. They were dissclved in a mixture of
25 g of GBL and 5 g of EL so that a varnish of a
photosensitive resin composition was obtained. The
patterning property, storage stability, mechanical
properties, and the pattern profile after the heat curing
were then evaluated as described above.
[0195]

Comparative Example 16

Weighed were 10 ¢ of polymer K, Z g of guinone
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photosensitive resin composition was obtained. The patterning property,
storage stability, mechanical properties, and the pattern profile after the
heat curing were then evaluated as described above. [0200] Comparative
Example 21 Weighed were 6 g of novolac resin A, 20 g of the polymer H
solution, 2 g of quinone diazide compound (f), 102 and 2.0 g of
2,2-bis(4-hydroxy-3,5- dihydroxymethylphenyl)propane. They were
dissolved in 30 g of NMP so that a varnish of a photosensitive resin

dieompesitienasmebtained. The patterningmropertygstorage stability,z ¢ of
mechanical properties, and the pattern profile after, the heat curing were

N -thearevaduated asdestrbet cabave. £0201]) Comparative Examplev22 in
Weighed were 6.5 g of novolac resin A, 8.7 g of the polymer I solution, 2

30g of quineRe diazitde compound(j)s 2.5 of NHKALACMX:276,sanct:@.3rg
of vinyltrimethoxysilane. They were dissolved in 30 g of NMP so that a

coygraishtofa: photosansitivec@sin Eompbpsition wasgbtpinaek The, storage
patterning property, storage stability, mechanical properties, and the

s Ugditiekh Profilaefier tHE heabEGHTY Weté thémevalatdthas gesciiert 1 1e
above. [0202]

after the heéat curing were then evaluated as described

above.
[019%]

Comparative Example 17

Weighed were 10 ¢ of polymer 1L, 2 g of guinone
diazide compound (1), 2.5 g of NIKALAC MX-270, and 0.3 g of
vinyltrimethoxysilane. They were dissolved in 30 ¢ of NMP
so that a varnish of a photosensitive resin composition was
obtained. The patterning property, storage stability,

mechanical properties, and the pattern profile after the

h

heat curing were then evaluated as described above.
[¢187]
Comparative Example 18

Weighed were 6 ¢ of novolac resin €, 4 g of polymer K,
2 g of guincne diazide compound (e), 2.5 g of NIKALAC MX-
270, and 0.3 ¢ of N-phenvlaminopropylmethoxysilane. They
were dissclved in 30 g of GBL so that a varnish of a
photosensitive resin composition was obtained. The
patterning property, storage stabillity, mechanical

properties, and the pattern profile after the heat curing
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The compositions of Examples 19 to 28 and Comparative Examples 10 to
22 are shown in Tables 4 and 5, and the results of the evaluation are
shown in Table 6. [0203] Table 41034 OIl Sarl~ C)NC)CNOQC)I
csuche)ycgccececececemmmmrtmmmro'm tH ,-HHH-H
HHHC-H-HH-H-H-H H-H.H-H CV)VIVIU)UINUIU)fnU)aH
XHXHXHHXxHU)nhuroHn)HC)umHenumHmM4tOHUNC)E
OEoEoEooEoEOEOo0Eo NHHHHSaSaHHHH -H,HH H
WerH FREH BFEH@ 6 GE T M BIE, PO mm~b CO000O0

0OOO0OO0O YItiCo0000~0000
(01983

Comparative Example 19
Weighed were ¢ g of novolac resin C, ¥ g o polymer K,

2 g of qguinone diazide compound (i), 2.5 g of NIKALAC MX-
270, and 0.3 g of N-phenylaminopropylmethoxysilane. They
were disscolved in 30 g of GBL so that a varnish of a
photosensitive resin compesition was obtained. The
patterning property, storage stability, mechanical
properties, and the pattern profile after the heat curing
were then evaluated as described above.
[0199]

Comparative Example 20

Weighed were € ¢ of novolac resin A, 22.3 g of the
polymer G sclution, 2 g of guinone diazide compound (J),
2.5 g of NIKALAC M¥X-27C, and 0.3 g of vinyltrimethoxysilane.
They were dissclved in 30 g of NMP sc that a varnish of a
photosensitive resin composition was obtained. The
patterning property, storage stability, mechanical
properties, and the pattern profile after the heat curing
were then evaluated as described above.
[0200]

Comparative Example 21

Weighed were 6 g of novolac resin &, 20 g of the

polymer H solution, 2 g of guincne diazide compound (£},
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~~NNNNNN~NNN .C-HbNII+~r0C~,0~x0Ox0,XCDmMC)?
~xof rn. x rnl i~o0 a~In'~v)0o™ 0") oo UlIn Uln c~I"I~" XVE~CFCaC~Cc
CiCCOraNNaNNHaNNaNaNHaHHHCHxxHaCOH.H
HOHHHHHH HH~C)2ZC~22~22'2Z rTNN~to~b)O)O)~
tT~tStS O'HONNNNNNNINiIN CtoaNC'd(r.NO"tSU~x .H
HVH-Hnix CCnltotT~~~P.~~sO) mmv~-mmtomac+~rn
cG(a,rCzUz2:CCCINC[P~to~b)b)b)o)~tr~~Cn omio)o
andC2=a~g -4a@ - ) 2 ALk MEHG&e GG CECCIimoHNmMcUNnOrm
HNNNNNNNNNfCINN~NNNNNOILIOitxxIrxmKxxxr
dimwdnwxwwa wywehenyl)propanae. They were dissolved in 30 g
of NMP so that a varnish of a photosensitive resin
composition was obtained. The patterning property, storage
stability, mechanical properties, and the pattern profile
after the heat curing were then evaluated as described
above.
[0201]
Comparative Example 22
Weighed were €.5 g of novclac resin A, 8.7 g of the
pelymer I solution, 2 g of guincone diazide compound (3),
2.5 g of NIKALAC MX-270, and 0.2 g of vinyltrimethoxysilane.
They were dissclved in 30 g of NMP so that a varnish of a
photosensitive resin compesition was obtained. The
patterning property, storage stability, mechanical
properties, and the pattern profile after the heat curing
were then evaluated as described above.
[0202]
The compositions of Examples 19 to 28 and Comparative
Examples 10 To 22 are shown in Tables 4 and 5, and the
results of the evaluation arse shown in Table 6.

[0203]

Table 4
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lo w w Patterning Storage Evaluation of Mechanical properties property
stability pattern pro=file Eopl T1 Eop2 - Maximum Elastic Elongation
characteristics -T2 Eop' stress modulus after heat (mu/cm’) (pm)
(m,7/cmr) (MPa) (GP a) () curing Example 9- 180 0 10 144 3.8 22
Example 400 0.2 0 140 4.0 19 A 20 Example 20000 142 3.925A 21
Example 22112000 109.40 3.3L23 Example 400 0.1 0132 3. 5 128 A

Wfﬁmﬂ%@@gglfﬁ FSIGA2 I:)(clIIIéJIU 2000 |—Du 14013820 A siion of
Example 1 22660 142:3:823:A Exampler 25000 14437 21 Avatcern prozile
Example 400 0,0,140[38 25 APsCompirative'200°0'0°138,3,8:5.4 | “heracrerieries
Example 10 ma/en?) | 2 | BOPi, | stress fmocuius [T, T rine

xample J/em (wm) | (md/en’) {MPa) (GEa) ‘ curing
Exi??*e 180 0 10 144 3.8 22 B
Exi§$le 400 0.2 0 140 4.0 19 B
Exiﬁfie 260 0 0 142 3.5 25 A
Exii?Le 200 0 10 140 3.3 23 A
Exazn;ple 400 0.1 0 o132 3.5 28 A
Exii?Le 180 0 0 145 3.8 18 A
£x§§$le 200 0 0 140 3.8 20 ‘ A
EXiﬁ?ie 220 G.1 0 142 3.8 23 A
Exiﬁfle 250 0 0 144 3.7 21 A
Example 400 0 0 140 3.8 25 A
28
Comparative 4 o
j 138 .5 5 A
Example 10 200 ¢ v -
Comparative | 200 0 0 135 3.6 4 A
Example 1l
Compa%at%ve 240 0 20 Too brittle to measurs B
Example 12
Comparative 200 0 10 130 [ 2.9 5 A
Example 13
compagatlve 160 0 0 Too brittle to measure <
Example 14
Cﬂmpaéatlve 160 0 0 Toc brittle to measure <
Example 15
Compa;at%ve 500 0.5 50 139 3.2 ! 29 F:S
Example 1€
Comparative 500 0.5 50 133 3.5 3G A
Example 17 .
Comparative R 125 3.0 2 o
Example 18 300 °.2 10 = i -
Comparative 240 0.2 G Too brittle to measure -C
Example 19
Comparative 300 0 0 138 3.5 2 c
Example 20
Compa{ﬂtlve 140 o o) Too brittle to measure C
Example 21
Comparative 320 0 0 129 3.1 6 | c
Example 22

INDUSTRIAL APPLICARILITY

[0206]

According to the invention, there is provided a
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Com arat_Lve~p 200 00 135 3.6 4 A Example ti Comparative pm e 12
240 0 20 Too brittle to measure A Exai. C rat Eox po lei 300 0 10 130
2.95 A Comparative 160 0 0 Too brittle to measure Example 14
Comparative 1 160 0 0 Too brittle to measure C Example 15
Comparat_ive 600 0.550 130 3.2! 29 A | Example 16 Comparative 600
0.560 133 3.530A"' Example 17 Comparative 300 0.2 10 1253.03 C
Example 18 Comparative Example 19 240 0.2 0 Too brittle to measure C
poCompasativer8008-0 ¢8818:5 2IFE Exaimple20:@omparative 8403 0good
Too brittle to measure C Example 21
mechanical properties and high storage stability. Heat-

resistant resin films produced using the positive-type
photosensitive resin composition of the invention are
suitable for use in applications such as passivation films
for semiconducter devices, protective films for
semiconductor devices, interlaver dielectric films for
multilayer interconnections for high density packaging, and

insulating layers for organic electro-luminescent devises.
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Comparative o Example 22 320 0 0 29.1Example 22 320 0 6C
INDUSTRIAL APPLICABILITY [02061 According to the invention, there is
provided a 106 positive-type photosensitive resin composition having
good mechanical properties and high storage stability. Heat- resistant
resin films produced using the positive-type photosensitive resin
composition of the invention are suitable for use in applications such as
passivation films for semiconductor devices, protective films for
“semiconductor devices, interlayerdiéteéttic films for multilayer
interconnections for high density packaging, and insulating layers for
organic: eldetiRBiindScent dRvRRS FIG P B AIMES . 7 positige e - -+ 1
photosensitive resin composition, comprising: (a) a novolac resin; (b) a
©3Féiyret E8mprising, as a main component, a structure represented by
formul? (1) below and/or a_structure represented by formula (2) below:
‘Formuf 1F(OM)p (0O ¢ (OH)4 R'-NH CO-R'-CO-NH-R2-NH

CCLRT%§L§FE§§§%EI comprising, as a main component, a
structure represented by formula (1) below and/or a
structure represented by formula (2) below:

fFormula 1]

(?H)p (?H)q (?H}p
RO—NH CO—F§1*CO"NH—R2“NH CO-R*™—CO-NH-R® (1)

: n
y (COOR%),, (COORY,  (COOR%,

(?H)Q {?H)p {?H)q
RB“"“C-O-’NH”Rf*NH CO*‘F]{‘“CE}"NHW%TIQ—NH CO-R® {2}

1]
(COOR%Y,  (COORJY),, (COOR%,

{wherein formulae {1} and (2}, R* and R* may be the same or
different and each represent an organic group having at
least two carbon atoms and a valence of 2 to 8, R® and R
may be the same or different and each represent hydrogen or
a monovalent organic group of 1 to 20 carbon atoms, ~-NH-R®
in formula (1) and -C0-R® in formula (2) each represent a
polymer end group, k® and R® each represent a monovalent
crganic group having 2 to 30 carbon atoms which includes an

unsaturated hydrocarbon group, n is in the range of 10 to
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(COOR3)m (COOR4)1 (COOR3)m (OH)q (OH)q (OH)q

R6-CO-NH-R2-NH CO-R'-CO-NH-R2-NH CO-R6 (2) (COOR4)1

(COOR3)m (COORA4)r in (wherein formulae (1) and (2), R' and R2 may be

the same or different and each represent an organic group having at

least two carbon atoms and a valence of 2 to 8, R3 and Rs may be the

same or different and each represent hydrogen or a monovalent organic

group of 1 to 20 carbon atoms, -NH-R' in formula (1) and -CO-R6 in
10forpiifla (2) each representiepohimerend gioups ®5rand RG éachz, and p

represent a monovalent organic group having 2 to 30 carbon atoms which
anthJudesan 1RsaRaiEd RYdrotafstirgrotp Un i indhetanye $td ottbarose
100,000, 1 and m each represent an integer of 0 to 2, and p and q each
?eﬁregént an integer of 0 to 4, provided that p g > 0; (c) a quinone diazide
compound; (d) an alkoxymethyl group-containing compound; and (e) a
solvent 2. The pdsite- %Zp%;ijo%o RIEY8sin composition of claim 1,

wherein the qui ane diazide qomggund)ég comprises a compound

represented by formula. (3]~ [Formut 2§ 00 06 {R7, §oreounds and

(e) a solvent.

+

2. The positive-type photcsensitive resin
composition of claim 1, wherein the quinone diazide
compound (c) comprises a compound represented by formula
(3):

[Formula 2]

Qo

QO

vl L ' :
toc R'Y may be the same or different

{(wherein formuia (3}, R
and each represent hydrogen or a monovalent organic group

of 1 to 10 carbon atoms, R represents a divalent organic

group, ©Q represents a >-naphthoguinone diazide sulfonyl
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(R8) b RIl(R1)a QO 0Q (wherein formula (3), R7 to R10 may be the
same or different and each represent hydrogen or a monovalent organic
group of 1 to 10 carbon atoms, R11 represents a divalent organic group,
Q represents a-naphthoquinone diazide sulfonyl 109 group, a
4-naphthoquinone diazide sulfonyl group or hydrogen, provided that not
all Q moieties are hydrogen, and a, b, ¢, and d each represent an integer
of 0 to 4). 3. The positive-type photosensitive resin composition of claim

22 ¥herdin (heaHoiar akio bPite haphthioquitoheHidzide sulfBngigroup

_ represented by Q to the hydrogen represented by Q in the corr;pound

P ghreiehted B TOR AL (haBHthqUInond e idS Sutery Yo 05en,

roup/hydrogen) is.fram 3/5 to 3. 4. The positivestype photosensitive resin

ar%c;%rr?‘piosl)igﬂon‘:g(bf aglﬁlyaor?e %?8%%%%%%8?, W eaf'Ie}in""l%é %c%%ﬁris%zs 0 &)Olgg '
parts by weight of the polymer (b) comprising, as a main component, the
structure represented by formula (1) and/or the structure represented by
formulg. (21gscd on 100 atschy WeIgh: e aovolag resia @), and i
comprises 1 to 50 parts by weight of the quinone diazide compound (c)

&9 10-50 pads by weightof thee alkoxymethyhgioup-centaining the
compound (d) based on 100 parts by weight of the total amount of the

nHENORESESone diazide sulfonyl group represented by Q to
the hydrogen represented by Q in the compound represented
by formula (3) {naphthcoguinone diazide sulfonyl

group/hydrogen) is from 3/5 to 3.

4.

+3

he positive-type photosensitive resin
composition of any one of claims 1 te 3, wherein it
comprises 30 to 100 parts by weight of the polymer (b}
comprising, as a main component, the structure represented
by formula (1) and/or the structure represented by formula
(2) based on 100 parts by weight the noveolac resin (a), and
it comprises 1 to 50 parts by weight of the quinone diazide
compound (c¢) and - to 50 parts by weilght of the
alkoxymethvl group-containing compound (d) based on 100
parts by weight of the total amount of the novolac resin
(a) and the polymer (b} comprising, as a main component,
the structure represented by formula (1) and/or the

structure represented by formuls (2).
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(a) and the polymer (b) comprising, as a main component, the structure
represented by formula (1) and/or the structure represented by formula
(2). 110 5. The positive-type photosensitive resin composition of any one
of claims | to 4, wherein the alkoxymethyl group-containing compound (d)
comprises: a compound having a group represented by formula (4):
[Formula 3] 120~-CH2- N-cH2.-OR13 (4) O (wherein formulae (4), R12
and R13 each represent an alkyl group of 1 to 20 carbon atoms) ; and/or
a confpourith eepgresenteddyformutar(5)c feormita 43 ORIG () 111 R17
R191!02R:-C--C-R20-S-C-R2 R18 R21 H C_H C(R23) C(R25)3

CHRZETICICC(R28)8YCR24)BIC(R26)BR33 (R2PICVRACER31)3nR35 ~C
JCS

alkoxymethyl group-containing compound (d) comprises:

a compound having a group represented by formula (4):

[Formula 3]

RE205. CH:«E"NY' N‘“CHQ ~OR13 (4)
\j./
(wherein formulae (4), R™ and RY each represent an alkyl
group of 1 to 20 carbon atoms); and/ox
a compound represented by formula (3):

[Formula 4}

)
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R34 C(R30)3 (R32)3C R36 R37 (wherein formula (5), R" and Rio each
represent CH20R38 (wherein R 38 represents an alkyl group of 1 to 6
carbon atoms), R16 represents a hydrogen atom, a methyl group or an
ethyl group, R17 to R37 may be the same or different and each represent
a hydrogen atom, a monovalent organic group of 1 to 20 carbon atoms,
C1, Br, I, or F, and j represents an integer of i to 4). 6. The positive-type
photosensitive re5|p7 composmol@ of any one of claims 1 to 5, wherein the
112 novolac resi éa) comprises a cresol nqvolac resin having a E}olar

pgatio of m-cresol residues to p; L&SﬁbﬁeSId _(m/p) east 1. 11C§2
sz
olgseras
|
C(R?) C(R™)
L L REyC—C—CIR®)
gz(RE‘*)a cim?% | i
RS SN | SR
R3S ~ C\ ?\
N\ / CR¥); (RZ)0
R34

. RS

X

. R3
(wherein formula (5}, R** and RY® each represent CHQOR38
(wherein R®® represents an alkyl group of 1 to 6 carbon
atoms), R'® represents a hvdrogen atom, & methyl group or
an ethyl group, RY to R’ may be the same or different and
each represent a hydrogen atom, a monovalent organlc group
of 1 to 20 carbon atoms, CL, Br, I, or F, and j represents
an integer of 1 to 4).

6. The positive-type photosensitive resin

composition of any one of claims 1 to 5, wherein the



novolac resin (a) comprises a cresol novolac resin having a
molar ratic of m-cresol residues to p-cresol residues (m/p)

of at least 1.8.
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