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, insulating layers for organic electro-luminescent devices,
and so on, and the portion of v&@ggﬁp,?fi ,to ultraviolet light becomes
soluble in alkaline developing solutions, BACKGROUND ART [0002]
Heat-resistant resins such as polyimide and polybenzoxazole have a high
level of heat resistance and electrical insulating properties and therefore
are usetlfor sUrface protertive dilrps $arsemicandugtarcdevieas sueh as
LSI (Large Scale Integration) and interlayer dielectric films. In recent
years, as semiconductor devices become finer, surface protective films,
JInterlayer dielectric films and so on, have been required to be formed at a
TFEEB1UtIG of fevirth. In such applications, therefore, positive-type
{ tagtp;s,ensitive polyimide or polybenzoxazole which can be subjected to
Ine processes is used. [0003] On the other hand, there is proposed a
positivefype photasensitive, tesin composition.comprising novolac resin,
which is widely used for photoresists, and a polyimide Hre%ursor ora
rpolybenzoxazale precursor-and a:quinone diazide compaynd (see far,
example Patent Document 1). However, thermally cured films produced
iwithrsuctra redincompositionate very:brtieanshinsuffisientinye resin
mechanical properties, particularly in elongation or strength, as compared
CHMATRoSe BT conventicnal i polyinideforpelybérzexazote.sthereareialse
proposed positive-type photosensitive resin compositions comprising a
“HovERIE TSI AN A poR7amiBe prébiisor oY arpsljbérzsxarzold pracursor,
iggg@3guirnoonfadvig;jge;cg[nQounqj,lqndma golyfunctional methylol =~
“compound’(see*for example PATent DECTMents 2 t5'4) SH6fave F Eliche s /
2 F8sin compositions have poor mechanigcal properties or storage stability
3“!;I}Q{nﬁd tﬁe Jg|c?rJ[(J’)bIem of si% n%icaﬁ%%ia%?&%ﬁ Cé%é‘ns‘iﬁv%%ﬁ for“tfiegg “ré%s%ﬁg'ﬁf“
1 has-beendificulidoiuse these resin.compositions i place.of .. 5 ...
photosensitive polyimide or polybenzoxazole in such applications as
surface protective films for semiconductor devices and interlayer dielectric
films. Patent Document I: Japanese Patent Application Laid-Open (JP-A)
ERio PY5352604 (claim 1) Patent Document 2: JP-A No, 2005-062764
[g%lggrjl 1) Patent Document 3: JP-A No. 2005-250160 (claim 1)
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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 is produced with novolac resin and has good mechanical
properties and high storage stability. Means for Solving the Problems
[0005] The present disclosure is directed to a positive-type photosensitive

resibCempesition eemprising:i(a) anRovalagresis;«(b) apolymers fore
comprising, as a main component, a structure represented by formula (1)
A/ oF astructure rEpresentediby fornula (2)yr{c)ra quinone/diazide:azole
compound; (d) an alkoxymethyl group-containing compound; and (e) a
£olvert. T00033] Actording o dn aspectPihere isrovided d Positive- type
R %t8§ nsitive resin composition, comprising: (a) a novolac resin;

(b) a’polymer comprising, as a main component, a structure represented

by formula (1) below and/ar, a, .stryctyre represented by formula (2) below:
[Formula 1] (OH)p(OH)q " ~7°°% = TIBEE Y BT LA

photosensitive resin compesition comprising novelac rasin,
witich ig widely used for photoresists, and 2z polyimide
precursor or a poiybenzoxazole precurscr, zand a guinone
diazide compound {see for aexample Patent Document 1).
However, thermally cured films produced with such & resin
composition are very brittle and insufficient in mechanical
properties, particularly in elcngation or strength, as
compared with those of conventional polyimide or
polybenzoxazole. Thers are also proposed pesitive-type
photosensitive resin compositions comprising a novolac
regin, and a polyvamide precursor or z polybenzoxazole
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Il (OH) R5-NH CO- R1-- CO-NH H-R5 (1) -R2-NH CO-Ri-CO-N I

films.
Patent Document 1: Japaness Patent Application Lald-Open

{JP-A) No. 2005-352004 (claim 1)
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novolac resin and has good mechanic

storage stability.

Means for Solving ths Problems
ROV

The present disclosure is directed to a positive-type
photosensitive resin composition comprising: (a) a novolac
resin; (b)) a pblymer comprising, as a main component, a
structure fepreseﬁted by formula {1) and/cr a structure
represented'by formula (2); (¢} a guincone diazides compound;

{d) an alkoxymethyl group-containing compound; and (e} a

solvant.
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I, (000R3)mM(000R4(COOR")N, (OH)q (OH)p(OH)q 111 R6- CO-NH-
R2-- NH CO--RI- CO- CO-R6 (2) |

[0005a]
According to an aspect, there is provided a positive-
type photosensitive resin composition, comprising:
(a) a novelac resin;
(b) a polymer comprising, as & main component, &
structure represented by formula (1) below and/or a
_structure represented by formula (Z) beslow:

[Formula 1]

" (?H}p_ (?H)q | (?H)‘p

- RE5—NH {:o-—fi-‘{?mcc:s-NHmRZ—NH J CO-RV—CO-NH-R? (1)
o

!

(COOR®),, - (COOR? (COOR3,,

(?H}q (?H}p (?H)q

i1

Rﬁmco“NH-RlZmNH CD“FF’"CG"NHWF{%E—NH ~-cOo-RE (2)
(COORY, (COOR%), (COORY,

{(wherein formulas (1) and (2}, E* and Rzrmay be the same or
different and each respresent an organic group having at
least two carbon atoms and z valence of 2 to 8, R® and Rf
may be the same or different and each represent hydrogen or
2 monovalesnt organic group of 1 to 20 carbon atoms, -NH-R®
in formula (1) and —-CO-R® in formula (2) eéch.represent a
polymer end group, R° and R° each represent a2 monovalent

organic group having 2 to 30 carbon atoms which includes an

unsaturated hydrocarben group, n is in the range of 10 to

3a



NH --R2.-NH 11l (COOR4)1(000R3)m(COOR4)! (wherein formulae (1)
and (2), R1 and F2 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.3 and R4 may be the same or different and each represent hydrogen or
a monovalent organic group of 1 t0.20 carbon atoms, -NH-R5 in fomula
(1) and -CO-R6 in formula (2) each represent a polymer end group, R6

d each re resentamonovalent or amc C gtoup havm tq 30 catbon
1@56@69\%;1 |nr£fadms an unsaFLPatedehy rocarbon g up,%gls |8n3$1e %hgand P

amﬁlo tg 190, Oo%rle%%dn@% ch;re P spt rintegey %fog%we@aeﬁat o

g ea fth represent an integer o 0'to rovi ed thatp+g>0; (c)a
ngong diazide compound; (d) an alkoxymethyl group-containing
compound; and

(c)y a quinone diazide compound;
(d) an alkoxymethyl group-containing compound; and
(e) a solvent,

wherein the alkoxymethyl group-containing compound (d)

comprises:

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

[Formula 3]

R12C~rp EMN N (4)

{(wherein formulae {4}, R* and R*? each represent an alkyl

group of 1 to 20 carbon atoms); and/ox

a compound represented by_formula {(5):

[Formula 4]

%)
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(e) a solvent, wherein the alkoxymethyl group-containing compound (d)
.comprises: a compound having a group represented by formula (4):
[Formula 3] (wherein formulae (4), R12 and R13 each represent an
alkyl group of 1 to 20 carbon atoms); and/or a compound represented by
formula (5): [Formula 4] R14 (wherein formula (5),and R15 each
represent OH20R38 (wherein R38 represents an alkyl group of 1 to 6
carbon atoms), RlGéepresents a gydrogen atom, a methyl group or an
ethyl group, R17 t§*R37 may beFi e same or different and each repre sent
%hydrogen atom, monovalen rg: 4G groL ‘ i
[, Br, I, or F, and jrepresents ary intéger r of .

R‘E & Rl

ol

CRD)s
L (RT),C—C—C(RP)5

C(R%)3

(wheréin formula (5), R and R each represent CHOR®®
(wherein R’® represents an alkyl group of 1 to 6 carbon
atoms), R'® represents a hydrogen atom, a methyl group or
an ethyl group, R to R’ may be the same or different and
each represent a hydrogen atom, a monovalent organic group
of 1 to 20 carbon atoms, Cl, Br, I, or F, and 3 represents

an integer of 1 to 4).

{00067
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(DH)p(OH)(OH)p LIn1 , (000R3)(OOOR4(600R3)ril (1) pftg ,phOp(OH)0 1
i1l NH-R2-NH1-00-R1--CO-NH-12-NH-L-CO-R6 ?LlI: iin
(O0O0R4)1(000R3)m(COOR4)1 [000711 In formulae’ (1) and (2), P.1
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
R4 may be the same or different and, each represent hydrogen or a
moenavalentiorganic group of | to 20 carbon. atoms, -NH-P5 in formula (1)
and -CO-F6 in formula (2) each represent a polymer end group, P.5 and
R6 each represent a monovalent organic group having 2 to 30 carbon
atoms which incIL{@Iﬁ; an unsatU{@tgsi hydroca}rki,g}nﬁgroup, nis in the range
of 10 to 109,000, L a 8 m each rqpreqs.enq anin qgerpof Oto2,andpandq

eagitrepie mw@nt&g@%gmgzwﬁ@mwwﬁﬁe@@ of thg+)
i It |

Invention [00083 E |
[COORY,,  (COORY,  (COORY),

(©H)g r (OH) {?H}q -;
) i E.- { Ex =
RGWGQ*%H“F@EMNH?CQM%*mﬂ&mﬁﬁwiﬁzwi‘%%ﬁjﬂi}@*w )
| - ! n
(COORY,  (COORY,, (COORY),

n formalae (1) and {2), R' and R® may be the same or

B4

different and each represent an organic group having az
lezet two carbon atoms and a valence of 2 to 8, B and R

may be the same or diffsrent and each represent hydrogen or

- : g g - i wo 'E
monovalent organlc group of 1 to 20 carbon atoms, -NH-R”
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in formula (1) and -CO-B® in formula {Z2) sach represent za
pelyvmer end group, R and R’ each represent a monovalent
organic group having 2 to 30 carbon atoms which includes an

ungaturated nydrocarbon group, n is in the range of 10 to

106G,0C0, I and m each represent an integer of 0 to 2, and p

Effects of the Invention



According to the invention, there is provided a Positive-type
photosensitive resin composition having good mechanical properties and
high storage stability. BRIEF DESCRIPTION OF DRAWING 10009)
Fig. | shows criteria for evaluation of pattern profile Characteristics after
heat curing. BEST MODE FOP CARRYING OUT THE INVENTION [0010]
The positive-type photosensitive resin composition of the invention
¢ontairis (a) a novolac resin and (b) a polymer comprising, as a main
component, the structure represented by formula (1) and/or the structure
represefiteebby formula (2)=[001t}n+ i cFhe ppvelaciresin.(a);may be
obtained by polycondensation of phenols and aldehydes according to
RAown'methiods: The tarmpositiohmhay contairangembination ofiwe-0r; o o
er(r):r}g types ergovolac%r%esins. [QOlg] _‘ Preferred examples of the
‘phenols aove riehide phendlD-cressl, fieresot, pioresdli 5:3-xylienal,
2,5- xylenol, 3,4-xylenol, 3,5-xylenol3-trimethviphenol, and 3/ 4,
5-trimethyiphenol. Paularly preferred is m-cresol, p-cresol, 2,3 ,yienoly 2,
Erxvieriopylencl,ogr %g,@glgl@ag&hylphenol. Two or more of these
phenols may he used in;non. of solubii.itv in alkaline developing solutions,
meeéttasp' ferred, and a combination of m-cresci and p dresol is also
preferred, Specifically,novolar resin

Fig. 1 shows c¢riteria Tor evaluation of pattern

P L s . ,
profile Characteristics after heat curing.

BEST MODE FOR CARRYING CQUT THE INVENTION

n!‘ } Q
jh@, Las tl‘VG‘ \-yD\.:. phO O 8@] 3, V& resln |- e i
i - . = [en o F e - R S Y e Tesl comoosiT e o

the invention contzins fal a novolac rzsin and {bYy =
A i LT [ R ; [

Rolymer comprising, as a main component, ths structure

r

represented by formula (1) and/or tnhe structure represented
by formula {2}
(06111

The novolac resin (a} may be obtained by
polycondensation of phenols and aldehydes according to
known methods. The composition may contaln & combination
of two or more types of novolac resine.

(00123

o



preferably includes a cresol novoiac resin having m-cr es orc -cresol
residues and p-cresol residues. in this ase, the molar ratio of m-cresol
residues to p- cresol residues (esol residues/p.-cresol residues (m/p)) in
the cresol novolac resin is preferablyore, in this and , the resin can
havetable solubility in alkaline developing solutions and achieve good
sensitivity. The molar ratio is more por more: [00131 Preferred
exdraplesaldehydesi above intlude: formalin. paraformaidelyde : phencl,
acetaldehyde, benzaidehyde, hvdroxv'oenzaldehyde, and
étilBroacetaldAbove-formalints particiaarly preferred. Twoer mote iof

these aidehvdes itbe used in combination. The aldehydes preferably used
i ahamolintof6 6-M A1 Brimé e more preferabhi-0. 7-tobt oF Afdrel . 3, 4-
preferably S,mQLO(‘legsrgbmore Jpreferahly .5 tool or I§ss, based on 1 tool of
the phendls.” [0014] *'°"Thé polycondensatien readtion betweer Bherols
and aldghydesds generally performed using an a,@,gqﬂ&@p%x%t- Examples of
such an acid catalyst inciude hydrochloric acid, nitric acid, sulfuric acid. "
KE”E@@QKEEM@ﬂcﬁﬁkélkaline developing soiutions, m-crescl is
preferrec, and a combination of m—orescl and D-Srescl is

als0 prererred. Specifically, the novolac resin (a:

regidues or having m-crescl residues and p-cresol residues.
In this case, the molar ratic of m~cresol residues to D
cresol residues (mcresol residuss/p-cresol residues {m/pi )
i the cresol noveolac resin is preferably 1.8 or more. in
this. range, the resin can have suitable solubility in

alkaliine developing sclutions and achisve good sensitivity.

The molar ratilo is more preferably 4 or more.

formalin, parvaformaldehyde, acetaldehvde, benzaldehyds,
3 3

nydroxybenzaldehyde, and chlorecacstaldenyds. Above all,

Tormalin is particularly preferred. Two or more of these
aldehydes may bes used in combinazion. The zldenydes are

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

eraply 1.0 mol or less, baszed on 1 mol of the phanols.



acetic acid, and p-toluenesulfonio acid. The acid catalyst is generally used
in an amount of 1 x 10-5 to 5 x 10-a mei, based on | mol of the phenols.
The polycondensation reaction is generally performed using water as a
reaction medium. When the reaction system: is heterogeneous from the
initial stage, however, a hydrophilic solvent or a lipophilic solvent may be
used as the reaction medium. Examples of hydrophilic solvents include
aloohols such as methanol, ethanol, propane’, butanol, and propylene
glycol monomethyl ether; and cyclic ethers such as tetrahydrofuran and
diexane!'Examplescofipophilicsolventsineludeketenes such asmethyl
ethyl ketone, methyl isobutyl ketone and 2-heptanoney The reaction
MEditnT RSgeferafly ysedlin arramount of 20 104,000 parts by=weight .
based.on 100 parts by weight of the reactants. [0015J The

BN Eontensation teattion terperattire i gersraty fromy 4 010 200G, white.d,
it,may be appropriately controlled depending on the reactivity of the
1#ﬁ'rap"té?i‘é\ls‘? “&Bé pglfé%t:"’é%!déﬁsgﬁ’dﬁ feafg(fi‘orﬂ“’"m af be"performed by
appropriate; method such athod that ingludes’ introduging Phenols,

aldehyde, an acid catalyst, and so on at a timeard allowing %F?T(-gjmc[%tr%“‘z ¢t*

or aymeshed thatinsludes gradually adding phenals:aldehydes apd:sg on
to the reaction system in the presence of an acid catalyst as the reaction ’
proeeeds. Afterthecpolycendenrsation. regetion-is:campleted, the
temperature of the reaction system is gen ally raised to 130 to 230C in
‘Orilef i Tembvethe Unredctedhateriads tneraridveatatyst sthe reagtaonn
medium, and so on from the system, and the volatile componeare
TEMoVed UHYE? rédicdd pressire SGthaRtHe nbvslag Tesinccarshé zom the
;callected. (001,61 embodiment of trég invention, the novolac resin  pre e
“Plyhas a polvs {rene-equivalént weight average moletifars &

1wetg{hereipatter referred 1o a5 "VMw:).01.1,000 or more, preferafly 2,000 or
more, preferably 20,000 of less, more preferably 10,000 o fiis Farige

mtherples of hydrophilic solvents include alcohaols such as
methanol, ethancl, propanol, butanol, and propyiens glvool
monomethyl ethey; and cyclic ethers such as tetrahydrofuran
and dioxane. Examples of lipophilic sclvents include

ketones such as methyl ethyil ketone, methyl isobutyl ketons

and Z-heptanone. The resaction medium is generally used in

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

The polycondensation reaction may be perfermed by anv

4



positive-type photosensitive resin composition of the invention can have
high soiuh.ility in alkaline developing solutions and can provide good
wocvin the process of applying it to a substrate. [0017] The polymer
(r) comprising, as a main component, structure represented by
formulaand/or the structure represented. by formula (2) can be converted
into a polymer having an imide ring, an oxazole ring or any other cyclic
aptructure by=hesingoor using ars appropriatel catalystt Theystymer (b) is
_preferably a polyimide precursor such as poiyamic acid or polyambc acid
1 8§tBPCorCa Polvbetizozarofe PrECGRBr sBch asPolyHiydioXyamide: The? 0
formation of the cyclic structure dramatically improves the heat resistance
20r the sBISefit fesTstante "The toipositiori may ¢ontain'a coribination of
130 grmore.of these 53%;@?3@‘5{ ysed herein, the term, main, gompogent’,
means that the n structural units of the stricture reptesented by formula.
+(1d and/orthe.n structural ynits of the-structure represented by formula (2}
make up 50% by mole or more of the structural units of the polymer. The n
rstpuctyeal wnits preferablys make up:7 0% byrucle ormere; anarenpreferablyen
90% by mole of more of the structural units of the polymer. [00181
iFormuta 21{OH)DO© Hr(OH )t it R5A 11 00=RE-CON IV-2-RIH 1.5
0-RI-CO-NH-R5 |, Jr (COOR3)m(COOF:4'(000'P,3)m ‘
1 To Z30°C in order to remcve the

generally ralsed toc 130

unreacted materials, the acid catalvst, the reactlon medium,

and so on from the system, and the veolatlile component

w0
2]
y
D

removed under reduced pressure sc thart the novolac rasin

can be collected.

10016}
In an embodiment cof the invention, the novolac resin
{a) preferably has a2 polystyrene-eguivalent weight average

molecular weight (hereinafter referred to
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cr more, preferably 2,000 or more, preferably 20,0058 or

The polymer (b)) comprising, as a main component, the

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



(91-1)0, r(OH)p(OH)q R6-00-NR-R2-NHRi-CO-NIF-R2-NH CO. .R6(2)
(OOOR3)M(COOR4)1 In formulae (1) an (2), the 881 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 an acid. Examples of an acid that may form the Pi
with a valence of 2 include aromatic dicarboxylic acids such as
ﬁ%@ﬁgﬁﬁﬁﬁéaC@yEEW&EHQMfa@¢1g@heﬂweHEﬂggﬁﬂggwa%%dgapolymer
naphtnalenedicarboxylic acid, and bis(carboxyphenyl)propane; and
radiphatic dicarboxviic-acids suchcas:eycl®@hexanedicarboxytic eeid apd i -
adipic acid. Examples of an acid that may form the 18' with a valence of 3
JReludetficarboxviié aeids suchias mimelfitcracidranthttimesic acidst . The
Examples of an acid that may form the Pg with a valence of 4 include
H8trdlarbokylic atids SudT a8 pyrémefitid Jeiefis Precursor such as
hbeinzétl)ppgn(gggtet(r}a}parrg(;)\?{liﬁggaﬁcid_,nbi ‘hegfylrge}raggﬁrnggtlic? acd,
diphényletiiertetracarboxylic acid-and dipnenvisuifondtetracarbBviitacia®
Sliester compounds. praduced by, modifying two gatboxyl grqups thereof,
“with methyl or ethyl groups, a'iiphatié tetracarboxglic acids such as )
Butanetetracarboxyicacid and- gyclopentanetatracarboxylic acid, and;. -
diester compounds produced by modifying two carboxyl groups thereof
awith methyl erethyl groups: Examplesd. ereof alsa include hydroxyl » =
group-containing acids such as hdroxyphthalic acid and hydroxytrimellitic
“4EHd "ORe B more-sfthesetstid components maybe usedaloneorirprein,
any combination. It is preferred that tetracarboxylic acid should make OD
“'to 4984 by Hiofe GFHHE UK Eomoments: iR view Bf Boltibility i afkaline £
developing solutions or photosepsitivity, a hydroxyl group-containing acid
Oéorﬁ%pénégt" é}%ﬁb‘md ﬁfg')e‘fgf”a“brf’)g'] ‘?ﬁialivg‘l/u%é%{félé%%%%% b?‘?ﬂgfge”f rﬁég“r &
sPrferably at least 709 bymoleaf.the acid components.used, (00201,
In view of heat resistance, the Ri preferably has an aromatic ring and is
(more:preferably@n ergania group having &to:3Q carben-ators and:a 5 -
valence of 3 or 4. More specifically, RIICOO(OH)p in formulae (1) and (2)
tpreferalilyrhas a Stracture represented by farmuylay63::{002¢] fformula 3104
[00221

by mcole or mere, more preferably 90

1

by mole of more of the

foiie]

structural units of the polvmer.
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[Formula 2]

RO~NHTCO—R'=CO-NH—RI"NHTCOR'—CO-NH-RS (1)
H i r(i
o

(COORY),, (COORY,  (COORY,

(OH), (OHJq (OH),
[ i



In -formula (6), Pd and Pd each represent an organic group having | to 20
carbon atoms and a valence of RC representc an organic group having 3
to 20 carbon atoms and a valence of 3 to 6,and P43 may be the same or
different and each represent hydrogen, or a monovalent organic group of
a to 20 carbon atoms, 0 and t each represent an integer of 0 to 2, and r
represents anteger provided that [0023] In view of the heat resi
stance of the reggiting polymer,; 39 and RGmsagch referably have an
aromatic ring, a?%@%mdﬁs of g%ﬁi%]lpreferredfﬁﬁgtur s thereof include
terhiHticacigrimesisasid-and paphthalegetricarhoxyliciacid residues. (2
[0024] 4 an organiic group having .) to 20 carbon atoms ang a valence of 3
to 6. In addition, OXVJ groups-ars preferably,atdlocations adjacent
to the amide boétg%g%i}émple, such %uctuﬁ?ﬁj?}%?bonded to the
amino group of a fluorine atocompound such as
rhis{3-avdroxyphenyloropropaor Pi hy
oxy-4-aminophenyl)hexafluorcpropane or tne amino croup of a fluorine
atom-free eompound such asn-42 hydraie(propane his(3thvdrezra or
4ophenyl) propane, 3,3'-diamino-4,41-!dr oxybiph3,3I-dihydroxy

ddiaminebiuhenyi, 2:4-diaminc:phenok: 2, 5-diaminophenok; graving two or
1,4-diamino-2,5-hydroxybenzene.

. o ey ] \ . I [ & g R s
more carbon atoms and & va.ence of Z to B, which may

correspond to a structural component of an acid. Examples
ng - - - Y oy - Lo e, i ¥ 3 -} v A £~ o “ 1 J -
ol an acid that may form the B with a walsnce of 2 include

aromatlic dicarboxylic acids such as terephthalic acid,
isophthalic agid, diphenvietherdicarboxylic acid,
naphthalenedicarboxzylic acid, and

Lils{carboxyphenyl) propansg; and aliphatic dicarbexylic acids
such as cyclohexanedicarboxylic acid and adipic acid.

Examples of an acid that may form the R° with a valence of

o

1}
!J
=
%
[
o
[0
B
f
iy
}__l

. carboxyvliic acids such as trimellitic acid and

trimesic acld. Exampless of an acid that may form the R°

with a valence of 4 incliude tetracarboxvlic aclds such as

pyromellitic acid, benzophencnstetracarboxyvlic acid,
piphenyltetracarboxylic acld, diphenylethertetracarboxyvliic

acid, and diphenyisullonetetracarbozylic acid
compounds produced by medifying Two carboxyl groups thereof
with metnyl or ethyl groups, aliphatic tetracarboxviic

aclds such as butanstetracarboxyliic acad and

10



[00251 In formula (6), Pc and Pc May be the same or different and each
represent hydrogen or a monovalent organic group of | to 20 carbon
atoms, each preferably represent hydrogen or a hydrocarbon group of | to
20 carbon atoms, When the number of the carbon atoms is 20 or less,
suitable solubility in alkaline developing solutions can be provided. The
letters o0 and t each represent an integer of O to 2, preferably 1 or 2,

Vi hat.Q ¢+ 4.1) -2, The letter r represents an. integer of 1 to 4. In
?H%,rg%gg{%?or%d pgggrngiﬁg %?ggéﬁy [ééﬁ be provided: IU%Z'BI CMPOUNGS
Prefenractexamples:of thesteyciures represented Dy formula. (G)-include,
but are not limited to, the following structures:TOOZ?] [Formula 4j 100281
pEormulas €002 D) oroups. Examples thersof a1 ; -

{1t
i
i
O
F
4
;,... -
o
o
i

hydroxyl group-containing acids such as hydroxyphthalic
acid and hydroxvtrime
acid components mayv be ussd alone or in any combination.
It 1s preferred that tetracarboxyviic acid should maks up i

te 40% by mole of the a2cid components. In view of

solublility in alkaline developing solutions or

chotosensitivity, a hydroxyl group-containing acid
component () should preferably make up at least 50% by mole,
more preferably at lsast 70% by mole of the acid components
used.

[0C207

In wview oI heat resistance, the R' preferablv has an
arcmatic ring and is more preferably an organic group
naving © to 30 carbon atoms and a valence of 3 or 4. More

Pt o ] -5 . - .
specirically, RY(COOR),(OH}y in formulas (1) and {2

—RH-CO—NH-R¥U—NH-CO-RAT— (5)
| |
(COOR™), (O (COOR),

[GO2Z]

il



In formulae (1) and (2), the R2 may pa the same or different and each
represent an organic croup having two or more carbon atoms and a
valence of 2 to 8, which may correspond to a structural component of a
d2amthe. Among them, in view of the heat resistance of the resulting
polymer., the Pn preferably has an aromatic ring. A diamine component
or two or more diamine components may be used alone or in combination(
Examples. of the.diamine)inckide fluoriné atomicoptaining:diamines syeh: -
as bis(aminohydroxy-phenvi)hexafluoropropane and
bis(trifluoromethyl) benzidine flobrine atorefree diaminesssuch as 2 to 4,
gggnylenediamine, diaminodiphenvl ether, aminophenoxvbenzene,
iamifiediphényféthane? alarrinediienyistlfofie; to 20 carbon atoms
bis&aminqg@onﬁofxybpenyi)qroé)ang,Eand bis(aminobhenoxyphenyi)sulfone,
Eompounds derived theréfrom and having an aiG grsup of aaicgéen
atorp 2.4 subsfituent on,the argmatic diaminodinydroxypytimiding
diaminodihydroxypyridine, hydroxy-diamino-pyrimidine, diaminophenol,
dihydroxybenziging s diamipobeneqie-acid .diaminoterephthadic.acid,
aliphatic diamines such as cyclohexyldiamine,
methyleaebiscyclohexydaring anddhiexamethylenediamine; aned diamine e ger
compounds each having a structure represented by any one of formulae
07, (8)wand (9k whickizorresponds to P2{COOP(4)1(OH)gformulae (1) and
(ZFQLQ particular, the hydroxyl grouo-containing diamine component Ks)
P rér%afbly makes up at least 60% by mole of the diamine components
used, in,View of solubjlity in alkaline ggvg!o_Plng sqlutionsor
photosensitivity” (0030) [Fofmula 61 ° R44'NH:CO RA&CONH(©HU  -N

. 35 5 - \ .
églymer, the B and R" esach preferably have an arcmatic
ring, and examples ©

Therecf include trimellitic acid, Trimesic acid, and

R™ represents an organic group having 3 to 20 carbon
atoms and a valence of 3 to ¢, In addition, the » hydrozxyl
groups are preferably at locations adjacent to the amide
pond. For example, such & structure may be bendsd to the
amince group of & Iflucrine atom-containing compound such as

luoropropane or bis{3-

hydrozyphnenyliprepane, blis{Z-hydroxy~4-aminophenyl)propane,

3,3 -diamino-4, 4" ~dihydroxypiphenyl, 3,3'-dihydroxy-4,47~



(OH)w RsaCO NH  [00311 in formula 7),and R each represent an
organic group having 2 to 20 carbon atoms and a valence of 3 to 4, P45
represents a divalent organic group of 2 to 30 ca atoms, and u andeach
represent L or 2_in formula (8), and P49 each represent a divalent
organic group of 2 to 70 ca on atoms, R48 represents an organic group
having to 20on atoms and a valence of 3 to 6, and w represents anLeger
of kio 4ot formula, representsma: divalent.organic graup of 2.10.20.carbon,, .
atoms, represents an organic group having 3 to 20 carbon atoms and a
valencezofidito B, and:X:represents-arsinteger flf-

[0e257
] o m4z 43
in fermula (&), RY™ and R™ mav be the sams or
aifferent and each represent hydrogen or & monovalent

organic group of 1 to 20 carbon atoms, each preferably

represent hydrogen or & hydrocarbon group of 1 to 20 carbon

atoms. When the number of the carbon atoms 1s 20 or lsss,
suiltable solubility in alkaline develcoping sclutions can be

provided., The letters o and %t each represent an integer of

0 to 2, preferably 1 or 2, provided that ¢ + ¢ £ 2. The
letter r represents an integer of to 4 In this range,

geod patterning property can be provided.

Preferred examples of the structurs represented by



to 4. [0032] In formula (7), R" and FI46 each represent an organic
group having 2 to 20 carbon. atoms and a valence of 3 to 4. In view of the
heat resistance of the resulting polymer, the R44 or R46 preferably has an
aromatic ring. Examples of -341(0B),- and R46(021),- include
hydroxyphenyi, dihydroxypheny14 hydroxynaphthyl, dihvdroxyhaphthyl,
hydroxvbihenyr, dihydroxybiphenyi, bis(hydroxyphenyl)hexafluoropropane,

his(hydroxyphenyl)pregane, loHe(hydroxyphe peulfone hydroxydiehenvl
ether, and dihydroxgdiohen! ett ‘aliph

hydroxycyclohexvi gt dihydeoxycy / alsh he used. R45
represe ganic groug.of 2° hich
preferab tic I’Ingﬂgﬂlléﬁ\t—@f the hé’at re of the

resH%polymer Examples of such a group include phenyl thiphenyl,
diphenyl ether, diphenylhexafluoroprogane, diphenylgropahe, and
diphenylsulfone. Besid the above an allphaé group such as cyciohexyl
may also be used. {90333~ & and 1349 each represent

a divalent organlc glioup of;. _ atoms, hich preferably has an
aromatic-ify ew af! - ce Sﬁﬂe re ymer.
Examples gf.such a gfdup mclupgthgge listed &bove orﬁ, 5, 34e

représ&rits an“drganic group having 3 to 20 carbon atomfaiagmlence.
of 3 to 6, which preferably has an aromatic ring in view of the heat

resistance of the resuil@@ polymer. Exan Iesigg‘,rP48(OH),, include those
listed above for -P.{01- 1 R46( VY {n formula (9), HSO
represents a divales organi¢ graup of !

,.’l_ n atgms, which
preferably T ’ arorﬁatlc ring |n W of the hat re istahce of the
resul ting pelymeb %ples of suct?a croup m‘”*lude 0 Lsted above for
Fepresents an organic group having 3 to 20 carbon afangs-and a.

valence of 3 to 6, whi referably has an aro%%tlc rlng in view of the heat
resistance of the r j&%er ExahTle -R.51(OH)xinclude those
listed above for -H44 (OH)i.andifi-146¢ V- [003 ] Pfefierred
examples structkire re eser@ed Py fornigd (7)+ificiige-but are not
limited to, the fofowingtstructures: [0036] [Forntul a 71 //L

HOOC COOH

HOOC, H >wm\ CO0H
N Nu

o
[
[ae]
[

o
0
¥
=
fa
}_....J
&3
Ln

14



10037) Preferred examples of the structure represented by formula (8)
include, hut are not limited to, the following structures: [00381 [Formula 8]

F3C CF3 111; 0 HO

[0029]

different and each respresent an organic
more carpbon atoms and z valence of
correspond Lo 2 shtructural compoenent of

them, in view of the heat resistance of

In fermuiae (1] and (2}, the R® mav be the same or

group having two oz

Wl

> B, which may

— 1 “ N
& cilamine. Among

the resulting

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



1,00391 Preferred examples of the structure represented by formula
(9) include, hut are not limited to, the following structures: [0040I [Formula
91 [00413 In formulae (1) an (2j, 123 and P4 may be the same or
different and each represent hydrogen or a monovalent organic group of |
to 20 carbon atoms. in view of the stability of the resulting solution of the
photosensitive resin composition, R3 and R4 are each Preferably an
nic. g but.in view lubility in alkaline developin solugionsb :

g?%%fég%ua%ﬁ pFé%réfﬁlyl%r?%/%grogg)éhr?l X? n an é’r\ﬁrﬁgaﬁﬁgﬁtg of %T% iRtention
hydregen.and the.grganic group may. he present together. If the contents .
of the hydrogen and the organic group represented by P2 and P.4 are
controlled: the dissolution ratedn alkalingsdeveloping solutions.will-be
changed. Therefore, the control makes it possible to produce a
phetossisiti-ee résinccomposition havingea suifable dissolution rate. In a

referred range, the hydrogen atom should make up nO to 90% by mole

f-8acH of the°R3End: P4 mdieties! it vietw' 6Solabilift i afkadined Lanines
deveIoQLngD%cgggrggs, the organic g{ougﬁihould ‘have 70 or loss carbon

e

such 127] redlamninge moadi DARRNY L esher
Stoms. “Theéretore; the MoiBtes repre88nted by R ad 124 %referably

include. at least one hydrocarbon.group of | to 16 carbon atoms and
%{/%l?ggé%%atg%n% a§ thé%éma“i’r%qe*r%rrc?g)‘l'é‘??ejgn[é 427" h formulae {l) and
(2)=Aandianeach represent the,number pf the-carboxylgroups,orthe. . .
ester groups, which is an integer of 0 to 2, preferably 1 or 2. In formulae
()sanck(2)0 prand:pgachepresantandntegerpefif de 4 provideddhatp o
g > 0. In formulae (1) and (2), n represents the number of the repeating
Strbctiraliits:of thelpolymeriwhich is inthe ranges tofd G:to £00,000. if n

is less than 10, the solubility of the polymer in alkaline developing
SoftiionsHhay be'too High 'so'that Ao EoRfrast may be obtained between

the exg%s%%\a]nd unex\?gseg rp.o_?[':[“jons which may make it impossible to

orm the désited pattern. it n'is "m”bre%ﬁ“gﬁﬁﬁﬁﬁdﬁf“fﬁ@%ﬁdkﬁﬁ&%ﬁhe

polyret in, alicaline develqping solutions,may be 1o0.low so that the
exposed portion may be insoluble, which makes it impossible to form the
desired pattesn.-inaview of thesolbility of the polymer in alkaline
developing solutions, n is preferably 1,000 or less, more preferably 100 or
fessninview of improvementithe elangation, o isipreferably=2@ Orzmore.
10043] The number n in formulae (1) and (2) is easi calculated from
e welghtaneraté lifiol e alar \wein Rt (Viwy whicte riayebé measuted by gel
Jpermeation chromatography (GPO), light-scattering method, small angle
oy Scatteriiy techhigiie, ot'the TikEMTHE NtRIBEHR IS MHM: 2 REWFEOS
erein M.is the molecular weight of the repeating unit, and_ Mw is the
%v\ge%ﬁfﬁ\%ragégn%lbec{ﬁfrcwg@hf of the ‘ﬁolé)Fnle.O %mﬁn%.éémg%dlm nt of the
Inventipn, the pumbern.gtithe repeatinginits may refer tp g yalue. -,
calculated using polystyrene-equivalent GPO measurement, which is most
oavenient. in particular, the hydrozyl group-contalining
diamine compconent (s) preferably makes up at least 60% Dy

mole of the diamine components used, in view of solubility

J

in alkaline developing sclutions or photosensitivity.



[00441 In order to improve the adhesion to substrates, a siloxane
structure-containing aliphatic group may be used as the Pi and/or the P.2
in formulae (1) and (2), as long as it does not reduce the heat resistance.
Specifically, 1 to 10% by mole of a diamine component such as bis(3-
aminopropyl)tetramethyldisiloxane or
Pis(p-aminophenyl)octamethylpentasiloxane may be copolymerized.
[00451 In formulae (1) and (2), -NH-P5 and -00-R6 each represent a
pwm%@ﬁpd@h%@%eg &a{;mgdﬁonoamino_ mpound
may be gused at the end. In the case of tormula (2), a moneacid anhydride,
amo boxylic acid, a monoacid chloride cgmpound, or a mono-active
ester compdund may be used at the end. R s7each represent a
monovalent organic group having 2 to 30 carbon atoms which includes an
unsaturated hydrocarbon group. 35 and 36 each preferably has an
aromatic ring in view- of the heat resistance of the resulting polymer., The
unsatiai ited. ogarban-giouy in the. 35 andid4 can react taform a
crosslinked s%?gtu?r%%unﬁg cu%gr% bglh%gﬁ%% that good meé%janical
properties can be provided. Since novolac resin, which corresponds to the
component (a), is relati\‘}g%%ﬁ%iatle, known conventional compositions
containing novolao resin, a guinone diazide compound and a molyimide
precursor or a polvbenzoxazole precursor have the problem of insufficient
mechanical properties after heat curing. Therefore, satisfactory
mechamicak propetrties | not been obtai 3 in permanent film
appl!gtiori'fucf‘ﬁfpr%%gﬁive films for seﬁ onductor devices. In the
positive-type photosenggﬁ resin composition of the invention, the
polymer as the componefit*#s) has the end group as described above.
Therefore, as the crosslinking reaction is allowed to proceed by eat
treatment, the resin composition of the invention can be thermally cured to
‘have dramatically improved mechanical properties, even though it
contains.nevolac resin- (0046) Examples of the 35 and P.6 include .
oevinviphenvi, inyibhenvi, p-vinmiphenyi, o-ethynylphenyl, nm = = =~
sethynylohenyi; brethynytohenml,o-prepynylphenys, by repynylehenyl,,
p-bropynylphenyl,
RO-(3hydeoar3methyl-imityny Thheavl ¢ oroup of 2 te 30 carbon
m-(3-hydroxy-I-methyl-I-butynyl)phenyi,
2PE3hydrey-3-methyli-Batmyhehenje ot (3thydroky-3<n formula (85,
~methyl-l-pgntvnvi)phenyl, m-(3-hydroxy-3-methvi-Ipentvnyl)phenyi,
"p-(3-hydroxySEmethyFEp&itvhyphemyient oxganic group of 2 to
~0-(3:hydroxy-3-ethvi=kspentynyhphenyl, inm(3-hydroxy-3- .
“étr(ﬁii‘-"i}%qéﬁténﬁ)%ﬁ’enﬁ b5(5%13%%%%7-%-é‘fhyﬁ(fb%‘?l)éfy”ﬁyliép“ﬁéﬁyi,h" ving J
 @-nitrophenyly, msnitrophenyi,_pnitrobhenyi, Q'rQetbqucl;PhggYil’ W
rmmethylolphenyi, pmethylolphenyl, o-methylbenzmate,
r r-methvtbemzoate,-and pmethylbenzoate zkExamplesi ef the: aromatic
ring-free group include 3-vinyloycloMexyl, 4-vinylcyclohexyl, 3-
T erhyrAeycioliexyl, e thynyleyciohexyd z3robvnylcyclohexyk angh a-oms,
_4-proDvnyloyclohexyl. More preferred are m-vinylphenyi, p-vinylbhenyl,
~ bretfyriyifitieny|, PrethyigipreriA w-propvnfiphényis p-propynyiphenvis
- rr}ndalI‘g‘/i[:‘)?hf(-i-hn l, ---1,Y1-henvi .m-(3-hvdroxY-3-methyl-Ipentynyl)phenyi, and
= p=(3-hydroxy-3-metinvpentyrylighenyi. IiRiew of heat fesistancar af ™ *
- Ungaturated triple bond-containing group such as methynylphenyi,
b-ethynylohenyi, m-mropynylphenyl, pPropyhylphenvl,
ra043:hmProxv-3-methyl-I-pentvnyl)phenyi, or
p-(3-hydroxy-3-methy1-1-pentynyi) uhenyl is more preferred_ The R' and
F.6 may each have two or more unsaturated bonds. [00471 The
polymer end group is preferably introduced. (in an amount of 0.1 to 40%
by mole, particularly preferablyto !



30% by mole, based on the amounn of the diamine component(s). [0048]
The end group introduced into the polymer is 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
anhydride component, and the components may be measured by gas
chromatography, (GC) of NMR so,that the.end.group-can.be easily.qanic
detected. Alternatively, the resin having the introduced end component
gmay-hedireetly measured by-pyrolysisgas shromatography (RE6C), to 4.
infrared spectroscopy) and 13C. NMR spectroscopy so that the end group
lcary bevtetécted: [0649) r<::iFhepolymér tomprising; asamain ymer,
_component, the structure represented by formula (1) and/or the structure
Yepresented by fEHTHELDY haay'Bé syRtHesized: by the tethdesdescéibed”
_k%@kqvc\)/.EEQ[ example, when the palymer is %glygami‘c acid or polyamic acid
ester it ay e synthesized by a thethod that indlides performing, at low
Jemperailre, e reagtion.of.a teracarhoxylic.acid dianfydridea 2 di amine
compound, and @ monoardno compound used for end‘capping, a method
Hhat includes, producing @ diester:fram a-tetracarboxylic acid dianhydride
and an alcohol and then allowing the diester to react with a diamine
rcompeund ancha manbamino: cempoungddn the presence of a condensing
agent, or a method that includes producing a diester from a tetracarboxylic
racid diantydridecand antaleahel, thers convertingtheremaimngone
_dicarboxvlic acid into an acid chloride, and allowing them to react with a
"dianfire compound &hd & mofdantinG CoRpotht: ViRen thé pofymetis
Lolyhydroxyamide, it may be synthesized p% a method that includes
olycondensing A bisamindphéenol compaund: & dicaroxylic acid and a
droneamina compound. Specifically, such amethed:may include, allowing
a dehydrating condensation’agent such as dicyclohexylcarbodlimide
{PEQ)to-react with-an acid and then adding-a isaminopheno),gempound
and a monoamino compound thereto or include adding a tertiary amine
sucheas: pyridine:to:a: selutiontafa bisamihaphenol compound.and a
monpamino compound and then adding a dicarboxylic acid dichloride
sotutidridfdowise 16¢hé Solution:J0050)vme = in &praferred modevaftep
the materials are polymerized by the method described above, the product
9¢ Added o4 Arge ‘damidunt oFwalgr-or a mixttre 8f methdriol/water or the
like, and the resulting Precipitate isdigpl%rg‘ge‘dg Dby filtration and dried so
that the’ polymer comphising., as'a main component, the stricture
fepresented by formula, (1) and/of the structure represented by farmula (2)
can be isolated. The separation process makes it possible to remove the
unreacteddnenemers antkaligamer gempeaents such as diners and
trimers, which improves the properties of the thermally cured film. 10051]
Thes@mount of the :polymer comprising, as a main component, the
structure represented by formula (1) and/or the structure represented by
formula'(2) %ﬁ prefefably 30 partsB§ weight &fF inciel Afore preferablip46 it
arts by weight or more, based on 100 parts by weight of the novolac
aSiNaY. Fhe dduntin thisTange andsa fiftherimprovement i the' 72°
mechanical properties after heat curing. In order. to mproye the sensitivity,
the amount is preferably 100 parts by weight or less, more pre?erably 80
parts:by weightiordess. [00524-: = s The positivestype-photosensitive resin.
composition, of the invention contains a quinone diazide compound (0).

48, 4

Theted above for RY™. R repressents an organic group
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composition of the invention may contain two or more types of quinone
diazide compounds. Examples of the quinone diazide compound include -
polyhydroxv compound derivatives having an ester-bonded quinone
diazide sulfonic acid part, polyamino compound derivatives having a
sulfonamide-bonded quinone diazide sulfonic acid part, and
polyhydroxypolyaminc compound derivatives having an ester-bonded
naQuinone diazide sulfonic,acid part and/or &, sulfenamide-bonded guinone.
diazie sulfonic acid part. For example, the guinone diazide compound may
r-he proguced by allowing.naphthoguinone diazide suifonyl chlgride to react
with a polyhydroxy compound in the presence of trietnylamine. Not all the
rdunetianakgroups-ef the polyhydroxy compound.gethe pelvaming?® (ox) .~
compound have to be substituted with guinone diazide. In view of the
ircontrast Betweehithemkposedant-unexposet portions, 5095 tyimole or
more of all the functional groups are preferably substituted with guinone

[“diazide. The use of the guinone diazide compound makes possible to
produce g positive-t photosensitive resin composition sensitive to
general uﬁgé\?}%iﬂe‘% rggs such %§ Eiine (565 hinf), Aiie @05 h2and g-line

43e6 ord rays from.mercyry_Lamps. 100531 _ . Examples of the

© l?JDouiildh)(/)d'roiy%bmbf)oJ nd *i)r?%l;u éééb%{?t ‘aré fot finited to. %fsi'-’z, BispEl,

a2 rSR-HAR; HESR-PA, 408~ SA, TrisQCERA BisBMZBiskaPZ,
BisP-1PZ, BisOCP-IPZ, BisP-CP, BisRS-2P, BisPLF-3P, BisP-OcETP,

ranethylene tiS-FRCR, BisRG-26X, DMIs1MB-BCobMI-MBQG;de those
EMLOCHE, DML-PLFHP, DML-Pc, DML-IFTBP, OML-34X, DML-EP,

1 BivkCPOR; dimethybi-BisOC:P r BE1=PER; DML-RSBR: DIALMTrisPC,

_ TriML-P, TriML-35XL, TML-BP, TMI-HQ, TML-pp-BPF, TML-EPA,
EFNIEM-B P S HML-TPEIBA ARBHMEST BHAP @Fstie fames? anufséturéd
by.Honshu Chemical Industry. Co., Ltd.); BTEL-OC,HIP-PC, DIR-PTBP,

PBIRIPCHB, BIP-BIOCE490; BTR-BTPC-F, TEP-B7P-A% 48BiMO00,

» A6DMOER, and TM-LIR-A (tra es, Manufactured by Asani Qrganic_

} %%%%%55 Ir{iJl d'usjtlrj%(%.e, L'Llfcgi )i %%?%?%g%%meéthy%%gfé'}r’t%u gy%he?%(j‘} '

+ 6-dimethaxemethyl-peresol:2,6sdiacetorymethyl-pscresol,‘naphthal,
tetranydroxybenzophenone, methyl gallate, bisphenol A, bisphenol E,

L méthylene bisehenol, and BisP-AP (trade name, manufactured by Honshu
Chemical industry Co., Ltd.). [ocm4] Examples of the polvamino
compdtid fclade shatdre fiotdimited:to; 1s4-chenylenediamipe;ed by
1,3-phenyienediamine, 4,4'-diaminodiphenyl ether, L

=¥ Rdiaminodiphenyitfiethant, 4;471-diaminotiph&nyistifonBEand -+ 102

S,\flﬁ%—,ﬁ&q_@isrodiehencl sulfide. [0055] Examples of the
polyhydroxp-boiyamcno compound include, but are not limited to,

[ Zs2-4sQ3-amino-4- hvdroxyphenyl)hexafluorooropane and
3,3'-dihydroxvbenzidine. [0056] In an embodiment of the invention,

[ B-rrag ithoguinone diazide sulfonyi group and 4-nabhthoquinone diazide
sulfonyl group are both preferably used for the guinone diazide. Some
4-naphthoduinone diazide sulfonyl ester compounds that show absorption
inmercury lamp i-line region are suitable for la-line exposure. Some 5-
naphthoguinone diazide sulfonyl ester compounds that show absorption
up to the mercury lamp a-line region are suitable for g-line exposure.
Inembodiment of the
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invention, 4-naphthoquinone diazide sulfonvi ester compounds or
5-naphthoquinone diazide sulfonyl ester compounds are preferably
selected depending on the exposure wavelength. A naohthoguinone
diazide sulfonyi ester compound having both 4-naphthoquincne diazide
sulfonvi and 5-naphthoquinone r14 ,,a-aaalrasulfonyl groups in a single
molecule is-also available, and a 4-naphthoguinone diazide sulfonyi ester
compound may be used in combination with a 5-naphthoguinone diazide
sulfonvi ester, c\mpqtgmd 10057]  +jfhe malecular weight of the
quinone dlaz’/ nd is prefeﬁébly Oﬁ\é*r less, more prefeYablv 1
non (-0- ev mo preferably ] r Ie e duinone diazide
compound witha miélecu ' Iess can be sufficiently
decomposed by hedt in he ttre ment%fter pattern forming, so that a
cured film having a high levete heat resistance and adhesion properties
can be obtalnﬁe% On the other hand, the meﬁgular weight is preferably
300 qz,r/f’n\ore*’ org preferably 350 or morey| mln an embodiment.
of the i Inve tion, the composition preferably contains a naphthoqurnone
diaziea - esgnted by ' g\zﬁ?jsttgrﬁe type
photosensitive-resin | ompd)smon that }(kontama novolac resin and. a
polyimide precursor ] le precursor like the positive-type
photosensitive resin composrtlon of the invention should be heat-treated
so that the bolyg |de precursor or the Polybgnzoxamole precursor can be
cured, r’r@g -closing reaction by h lar)y in such.
appli tronetp as su ace protective films for f‘emlcipductf)r devices and
interla Stegtric filps Seured filps are geheatly tredted at a high
temperature of{—tSO t 290(: in a post. p}‘soceseﬁln order to prevent gas
formation in the post fi fotess; therefore, the resin compositions
are often cure heat treatm@qt ata temperature higher than that in the

post tr ss namely atatemper e\ff/{%@QC or higher. When
a cert in. paf tern med usmg a positive- t phtitose S|t|ve resin

(a) ang,me\pépt |ng as a
main componem; the ﬂyucture represenied by@rmula (1) and/or the
structure represented a,(??::rs Ml:reattreated at a high. temperature
of 300C or higher, it is generally*deformed because the novolac resin has
a low softening pqint. AccoF@i‘ﬂg fefthe invention, the naphthoguinone
diazide MW%@presented by formula (3) >d, so that perr
deformation é n be rem) compesrtlon containing
novoiac resi i gheér. [0059]
[Formula 101

revented even when th

HoL Oy HO j s OH
o I %
. /f“"\ﬁ A ,’,f"“%)mm S
i

[GO37]
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[0060) in formula (3), R7 tomay be the same or differe each represent
hydrogen or a monovalent organic group to 10 carbon atoms. Examples of
the organic group Inc )- a hydrocarbon group such as alkyl of 1 to 10
carbon atoms and alkenyl and an alkoxy groun of 1 to 10 carbon atoms.
The alkyl group is preferably an alkyl group of 1 to 4 carbon atoms, such
as methyl, ethyl, butyl, propyl, n-butyl, isobutyl, sec-butyl, or tert-butyl. The
=alkoxy groyp is preferably,an alkexv group of.1 to 4 carbop,atoms, such as
methoxy, ethoxy, hy(froi(yethoxy, Propoxy, I}lyd'r()x?prop’ong,“Tsopfﬁp’)’éxyf’ 7
< isebutoxy, habutoxy, sec-butoxy, or tertebutpxy. The alkenyi group is
preferably an alkenyi group of 2 to A carbon atoms, such as vinyl,
[ ptepenyl, ally', or butenyl. R" represents a divalent organic group, which is
preferably a hydrocarbon group of 1 to 30 carbon atoms. [00611 In
[ farmula {3, )Q represents a 5-naphthoguinone diazide sulfa:la/1 group, a
4-naphthoguinone diazide suifonyl group or hydrogen, provided that. not
all Q moieties are hydrogen. In an embodiment of the invention, the molar
ratibpf:‘»’fhg naphthoquinene digzide sulfonyi %ro’ap,re’presented by Q to the
hydragen %ﬂom%represeht { bﬁ naohtﬁoqui tone diazide sulfonyl
grou%%ﬁﬁ?ﬁ' h) is-preferdbly-375Bemor -;WFN eads to good pattern
profile. The molar ra 'QL"pref&a% or less, more preferably 5/3 or less,
which leads to ﬁﬁ*imﬁ‘r’ovement?ﬁ pattefhing property. As used herein, the
term "naphthoquinone diazide sulfonyl group” refers to the total of
5-naphthoquinone diazide sulfonyl and 4-naphthoquinone diazide sulfonyi
croupg’[0p62] Thegni ang:dige2de compoung rept sented (3) prefer iv
has W%Neig of ESOJQ,QLQ,QIEK prefél,600 or lee and prefera,
molecular w gght?@@r mo ‘e,\ﬁ'lf)re préterably 900 or more.
| = o
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Prefary

of the structure represented oy
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formula (9) include, but are not limited to, the {osllowing
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[0063J The naphthoo8ptnoneide compound represented by formula (3)
may be produced by estenification between the corresponding
polyhydroxy compound and naphthoguinone diazide su ironic acid. For
example, the polyhvcroxv .8 compound may be synthesized according to
the method described in JP-7 No. 49-250,ch includes allowing an a-
(hydroxypnenyl)styrene derivative to react with a. poiypnenol compound in

= ;h:% presence of an acid catalyst. Examples of. polyhydroxy compounds

" that are preferably used in an embodiment of the invention include the

( gampounds shown below. Two cr more of these uel-hvdroxy compounds
may be used in combination, [0064] [Formula [0065] For example,

[ the-naphthbguinone diazide compound represented hr formula (3) may be
produced by performing a general esterification reaction of part or all of

s of the polyhydroxy comp\ound with 1,2-
Z%%gide%-(an ?b“'r"‘v§4-)s oy chloride in the presence- of

lyst_ gpetifically, \éh/;p;’ﬁr“ﬁ unts/6f-the polyhydroxy
AphthoquihonediaZide-5-{ad? '

dynvi chloride and a
solvent are charged'into a flask, and they are’

Bjected to a condensation
reaction, while a basic catalyst is added dropwisefiereto. For example,
the solvent may be dioxane, acetone, methyl ethyl ketone,

rNemethvipyrrolidone, or the like. For example, the basic catalyst may be
sodium' hydroxide, sodium hydrogen carbonate, triethyiamine, or the
The redetiaivtempetatute issgenerally, fram 220Ctd 6AE, preferably ftom o
0C to 40C. The resulting product is generally washed with. water, then

dpydrifiedeand dried: §0066]err = 3atihe BStETification reaction v mixture of
products d.tr-ferent in the number and position of the ester groups is

“GBtaThed. Ktised hereinCthie uésterificatiorrdégree (thie olar ratis’ of
the naphthoguinane diazide sulfonyi groups represented by Q to the .

HATbGEN tdme 1Borb el by OF 4 GETREA 46 - aVe1408 VLS R

J@§E§C%E%Hkkqﬂﬁ%wﬁ-;ﬁ and R' are each preferably an ocrganic

group, but in view of soiubility in alkaline developin
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solutions, B and R’ are sach preferaply hydrogen. In an
empodiment of the inventiocn, hydrogen and the organic group

may be present together. If the contents of the hydrogen
and The crganic group representad by R and &' are
controlled, the dissolution rate in alikalinse developing
solutions will be changed. Therefore, tThe control makes 1t

possible to produce z photosensitive resin compositicon

having a sultable disscluotion rate. In
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The sterification degree as defined above may be controlled by the mixing
ratio between the raw materials, the polyhydroxy compound and
1,2-naphthoquinonediazide-S(and/or -4-)sulfonyl chloride. Since 1,2-
naphthoquinonediazide-5-(and/or -4-)sulfonyl chlorgde 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 | mol of the
“85Glyhydroxy compdand, thediififine diaZite compounittisToreférsbly 1.5
. nol or more and preferaply.3 mal or less, more preferably 2.5 mol or less.
“90067] "~ The amodnt of the gpinona diazidé compound (¢J38 préferably
n/hPats by weight or raore, more preferaly, 3 parts by weight ar mare.
preferably 50 parts by weight 07 less, more preferably 40 parts by weight
at@lesscbased en:100 parts hy-weightof the total amount of the novolao
resin (a) and the polymer component (b). [0068] The positive-type
[ {gHctosensitive resin composition of the invention contains an
alkoxvmethvl group-containing compound. (d). The alkoxvmethyl groun
can caiisé awetessinking réactionina teraperaturesrdyionbf $56C or-he
higher. Therefore, the compound contained in the composition can be
T%H%Eed for the 6rtiG-position With TeSpéct to'the phERDIiE Hydrexyl bioh of ©
-{he.novolac resin (@) or,the p mprsin.g, 8 & main,
‘comporient, the structuré represented by formulé (1) or (2Ys6 thata -
a-£r0sslinked structure. can beformed, when the polyimide precursor or the
oolvbenroxazole precursor is cured by heat treatment through a
pAgrelosing.eeaction by heating: fhisprecess achieves.good meghanical
properties. If bne component (d) is absent, the cured film can be too brittle
r4p fesself-supperting;ibecause the noworcoes istbrittteuThe comipanent
(d) is preferably a compound having two or more alkoxymethvl groups, in
tigrdepio Tefease tHe crosshfikibgdemsityeInerder t6 furtiiér inefease the:
. crosslinking density and the mechanical properties, the compound
~refetably s four orHhore alkoxvmethvi grodifs AR afembictirent of-te
adieenyan, the alkaxymethyl.groyp-containing, compaund is preferably.a
compound having a group represented by fo

olymer. (b) comprisin.g, as a. main,

rmula {4) 6r & compoun

ndepresented by formula, (3). These compounds,may besedin poxe ;i ons,
combination. [0069] R)). R17 - 5

which may make it impossible to form the desired pattern.
If o is more than 100,000, the sciubility of the polymer in

alkaline developing solutions may be teo low so that the
eyposed portlon mav be inscluble, which makes it impossible

to form the desired pattern. In view of the gscolubility of

oh

4

polymer in alkaline developing scolutions, n is

prererably 1,000 or less, more preferably 100 or less. In

igw ol ilmprovement the elongation, n is preferably 20 or

)
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R1E) \H/R22 <y\

1

The number n in formulas (1) and (2) i easily

=] 7 = 3 ey - “ E .
caloulatea Irom tne weight average molecular weight (Mw)

3

rt

which may be measured by gel permeation chromatography

ike, Thes number n is Mw/M (n
= Mw/M), wherein M is the molecular weight of the repeating
unit, and Mw is the weight average molecular weight of the
polymer. In an embodiment of the invention, the numbsr n

12 repeating units may refer to & value calculated

using polyvstyrens-eguivaien

¢t
]
r
]

measuremnant, which is most

convenient.

In order to improve the adhe

0
(R

on to subst

Eia

aras, a

siloxane structure-containing aliphatic grouo may be used

o

a3 the R' and/or the R* in formulze

I3

(1) and (2}, as long as

ance. Specifically, 1 to

ct

it does not reduce the heat resis

iamine component such as bhis(3-

fE
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7
et
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' H
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aminepropvliterramethvidisiioxanse or bisip-amino-
ks ¥ X

.

phenyljoctamethylpentasiloxane mav be copolymerized.

& moncamino compound may be used at the s2nd. In the case

{

of formula (Z), & moncacid anhyvdride, a monocarboxyiic acid,
2 monoacid chlorvide compound, r & mono-actlive ester
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includes an unsatursted hydrocarben group. R° and R® sach

preferably has an aromatic ring in view of the heat
resistance of the resulting polymer. The unsaturated
hydrocarbon group in the R” and R can react to form a
crosslinked structure auring curing by heat so that good
mechanical properties can be provided. Since novolac rasin,
which corresponds to the component (a), is relativaly

brittle, known conventlonal compositions containing novelac

Iy

&
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resin, a quinone diazide compound
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Or & polybenzoxazols precurscor have the problem of

insufficient mechanical properties after heat curing.
Therefore, satisfactory mechanlical properties have not bheen
obtained in permanent film applications such as protective

phoitosensliive resin CONposition o

p

f the invention, the

polymer as the component (b} has the end group as described

{

above. Therefcre, &s the crosslinking reaction is allowed

improved mechanical properties, sven though
NOVOLAaC IeSin.
(00467

Examples of the R’ and R’ include c-vinviphenyl, m—
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[UO70] 2) In formula (4), R2. and group of 1 to 20 carbon atoms group of 1
to 10 carbon atoms group of to 3 carbon atoms, R13 each represent an
alkyl , which is preferably an alkyl , more preferably an alkyl in view of the
solubility with the resin composition. [0071] In formula (5), RN and
1:615 each represent CH,0R38, wherein Ran alkyl group of 1 to 6 carbon
~atoms, which is preferablw an alkyl group of 1 to 3 carbon atoms in view
_.of compatibility with other, components. 1616 represents a hydrogen atom,
’ Janﬁﬁ%fﬁ};/ ng\]rBUppb—rvaLnnéﬂﬁ/? grouty. 6 to R may J{b%%tﬁ%“’slﬂa{mg or different and
- £ach represent a hydragen atom.8 monavalent organic.group of 1 to 20
carbon atoms, Cl, Er, I, or F, and j represents an integer of 1 to 4. [0072]
propynyiphenyl, pe-propynviphenyl, o-allylphenyi, m-

i

[
e

allylphenvi, p-ally

henyl, o-(3~hydrozy-3-methyvi-1-
butvnyl)phenyl, m-{32-hydrozy-i-methyl-1l-butynyliphenyl, po-
~hydroxy~3-metnyvl-1-butynyl)phanyl, o-{3-nydroxy-i-
mechyl-l-pentynyliphenyl, m~ {(3-hydroxy-3-methyl-1-
pentyvnyl)phenyl, p-(3-hydroxy-3-methyl-l-pentynyl)phenyl,

o= (3~hydroxy-3-ethyli-i-pentynyliphenyl, m-{

pentynyliphenyl, o-nitrophenyvl, m-nitrophenyl, p-
nitrophenyl, o-methvlolphenyl, m-methylolphenyl, -

methyloelphenyl, co-methylbenzoats, m-methylbenzoate, and

E‘N) .

methylbenzoatse, Examples of The aromatic ring-Irse group

propynyicyclohexyvl, and 4-propynylcyvoclohexvl. Mors
preferred are m-vinviphenyl, p-vinyliphenyl, m-ethynylphenyl,
allviphenvl, p-allivliphenyl, m-{i~hydroxy-3-methyl-1-
pentynyl)phenyl, and p-{3-hydroxy-3~msthyi-1-
pentynyl)phenyl. In view of heat resistance, an

unsaturated triple bond-containing group such as m-

ethynylphenvl, p-sthynylphenyl, m-propynylphenvl, p-

propyonviphenyl, m-{3-hvdrexy-3-methyi-l-penctynyl)phenvl, or

26



Examples of the compound having the aroup represented by formula (4)
include, but not limited to, the following compounds: [00731 [Formula 13]

[0074] Examples of the compound represented by formula (5) include,
but are not limited to, the following compounds: [0075]. [Formula 14]
[00761 In view of mechanical properties, the amount of the

alkozymethyl group-containing compound (d) is preferably 5 parts by
_weight pc'g more, mgﬂrgeﬁ__glr\e]fgr@p:% 10 parts by weight or more, based on 100
Fparts by Weight of the total amount of the' AoVoTac resin Tay and thie X Ted-
hRglymercompenent (b), In view of mechanical propeies, the. amount
the alkoxymethvl group-containing compound (% is“preférét}lyBCO f)'arf
rweight or less, more preferably 40 parts by weight or less, even more
preferably 30 parts by weight or less. [0077] The positive-type
photosensitiveresin; compasitian of thesinventian containg asalventi(e) an
Examples of the solvent include polar aprotic solvents such as
apepiethyl 2-(Jyirdlidofé: ymputyrotactone -N N-timéthwiforfanide yN3N:=o
_dimethylacetamide, and dimethvisulfoxide; ethers such as tetrahydrofuran,
3dioXane™ana propyleheGlyCoiimanimethyl etfiere kéteies such as
acetone, methyl ethyl ketone, diisobutyl ketone, and diacetone alcohol;
“88teTs SUch as ethyl acetate, propylene givcol monomethyl ether acetate
esters suchas’ethy , propy g y :
[gﬁggg]thyl lactate; and aromatic hydrocarbons such as toluene and xylene.
The composition of the invention may contain two or more of these
solvents, dThe.ameunt of the solventis preferably.50 patsy weightor, .,
more, more preferably 100 parts by weight or more, preferably 2,000 -
detected by the methods described below. Tor exampls, the

f
by

,_Y
it}
b

resin having th

H

introduced end component may be dissolvad

“l"

cid solution and decomposad into resin component

E_.
rs
he
Fy
o

introduced end component may be directly measured by
pyrolysis gas chromatography (PGC), infrared spsctroscopy,
detected.

(0049
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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 novoiac resin (a)
and the polymer component (b). [0078] The positive-type
photosensitive resin composition of the invention may contain (5) a silame
compouna The silane compound (f) contained in the composition can
improve the adhesion to the underlying substrate. Examples of the silane
campound (5) include fhu'gaa‘rgﬁnotlimited to, .

DaLMamLe aoad ol polyamic acic ester, it may be synighesized
N: enyTamlnoetﬁyltrlmethoxvsllane,ONpﬁenyléblnoert-h Itriethoxysilane,

Nphenvlaminobbapvitrimethexysilane; Nphenyiaminoprepyitrithoxysilane,
Nphenylaminobutyltrimethoxvsilane, Nphenyiabinobutyitriethoxysilane,
~viavitrimethomysiiane, vinyltriethoxvsalane, vinyitrehlorosilane;ie, =
vinyltris(Pmethoxyethoxy)silane, 3-methacryloxypropyitrimethoxysiiane,
B-actylexypropyltrimethoxysilanenpstyryltrimethioxysilanegc for end
3-methaoryloxvpropylmethyldimthoxysilane, o i
anethactyloxypropyimetiyidietitiaisilane Fard e fslloving fafé +rom @
‘compounds. [0079] [Fo,rmalia}%l [0080] : E_ageg,ion 100 parts bty .
SéightoF e totaramount of tHE K6VoIaE rBain (B) andthe polyiner ="

component (b), the amount of the silane. compound.(f),Is preferahiy 0.901

dp“”ar?s by Wweight or more, more preferabi;? 0.005 parts by weight or more,
Ryenmere preferably 0,01 parts by-weightor morte, preferably:30 paets by
weight or less, more preferably 20 parts by weight or less, even more
preferablynll: parts:by: weight o less: dm this srange,: thesilane-eompound
can be sufficiently effective as an adhesion aid, while the heat resistance
of the positivertype photdsensitiver fesincompbsition: issimiaintaingd: [0081]
If necessary, the positive-type photosensitive resin composition of the
Geverftion-fay talso eontain B phéndlithydioxylcgrotipscontaming &<+
compound. The resulting positive-type pﬁhoto{_‘senrgiti._vig resin ggmlpgsition
Contdinfiy the phértolic hytitoxyi Group-containing compound Has

Amproved sensitivity thatstare. e esuling camnosiipn s diayly;solyble
iy alkaling of‘eveloplng solutions before exposure but becomes’easily
soluble in alkaline develeping solutions:upen:expesure so thatnoa thaz
development can be readily performed without degrading the film.
Examples of paticilady: preferred-phenalicchydsoxyl grompscontaining
compounds include Dis-2), TekP-4HBPA, TfisP-HAP, TrisP-PA, isRS-23,
and=BisRSr3Ptradechanés smapufattarad By Hovsht Chenfigalindastry -
Co.,)), and BIB-PC, 6I1B-PTBP,and .. = -BIPh_Fade names,
Fyariufaciiifed by Asahi-Brgdnic Chemital§industy Co2 tidy.

condensatlion agent such as dicvelehexvicarpodiimide (DCC}
+o react with an acid and then adding a bisaminophenci
compound and & moncaming compound thersto or include adding

a tertiary amine such as pyridine to a solutlion of a

bisaminophencl compound and a moncaminc compound and then

adding a dicarboxylic acid dichloride solution dropwlse to

w5



[0082] Based on 100 parts by weight of the total amount of the
novolac resi ? ) and. the polymer component hch, the amount of the
phenolic hydroxyl group-containing compound is preferably | part by
weight or more, more preferably parts by weight or more, preferably 50
parts by weight or less, more preferably 40 parts by weight or less. In the
present invention, evenhaving a phenol ic hydroxyl group, guinone diazide
moiety-containing compoun%]s a classified as the guinone diazide
compatnds (&) {00831 For five parpose of improviny wettabifity between
408, CoMposition and a subsirat pecessary, me composition may also, .
cohtain a surfactant, esters such as ethyl lactate’and propylene gtfy003”.
admeromethy ether.acgtale, alcohals such as ethanal . ketones such as
cyclohexanone and methyl isobutyl ketone, or ethers such as
nédetrahydrofaram-and dichane.ikhe camposition-may1alse coptain particles
of an inorganic material such as s licon diocide or titanium dioxide or
i pohdprdoecpowders. J0084L Lo Exdmples:of methiods forrprepatingdhe
positive-type photosensitive resin composition of the invention include
Coethbds that elddésaddingthe coiporétits fa)yto-(e} ehd-Gther bplibhal
. components to a glass flask or a stainless steel vessel and stirring them

ot & HieCharical St or the ke th fofrh a Solttion “etiods of ApPIVirg
(2 irasgnic waye o the companents o form a,solution, and methods o
e ,.)e L Makaey 17

"'stirrind the components in a planetary mixingigefoaming machine fo form
p&salytianThe viscosity of the compositionis preferably from: 115,410,000
- mPa-s. The composition may also be filtered through a filter with a pore
csize-akdsumitorS um sathatforeign substances.can-be remeveds 10085

Next, a description is given of methods for forming a heat-resist antresin
» pattern by=usirig the posidtva-type photesensitive resin composition of the
Eé%yention.

0517

The amount of the polymer comprising, 23 2 main
component, the structure representad by formula (1) and/or

- ™ U ~ Ny R T -
& (2} 1s preferabiv 30

the structure represented Dv formu

£e)

or mors, kased on 100 parts by welght of the novolac resin
{aj. The amount in this rancge allows a further improvament
in the mechanical properiies afiter heat curing. In order
100

Lo improve tThe sensitivity, the amount is preferabls

parts by weight or less, more preferably B0 parits by weilght

The positive-type photosensitive resin composition of

the invention contalns & guinone diarzide compound (¢). The



[0086] The photosensitive resin composition is applied to a substrate.
A silicon wafer, ceramics, gallium arsenide, metal, glass, a metal oxide
insulatind 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 coating, roll coating, slit die coating, or the like. The
composition is generally. applied so that the coating film can have a
thickness of 0.1 to 150 ,Lui after drying, while the thickness depends on
“thBtriethod of Applicatiors e solitlsContent BFthe cofipdsitith; the YFS
viscosity of the composition, or the like. [00671 The photosensitive

of qmlngzh c 1L OE compoUunds amirles of }
resin composition coated? on tﬁe su’bstratcé LIS then 8ned to form a

a Photesensitive, resin film; The drying.ds preferably performedat .« : o
temperature in the range of 50C to 150C for 1 minute to several hours
navithhan ovess ahotiplates infraredaays coethedikes {00881 - s Actinicyays
are then applied to the photosensitive resin film through a mask having
rthe desired patiernin ansexposure Process,. Examples Hf actiniceraysused
in the exposure process include ultraviolet rays, visible rays, electron
IhEAMS ahdiXirays flalary ertbcdifient of the imventien yiolite (365 nm),
h-line (405 nm}%, or g-line (436 nr) light from a mercury lamp is preferably
s f0089] " AfteT theexposure “thé"dxpdsed pdrfion may BeFemoved
+J5ing,a develaping éghuﬁc%%o that & patierned heat-resistant fesin film
“can be produced from'the photosensitive resin film. The oreve'foplng
psalidionds preferably-an aguequs sqlution-of tetramethviammoniymn.an
acueous solution of an compound which shows alkaline property such as
tHiethanelaming; diethyamingethanok.soditun hydroxide, petassiiine 5-
hydroxide, sodium carbonate, potassium carbonate, eriethylamine,
ndigthylamine orretiiilaming; dimethylamine dimiethylamineethyl atétate,
dimethylaminoethanol, dimethylaminoethyl methacrylate,
Peyclonexyaminelethylenetiamitte, of Hekantethylehédiammne T 88me Mot
_cases, one or few of polar solvents such as Nmethyl-2-pyrrolidone, =~
N N-djmethytformamide? N;Kidim&thyracetamide! -‘-’cﬁ\r/‘n%?Hylg titsxides ©*
ckautyralagtone, and dimethylacrviamide, alcohols such as methanol, .,
ethanol,"and isoprobanol, esters such as ethyl lactate and propylene
aglycokmonomethyk pther acetatesand:katones sdeh ascyclopentanong,:
cycichexanone, isobutyl ketone, and methyl isoPutyl ketone may be
uadded singly:or in. combirtatfori-to thelaqueoussolutian er the:gempound.
The development may be followed by rinsing with water. In the rinsing
‘pivcessralconsisisuchEas ellvaricl amelisopropylalcohot or ésterg sichras
ethyl lactate and propylene glycol monomethyl ether acetate may he
“addedto wateF. NOB0T™ ¢ TREYES fhedevéiopii@nt the filmiss ==
~converted into a heat-resistant resin film by QF;‘?%Q% a temperature of, _
P300C 16 500C . The heat treatment ‘may be performed for 5 minutes to 5
RS in-whichthedemperatyre Inay be;selected.and gradually raised, oc
a certain temperature  ge may be selected, and the temperature may
ibe captinaauslyraised-Eonexample, heat teeatment may be perfermesd.at:
each. of 130C, 200C and 350C for 30 minutes. An alternative method
includes:inearly raisirtg the temperature from room temperature to 320C
over ours, [0091] The heat-resistant resin film produced using
ihositive-Lype ph.otosensitive resin composition of the invention is suitable

for use in ap lication, o o
Exzamples of thne polyvhyvdroxy compound include, but are

SR A S

+ " i fmiE bl o T T°F T + i e I ! T . ]
net limitea to, Bis-Z, BisP-EZ, TrisP-HAP, TrispP-PFA, Trisb-

3



passivation films for semiconductor des, protective films for
semiconductor devices, inrerlayer dielectric LJ_Lmr, for multilayer
interconnections for hig,, density packacing, and insulating layers for
organic electroluminescent devises. KAMPLES [0092] The inventionher
described by the examples below, which are not intended,to limit the
scope of the invention. The photosensitive resin composition obtained in
~gach example was evaluatedmethods described below, [0093] (1)
SEyalliation of PAtterning Propérty Préparation of Photosensifive Resin
sE4aL ;. ; 8.1ne pholosensifive-resin comeosition (hegeinatte eferred to
as "varnish") was applied to a -inch silicon wafer ‘so that the coating film
meeulghhave a thickress | of 8.Q:Hmeafter prebaking: The€oating-was,then
orebaked using a hot plate (a coating and developing system Mark-7
comanufastured by | Takyo-Blectronil-ipnited,) at:420°2 for 3yminutes soithatae,
photosensitive resin film was obtained, 10094] Method for Measuring Film
dTihickness 1 -Bilzambtla ACE STM-602haAGfaeturediby Dainippon Sci&én &,
Mfg. Co., Ltd. was used. The thickness of the film after the prebaking and
Tthdt'after the dBVeldpmentwer&medsuret 4B refraktive Mdex 6P 629,

and that of the cured film_ was measured at a refractive index of 1.773.

]

Hl005] EXposuré © A pattered Fetitls Wik aced i ancxpostie >
LSYSIem (rline stepper DSW-8570i manufactured by {SCA Casporation), .

...... R - [

The photosensitive resin filmrwas ekposed to i-fine light at the inténsity of '
=305:m for differentexpasure fimes. {0096~ wrr-pipc-7, TEP-BID-1,

46DMCC, 46DMOEP, and TM~RIP-A (irades names, manufactured by
Asahi COrganic Chemicels Industry Co., Ltd.): 2,6~
dimethoxymethyl-4~tert-butylphencl, 2, 6é-dimethoxvmethyl-p-

sol, Z,t~-discetoxymethyl-p-crescl, naphthol,

19}
3
[0

tetrahydroxybenzophenone, methyl gallate, biaphencl A,
pisphenol B, methylene bisphencl, and Bisz-AF (trads name,
manufactured by Honshu Chemical Industry Co., Ltd.).
[C054]

Examples of the polvamine compound includs, but are
not limited te, 1,4-phenvienediamine, 1,3-phenylensdiamine,
4,4'-diaminodiphenyl ether, 4,4'-diaminodiphenyimethang,
4,4'-diamincdiphenylsulfone, and £,4'-diaminodiphenvi
sulfide.

Examples of the polyhvdroxyv-polyaminoe compound

include, but are not limited to, 2,2-bis{3-amino-4-

31



Development in the developing system Mark-7 manufactured by
Tokyo Electron Limited, an asueous 2.38% tetramethylammoniuh)
hydroxide solution was sprayed on the exposed film at 50 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 bv centrifugation at 3,000 rpm for
10 seconds. [0097] Calculation of Sensitivity After the exposure and
nggvelopment, the. expesyre time Eonl for.which 2,50 um JALling.and ; s e
Space pattern was formed (hereinafter referred to as "op¥|mal exposure
s times), was determined. Cases where the Eopl was 400 MLVOITI2 or less
were determined to have .good patterning property. More preferred is 200
mJica2 ar less:{0e98(2rEvaltation: of Sterage Stability:aphAfterthecne
varnish was stored under a yellow lamp at 23C for 14 days, a coating film
dwas prepared fropmi ther varnisinat the'sgme rotationrumber as g the
evaluation section (1), and the thickness T2 of the coating film was
Stheaslired. SSGHSe GUENntRF the RIRT WSS sUbjectéltotie expostire-aitthe
development, and the optimal exposure time Eop2 was determined. The
VAl D T1 2P was EHICHATRSE. Cases Wiére the dbsotltevalle of TI - T2
a5 0.3 4n less were, evalyated as good, while Gases, where, it was more
than 0.3 Um were evaluated as poor. The value of Eop2 - Eopi was also
raledlated..Cases where the absolute valye of Eep2 -dzep! was 50
mOicm2 or less were evaluated as good, while cases where it was more
ribanSmlicro? wete evadiated asypodr. {0099 (3pkvaluationofat show
Mechanical Properties
absorption up to the mercury lamp g-line region are

suitable for g-line exposure. In an empodiment ol the

invention, 4-naphthoguinone diazide sulfonyl ester

compounds or
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molecule is alse available, and a émnaphfhoquinone diazids
sulfonyl sster compound may be used in combination with a
ester compound.
(00577

The molecular welght of the guinone diazide compound
is preferaply 2,500 or less, more preferably 1,200 or less,
even more preferably 1,200 or less. The guinone diazide

compound with a molecular weight of 2,500 or iless can be



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 obtained. The film was then developed by the method -described -
|n the section (1), and the resulting photosensitive resin precursor film was
SHeattr&Rted Urilier W6 §ER now (5t an dﬁVg%chonc@ﬂrat‘roWo@fG Hpm or
Ieese) with Inert Oven INN- 21CD manufactu§ y Kor}/o Therm System
Co Ltd. in‘Which ‘the film was heated at 150¢ foF 30 minates; 1 en raISéd
. ~the4emnetatuet%tq&%evenkmyg@n%%ed At 3206 for 30 minutes .

so that a heat-resistant resin film. (cured film) was prepared. [0100]
orPreparation:of MeasurementSample= - wdJhereured film.prepared onthe
silicon wafer was immersed in 47% hydrofluoric acid at room temperature

o fomZmainutes;thenavashed withiwater, and-earefully separated from the
silicon wafer. The separated cured film was cut into | cm-wide, about 9

{ hong strips with a single edged knife, and the strips were used as
measurement samples. [0101) Measurement Each measurement sample
was attichéd T8 TensIEh 100" manGfactifSd manufadtihréd By Orientet
CQ,;va_th_and the |n|t|al samplerlen th wasnset to 50.mm. The tensile test

R - "7“"“‘

was performea on the sample at a tension rate of 50 mm/minute. The

easwementyag performed-on 12"%%'9@1%8&;) and-the averages of

t e resulting topS five maxi= stresses, elastic moduii, and elongations
ravere defeppined; sespectively: 91971 = n(4) Evaluation.of-Rattern
Profile Characteristics after Heat. Curing Heat Curing The film was
rdeveiloped by the: method:describediir the sectiare (), rand: thesresulting « e
photosensitive resin precursor film was heat-treated under nitrogen flow
LYat-an OXygER Tontehitatios of Z05-guRT of ess)withiinerrOvén ©lsH-21C0
manufactured by Koyo Thermo System Co., Ltd. which the film was
LINTESEd i the SVelt'at I%O@I?nmedrateﬁlcratsedth% “temiperaturéB350C
o OVEL: 30 Orumu}eeand heat;treated at 320C for 30 minutes so that a o
heat resistant resin Im 3(cured fblms was prepare

through & ring-clesing reaction by heating. Particularly
in such applicazicone as surface protective films for

semiconductor devices and interiayer dielectric films,

cured fiims are gsnerally treated at a high temperature of
80 teo 290°C in a post process. In order to prevent gas
formation in the pest treatment process, therefore, the
resin compesitions are often cured by heat trsatment af a
temparature higheyr than that 1n the post ftrsaitment process,
nameiy at & temperature of 300°0 or higher When & certair

containing tThe novolac resin {a) and the polymer ib)



[01531 Evaluation of Pattern Profile After the heat curing, the
cross-section of the patterned film was observed using F-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 .
Lyaluation of the pattern profile characteristics After the heat,curing, in. ..,
{which A 78 8kcéllent, Bis good and accéptable, and C is unacceptable.
0104}, 1 Synthesis Example 1. Synthesis of Bydroxyl-grdup,containing -
acid anhydride (a) Under dry nitrogen flow, 18.3 g (0.05 mpl) of 2,2-
bis(3ramine-4-hydroxyphenvhhexafluorebrobane (RAHKE) and 4.2 g (0.3
mol) of ally1 glycidyl ether were dissolved in 100 g of
rgamma-butvrelactone: (GELY, and themmixtur-was<ooled toviBCoAresin
solution of 22.1 g (0.11 mol) of trimellitic anhydride chloride in 50 a of GEL
as added dropwise it thee iritkture h¥ SUER B anfier fifat thE ¥8mperatufé
of the reaction liquid did not exceed OC. After the addition was completed,
AR Thixtre Was allbwat’ 16 réa&at O ior A hohrs! The réduftiv Sottitior.
Was concentrated using a retary evapotator, The concentrate was added
to"1 L of foluehe 'so that a hydroxyl group-containing acid anhydride (a)
Jepresanted @b(eth%@ﬁmU%Q@@%.W@ér@@%@@ﬁ:iHiLQé) rrormula 16354 ;.
Hydroxyl group-containing acid anhydride (a) 101061 Synthesis _
foxaaple=2; Synthesis af-hydraxyl-gretupacartaining diagine compound (0)
A solution of 18.3 g (0.05 mol) of BARE in 100 TaL of acetone and 17.4 0
(08 mpl) of propylene oxide was cooled to -15C. A solution of 20.4 o0 (0.11
mol) of nitrobenzoyi chloride in 100 pall of acetone was added dropwise
thersts ! AftéF the addition was completed, the mixture was allowed to
react at -15C for 4 hours and then returned to room temperature. The
pfgCibdtated white solid was separated by tCt-@ﬁ@ﬁl and dried under

vacuum at 50C; [0107) /
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Iin formula {(3), R to R*™ mav be the same or different

and sach represent hydrogen or a monovalent organic group
cof 1 to 10 carbon atems. Examples of the crganlic group
include a hydrocarbon group such as alkyl of 1 to 10 carbon

atcms and alkenyl and an alkoxy group of 1



y o of the solid was added to a 300 m72 stainless steel autoclave and

dispersed in 250 mL of methyl

L.

[Formula

~"Hydroxyl group-co

SUTN &

<ccompaund (represented, by, the form

ol e, ando of 5% palladium-carbon
was added thereto. Hydrogen was introduced thereto from a balloon so
that a reduction reaction was performedroom temperature. After about 2
hours, it was confirmed that the balloon could not deflate any more, and
the reaction was commieted. After the reaction, the pal lao.ium compound
cat -yst was removed by filtration, and the filtrate was concentrated using

2 9 PStary SVapdrator sbthdba Hydroyt F6ip-coRtaifing diaminer of 1

& mMETNY4 ST T
nta?ﬁ?ng digmine b

ula below was obtained. [01085;\21 .

¥ [0L05]PnifHTS

pulmpie; 3.Synthesis.or-hycroxyl group= containing diang, . .- .o,
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group of 2 to 4 carbon
allyl, or butenyl. R™

which is preferably a hydrocarbon group of

atoms.

(0061}

T

formulsa

diazide sulfonyl

group,

{1

d-naphthoguinone

&

isobutony,

n

an alkoxy group of 1

ethony, hydroxyethouy,

n-butoxy,

To 4 carbon atoms,

crganic group,
1 to 30 carbon

-naphthoguinons

diazide sulifonyl

group o1 hydrogen, provided that ncot all 9 moistisz ars
nydroger. In an embodiment of the invention, the molar
ratio of the naphthoguinone diazide sulfonvl group

represented by Q to the hydrogen atoms represented by ¢

(naphthoguinone diazide sulfonyl group/nvdrogen’ i

preferably 3/%Z or more,

The meolar ratic is praeferably 3 or less,
5/3 or less, which leads te an improvement
property Az used herein, the rarmm
sulfonyl group” refers to the total

diazide sulfonyl and 4-n

H

achthoguinone diazide

which isads to good pattern profile.

L

sulfonyl



A solution of 15.4 g (0.1 mol) of 2-amino-4- rophenol in 50 ml of acetone

and 30 g (0.34 mol) propylene oxide was cooled to -15C. A solution of 11

(0.055 mei) of isophthaloyl chloride in 60 mL of acetone was

addedthereto. After the addition was completed mixture was allowed to

react for 4 hours. The product was Men returned to room temperature,

and the resulting precipitate was collected by ration. [01101 The
e&ppltate was dissolved in 200 nil of GEL, and 3 g ci 5% pal

adlum carbon was added thereto and vigorously stirred. A balloon fiwith

[ Jydrogen gas was attached and the mixture was continuously
stirred at room temperature until the hydrogen gas balloon did not deflate
any more. Themixture was furthenstirred:for 2-heursrwith the hydregen:
gas balloon remaining attached. After the stirring was completedg the
( Jalladiiracempold wastrehtoved: byt edtion; and thesolution wass . -
concentrated to half volume using a rotary evaporator. Ethanol was added

mi6 the Coneentrate, and recrystafizatién was Hdrforiied stdhatcrystals of
gl h droxyl rou gontalmg dlamlne gc) representedbyformuI%prelow was

%amed [OT: <:L]thlformula 8] Hyaroxyl group- codiamine (c) Synthe3|s

ﬁxampleSynthess of hyaroxyl group- contain-2.r diamine (d) A solution of
15.41 mol) of 2-amino-4-

{OODJ

1)

The naphtheguinone diazide compound represented by
formula {(3) may be produced by esterification between the
corresponding polyhydroxy compound and naphthoguinons

diazide sulfonic acid. For
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described in JP-A No. 46-250, which includes allowing an o-

polyphencl compound in the presence of an acid catalvst.
Examples of polyhydroxy compounds that are prefsrably used
in an embodiment of thes invention include the compounds
snhown below. Two or more of these polyhvdroxy compounds
may be usaed in combination.

[00647

{Frormula 117

36



nit01 in 100 mi of acetone and 17.4 g JO.3 mol) of nr ylene oxide was
cooled to -15C. A solution of 70.4 g (0.11 moll -o 4-nitrobenzoyl chloride in
100 mL ofcrone  gradually added dropwise thereto.er the addition was
completed, the mixture was allowed to react at -15C r 4 hours. The
product was ,_hen returned to room temperature, and he resulting
precipitate was collected by filtration, The preripitate was then subjected
to the same process asSynthesis Example 2 so that crystals of a hydroxyl
group- c%ﬂw’mng ‘W(hl represepted by the formula 1@pr was
obtained. [O’i&’& ula19) N2la Iv}'y‘droxyl group aining diamine

(c1[0114] K»Synthess Example 5: %ﬁ% e diazide
compound (e) . Under dry nitrogen flow, 05 mol) of
TrisPFITA.P (trgde name, manufacturgd by Hehshu ical Industry
Co., Ltd.) and 40.28. (0.15 mol) of 5- thoq one |de sulfonyi
chlorlde ..C re dlssolved in 450 2 -di. oxane and the
'SBndtio Wgé kept at{(og ﬂgﬁzrrﬁb"’rature A mixt re of 50 g of 1,4-dioxane

and }g of ! ﬂlb}/j .
X%::“\L} Q LJC})\yﬁgj W\QF
OH HO
Lf(iz}m\ f__{GH HO J\, \ {QH
% 4 T
O GRS W ()
X >4 X Y
] s e ; Sl Mt
P, ‘5} s
HO OH Ho s
MO OH H ¥

.
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triethyl amine was added dropwise to the solution in such a manned that
the system did not exceed 35C. After the addition, the mixture was stirred
at 30C 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 (e) represented by the formula below
[M\@,CsEqbtained. [0115] [Formula 20] Nihone diazide compound (e) [0116]
Synthesis Example 6: Synthesis of quinone diazide compound (f)

Ender glsy nitragen flow 21 2210 N:Qbymai)ol:Trie PR A(grade natme,
manufactured by Honshu Chemical Industry co., Ltd.), 26.86 q (0.10 mol)
rebbaaghthoquinoherdiazide Suifonvl.chioride and-£3.43yg {@.05-mobraf 4-

naphthoquinone diazide sulfonyl chloride were dissolved in 450 g of
uerediokapet ahdthesolgtior #was kept at foom tenfperatire °FThe'solution

was then subjected to the same process as in Synthesis Example 5 with a
Niffixtore of S5 BF 194 didkandand 12 857y of téthyfamikie “So thata

uinone diazide compound (53 represented _th@for_mulgfe Qw was .

O A5 (ForlS 01 iine diastle Compound (92 iaat
+Synthesis. Example 7: Synthesis of gyinone diazide-compound(g)=r To

a 2 L flask were added 07.67 g (0,1 mol) of TekP4HBPA (trade name,
=manyfactured by Henshu €hemicaldagustry: Cay, ltd.) and 26.87 g (0.1

moll of NAOS. They were dissolved in 450 g of 1,4-dioxane, and the
risqlutionwas:Kept ak rooh témperatdre. A fixtueé oh50.g of 14-ditxane: &

and 10.12 g of trietENiamine was added dropwise to the solution in such a
SMaARRBE tatahel syt did hot exéesd ) 2EHEFRE additichahected o

mixture was stirred at 40C for 2 hours. The triethylamine saltwas .=
AP AtEt by filttatiiz andthe filtrate was Adtied toWwater “The Tes(iting
Jrecipitate was then coliected by fityation.sthe pieslptate ag drigd islng
“a Vacaum drier so that a quinone diazide compound (s) was obtained.

49%%%5@, methyl ethvl ketone, W-methylpyrrolidones, or the
Like., Tor exampls, the basic catalyst may be sodium
hydroxide, sodium hyvdrogen carbonats, triethylamine, or the

like. Th

6}

reaction temperature is generally from -20°C to
60°C, preferably from 0°C to 40°C. The resulting proauct
is generally washed with water, then purifisd and driec.

[Q0GE]

(11

in the esterificaticn reaction, a mixture of product

i

iifferent in the number and position of The ester groups 1s

obtained. 2s used herein, the "esterificatior degree” ithe
molar ratlo of the naphthoguinecne diazide sulfonyl groups

represented by ¢ to the hydrogen atoms represented by Q) is

defined as tne averag

T

valus wiih respsct Lo the mixture.

A}

1

te



[Formula 22] 00 [0120] Synthesis Example 8: Synthesis of quinone
diazide compound (h) Toa 2T, flask were added 57.67 g (0,1 =1) of
Tekts4HBPA (trade name, manufactured by Honshu Chemical Industry
Co., Ltd.) and 40.30 g (0.15 mcl) of NACS. They were dissolved in 450 g
of 1,4-dioxane, and the solution was kept at room temperature. A mixture
of SO g of 7,4-dioxane and 15.18 p of triethylamine was added dropwise
.o the solution in such a manner that the system did not exceed 35C. After
ihe Addition, the mixturewas stifred at 40¢ for?’Rotird Thetrhefhylamine
- Saltwas sgparated by filrafion, and the filtrate was, added tq water,. The
resulting precipitate was then collected by filtration. The precipitate was
= igHiegbusinga-vasuwagrier-so that a;quingne diazide compound.(hwas.
obtained. [0121] {Formula 231 1.5:7.5 Quinone diazide compound (hp
130122 r -4Synthesis:Examipler91iSynthesis of guinone diazide compound
(1) To a 2 IP flask were added 57.67 g (0.1 mol) of TekP412,BP2,)
R ade tame Crsifactifed by Hohshu Cherical fndustryCoolitds) anified
53.74 g (0.2 mol) of RACE:. They were dissolved in 450 g of 1,4-dioxane,
SN the SOIGH6N was keptat rodim fempefaired A fifititife- 8F50 g-6F
ndyddioxane and 20.24.9 of triethylamine was added dropwise to the ., _ ,
“Solution in 'such a manner that the system did not exteed 35C “Aftéf the™©
s @ddifion, the mixtyre was stirred at 40C for 2.hours; The triethylamine salt

was separated by filtration, and the filtrate was added to watPr. The
csesultingiprecipitate wassthem caltected by ditration. 1 w1 of che

polyhydroxy compound, the guinone diazide compound is

preierably 1.5 mel or more

n

o]
08

o o 2 H .
prererably I mol Or Less,

£

w

-

more preferably 2.5 mcl or iess.
" e Yeda B
(0067

The amount of the quinecne diazide compound (o) is

preferably 1 parts by welcht or mors, mors praferably 3

190 parts by weight of the total amount ¢f the novolac

resin (a) and the polymer componsnt (b) .

[G0e8
The positive-type photosensitive resin composition of

the invention contains an alkoxvmethyl group-containing
compound (d} . The alkoxyvmethvl group can causs a
crogslinking reaction in & temperature region of 150°C or

higher. Therefors, the compound contained in the



The precipitate was dried using a vacuum drier so thaz a guinone diazide
compound (4) was obtained. [0123] [Ebrmula 24) Quinone diazide
compoun [0124] Synthesis Example 10: Synthesis of cuinon diazide
compound (1) To a 2 L flask were adder' 57.67 g (0.1 mol) of
TeEP4HEPA (trade name, manufactured by Honshu Chemical Industry
Co., Ltd.) and 67.17 g (0.25 mol) of NACEE They were dissolved. in 450 g
of L A-dioxane, and the solution was. keptatrogm.temperature; A mixture.
of 50 2 of 1,4-dioxahe and 25.30 g of triethylamine was added dropwise to
dhewgolution:insuch amarner that the systenndidnret-exceed=35¢. After or
the addition, the mixture was stirred at 40C for 2 hours. The triethyiamine
‘dalt was separated by filtration;:and #he filtrate was addea to watensThe
resulting precipitate was then collected. by filtration. The precipitate was
sdrist-using & facEiHm drist So'that BB tinone diazide‘corfipotiid {(j)ivas
obtained [01251 [Formula 251

crosglifiked structurs can bhe formed, when the pelyvimide

precursor ¢r the polvbenzoxazole precurscr is cured by heat
treatment through 2 ring—-clesing resaction by heating. This

procese achieves good mechanical properties. I the
component (d) is absent, the cured film can be too brittiles

PR P I ot

to be self-supporting, because the novolac resin is brittle.

The component (d) is preferablv a compound having two or
mors alkoxymethyl groups, in order Lo increase the
crosslinking densizy. In cxrder to further increase the

rosslinking denslity and the mechanical propsrties, the

[ e ]

Q

compound preferanly has four cr more alkoxvmathyl groups.
In an embodiment of ths invention, the alkoxvmethyl group-
contalining compound is preisrably a compound having a group
represented by formula (4} or z compound representad by

formula {3). Theses compounds may bDe used in combination,

1006

o

T
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Quinone diazide compound (j) [0126] Synthesis Examplé 11:
Synthesis of quinone diazide compound (k) To - .I flask were added
57.67 g (0.1 mol) of TekP4HBPA (trade name, manufactured by Honshu
Chemical. Industry CP., Ltd.) and 80.60 g (0.3 mol) of HATS. They were
dissolved in 450 g of 1,4-dioxane, and the solution was kept at room
temperature. A mixture of SO a of 1,4-dioxane and 30.36 g of
triethylamine was added dropwise to the solution in such a manner that
the system did nﬁt éxceed 35C. After the addition, the mixture was stirred
at 40 for 2 hoxﬁrs The tnethylamme salt was separated by filtration, and
the f|| r &was-added to watgr The resulting precipitate was then

e¢t d by filtration. grecipitate w drled using a vacuum drier so
t a &l
Qumee

inone giazidecompaund (k) wa dbtained. [0727] [ Formula 26j
ide compound (k) [0128j Synthesis Example 12: Synthesis
of nowolac resin, Under dry nitrogen flow, 70.2 g (0.65 mol) of
m-cresol, 37.8 be 8.35 mol af p-cresol, 75.5 a of an aqueous 37% by
weight formaldehyde solution (0.93 tr,01 of formaldehyde) , 0.63 g (0.005
mol) of oxalic amqulhydrate d 264 o of methyl isobutyl ketone were
added to a flask, and the flask was |mmeq§ed in an oil bath. While the
ﬁeactleﬁhqwdwasmreﬂuxed—@belyé@ndemsauon reaction was nerf%g@ed
for 4 hours. The temperature bf the oil bath was the/n raised ovér 3'hours,
and then the pre§§1ﬁ’re in the &Sk was reduced to! 3(5%0/50 mmi—lg so that
the volatile components were removed. The dlssolvedeesm was cooled to
oo temperat\Te(ﬁo/that a poly= solid (named novolac resin A) was

lobtained. Its We,wg/ht a‘veﬁslg%:{molé?mar vizelgbt was;3,500.as pﬁeasu\ red/by
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Iin formula (43, RY™ and RY™ sach represent an alkyl
group of 1 te 20 carbon atoms, which :s preferably an alkyl

group of 1 te 10 carbon atoms, more preferably an alkyl

group of 1 te 3 carbon atoms, in view of the solubility
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[0129] Synthesis Examp e 13: Synthesis of novolac resin FS' A
polymer solid(hnamed novo-lac resin Pi) was obtained using the process of
Synthesis Example 12, except that 108 (1.00 moll of m-cresol was used
in :lace of 70.2 g (0.65 mo)li of m-cresol and 37.8 g (0.35 mol) of peeonits
weight average molecular weight was 4,000 as measured by GPO. [0130]
Synthesis Example 14: Synthesis of n volac resin s A polymer solid
(named novolac resin 0 was obtained using the process of Synthesis

" Ixampiexcept that 8824 §(0-86 moll of me-cresol and 21.6 g (0.20 mol) of
P sol were used in place of 70.2 g (0.65 mol) of m-cresol and 37.(0.35
toole)E of p-cresol, Its weight average molecular weight was 5,000 as
measuredy-GPQ. [04311:Synihesis Example 15,.Synthesis;q giao resin
0 A polymer. solid (hamed novolac resinwas obtained using the

wPpreeass of Synthesis &xample 12, except that 54¢(015-mdly of a-cresol
and 54 g (0.50 tool) of p-cresol used in place of 70.2 g (0.65 mol) of

ahpgresold 37:8 gK0:35: Aol kbt p-cresal . s weightiaverage molecutarzbon
welght was 3,500 as measured by GPO [0132]

16
atoms in view oI \,OP"{DHLIDW \lt\f with othexr compeonents, Rt

represents a hydrogen atom, a methyl group or an eftnvl

group. R to RY may be the same or different and each
represent a hydrogen atom, a monovalent crganic group of 1
to 20 carbon atoms, Z1, Brx, I, or ¥, and 5 represents an

Examples of the compound having the group reprssented

by formula {4} include, but not limited to, the following

[Formula 131



Synthesis Example 16: Synthesis of polymer A. Under dry nitrogen
~flow, 4.40 g (0,022 mol) of 4,4'- dtaminophenyl.ether (DAE) and 1_24 q
(0.005 moll) of 1,3- his(3-aminopropyl)tetramethyldisiloxane (SiDA) were
dissolved in 50 g of N-methyl-2-pyrrolidone (NNE). To the solution were
added 21,4 g (0.030 mo)) of the hydroxyl group-containing acid anhydride
(a) obtained in Synthesis Example 1 and 14 g of NME, 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-ethvnylaniline as an end capping agent
was then added theretp, Y the mixture was further allowed to react at
40C for 1 hour. A soldtion farepared by diluting 7.14 g (0.06 mol) of
N,Ndimethylformamidg dirpiethyl acetal with S g of NMP was then added
dropwise thereto over10 Miinutes. After the addition, the mixture was
stirreg; at 40C for 3 hcmf?s. ﬁter the reaction was completed, the solution
was&ddetd to 2 L of v&ﬁter%nd the resulting polymer solid precipitate was
collegtedy filtration.ﬁagéolymer solid was dried at 50C for 72 hours
with & 'vagtium driéFso that a=olyimide precursor (named polymer A) was
obtained{j01331 Syn%esi‘S“Example 17: Synthesis of polymer S Under
dry %ro%}gn flow, 13.6@,0@&5 mol) of the Example 2 was dissolved in 50
g::@KNMITD Eagthe solution were added 17.5 g (0,025 mcl) of the hydroxyl
grouﬁ-coﬁiaining acid@#nh@lride (a) obtained in Synthesis Example 1 and
30 gqaf pyridine, and tij_e mj{’qf«ture was allowed to react at 4000 for 2 hours.
Ther@ftef_g 0.58 g (0.695 mipl) of 3-ethynylaniline as an end capping agent
was @dded thereto, anmgﬁth;%mixture was further allowed to react at 40C
forhéﬁ{. T4 solution prepared by diluting 7.35 g (0.05 mol) of
N,N-dimethylformamide giethyl acetal with 5 g of NMP was then added
dropwise thereto over 1£:minutes. After the addition, the mixture was
stirred&t 40C for 2 hourg After the reaction was completed, the solution
was aa"ded to 2 L of watgr, apd the resulting polymer solid precipitate was
coIIecfé\d by filtration. Tﬁg pglymer solid was dried at 8000 for 72 hours
using & vaguum drier sq?ithaﬁca polyimide precursor (named polymer E)
was o%ai@d. [0134] Syﬁth@is Example 18: Synthesis of polymer C
Ungg;@ﬁyﬁitrogen flcg)]v_v,a@:{lze g (0.040 moU of the hydroxyl
groupigentaining diamine-eempound (c) obtained in Synthesis Example 3
and 1.24 ¢{0.005 mol) df SIDA were dissolved in 50 o of NMP. T the
solutiafrwete added 15.31 g{0.05 mol) of
3,3',4,8E-giphenylethertgjracarboxylic acid anhydride (ODPA) and 21 g of
NMP, @nd the mixture was affowed to react at 20C for 1 hour and then at
50C faE1 hour. Thereafter. 0.95 g (0.008 mol) of 4-allvianiline as an end
capping agent was addég thereto, and the rn'xture was llowed to
react at 50C for 1 hour. A solution prepared by diluting 13.2 g (0.09 mol)
of N,Ndimethylformamide diethyl. acetal with 15 g of NM8 was them
added dropwl1se therete:overs 10 minutes. After the addition, themixture
was stirred at 40C for %ho%s After the reaction. was completed, the

solutigh wés added to .= .
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. o
50 5O
! ; L
Tz ZT Tz ZT
X Y
< O



le resulting polymer solid precipitate was collected by filtration. The
polymer solid was dried at 80C for 72 hours using aum drier so that a
polyimi precursor (nawas obtained. [0135] Synthesis ExampleSynthesis of
Polymer D Under dry n.itrogen flow, 6.08 s (0.025 mo -droxyl
group-contadiamine compound (d) obtained in Synthesis Example 4, 4.51
a (0.0225 mol) of EAE and 0.62 g (0,0025 ma]) of .c1DA were dissolved in
) 70,,9 of NMP. To the solution were added 24(0.035 mol) of the hydroxyl
|~Ogci(’)uﬂ)-containing acid anhydride (a) obtained Example I, 4.41 g (0.0100f
3,3.44T: hichenyloxylic acid, dianhydride (SPDA). and 25 g-ot NMP at
room temperature, and the mixtuxe was stirred 44 room temperature for 1 -
1-hourand tat 40C-for l-hour .ethynylbenzepediearboxylie acid.aphydride
as an end capping agent was added thereto, and the mixture was further
i aflowed to react at 40C for 1 hour, A solution prepared by diluting 13.09 g
(0,11 mol) of N,Nedimethylformamide dimethyl acetal with 50f NMP was
[ Inemaddeddropwise 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 Li of water, and the resulting polymer solid
precipitate was collected by filtration. The polymer solid was dried. at 80C
for 78 hours using a vacuum drier so that a polyimide precursor (named
polymer ID) was obtained. [0136] Synthesis Example 20: Synthesis of
polymer S :
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Under dry nitrogen flow, 18.31 g (0.050 mol) of BAP:7 and 19.70 g (0.040
mol) of a dicarboxylic acid derivative produced by the reaction of 1 mei of
diphenylether-4,4idicarboxylic acid. dichloride (DECO) 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 (0.080 mol) of:
3-allyibenzenedicarboxylic acid anhydride as an end capping agent in 30
g of NMP was then ebbed thereto. The mixture was further stirred at 75C
for 12 hours so that the reaction was completed After the reaction, the
solution was added to 3 2 of a solution nf watér and methanol (3 : 1), and
the resultlng polymer solid precipitate vias collected by filtration. The
poﬂymer solid was dried at 8000 for 20 Ho l%mg a vacuum drier so that
beelﬁgoxazo@precwsor (named p%ly er{E was obtained. (0137)
Symhﬁs&"Exampl 21: rithesis of polymer F ¢ Under dry nitrogen
ro%éilﬁ"g (0.02 S@%@AP and 1% -mol) of SiDA were
dissdlved in 50 g 6f TD the solutlon/wgre—é— dded 21.1 g (0.030 mol)
of the hydroxy gro :gﬁ:hng acid anhydride (‘é) obtained in Synthesis
ample 1 and 14prdf>ffll\/gﬁgand the m@ture gyasiallowed to react at 20C
for 1Jhour and then \igr 4 horrs. A s@lgtlont?prepareg by diluting 7.14
.08 rpol) of N I{\Jy thytformamide ylf;,acetal yith 5 a of NMP
was thenfadded deopwise thereto over EE@ @alnﬂ‘tes Afterdhe addition, the
m@ture S stlrre@at Séﬁ 3 hours. Aftef- thd reactionwas eé"mpleted
thg;solut@n was agdded t6 T of water, qu theziresultlng;@) E’r solid
precipitate was collected by filtration. The polyimer solidwas;, t 50C
for 72 hours using a vacuum drier so that a polyimide pr@ursaﬂ (named
polymer fl was obtained. (0138] Synthesis Example 22: &S?nthesns of
polymer G, Under dry nitrogen flow, 48:4 ¢ OfBAD and 25.4 o iss sr 02™n
weke disgolved in 820 g.of NM?, and 1 oﬁDEPA wasadded thareto,
Thg mixtére was s?ﬂrred Er’brg hours, Whﬂe Le@})erature was controea to

bexih éﬁhegange of2.000%0 80C, so that’ ioff of a payimide precursor
(n& /f)olymer Wa »obialned [01 ynthesis Example 231 %
Synthesis of polyme anz(der dry nltrogeq—tLéW‘;AS Oanc&
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SiDA were dissolved in 400 g of NMP, andCOP added thereto and stirred.
The mixture was allowed to react at room temperature for 5 hours so that
a solution of a polyimide precursor (named polymer H) was obtained.
[0240] Synthesis Example 24: Synthesis of polymer 1 Under dry
nitrogen flow, 198 g of SiDA was dissolved in 600 g of NMP, and 1236 g of
ODPIA 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
[¥&r§ge of 10C to 30C, so that a solution of a ide precursor (named
polymerobtained. [0141] Synthesis Example 25: Synthesis ofg\_olymeg, .
Underdry iff8g&n 8% 1376690838101y bf the hydroxyP = © =he
_group-containing diarrL e (h) obtainedSynthesis, Example 2 was dissolve
“?r%‘*%iﬁp%marﬁ‘m|‘%8|‘a%ioﬁ%¢(1e?‘é"aa*&é§ 1755 (0 05t ﬁyf‘dr%xgrg’ ‘a%sﬁf e
cgontaining, acid anhydride.(2) obtained.in Synthesis Example.l and.30ig
- of pyridine, and the mixture was allowed to react at 40C for 2 hours. A
osoktien prepared by diluting #:3% 00,0 mat)- o, N-ecimethydformamide
diethyl acetal with 5 g of NME was then added dropwise thereto over 10
cminttesnéfter the addition| the mrikturéwas stirred: atA4@&forr2 hoars. in
- After the reaction was completed, the solution was added to 2 L, of water,
vard thé resdlfing polymer Sefd précipitateswadiestiected by fitration( The
polymer solid was dried at 80C for 72 hours using a vacuum drier so that .
23 POyAE Precirsdr (Tathed potyiRer TN WES obtained. fief -2~ =7 ¢
Synthesis Example 26: Synthesis of polymer K, - ., Under.dry nitrogen. ;..
pffc))évfl 136 J(n}(p))'zfoor"ﬁol')é(o&fgtf’le ?%?o%y %%%’Jﬁ-%éﬁtgﬁin a%grﬁirgg s
«compounddc).-gbtained in-gynthesis Example-3.and,1.24:9,{0.095 mal) of
9iDA were dissolved in 50 g of NMP. To the sodution were added 15.51 g
1©:05 moll of 3,3',4,4'-diphenylethertetracarboxylic acid anhydride (ODPA)
and 21 9 a of NMP, and the mixture was allowed to react at 20C for 1 hour
and thémat 50€ for 1ehourrA solatiors prepared<yrdiftingcl8i24g (0,09 oI
mol) of N,N-dimethylformamide diethyl acetal with 15 w a of NMP was -

the invention contalins a solvent (). Examples of the

sgivent inciudes polar a

<

sroftlic solvents such as N-methyl-2-

T

pyrrolidone, y-putyrolactone, N, N-dimethylformamide, K, N-

dimethylacetamide, and dimethvisulfoxide; ethers such asg

tetrahydrofuran, dioxane, and propylene glyvcol monometnyl
ether; ketones such as acetone, methyl ethyl ketons,

diisobuty]l ketcne, and diacetone alcohol; esters such =

{
4

0]

sthyl acetate, propylene glyvcol monomethyl et

her acetate,
and ethyi lactate; and aromatic nydrocarbons such as

toluene and xylene. The compeositicn of the invention may
contain twoe or more of thess gsolvents. The amount of the

solvent iz preferably 50 parts by weight or mor

€]

; G re

preferably 100 parts by welght or more, preferably 2,000
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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 80C
for 72 hours usinp a vacuum drier so that a polyimids precursor 'named
polymer irQ was obtained- [0143] Synthesis Example 27: Synthesis of
polymer L . -Under dry nitrogen flow, 4.37 g (0.018 mol) of the hydroxyl
pagroupicortainiyig: diaminescompound (d)dbtamedyin Syrithesis:Example
4,,4,51 g (0.0225 mol) of 025 and 0,62 g (0.0025 mol) of SiDA were
“igSolved in 70 oPRIMPL 76 the'Solttion Wete atided 24 99 ¢ (3.038Thel)
of the hydroxyl group-containing acid anhydride (a) obtained in Synthesis
AT ple 1, 4 A1910.610 méi§ of 3.8 4,4 biphenyitstradirbokyiiaba™ -
(bdjanhydride (3502) 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 hour. A
- $@tution prepared by diluting 13.09 g (0.11 mol) of N,Ndimethylformamide
" dimethyl acetal with 5 g of NMP was then added dropwise thereto over 10
minutes, Afterdhe:addition.thermixtinerwas stised ¢ 40CGforheurssy of
After the reaction was completed, the solution was added to 2 L of water,
t anditheaesukingpolynrerselid précMpitatelwas coflectedrby. filtiation. The
polymer solid was dried at .80C for 72 hours using a vacuum drier so that
5 alFelgInSidBEPprECUrsor (iathéd poifmer L) Was obtained " [01443°Synthesis
. Example 28: Synthesis of polymer M Under dry nitrogen flow, 18.31 g
6580 moly of BABEdHd 16.70°% (0:046 meiy OF a'ditarboxyfic acid2™P-*
., derivative produced by the reaction of | mal of diphenylether-4.4-. .
dicarboxylic acid dichioride. (DEDC) with 2 méi of Ia hydroxyhenzotriazolé
~ Wwere dissglved, in- 2009 of MR, .and:the solution was stirred at 75C for 12
hours So that the reaction was completed. After the reaction was
peempletednthe selutionavas -added £0.3 L wta solution of water and
methanol (3 : 1), and the resulting polymer solid precipitate was collected
chyfiltiatiom Thecpolymensolidowas driedat 8900 for 20 hours using a
vacuum drier so that a polybenfoxazole precursor (named polymer M) was
FoBfafed- D185 IS yrithe §is EXENTple PP Syhthesis of polymer N
Under dg nitrq?te(yfjg\(v, 4.40 a (0.022 mai) of DAE and Aa24 g (0.005
PHofor SIDA Were dissoived i 50y 6f' KIMP.To the solution were added
p4k:4.9 (9.030,moil) of the hydroxy group-containing acid anhydrde (a)
obtained in Synthesis Examplé 1 and 14 g of NMP, and the mixture was
valh owed:todeagt,at 20Cfor 1:hopr-and-thenat40G for 2-hours.« - o (5~
Thereafter, 0.71 a .(0.006 mol) of 4-ethynylaniline as an end capping
magentwas addedsthereto, afd:the mixture onas further. allowedtoreactat
4000 for 1 hour. solution prepared by diluting 7.1A q (0.06 moll of
3NNdimeathyforpramide dimsthyl aéetanwith5-§ of NMP:was therx addedns
dropwise thereto over 10 minutes. After the addition, the mixture was
“stivred ar A0EROY BIGUSTAREY the FeACHOn Was ébfmpleted, the solution
<35 added 0.2 |, of waer, andthe tesulling polymer solid precipitate was
Sollected by fitration. The polyier solidiwas dried. at 5000 for 72 hours °
-using a %@9&@ so that a polyimide precursor (named polymer. N)
was obtained.

[ocvs]
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[0146] Example 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 quinone diazide compound (MG-300 (trade name) manufactured by
Toyo 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 GEL. The pattsrning property, storage
stability and mechanical properties were evaluated as described above
using the resulting varnish. [0247] Example 2 A varnish of a
photosensitive resin. composition was obtained by dissolving 6 g of
novolac resin 5, 4 g of solid polymer E, 2 g of quinone diazide compound.
(f), 7.5 o of NGKALAC MX-270 (trade name, manufactured by Sanwa
Chemical Co,, Ltd.), and 0.3 g of N- phenvlaminopropyitrimethoxysilane in
30 g of GEL. The patterning property, storage stability and mechanical
properties were evaluated as described above using the resulting varnish.
[0148] Example 3 A varnish of a photosensitive resin composition was
obtained by dissolving 6 g of govolao resin C, 4 g of solid polymer C, 1.5 g
of guinone diazide compoundgbe, 2.0 g of HMOM-T2HP; 2 (trade name,
manufactured by Honshu Ch Tical Industry Co., Ltd. ),Zénd 0.3 g of
lactate (EL). The patternlngfpropeﬁy, storage stablllty an nechanical
properties were.evaluated. as desgrlbed above using thg re;;)ultlng varnish,
[0149} Example’34 i BA varnih of a photosensmve resm"r:bmposmon was
oma(@,edaby dls@“ﬁ?‘ 6 5 ofihcg(olac resi 3.5 pf sol@ polymer 0, 2
gof MG:@OO (a ne dlaz+de~ebmpound® g of MMOR-TP2A (trade
n@m manufact Erggi lby Honshu Chemlcalhl siry Ce., Ltds), and 0.2 g of
N e“ﬁ\/lamlnop pyitrimethg ilane |n€30 cifaGEk . Jhetpatterning
prope idorage ﬁablllty and meéhanlcal rqpe‘ﬂles were evaluated as
descr@: bove ug |ng the regyltlng varnlsﬂ
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[01501 Example 5 A varnish of a photosensitive resin composition
was obtained by dissolving 8 p of novolac resin A, 2 g of solid polymer E,
2 g of duinone 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 0.2or vinyitriethoxysilane in 30 g of NMP. The patterning
property, storage stability and mechanical properties were evaluated as
described above using the resulting varnish. [01571 Example 6 A
[Y&ardish was obtained using the process of Example 1, except that 4 ¢ of
novolac resin R and 6 g of solid polymer A were used instead. The _
patterdifgistoperty " Storage Stabili it methanital prépertiséwere ©F
- gyaluated as described above, (0252] Example 7. A vamishwas,,
“obtained using fh“e””pro‘cae“ss“lo‘deia“rnp e T, except that 7§ of novolac Tésin
aiR.Qbtainedin Synthesis Example 15 was Lsed in place of,7 {T1q0f ;.1 ¢
novolac resin A. The patterning property, storage stability and mechanical
rProperdies were-pvalyates-as deserbed above J04 595 Example 8 g Ao r
varnish was obtained using the process of Example 2, except that 2.5 q of
niNTK ALAG M X200 was fsedtinplace of 2:5-g of INIKALAG M2 #: dhe
patterning property, storage stability and mechanical properties were
Pevaiized asdeseribed above {0154PExample 9morA varmistrwasy 20
obtained using the process of Example 1, except that 7 g of novolac resin
P WasUseifindlace df 7 of novelactesi A Fhe patterning propefty”y
«Sl018ge stabllty and mpechanical propertigs were evaluated ag described.
sufficiently effective as an adhésion ald, while the heat

esistance oI The positives-type photessnslitive resin

H

omposltion is maintalined,

0

(6081}

hydrozyl group-contalning compcund. The resulting
positive-type photesensitive resin compesition containing

the phencllic hydroxyl group-containing compound has

¢ hardly soluble in zlkaline dJdeveloping solutions before

expesurs but becomes easily soluble in alkaline developing
solutions upon exposure so that development can be readily
performed without degrading the f£ilm. Examples of
particularly preferred phenolic hydroxyl group~containing

compounds include Bis-E, TekP-4HRPA, TrisP~HAP, Trisk-Da,
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[01549] Example 10 A varnish was obtained using the process of
Example except that 7 g of novolac resin C was used in place of 7 g of
novoiac resin A. The patterning property, storage stability and mechanical
properties were evaluated as described above. [0156] Example 11 A
varnish was obtained using the process f 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
BlevAiluated asdescribetabové ]88 7 ERamplena vl ag yafish vdsonsny
obtained using the process of Example 1, except that 5.6 of novciao

ChEginAR and 44 -6 sofid polymier A WETe skl ihstead: E’at'tef?ﬁ

property, storage Ejablllt and mech%n|c§1lﬂgropertle§{were evaluated as

= Hescribed above- [0158 Exam pie 13" "¢ A'Varnish was obtame%fusmg the

cpracess; of Exam Qle,l, eagcept that 7 4 g of novolac resin A and 2.6 g of
solid polymer A were used instead. The patterning property, storage
r stability and mechanical properties were evaluated as described above.
[0159] Example 14 A varnish was obtained using the process of
Example 3; @xcept that®:5 gsobHME@NMsTRPHAP was usetkinstead:Thesf
patterning property, storage stablllty and mechanlcal

the novelac rezin {a) and the polvmer component (b), the
amount of the phenclic hvdroxyl group~containing compound
1s preferably 1 part by weight or more, more preferably 3

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

group, guinone diaszide meiety-contalining compounds are

claggified as the guinone diazide compounds {(cC).

For the purpose oI improving wettability between the

may alsc contain a surfactant, esters such as ethyl lactate

and propylene glyeol monomethyl ether acetate, alcohols

ketone, or ethers such ag tetrahydrofuran and
dioxane. The compesition may also contaln particles of an
inorganic material such as silicon dioxilde oy titanium
diozide or polyvimids powders

(0084 ]



properties wrarr-. evaluated as described above. [01601 Exampi
obtained using the process of Example except that 1.0 g of
HMOM-TPHAP was used instead, Th patterning property, storage stability
and mechanical propert ccwere evaluatedabove.iated as deabove. [0161.]
Example 16 A varnish was obtained usin.Q- the process of Example
except that 3.0 g of HMOM-TPHAP was used instead. The
property, storage stabil ity and mechanical propertiested as described
abové::E0162% Acvarnishhwes obtainedprocess of Exanpplei3; except that
4.0 g of HMON-TPHAP was used instead. The patterning property,
PIStOPEGE Sta bility ARE MedaMEa properties Wére évalbatedras deseérbed
above. [0167n Example 18  varnish was obtained using the process
REGPERAMPIE 3, eXEeS 0 of AMOM-TPRAT WA G8ed instead°The' and
.Ing property, storage stability and mechanical properties were evaluated,
° “é”*‘sg aeé”grl“ﬁ'gg“ :éboV%?nEfSilGéi]“C%mp%rziﬁ"\f"eSExa“rﬁ:gTé'10” & SrEhIEEe

steel vessel

o

ng stirring them with a mechanical stirrer or
the like to form a scolution, methods of applving an
uniltrasonic wave o the components To form & solution, and
methods of stirring the components in a o
mixing/defcaming machine to form a solution. The viscosity
of the compesition is preferably from 1 te 10,000 mPa-s.

31 4 1 e 3 e} o - R 4
litersd throuch a2 filter with

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

Next, a descripticn is givsn of methods for forming a

heat-resistant resin pattern by using the positive-type
whotosensitive resin composition of the invention.
[L086]

The photosensitive resin composition is applied teo a

substrate. A silicon wafer, ceramics, gallium arsenide,

metal, glass, & metal oxide insulating f£ilm, silicon

coating with a spinner, spray coating, roell coating, sl

die coating., or the like. The composition ls generally



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. F01651 Comparative Example 2 A
varnish was obtained using the process of Example C.) f except that 22.3
g of the polymer C solution was used in place of 4 g of solid polymer B
and that 15 g of GEL was used instead. The patterning property, storage
25aBifey &Ad rhéchanial Prepeftiesiwere efaludtstfas desciived above.
[0166] Comparative Example 3 A varnish was obtained using th

0 procbss of ERANTHIES Re8ptthat S04 bf HEpoijier F SOIIBRTEE °F

- yisedin;place of 4 9,0f solid polymer.C and that 10,g.0f GELwas used
instead. The patterning property, storage stability and mechanical

~properties were.gvaluated-as described above- {01571 Comparative 11 ke.
Example 4 A varnish was obtained using the process of Example 4,

[ exeept that 8.7 g of the polymer | solution was used in place of 3.5 g of
solid polymer 0 and that 25 g of GEL was used instead. The patterning
properfy,sstorage stability and mechanicakpropeitics were evaluzited as
described above. [0168] Comparative Example 5  Avarnishwas, =~ _

Sbbfdinéd tishiy tHEPrdcess of Examiplé 2 exceptiiat NIKALAC WMxi270" -

was not used, Thevga:_htteprr.lg)n}qrproape_gty} storage s_tat;iligg{ra}:nw% mechanical,

*propertieE Weré éValuated as déscribed above. [0169] Comparative

EXample 6; - -Ayarnish was-gbtained [sing the process, of Example 3, 1
except that 4 p of solid polymer F was used in place of 4 g of solid

zRolymer C.and-that HMOM-TRHARwas Rotused: The: patterming
property, storage stability and mechanical properties were evaluated as

idescribed above. [C770)

tinic ravs ars then applied toc the photosensitive

resin film through & mask having the desired pattern in an

3

exposure process. LSxamples of actinic rays used in tne
exposurs process include ultraviolet rays, visible rays,
electron beams, and ¥ rays. In an embodiment of
invention, 1-line (363 nm), h-line (405 nmi, cor ¢-line (436
nm) light from a mercury lamp ls preferably used.

(o088

After the suposure, the exposed portion may be

removed using a developing solution sc that a patizsrned

preferaply an agueous scolution of tetramethylammonium, an

aguscus solution of an compound which shows al T

P
LAaLuneg

j

1



Comparative Example 7 A varnish was obtained using the process of
Example 2, except that 22.3 a of the polymer G solution was used in place
of 4 g of solid polymer B, 2,6-dimethyloi-p-cresoi was used in place of
NIKALAC MX-270, and 15 g of GEL was used instead. The patterning
property, storage stability and mechanical properties were evaluated as
described above. [0,17] Comparative Example 8 varnish was
obtained using the process of Example except that 90 g of the polymer H

p Sotetion wasauseds iniplace:ofdigof. selid polymer.En2is{4+hanol,
hydroxv -3,5- dihydroxvmethylphenyl)p opaned in place of 2.0 g of

5 MONITRHAR, @nd 10 geoTGRE waslased istead IThe pattetingte,
property, storage stability arcal properties were evaluated as described

Patove: 10). FoT CoRfpatative ERamMptPTg e - AVdhishhiAs Sbtained using

pracess of Example 2 excent thath2s(4-hydrox d|h envl)propane

W§SV Sed it place of 2 NIKALAT I\f;qé% %ﬁé “pat enrnln%/ pro%p?fzi‘/“ =

- Storage stability and mechanical properties were evaluated 28 depgribed
above, [0173] The photosensfuzer the phenolic hydroxyl group

c£ontaining: campouns-and mes vl group-containing sempaund usedin e

L nbe ko

each of the examples and the comparative examples are shown below.
In some casess, one or faw cf polar solvents such as H-

methyl-Z-pyrrelidone, N, N-dimethvlformamide, WN,N-
dimethylacetamide, dimethyls uifOXLde, v-butyrcliactone, and
dimethylacrylamide, alcchols such as methancl, ethancl, and
isopropancl, esters such as ethyl lactate and propylene
giycol meonomethyl ether acstate, and ketones such as
cyclopentanoneg, cyclohexanone, isobutyl ketone, and methyl
Lsebutyl ketone may be added singly or in combination to

the agueous sclution of the compound., The development may

be followed by rinsing with water. In the rinsing process,
aicohels such ag ethancol and 1sopraopyl alcohel or esters

such as ethvl lactate and propylene glycol moncmethyl sther
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=
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iz converted into a
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[0174j [Formula 27] H3COH20\0H200H3 HO-10-0-DH
H300H20\0H200H3 - H300F120 0HCH20CH3 HMOM-TPHAP H300H20
OH? OH3 QH,00H3 1-10-c?TOH H3COK2C' CH20CH3
H3COH2C--41-131-i2001-13 HMOM-TPPA

rangs may be selected, and the tempsrature may be
continuouslv raised. For example

performed at =ach of 130°C, 200°C and 350°C for 30 minutes.

4

wt

Tyyw oy 1o o 4
AL ailternat

4

re method includes linearly raising the

remperature from room temperature to 3200 over 2 h .

FoT

0081

3o

Trne heat-resistant resin film produced using the
positive-type photoesensitive resin composition o the

invention is suitable Ior use in applicaticns such

The invention ils further descriped by the axample
below, which are not intended To limit the scops of ths

inventicn. The photosensitive rasin composition

{1} Evaluation of Fatterning Proparty
Preparaticn of Phcotosensitlive Resin Film



The compositions of Examples | to 18 and Comparative Examples | to 9
and the results of the evaluation are shown in Tables 1 to 3. [0176] Table |
I CC<CF

referred to as "varnish"; was applied to a 6~ingh silicon

o

vop e Ty em e FE - A R o . - [ 3 - T o
waler so that the coating £ilm could have a thickness T1 of

using a hot plate (a coating and develeoping system Mark-7

manufactured by Tokyo Elzsctiron Limited) at 120°C for 3

minutas so that a photosensitive resin film was obtalned.
N
100547

easuring iim Thicknes

=

Method fozr

8]

Lambda Ace 3TM-60Z manufactured by Dainippon Scresn

Mfg. Co., Ltd. was used. The thicknes

=

im after

fure

cf th

6]
h

+

(i~iine steppsr DSW-BL5701 manufacturad
he photosensitive resin fillm was exposad to i-line light

o . L. ) .
365 nm for different sxposure times.
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anufactured by Tokyo

.38% tetramethylammonlum

3

Flectron Limited, an agu=ous

[
(o)

nvdroxide solution was spraved on the exposed film at

o
o



rpm for 10 seconds. The £ilm was then aliowed Lo stand at

[
H
3
5
hy

‘or 30 seconds, rinsed with water at 400 rpm and

ried by centrifugation at 3

Qo

[

¢ seconds.
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Fopl for which a 50 pm 1.1 line and space

—

hersinafrer referred o as "o

Z
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.
G
I
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0]
Ie)

time™: was determined. Cases where the

or less were dstermined to have good patterning pr

{2} Bvaluation of 3torage Stability

i e ¥

varnish at the sans

in
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section {1l;, and the tnickness TZ of the coatir
measured. Subsegquently, the film was subiected to the
exposure and the development, &and The oplimal sxpgosurs

Eop? was determinec. The value of Ti - 72 was calculated.

[

Cases where the absolute wvalue of Tl - T2 was

than 0.3 um were evaluated as poor. The veiue of EopZ -

Dorl was alsc calculated. Cases where the absolute valus

of Eop2 - Eopl wa

U
i
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=
Cog
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t

less were evaluated as good
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whnile cases whers 1T was more than 50

mJ/cn” were evaluated

{3} Evaluation of Mechanical Properties

prebaking, The coating was then prebaked using a hot plate

(¢ coating and developing svstem Mark
okyo BElectron Limitad) at 120°C for

photosensitive resin precursor film w

was then developed by the method desc

{1}, and the resulting photosensitive

was heat-treated under nitrogen fliow

]

concentration of 29 ppm or lsss) with

{

temperature to 320°C over 1 hour and

minutes so that & heat-resistant regi

was preparsd.

e
i
2]
0
o
b4
Y
i

film prepared on the

I
3
&0

immarsed 1in nydroflucric acid at

B

inutes, then washed with water, and

i1
-3

-7 manufactured by

ribed in the secticn
ragin precursor
{at an oxygsn

Iinert Oven INHE-21ICD

O
|
[#3]
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from the siiicon wafer. The separated cured fillm was cut
into 1 om-wide, about ¢ cm-long strips with a single edged

L F 3 i , 5 - i 1
knifse, and the Stilpﬁ WEers USed as Measursement Samples

—
<
ot
<2
o

Mezsurement

Fach measurement sample was attached to Tensilon RTM-

100 manuifactured by Orientec Co., Lud., and the initial

sample length was set to 50 mm., The tensils test was

performed on the sample at a tension rate of 50 mm/mi

TRITIGTE .

The measurement was performed on 12 samples (o= 12), and

the averages of The resuliing top Iive maximum stresses,

{£) BEvaluation of Pattern Profile Characteri

(i
h
ot
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=

Heat Curing
Heat Curing

The film was developsa by the meithod des

wn
0
]
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D
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section (i},

precurscr film was heat-trezted under niit

oxygen concentration of 20 ppm or less) with Inert Oven
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resin f£ilm (cured film) was preparsed.
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action of the

cangle or ailmost rectangle cross-

sections were evaluated as accepiable, wnils alimost round

100 g of gamma-butyrolactone (GBL), and the mixture was

¥t

cocled to -13°C. A solution of 22.1 g (0.11 mol: of

{

rimellitic anhydride chloride in 50 ¢ of GBRL was added

]
i
@]
s,
1o
]
0
o
o

the mixture in such a manner that The

€3]

oF
6]
=
!
44
4
i
i
o
b
¢4

of the reaction liguid did not excesd 0°0.

Had
4
ct
B
4
%3
s
[l

[9]

addition was completed, The mixture was zalliowed



IV, 11'1E17.11725dr 'E3 IrV31) 7'. FO, 1 :,-.:-..., O11C rcl '71111.2
'1211.E1-7171 1

to react at 0°C for 4 hours. The resulting scluticon was

was addec te 1L of telusene so tha

[

ining acid anhydrides (a) represented by the formuis

centa
helow was obtained.

A
(o

Hyvdroxyl group-containing acid anhydride (z)
. S pe T pur] S

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

(0.05 moly of BAHE in 100 mi

s
L]

A soiution of 18,

1

acetone and 17.4 g (0.3 mol) of propylens oxide was ool
to ~15°%C. A solution of 20.4 ¢ (0.11 mol} of 3-
nitrobenzoyl chloride in 100 mi of acetone was added

dropwise theretco. After the addition was completad, th

llowed to react at ~L

ot
n

mixture was &

returned to room temperature. The precipitated white s

was separated by filtration and dried under vacuum at b

e
ol

olid

°C for 4 nours and then

gec.
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Thirty g of the solid was added to a 300 ml stainless
steel autoclave and dispersed in 252 ml of methyl
5% palladiuvm-carboen was added
thereto. Hydrogen was introduced thereic from a balloosn so
that a re “lion reaction was periormed at room Lemperature.
Bfter about 2 hours, it was confirmad that The balloon
could not defliste any more, and the reaction was compisted.

Efter ths reactiocn, ths palladium compound catalyst was

centaining diamine compound (b} represented by the formule
below was obtained.
T0L08]

L J

[Formula 17)

o

Hydroxvl group~containing diamin

4]

nydroxyl group-

L osolution of 15.¢ ¢ (0.1 moly of Z-amino~i4-

3 a I

nivrophenc: in 50 mi of acetone and 30 g {(0.34 mol} cf

o3
[



[--11rl511713511rrg9,1-,"1,-),r, r-,1"--5r-,1,,F, r"- Kk, ,,,,,,/2,t 0 770
CC105,CC117 74 Cnlr--) 571T c7r-c11 C7!711 " , 7 3170.0.,9,'3,Fr-,
(Nifl -,...) 11;5 01117 Ea!!'11 (5,1t 1;100He ,..7 | 772 0415,12 C., E 1111
"tc,..5775;57,';52; 2lrs""'p 1T11-,'cy0151i15

propylens oxide was cooled to ~15°

C. A solution of 11.Z2 ¢

o

0.055 mol: of isophthaloyl chioride In 60 ml of acetone

=
£
9
he
o
5
@
0

dropwise thereto. After tThe addition was

B e

0
&

mpleted, the mixture was al

[—

owed to react at -15°%C for 4

hours, The product was then returned toe room Ttemperature,

fu

and the resulting precipitats was collected by filtration.

031107

foe
—

The precipitate was disscelved in 200 mL of GRBRL, and 3

15

g of 5% palladium-carbon was added therefc and vigorocusly
stirred. & balloon filled with hvdrogen gas was attached
thereto, and the mixture was continuously stirred at room

cemperature until the hyvdrogen gas balloon did not deflate

any more. The mixture was further stirred for 2 hours with

by filtration, and the solution was concentrated Lo hall
volume usging & rotary evaporator Trhnancol was added o ths

{Formula 18]



?7.FFO0.".1..i1iCC .0Ocr. lag. ,, 9.,03 10H- 't03 17,3a3 | - 7)<1ci |; ...Or,.
s CCFCCO0...a.CC00(rM1chC1<IMM.11lI ccr,gitl7' F-C:

Hydroxyl group-containing diamine (¢}
rorizy

Synthesis Lxampls 4: Synthesis of hydroxvl group-—

containing diamine (d)

A solution of 15.4 g (0.1 mel; of Z-amino-4-
nitrephencl in 100 ml. of acetone and 17.4 ¢ (0.3 mol) of
propylene oxide was cocoled to -15°C. A sclution of 20.4 g

(0.31 moly of 4-nitropenzovl chleride in 100 mi of acetone
was gradually added dropwise thereto. After the addition
was complated, the mixture was allowad to react at ~15°C
The preduct was then returned Lo ILOom
was collected by

for
temparature,

filtration. |
i 1y = 2 80 that

process as in Synthes)
{di

hydroxryl group-containing diamine

helow was obTalnad.



11300/1'I' F-) 10 z! Pc, F CF1CF5F1¢.5C1 mico. 11 -5 EC g X757,
CuCO(1, 1.:015100.1F17.
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Synthesis Dzample 5: Syvnthesis of guinone diazide

compound (&)
Under drv nitraogen flow, 15.21 g {(0.05 mol) of Trispb-

HAP itrade nams, manuiactured by Honshu Chemical Industry

Co., Ltd.) and 40.28 g

c (0.315 mel) of S-naphthoguinone

diazide sulfonyl chloride (NACE) were dissoclved in 450 g of
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ot
L
O
Q
=
+
gj—
e
&3]
-
4
(D

triethylamine was added dropwise to the solution in such a

manner that the system did not excesd 35°C. After ths

a2t 30°C for 2 hours. The

using a vacuum drier so that a quinone diazide compound (s

i

{

represented by the Zormula below was obtainad.
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Polymer F 3 g Polymer 0 72.3 g Polymer H 20 g Polymer | 8.7 g Polymer
F 3 g polymer 0 22.3 g 2,6-dimethylo1-p-cresol 2.5 g Polymer H 20 g
2,2-bie(4-hydroay-2,5- dihydroxymethylphenyl)propane 2.0 a
2,77bia(flehydrogy-2(5- dihydroxymethylphenyl)propane 2.5 g ;
meacetylamicophenyl trimathoxysilane 0.3 g ;
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Under dry nitrogen flow, 21.22 g {2.05 mol} of Trisk-

(R

PR (trade name, manufactured by Honshu Chemical Industry
Co., Ltd.), 26.80 ¢ (0.10 mol: of 5-naphthogulincne diazide
suifonvl chloride and 12.43 g {2.00 mol: of 4-

naphthoguinone diazide sulfonyl chioridse were dissclved in

o
€3]
L

[te]

cf %,4-dioxane, and the sciution was ksplt at room
temperature. The sclution was then subiected to the

yinthesis Examplis 5 with & mixture of 30 g of

kel
]
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0
]
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v
0
}‘1
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L,4~-dioxane and 1zZ.65 ¢ of triethvlamine, so that a guincne

ide compound (£} represented by 1

34 3 o e 1 [ R
dia 4 re My oLNe Iormuia Delow wWas

™1

obtained.
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oo~(_) CC Was

compound (g)

kept at room Temperature. A mizxture of 50 g of 1,4-dicxans
and 10.12 g of triethylamine was added dropwiss To The
solution in such 2 manner that the system did not exceed

AE°C,  After the additilion, the mixture was stirred at 40°C

i

he tristhvlamine salt was

U
H
o
B
i
o
oy
w2

ep

filtration, and the filtrate was added to watsr., The
resulting precipitate was then collected by filtrataion
The precipitate was dried using & wvacuum drier o0 tThat a
guinone diazide compound (g) was cbtained

10119}
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guincone diazide compound {g)

Synthesls Example 8: 3ynthesis of quinone diaszide

r

L flagk were added

e
o
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4HBPE ftrade name, manufactured by Honshu Chamical Industry
Co., Lud.; and £0.30 g {0.15 mel) of HACL. They wers
digsolved in 4530 g of 1,4-dioxans, and the solutlion was
kept at room temperature, A mixture of 50 g of L,4i-dioxans
and 15.18 g of triethylamine was added dropwize te ths
solution in such a manner that the svstem did not exceed
. After ths addition, the mixture was stirred at 40°C

for ? hours. The triethvlamine salt was separated by

e

The precipitate was dried using & vacuum drier so that a

guinone diazide compound [h) was obifalned.
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a.1010' LIl/,,0 I' RMOM-TPHAP 3.0g CCCS110-,1l1---1, 1 11
H:Gr.:SItYl .,.,..L, 2-l&Il: 1 C-' Il < < [--?

[Formula 23]

andec
[}
[
L3

of gulinone diazide

To a 2 L flask werse added

]
-

.67 g (0.1 mol) of Tekp-

ooy S

4HBPR (trade name, manulactured by Honshu Chemical Industry

el
Co., Lrd.! and 53.74 ¢ (0.2 mol} of NACE., They wers

dissolved in 450 g of 1,d~diozxane, and the sclutlion was

kept at reoom temperature. A mixture of 50 ¢ of 1, 4-dioxane

and 20.24 g of triethyliamine was addsed dropwise to the

1N

[

solution in such a manner that the system did not excesd

35¢r, After the addition, the mixture was stirred at 40°C

for 2 hours The triethvlamine salt was separated by
filtration, and the filtrats was added to watszr. The
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O'10I,INI'Y/ 111 (0( Quinone diazide compound Qurnone drazide (e)‘
1.5 g Qulnone diazide le( o

ompound {1}
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Synthesis Example 10: Synthesis of gquinone diazide

v
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g 0.1 moly of Tsekxb-
4HBPE {trade name, manufactured by EHonshu Chemical Industry
Co., Ltd.) and 57.17 ¢ (0.25 mol; of HACLS. They wers

~F

l,4~dioxans, and the scolution was

-

tept at room temperature. A mixture of 30 g of 1,4-dioxane

to the

l,_‘
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o
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I

-

and 25.30 g of trietnyvlamine was added dropwi
solution in such & manner that the system did not excaed

oo Fruar o 3 1 ' i % g ow e e ww . v o - ! A
25°C., After the addirzion, The mixture was stirred at 40°C
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1.5 g Quinoee die ride le( 1.5 g Quinona diazide (e) 15qr,.al:-"0-C).N
(0tO 1 c lt:tt-, ca. ILIICr.

of guinone diazide

compound (k)

Te a 2 L flask were added 57.67 ¢ (0.1 mol) of TekP-

4¥BPA (trade name, manufacturad by Honshu Chemical Industry

Cé., Ltd.y d 8¢.60 ¢ (0.3 mol) of NACD They were

kept at room temperature. 2 mixture of 50 g of 1,4-dioxans
and 30,36 ¢ of trietnylamine was added dropwise to the
solution in such a manner that the system did not exceed
35°0, After the addition, the mixture was stirred at 40°C

for 7 hours. The triethylamine salt was separated by

5]

iltration, and the filtrate was added to water. The

resulting precipitate was then collected by filtration.

The precipitate was dried using & vacuum drier zo that a

guinone diazide compound (k) was obtainesd.

70



FOtoi-,. toFtOFa:tF.lluec,.00,itc.1Jol"lll,,,,,,0, Et7, [C-",0i::
SR o I N | | S
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Quinone diazide compound (ki 3 : 1
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Synthesis Examp.e 12: Svynthesis of novolac resin B

Under dry nitrogen fiow, 70.2 ¢ (0.65 mol) of m-
cresol, 37.8 g (0.35 mol) of p-crescl, 75.35 g of an agueous

37% by welght formaldehyde solution (0.%2 mol of

and 264 g of methvl isobutyl ketone were added tc & flask,

and the flask was immersed in an ¢il bath., Whilie the
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Zlask was reduced to 30 to 50 mmHg so that the volahil
componants werse removed. The dissolved resin was cocled to
rovm temperature s¢ thet a polvmer solid (named novolac

2cular weight

]

1§

resin A} was obfained. Its welght average mol
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Synthesis Example 13: Synthesis of

A polymer solid (named lac
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moldl 37.
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weight average molecular weil
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Synthes Example 1

L polymer solid (named novolac resin

veing the process of Synthesis le
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Synthesls Exzxample 16: Svynthesis of polymer A
Under dry nitrogen flow, 4.40 g (G.022 mol) of 4,4'-
diaminophenyl ether (DAE) and 1.24 g {0.005 wmol: of 1,3-

bisg(3-aminopropyl)tetramethvldisiloxane {SiDA)l were

Example 1 and 14 g of NMP, and the mixturs was allowsd o

end capplng agent was then added thersto, and the mixturs

was further allewed to react at 40°C for 1 houxz. A

-

solution prepared by diluting 7.14 ¢ {(0.06 mol) of N, N-

dimethylformamide dimethyl aceftal witl

added dropwise theretc over 10 minutes. After the addition,

the mixture was stirrsd at 40°C for 3 hours. After the
reaction was completed, tThe solution was addec to 2 L of
water, &and the resulting polymer solid precipitate was

colliscted by filtration. The polymer solid was dried at

50°C for 72 hours with & vacuum drier so that a pelyimids

n
O

o

pracursor (named polymer A} was obtained.

24
<
]
¢t
o
6]
n
I
i
tx
b
=
[
!, i)
0
}
V3]
jn
¥
3
44
in
[._J
w
e
3
ke
o]
[ et
el
=
®
(54
i3

Under dry nitrogen flow, 13.¢ g {0

hvdroxyl group-containing diamine {b) obtained in Synthesis
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Example 2 was dissolved in 50 g of NMP
were added 17.5 g (0.025 mol) of the
containing acid anhydride (a) obtained

il

&

¢
pet -

soluTion

group=

=

1 Synthesis

d g of pvr the mixture was allowed to
react at 40°C for Z hours Thereafter, 0.58 ¢g (6.005 mol)
of Zeethynylaniline as an end cappling agsnt was added
rhersto, and the mixture was an
40°C for I hour. A solution prepared by diluting 7.33 g
{0.05 mol) of MN,N-dimethylformamide diethyl acetal with &
of NMP was then added dropwise thereto over 10 minutes
Afrer the addition, the mixture was stirred at 40°C fox 2

z poly

et

(0134

E

B8

anhydzr

allows

Afver the reactlon was comp.lsated,
to 2 L of water, and the resuliing

the sclution was
nolymer solid

The polymer sol

ied a or 7Z hours using a vacuum drier 50 The
imide precursor (named polymer B} was obteined.
Synthesis Example 18: Synthesis ¢i polymer C

Under dry nitrogen flow, 13.13 g (C.040 mol} oI the
vl group-containing diamine compound (¢ obtained in
siszs Example 3 and 1.24 g {0.005 mol) ¢f SiDA were
ved 1in 50 g oI NMFY To the sclution were added 15.%5
Eomoli of 3,3'.,4,4'-diphenylethertetracarboxylic aci

bR
PA)

ide (0D

g to react

ne mixture was
¥ - e fy o =
then at 50°C for 1

d
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. 0.95 g {(0.008 mel) of 4-allvlaniline as
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FLoacetal with 1% g of NMP was ©

reaction was completed, the solution was added to 2 1 of

Synthesis Example 1%: Synthesis oI polyvmer D
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Synthesis Exampls 4, 4.31 g (0.0225 mol) of DAE and (.62 g
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70 o of NMP. To the

solution were added 24.89% g (C.035 mol) of the hvydronyl

group=-containing acld anhydride {a; obtained in Synthesis
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Example 1, 4.417 g (C.0L0 mol) of 3

;

NMP at room temperature, and the mi
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rocm temperature for 1 hour and then at 40°C for 1 hour.
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by diluting 13.09% g (0.11 mol; of N,N-dimethylformamide
dimethyl acetal with 5 g of NMP was tThen added dropwise
thereto over 10 minutes. vErer the addition, the mixture

FEEp [ Rt

Frar the reaction was

raticn. The polyvmer solid was dried at B0°C for T2
hours using a vacuum drier so that a polyimide precursor
= i by

(named polymer D) was obtained.

Synthezsis Bxample 20: 3Synthesis of polvmer E
¥ 5

i

Under dry nitrogen filow,

2

8.31 ¢ (0,050 mol] of BAHF
and 1%.7C¢ ¢ (0.040 mol; of a dicarboxylic acld gerivativs
tion of 1 mol of diphenvliether—-4,47-

dicarboxvlic acid dichloride (DEDC) with 2 mol oI I-

]
the sclution was gtirred at 75°C for 12 hours & sclution
of 3.76 g {0,020 mol)y of IF-allvibenzenedicarboxyllic acid

anhydride as an end cepping agent in 30 g of NMP was then

added thersto. The mixture was further stirred at 73°C for
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reaction, the sclutlon was added te 2 L of a3 golution of
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water and methanol {3 : 1), and the resulting polymer soliid
ected by filtraticn. The polvmer soli
was dried at 80°C for 20 hours using a vacuum drier so that

a polybenzoxazole precursor (named polymer E) was obtainad.

|
;

and 1.24 g {(C.005 mol) of SiDA were dissclved in 50 g of

NMP., To the sclution were added Z21.4 g (0G.030 mol} of the

hvdrozy group-contaln:i acid anhydride {a) obtained in
Synthesis Exampl and 14 ¢ of NMP, and the mixture was

f N,H-dimethyvlformamide methyl acetal with 5 g of NMP
was then added dropwilise thereto over 10 minutes After the

irred at 50°C for 2 hours.
After ths reaction was completed, the sclution was added tc
2 L of water, and the resulting polymer solid precipitatle
was collected by filtraticon. The polymer solid was dylisad

Svnthesis Example 22Z: 3Synthesis
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Under dry nitrogen flow, 48.1 g of DARE and

o

Si0h wers digsolved in 820 g of HMP, and 10> g of ODPAR was



Patterning propertyl Storage: stabilityl 3 Mechanical, properties, , Eopl
Irm.7/cir,2; TI -T2 (4M) Eop2-: 1 Eopl! nO/mt.21 MaximumElasticl
;Elongationl stress,modulusl (8)1 (MPa:!(Gpel

added thareto. Thne mizture was stirred for £ hours, whiie

its temperaturs was contrelled to be in the range cof 10°C
To 3C°C, s that a solution of & poelvimide precurscr (named
polymer ) was obtzined.
101383

Synthesis Example 23: Synthesis of polymer B

Under dry nitrogen flow, £%.& g of BABF and 2.74 g of
5iDh were disscelved in 400 g of HMP, and 485.7 g of PA was
added thereto and stirred. The mixturs was allowed To

resct at room temperature for § ohours so that a solution of

in 600 g of NMP, and 123.9 g of CDPA and 7£.2 g of malelc

anhydride were added theretc. The miwture was stirred for
8 neours, while i1ts temperature was controlled to ke in ths

range of 10°C to 30°C, so that & solution of a polyimide

rrecursor (named pclymer 1) was obtaline
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Synthesis Exampls 25: Synthesis of polymer J

Under dry nitrogen flow, 12.8%0 g (0.023 mol; of the

D

nydroxyl group-containing diamine (b) obtained in Synthesis

Example 2 was dissolved in 50 ¢ of NMP. To the solution
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containing acid anhvdride {(a) obtained in Synthesis Exanmple
1 and 30 g of pyridine, and the mixture was allowad to

react at 40°C for

.
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4C°C for 2 hours. Afrer the reactlon was comple

solution was added to 2 L of water, and the resulting

polymer solid precipitate was collected by fililtration. The

drier so that a polyvimide precursor (named polymer J) was

Synthesis Example Z26: Synthesis of polvmer K
Under dry nitrogen flow, 15.132 g (0.04¢ mol) of the

nydroxzyl group-containing diamine compound (g) chtained in

i..:
o3
0

Svnthesls Exampl nd 1.24 g (0.005 meol) of SiDE were
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dissclived in 50
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solution were added 15,51

1 hour and then at 5C0°C fcr 1

then added dropwise therstc over 10 minutes. &fter ths

7Y
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tion was complieted, the
7 L of water, and the resulting pelvmer sclid precipitats
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aclon. The polymer solild was dried

cr

at B0°C fgr 72 hours using & vacuulm cdrier sc that a
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rser (named polvmer K) wasz obtained.

Synthesis Dxample Z7: Synthesis of polymer L

Under dry nitrogen flow, 4.37 ¢ (C.018 mol; of the

i prid

hydroxyl group~containing diamine compound {d) obtained in
Synthesis Example 4,- 4.51 ¢ (0.0225 mol) of DARE and (.82 ¢
(0.0025 mel) of SiDRE were dissolved in 70 g of NMF. To the

scl on were added 24.29 g (0.025 mol) of

the nydrogyl

group-containing acid anhydride (a) obtained in Syninesis

Example 1, 4.41 ¢ (0.010 mel) of 2,2',4,4'-

miphenyitetracarboxylic acid dianhydride (BPFDA) ana 25 g of

MMP at room Temperature, and the mixturse was stirred at

room temperature for 1 hour and then at 40°C for 1 hour. I
solution prepared by diluting 12.0% g (0.11 mol) of N, N~

dimethylformamide dimethyl acetal with I g of NMF was then

reaction was completed, the solutilon was added to 2 L of

collected by fzltration The polymer solid was dried at
BO°C for 72 hours using a vacuum drier so that a polyimice

80
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Under dry nitregen flow, 12.31 ¢ (0.050 mol) of BAHF

L . , ot et . . e -
dicarboxvliic acld dichloride (DEDT) witn 2 mol of 1-

;

hydroxybenzotriazele were digsszol
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the sclution was stirred at 75°C for 12 hours so that +he

L 0of a solution of water and
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methancl (3 : 1, and the resulting polymer sclid
S med T m T e was ~el et o R R Thin g ! sy DA
precipitate was collected by fililtration Tne polymer soonid

was dried at B0°C for 20 hours using a vacuum drier so thatb

a polvbenzoxazele precurser [named polymer M! was obtained.

Synthesls Example 29: Synthesis of polvmer N
Under dry nltrogen ficw, 4.40 g {(0.022 mol) of DAL

NMP. 7o the solution were added 2Z1.4 ¢ {(0.030 mol) of the

hydroxy group-contaln

}J
o
L
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ot
Qa

anhydrids f{a) obtained in

Svnthesis Example 1 and 14 ¢ of NMP, and the mixture was

LNt
ailowsd to react at 20°C for 1 hour and then at 40°C for 2

hours. Thereafter, ¢.71 g (0.00¢ mol) of d-sthynylaniline

o
i
o]

n end capping agent was added thereto, and the mixture
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was further zllowed to react at 40°C for 1 hour. &

sclution prepared by diluting 7.24 g (0.06 mol) of N,N-

dimethyilformamide dimethyl acetal with 5 g of NMP was then

water, and the resulting polymer solid precipitate wag
collectegd by filtration. The polymer scolid was drisd at
50°C for 72 hours using a vacuum drier sc that a polyimide

precursor (named polymer N was obtained.
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2 varnish of 2 photesensitive resin composSition was
obtained by dissolving 7 g of novolac resin A, 2 g oI sclid

polymer A, 2.2 g of a guincne diazide compound (M&E-30C

—~

rade name) manufactured by Toye Gosei Co., Ltd.), 1.5

-
[t

of NIKALAC MY-290 (trade name, manufactured by Sanwa

Chemical Co., Ltd.), and 0.2 ¢ of vinyltrimethoxysilane in
30 g of GBL The patterning property, storage stability
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B varnish of 2 photosensitive resin composition was

[

obtained by digsclving © of novo
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ac resin B, 4 g of seolid



4.0 1 Comparative 1 300 1Examplel! 10 Too brittle to measure
Comparative ? 380 :Example 21 0.520 FToo brittle to measure
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polvmer B, Z g of guinone diazide compound (f

e

o5

NTKALAC MX-Z70 (trade name, manufactured by Sanwa Chemical

Co., Ltd.), and §.3 g of N-
phenylaminopropyltrimethoxysilane in 30 g of GBL. The

petterning property, storage stability and mechanical

properties were avaluated as described above using th

[

Example 3
B wvarnish oI a photossensitive resin composition wWas

obtained by dissolving & g of novolac resin C, 4 g of solid

polymer £, 1.5 g of gquincone diazide compound {(e;, 2.0

18]
0
iy

HMOM~TPHEAF (trade name, manufactured by Honshu Chemical

Industry Co., Ltd.), and 0.3 ¢ of m~

ethyi lactate (EL) The patterning property, storage
stability and mechanical properties ware evaluated as

& wvarnish of & photosensitive resin compositlion was

h

obtained by dissolving €.5% ¢ of novolac resin B £

g o

1

Ll

solid polymer D, 2 g of MG-30C {z guinone diazide compound),

1.0 g of HMOM~TPPA (trade name, manufactured by Honshu

83
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phenylaminopropyltrimethorysilane in 30 g of GEBEL. The
patterning property, storage stability anc mechanical

propertie
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resulting varnish.

-
-
L
&
-

& wvarnish of & photosensitive resin

O
g
=
%
Q
oF
1=
fad
}_,J
&
-
=
fu
0]

i
.
-
£~
9]
&
s
43
o
[
[
.

bt

polymer B, 2 g of guinone diazide compcound {e), 1.0 ¢ ©
WIKALAC M¥-270, 1.5 g of Trisp-~PA {(trade name, manufactured
by Honshu Chemical Industry Co., Ltd.), and (.2 g of
vinyitriethoxysilane in 30 g of NMP. The patterning
property, storage stability and mechanical properties wers

evaluated asz described abeove using the resulting varnish.

except that 4 ¢ of novolac resin A and € g of solid polymer

A wers used instead. The patierning property, storags

stablility and mechanical propertiss were evaluate 2
described above

A varnish was obtained using the process of Exanmple

!+,

except that 7 g of novolac resin D obtained in Synthesis
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Fxample 15 was used in place of 7 g of

The patterning propexrt age stability and mechand

A varnish was obtained using the process o

except that 2.5 ¢ of NIKALAC ME~-Z8%0 was used in place of

) [ o 7 Il AN T s
2.5 g of RIRKALAC M¥-270. The p

Si}

tterning property, storage

m

stability and mechanical proﬁer ies were
described above.
[0154]
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A warnish was cbhtained using
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L varnish was obtained using the process of
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exgcentT That g 0L novoilal resin C was used
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of novolac resin &. The patterning properiy,

stabklility and mechanical properil
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g wereg evaluated as
described above.
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[0179] Example 19 Weighed were 6 a of novolac resin A, 4 g of
polymer A, 2of quinone diazide compound (g), 2.5 g of NIKALAC MX-
270, and 0.3 g of vinyitrimethoxysilane. They were dissolved in 30 g of
GBL so that a varnish of a photosensitive resin composition walc'.
obtained. The patterning property, storage stability, mechanical properties,
and the pattern profile after the heat curing were then evaluated as
described above using the resulting varnish. [01801 Example 20
Weighed were 6 g of =Nola resin A, 4 o of polymer A, 2 g of quinone
diazidé&whipéund (k), 2.5 g of NIKALAC MX-370, and 0.3 g of
vinv]trimethoxysliane. They were dissolved in 30 g of GEL sp thata .
varnish ot J'piictoensitve Te& coniposition was 6btaiied. The ™+ -
atterning property, storage stability, mechanical propertieg, gnd.the ..
@géﬁgf“n bgocfhe ‘after the Vﬁ%%acf %%jﬁné %’/v‘"’eq“rl'e%a ?Eeﬁ l*ré(\@/aruzfl&tlzg hsdggs*%it?é%iyg o
»above. [0181] Example 21+, Weighed were 6,g.0fnovplac resin 4, 4 g of
polymer 1\4, 2 g of quinone diazide cormound (i), 2.5 g of NIKALAC
sVR27 91 and::3:g:ef Minyliemethexysitane sThey wete dissolved i:30 g of
GEL so that a varnish of a photosensitive resin composition was obtained.
d&he patternmgoproperty, storage stability, mechanical properties, and the
pattern profile after the heat curing were then evaluated as described
[4B6vE. [01 82] Example 22  Weighed were 6 g of novolac resin C, 4 g
of polymer 2 g of quinone diaz de compound (0.5 g of HMOM-TPHA and
0.3 g of Viflatffimethoxysilane. They were dissolved in 30 g or GEL so that
a varmist of 2 photpsensiive fesin cormposition was offeined: o1 1,
patterning property, storage Stability, mechanical properties, and the’

Jattern profile athe heat-dgwere then evaluated ag desgribeds so2id
polymer A were used instead The patiterning property,

storage stability and mechanica. properties were evaluated

[0158
Example 13
A varnish was obtained using the process of Example 1,
except that 7.4 ¢ of novolac resin A and 2.6 g of solid
polymer A were used instead. The patterning property,

storage stapility and mechanicsal propertiss were svaluated
zs described above.
(01597
Example 14
A varnish was obtalnsd using the process of Example 3,
except that 0.5 g of HMOM-TPHAP was used instead. The

patrerning property, storage stapility and mechanicad



above. [0183] Example 23  Weighed were 4 q of novolao resin A, 6 g of
polymer N 2 g of quinone diazide compound (i), 25 g of NIKALAC MX 270,

and 0.3 g of vinyltrimethoxysilane. They were dissolved in 30 gGEL so
that a \,arnish. of a photosensitive resin composiiion was obtained. The
patterning property, storage stability, mechanical properties, and the
pattern profile after the heat curing were then evaluated as described

above. [0184j ample 24 Weighed were 7 gnovolac resin A, 3 p of polymer
N, g of g inone diazide compound1.0 g of NIKALAC MX- 270, and 0.3 a of

DEARVIEIRTEhoRYSiafe 2 THEY Seres dissbivetifn B0e§oT GEL so that a
Varnish of a photosensitive resin composition was obtained. The
erning property, storage stability, mechanical properties, and the
pattem proflle after the heat curing were then evaluated as described

above. [65?&] Example OR A varnish was obtained using the process

of Example,19,except that.2 2.0f duinone diazide compound () was used

in .place of 2 g of guinone diazde compound (90. The patterning property,”

«:Sterage:stability, cngchanigabproperties .and the-pattera-profile after the
heat curing were evaluated as described above. [0186] Example 26

patterning property, storage stabllity and mechanical
properties were evaluated as described above.
(01637

Examplie 16

L varnish was obtained using the process of Exampie

patterning propervy, storage stability and mechanical

propertlies were evaluated as described above.

A wvarnish was cbtained using the procsss of Examp

axcept that 5.0 g of BMOM-TPHAF was used instead. The

o]
il
s
ot
44
i
w3
',l
w3
18]

Re]
H
O

e}
]
[

1

[

0

torage stability and mechanical

properties were svaluated as deszcribed above.

(WS



A varnish was obtained using the process of Example 19, except that 2 o
of duinone diazide compound (I) was used in place of 2 g of duinone
diazide compound (g). The patterning property. storage stability,
mechanical properties, and the pattern profile after the heat curing were
evaluated as described above. [3167]. Example 27 A varnish was
obtained using the process of Example 19, except that 2 g of duinone
diazide compound (i! was used in place of 2 g of guinone diazide
_compound (g). The patterning property, storage stability, mechanical
‘L%’Tﬁﬁérties, and the pattern profile after the heat curing were evaluated as
descripgg?aabpvgi{p@l 31 E%g mple 28 A varnish was obtained using
the process 6f3Examp e ‘f@: except that 2 g of guinone diazide compound
(k) was used.in;place of 2.9, 0f auingne diazide compound (g). Then,ie 1,
patterning property, storage stability, mechanical properties, and the
= patiern Prefile afterdhe heat euringwere evaluatedsasidescribed:-abeve.s g
[01891 Comparative Example 10 Weighed were 6 p of novolac resin
o B, dog of polymer=3, 2. g of' guinonetdiazidecompound: th), 2t5 gaofs
NSKALAC MX-- 270, and 0.5 g of vinvitrimethoxysilane. They were
< Bidsobhied incd ikere o 25°g oP GBICaRd B°g BEEE O that® §&rmish of a
_photosensitive resin composition was obtained. The patterning property,
Y&fragetalifity” nechanical properties, and the pattern profile after the
fgeg%quring were then evaluated as described above. [0190] Comparative
: “kamjple 11 Weighed were 6 g of novolac resin C, 4 c of polymer K, 2 g
of quinene-diazide.corapaund MG, 2.5 g of NIKALAC MX-270, and 0.3 ¢
of M-phenylaminopropylmethoxysilane. They were dissolved in 30 g of
GEL so that-a varnish: obaphotesensitive; resinn: compesitionwas:obtained? ,
The patterning property, storage stability, mechanical properties, and the
spatern profite dfterithe héat:carinrgpwere theh evaluated:as deseribed =7
above. . o ' ‘
place of 4 g of solid polymer B and that

15 g of GBL was

(RS

used instead. The patterning property, storage stabliity

and mechanical propsrties were svaluasted as describsd above.

[

ot

66 ]

Comparative Exampls I

A varnish was obhtai

o)

e

o

using the process of Example 3,

3]

ol

the polyvmer ¥ sclution was used in

o

)
-ty

Hoe

o

t that 20 g ©

o)

lace of 4 ¢ of selld polymer C and that 10 g of GBL was
used instead. The patterning property, storage stabiiity
and mechanicel properilses were evaluated as described above.
(0167}

Comparative Example 4
A varnish was obtained using the process of Ex

except that &.7 ¢ of the polyvmer I solution was used in

88



[D1911 Comparative Example 12 Weighed were 6 g of novolac resin
A, 4 g of polymer Lo z g of quinone diazide compound (j), 2.5 g of
NIKALAC MX-270, and 0.3 g of vinyltrimethoxysilane. They were
dissolved in 30 g of NM P 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 caring were
then evaluated as described above. [01921 Comparative Example 13
Weighed were 6 g of novolao resin C, 4 g of polymer M, 1.5 g of quinone

pdhazideicompound {1);4:5.cg of NdAL ACAMX-290; antE0.3 @ of 581 was
m-acetylaminophenyitrimethoxysilane. They were dissolved in 30 g of

LIBEL ‘Stether @ vafiish B Aphote8ensitive $esity coriposition Was eBtained.
patterning property, storage stability, mechanical properties, and the

Katfer i Frofife aftérthieHeat Curiig we e thendeviiudte d s deséised oo ve -

: 9{)&/ . [01931 Comparative Example ma Weighed were 7 g of

“ novolac resin A., 2 g of quinone diazide compound. (g), 2.5 g of NIKALAC
MX-2'7Q,.and. Q.3 g of vinyltrimethoxysilane. They were dissolved in 30 g of
GEL so that a varnish of a photosensitive resin composition was obtained.
The patterning propertystorage:stability, maehanicalproperties, and the;
pattern profile after the heat curing were evaluated as described above

e usHg: thenresulting. vamish.-[0194}Eomparative: Example pat Weighed
were 6 g of novolac resin B, 2 g of quinone diazide compound (h), 2.5 g of

PNIRALAC MX27E andt@.3-d. .ofwiayltimethoxysifane. Mwyewetes were
dissolved in a mixture of 25 g of GEL and 5 got: EL so that a varnish of a

= hhotGsdHsifive FESIF Tonfposition was obtained_ The patterning property,

; i;og@ge stability, mechanical properties, and the pattern profile after the

* heat curing were then evaluated as described above. [01951

Comparative Example €

) =

A wvarnish was obtained using the process of Example 3,

— -

except tnat 4 ¢ of sclid polymer F was used in place of 4 g

o}

of solid polymer C and that HMOM-TRPHAP was ncot used. The

patterning property, storage stabllity and mechanical

Comparative Example 7
L wvarnish was obtained using the process of Examnle 2,

g of the polvmer G solution was used in

£a)

excapt that 22.

, b-dimethyloi-p-crescl

Fh
jusl
Rl

place of 4 g of solid polvmer

T

4

was used in place of NIKALAC MX-27C, and 15 g of GBL was
used instead. The patterning property, storage stability

uated zs describad above.

foret

and mechanical properties wer

n

V&

(01717



Comparative Example 16 Weighed were 10 c. of polymer K, 2 g of quinote
diazide compound (ii, 2.5 g of NIKALAC MX-270, and 0.3 a. of
N-hhenylaminopropyimethoxysilane. They were 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. [01961 Comparative Example 17 Weighed were 10 g of
polymer L, 2 g of guinone diazide compound (j), 2.5 g of NIKALAC
M1-2707 B 6.3°g 6f vingitimettioxysilane. They were dissolved in 30 g of
NMP_sq that a varnish of a chotosensitive resin composition was obtained.
The patlérning property’ storage stability, mechanical properties, and the”’
<patter profileafter the heat curing.were;then evaluated as described
above. F0197; Comparative Example 18 Weighed were 6 g of novolao
plesia G, 4polymer Ks 2: g of guingne-diazide compeund (e), 2.5 giof
NIKALAC MX 270, and 0.3 g of N-phenylaminocropylmethoxysilane_
hThey:were, dissolvediin 30re of GRI so thata wvamish o a plrtdsensitivece
resin comcosition was obtained. The patterning property, storage stability,
Ofnechanicdl ‘propéekiest 8fid thépattern profile @fter tie heateuring Liete
_then evaluated as described above. [0198] Comparative Example 19
Weiffed Were'§ oot Hovorac resit € % g of polymerk #2Y 8fqiinones -
diazide compourd Ua,), 2.5, of NIKALAG MX 270, and 0.3 g of

SrT] CIrl

-phenyla?ninoprbp?lmetﬁ%xyﬁlanse.Ql’hey were dissolved in 30 g of GEL
1$Q that a varnish of a photosensitive resin composition was obtained. The
patterning property, storage stability, mechanical properties, and the

pattern:prefie after-theheat-curing were then evaluated as described
above. [0199]

A wvarnlish was obtained using the process of Ezample I,
except that 2.5 g of 2,2~bis{d~hydrogy-3, o~
dihyaroxymethyipnenyl)propane was used in place of 2.5 ¢ of
NIKALAC M{-270C, The patiterning property, storage stability

and mechanical propertlies werse evaluated as described above.

[0173)
The photosensitizer, the phenclic hydroxvyl group-
containing compound and the alkoxvmethvl group-containing

compound used in each o©

th

the examples and the comparative

examples ars sShown Telow.

TFormula 273



Comparative Example 20 Neighed were 6 g of noPolac resin A, 22.3
g of the polymer G solution, 2 Q of quinone diazide compound (j), 2.5 g of
NIKALAC MX-270, and 6. g of vinyitrimethoxysilane. They were dissolved
in 30 g of NM7 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. [0200) Comparative Example 21 Weighed were 6 g
of novoiac resin A, 20 - of the polymer H solution, 2 g of oveinone diavite
compound (f), and 2,0 g of 2,2-bis(4-hydroxy-3,5-
d|hydr,oéxmgthylphenyl)proparﬁ)e They were dissolved in 30 g of NMP so
that a yarnish of a phota position was obtained. The
pat:ﬁﬁ?g property=sto bge stgpallty mechanical Properties, and the

pat profile after, the h At T ring were then evaluated as described
abovesg)201] ComparativEsExample 92 Weighed were 6.5 Q of
novolac resin AxR;#3000f the polymer | solution, 2 g of dginone diazide
compound (j), 2.5 g of NIKLLAC MX-270, and 0.3 g of ‘~..
vmvltrlmetﬁbxysnane They were dissolved in 30 g of
\?aﬁﬁ%”éf“@fﬁﬁb‘f@%éﬁsltlve rESIREmpositihAas obté
patiernngipreperycistorage stability, mechanical prop s an i.t e
pattern profile after the heat curing were then evaluate descrlbed
above. 02021 The compositions of Examples 19 tc* B and
Co% five Examples 10 to 95-&feLéoWh irf Tables 4 and™, and the

results of the evaluation are shown in Table 6. [0203] Table 4

HyCOHG,  CHy CHyOCH; HiCOMPC CHy WJ CH,OCHS
HO~ C~%,_#OH e i_ ;f ;  OH
HaCOHC 73 CHOCH:  pycom,d  Cfs f‘T CHIOCH;
HaCOHLT™ 4 CH,OCH, mcmmc"‘“;:ﬂﬁaoc,h
HMOM-TPHAP HMOM-TEPA
rol7ss
The compesitions o Examples 1 to 18 and Comparative
Examples 1 to ¢ and the results of the evaluation are shown

in Tables 1 to 3.

(01763

Y

Table 1
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Takle 3
Fatrerning , ) .
N Srorage stability
! DXOPErty :
e EopZ- ax i
' Bopl L TI-T2 P e s
| /et - Eopl stre
! md / m) s .
i s il (md/en®) (MPa
| Example 1 | 20¢ G 10 14%
Example 2 180 0.0 G 14 %
| Example o 220 0 10 e i
Exanpie 4 200 ; 0.1 20 138
Exanple o 260 ; 0.2 30 137
Example o 356 i B.3 54 139 3.2
Erample 7 Z10 .3 10 140 1 2.4
Exampie £ | 180 G G 4@ . 3.4 :
Example 2 | 180 o 0 146 t 3,4 ; 5
Exampls 10 180 5 0 142 23
Example 11 300 5.3 3L 140 3 25
Example 12 230 i3 10 14 ; 3 21
Examplie 13 180 o G 145 | 4 L0
Exawple 14 ¢ Z30 0.1 G 130 ! 1A
Examplas 15 1 230 { 10 140 20
Example 16 20¢ { 10 143 Zé
Brample 317 | 220 ¢ | 0 144 | : 1 !
Example 18 i 250 G & 150 4.0 | 10
~ P 1 ! 1
Somparative - . , .
P LORmPAELETAVE | 206 ! 4.1 i0 Too brittle to measure
| Example 1 | |
| comparative | P - -
rEsARETE 350 ! G.5 20 Too Brittle Lo measure
Example 2 |
Domparative | or ! " o . R
— . P L34 ! (S e U Too Sritiie Lo measuns
Exampls 2 i |
Comparatlve o | . .
S . 304 ; 1.0 30 Too brittle o measurs
Exampie &4 ;
-~ ’ H
 Comparative | - : .o i
i i . ! 200 I 0.2 20 Too prititle to measure i
| Example 3 !
e m ;
| Comparative " i o : .
IR " 220 A 20 Tao hrittie to measure
Exaraple § !
= p
ormparative S . .
RSO 340 0.7 200 Too pritils To measure
Example 7
Comparative noe f 5
N . 300 [E-] 184 Too pritile To measure
Example 8
T Ov rata b i 1
COmMPGIALLVE | 200 0.5 210 144 L 3.3 10
Example 9 o I - : -
101797
Erxample 19
- ' [ : o K . = I = k) - \
Heighed were © g of novoliac resin A, 4 g oI polymer A,

[

%]

8]

guinone diazide

compound |

g of vinyltrimethoxve]

~
-
-t

0 g of GBL =0 that a

s

lans.

varnish of

TrETnT

0f NIKALAC M-

They were

)



[tI'ntIGCIil' ti CD Cr, NININ - - -n CO 11) CT,GI "..0It..0 ttsO< 1010

photosensltive resin composition was obtained. The
patierning property, storage stability, mechanical
properties, and the pattern profile after the hsat
wers Then evaluated as described above using the re
rarnish.
[0180]

Example 20

Welghed were € g of novelac resin &,
2 g of guinone diazlide compound {(k), 2.5
270, and 0.3 g of wvinvltrimethoxyvsillane. They wers
dissclved in 30 g of GBL sc that a varnish of a

oy
L

vhotosensitive resin

composition was obtained.

The

patierning properiy, storage stability, mechanical
properties, and the patiern profile after the heal curing
ware tThen evaluated as described above
(0181}
Example 21

Welighed were & ¢ of novelac resin A, & g of polymsr N,
2 ¢ of guinone diazide compound (i), 2.5 g of NIKALBRC MA-
270, and 0.3 ¢ of vinyltrimethoxvsilane. They were
disscived in 30 g of ZBL =so that a varnish of a
photosensitive wac,  The
patterning property, storage stability, mechanical
properties, and the pattern profile after ths heat curing
were then evaluated as described above

-
1,
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Example Z2
Weighed were €& g

Oz

)

Le}

guinone diazide compou

was obtainad.

mechanical properc

the heat curing were th

Example Z3

Welighed were 4 ¢ oI

ané the

were then evaluated as described
fgoie4

Example 24

Weighed were 7 ¢ of
2.2 g of guinone diazide

270, and 0.2 g

novolac

Ch..-it 11.--)

Lac resgin C,
ngd iy, Z.5
ilans

i85, andg

(B
s

novolac resin A,

LAY ~y ;
L oy COa]

o w
resglin A

compound {1;, 1.C

of vinyltrimethoxysilans,

They were digsolved

the

ayaluyated

7,t1:7if'1,,., 0.

4 g of polymer C,

of

HMOM-TPHAEE,

n o
e i

as described

They were
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were then evaluated as described above.
[0185]

Example 25

used in place of 2 g of guineone diazide compound (g). The
patierning property, storage stability, mechanical

E varrnish was obtained using the process of Example

used in place of 2 g of guinone diazide compound (g) The
patierning property, storage stability, mechanical

(G0187]

Example Z7

A varnish was obtained using the process of Examplis
1%, ewxcept that 2 ¢ of guinone diazide compound {3} was



(Qu[[I[, 1, 20'1Ht..[Ztli I;,,0clc[oclccl]coa;ta[to0.tatc,lto,0
mLalc>lcclccckr,acoclol,cclcrocl001c,r,[CNMtCI:(07]a
H"71.-""LL11'CO,:z., .,..,;,,y 1 4,0, ,-,,-_...4,

used in place of 2 ¢ of guinone diazide compound (g). The

terning property, storage staplility, mechanical

properties, and the pattern profile after the heat cu

H
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inone diszide compound (k) was

used in place of 2 g of guinone diazide compcound (g). The

properties, and the pattern profile after the heat curing

were =valuated as described above.

Comparative Dxample 10

Welghed were 6 g of novolac resin B, 4 g of polymer J,
2 ¢ of quinone diazide compound (h), 2.5 g of NIKALAC M-
770, and 0.3 g of vainvlitrimethoxysilane. They were
dissolived in a mixture of 23 g of GBL and & ¢ of EL so that

obtained. The patterning properiy, storage stability

mechanical properties, and the patisrn pro after the

ih
h

11

ol
e
&y

hzat curinag were Then evaluated as described above
F01907

Comparative Example

Weighed wers ¢ g of novolac resin C, 4 g of polymer K

g N r
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2 g of guinone diazide compound (1), 2.2 ¢ of NIKALAC M¥-
e ls P Al & . nenTo o ™y
S0 u, and 0.3 o or T4 anﬁ"‘l‘ﬂ_amlz,c Lo y ‘F‘C’/j’S ilane. They

were dissolved in 30 g of GBL so that a varnish of s
photosensitive resin composition was obtained. The

patterning property, storage stebility, mechanical

Comparative Exampie 12
Weighed were € g of novolac resin A, 4 ¢ of polymer L,
2 g of guinone diazids compound (1), 2.5 ¢ of NIRKALAD M-

o and 0.3 g of vinvitrimethozxvsililane. They wers
digsclved in 30 g of NMF sc tha® & wvarnish of =z

photosensitive resin compositilon was obtained. The

patterning property, storage stablility, mechanical
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were then evaluated as describsd above.
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Comparative Example 13
Weighed weres © ¢ of novolac resin O, 4 ¢ of polvmer M,

1.5 g of guinocne claride compound (1}, 1.2 g of NIKBRLAD M¥-

photosensitive resin composiTion was obtained. The
watterning propserty, storage stability, mechanical
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properties, and the patiern profile after the heat curing

ware Lhen evaluated as described above.

Comparative Example 14
Weighed were 7 ¢ of novolac resin A, Z ¢ of guinone

diazide compound (g, 2.5 g of HNIKALAC MX-Z70, and 0.3 ¢ of

f

vinylitrimethoxysilane. They were dissolved in 30 g of CGBL

g, and
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Comparative LiEamp

Welghed were & ¢ of novelac resin B, Z ¢ of guinone

(93]

diazide compound (h), 2.5 ¢ of NIKALAC MX-27C, and 0.3 g of

vinyltrimethoxysilane., They were dissclved in a mixture of

B2
o

g of GBL and 5 g of EL sc that a varnish of &

photosensitive resin composition was obtalned. The
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properties, and the pattern profile after the heat curing
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Comperative Ex e 16

1)

wWaighed were 10 g of polymer H, Z ¢ of guinone

s
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1 Patterning Eproperty Storage{ Mechanical properties arabilityEnatterm

Evaluation ofl profile ! characteristics 1 after heatl curino Eopl 1(rrf4cm?2)
211lop2 -aElastic -T2 1Eopi,stream)modulus um),1marerr)(MPa),(GP.a)

Elonratio (%)

diazide compound (i), 2.5 g of NIRALAC MX-27C, and 0.2 g

th

Is)

N-phenyvliaminopropylmethozysilane., They were dissolved in

30 g of GBL so that & varnish of z photosensitive resin

"

composition was obtained. The patterning property, storage
stapility, mechanical properties, and the pattern proiils
after the heat curing were then evaluated as described

above.
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Comparative Example 1

Welighe

0,

were 10 g of polvmer L, 2 g ol guinone

diazids compound {4), Z.5 g of NIKALAC MX-270, and 0.3 g of

vinvltrimethexysilane, They were dissolved in 30 g of NMP
s¢ that & varnish of & photoseansitive resin composition was

Comparative Examplie 18
Weighed were & g of novolac resin £, 4 ¢ of polymer K,
2 g of guinone diazide compound {=), 2.5 g of NIEKALAC MX-

27C, and 0.3 ¢ of N-phenviaminocpropylmethox
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photosenzitive resin composition was obktainsed. The
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were Then evalueted as described above,

(D
'\Q
(‘13

Comparative Example 1©
Weighed were © ¢ of novoliac resin C, % ¢ of polvmer ¥
2 ¢ of quinone diazide compound (i), 2.5 g of NIRKRLAC M}-

270, and 0.3 ¢ of N-phenvlaminopropvlmetheznysilane. They

wers dissolved in 30 g of GBL so that a varnish
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patterning property, storage stabllity, mechanical

o}
6]
4]
ot
0
jod
[
'.J
o
[ie]

were then evaluated as described above.

Comparative Example 20
Weighed were % g of novolac resin A, 2Z.3 g of the

Fy £

polymer G solution, Z g of gulnone diazide compound (J),
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g of WNIKALAC MX-Z
They were dissolved in 30 ¢ of NMPE sc

photesensitive resin composition was obtained. The
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properties, and the pattern profile after the hsat curing
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and 2.0 ¢ of 2Z,Z-bilsld-hydroxy-3, 5~
dihvdroxymethyiphenyl)propanse. Thev were dissclved in 30 g

of NMF so that a varnish of a photosensi e resin

compeosition was obtained. The patterning property, storage

Comparative Zxample 22

h

Weighed wers ©.5 g of novolagc resin A, 8.7 g of ths

polymer I solution, 2 g of cuilnones diazide compound (j),

3‘_.

2.5 g of NIFKALAC MM-Z70, and 0.3 ¢ of vinvitrimethoxvegilans.
Thev were dissoclved in 30 g of NMP sc tThat a varnish of a
photosensitive resin composition was obtalined. The
patterning property, storage stability, mechanical
properties, and the pattern profile after the heat curing

=
0]
]
[$3]
ot
vy
G
o]
6]
<
Il
‘u

o
j5H]
e
¢¥]
[
85
42
|8
(D

scribed above.

Exanples 10 to 22 are snown in Tables 4 and 5, and the

results of the evaluation arese shown in Table ©.
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hoecording to the invention, there is provided z




Example 15 tCCToo brittle to measure ComparatiVe 600 Example 18I

0.5E55130 29 romp Exampi 600 F0.5601333.530 Comparative Example
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positive~typs photosensitive resin composition having good
mechanical propertiez and high storage stabllity Heat-
resistant resin films produced using the positive-tvpe

photosensitive resin compesition of the invention are

suitable for use in applicatiocns such as passivation Iilms

ITor semiconductor devices, protective films for
semiconductor devices, interlaver dielectric films fox

insulating lavers for organic electro-iuminescent devises.
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Comparative Example 19 240 Too brittle to measure Comparative ! 300

Example 25E 138 | Comparative j 340

CLAIME

1. A positive-~type photosensiiive resin comp
comprising

(a) & novclac resin;

(by 2 polymer COMPTrising, &5 & Maln Componern
structure represented by formula {1} below and/or &
structure represented by Zormula (Z) balow
[Formuls 1]

_ (OH {{D‘—%)q (Ot
RS __
Rf’*—"NHTCQ“%‘ CO~NH— P:Z-«w-%ca r\"t CO~NH-R"

] ; I

(COOR%, (COORY,  (COORY,

{(OH)p (OH)q $
{ {
CO—R*=CO-NH—RZ-NHT-C
In
COR%Y,

“RZ=NHT
| L

(COORY,

mg:%ﬁ

st

I
i
(COOR), (C

ae and (Z), B and B may be the sams O
differant and each represent an organic group having &t
least Two carbon atoms and a valenge of I to B, ' and R
may be the same cor different and each repressnt hydrogen or
a monovalent organic group ¢ 1 tce 20 carbon atoms, -NH-FT
in formulz (1) and ~C0O-RY in formula (2} sach represent a
polymer end group, F and R® each represent a monovalsnt
crganic group having 2 to 30 carbon atoms which ancludes an
unsaturated nydrocarbon group, o is in the range of 10 tco

jal]

S

»

Tig



axample 211 Too brittle to me | Comparative 320 IExample 22 10
INDUSTRIAL, APPLICABILITY [02061 According to the invention, there
is provided a positive-type photosensitive resin composition having good
mechanical properties and high storage stability. Peat-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, l[%rotectlve films for semlconductor devices,

L 0GtaHaver diglette fims oF A intBFcohREEHSHS fof h?ghtél’en%z'ltyand P

acka% ng a}r)ad g}gg!%aglngali%yefs l‘gr orgamg edectrosiumlnLe§ge|&t deV|shest

at p
g o= 0
{c) a guinone diazide compound;
(d) an alkoxymethyl group-containing compound; and
le} a solwvent,
wherein the alkoxymethyl group-containing compound (d)

comprises:

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

R0 ~gH N N-cH~OR™  (4)

hid

(wherein formulae (4), R*¥ and R™ each represent an alkyl

group of 1 to 20 carbon atoms); and/or
a compound represented by formula (5):

[Formula 4]

Rﬂ4

/ ff A

{f fg"‘__""‘*‘___iﬂ\ H’%R

; N

ﬁ”«r{\ ) OR™® Ei (5)

i \K f/ !

Vo /

t\‘i \\\ fn
R
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I. A positive-type photosensitive resin composition, compridind: (a) a
novo:lac resin; (h) a polymer comprising, as a main component, a
structure represented by formula (1) below and/or a structure represented
by formula (2) below: [Formula 11 Pitt)(OH)g 1l
R5-NH-CO-R.1-*r'-NH-R2-NH-F-CO-R1-CO-NH-R5 n (000R3),
(COOR4)1(000R3), (OH)q(OH) \ in(PH)ci 1; , r
R6-OO,-NH-R2-N{E{;;-iCO-R1-CF:{%-NH-R2-NH-t-C, L 11 lin

| | 0
R (:l; ?_R.?O w82w ——’*CI:—“RZZ
R16 21 &
S ~
C-.
Ny N -

(wherein formula (5), 2 and R*° each reprasent CHZOR38

-

{wherein R represents an alkyl group of 1 to 6 carbon
atoms), R'® represents a hydrogen atom, a methyl group or

an ethyl group, RY to R

may be the same or different and
each represent a hydrogen atom, a mecnovalent corganilic group

of 1 to 20 carbon atoms, Ci, Br, I, or ¥, and J represents

an integer of 1 to 4).

2. The positive-~type photosensitive resin

composition of c¢laim 1, wherein the guinone diazide

10%9a



(C0O017,4),(COOR3)mM(COOR4)1 6 (wherein. formulae (1) and (2), P. and
Pd may be the same or different and each represent an organic group
having at least two carbon atoms and a valence of 2 to S. 1:85 and R4
may be the same or different and each represent hydrogen or a
monovalent organic group of 1 to 20 carbon atoms, -NH-5t in formula (1)
and -CO-R6 in formula (2) each represent a polymer end groun, 55 and
P.E" each represent a monovalent organic group having 2 to 30 carbon
CORGE Which ineRitles aifensatGraied HydrocairBer gFoup nty infthenula
range of 10 to 100,000, 1 and m each represent an integer of O to 2, and
p "and g each represent an integer of 0 to 4, provided that p + g > 0; (c) a
quinone cg zide compound; (d) an alkoxymethyl group-containing
[Formula
compoun and (e) a solvent, wherein the alkoxymethyl group-containing

(3)

compound (d) comprises: a compound having a group represented by
forula (4): [Formula 3] (wherein formulae (4), R12 and)R} each
represent an al% roup of 1 to 20 carbon atoms); and/

repre

\_/

or a compound

Jla (5): [Formula 4]

(3)
10
(R4
OQ
{(wherein formula (3), RY to R“'may e the same or different

and each represent hydrogen or a monovalent organic group
11 . . ;
of 1 to 10 carbeon atoms, R represents a divalent organic

group, Q represents a S-—naphthoquinone diazide sulfonyl

1090



R14 (wherein formula (5),and RI5 each represent CH2OR38 (wherein
R38 represents an alkyl group of | to 6 carbon 16 - atoms), x 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,Br, 1, or F, and j represents an
integer of | to 4). 2. The positive-type photosensitive resin
composition of claim I, wherein the quinone diazide compound (c)

o Comprises,a.compound.represented. by formula: (3) [Farmula 2], (wherein

s S

formula (3), R7 to Rl may be the same or different and each represent
nhygeegen of asnenevalentorganic group of.d {e 10-carben atoms; 1l
represents a divalent organic group, Q represents a 5-naphthoguinone
zwiazide lsulfonyk group,ces 4rnapentheguinone diazide suflonylgroup; 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 2, wherein the molar ratio of. the
nabhthoquimonerdiazite Sudfentl erotipTegtesentettby €5 to the hydrogen
represented by Q in the compound represented by formula (3) -
abhtftocuinone diazide snifonyi grd"dp/Wd”rerﬁ%i”s from 345103 The
nQP§EW§§¥P§&¥EH%§%Q%Q¥§Eﬁ§90nyl group repressnted by O to

S L gee R B S - ¥ el et

cor Where s o
n

the hydrogen represented by § in the compound represantsd

| -

by formuia (37 (naphthoguinone diazide sulionvl

v 1 ke 1 LD e v o+
group/hyvdrogen) is from 3/% o

4. The peglitive-type photosensitive resin
compeosition cf any cne of ciaims 1 to 3, whersin it

cemprises 30 to 100 parts by welght of the polvmer (b
comprising, azs 2 main companent, the structure repre
by formula (1) and/or the structurs rspresented by formuls
(2) kased on 100 parzs by welght Thes novelac resin {a), and
it comprises 1 to 30 parts by weight of the guinons diazids
compound (<] and & te 50 parts by welght of the

- 1% J P P — e - - . il ! i e g e ] '
alkoxvmethyl group-containing compound {(d) based on 100

Y 3L ! % . - . &
(a2} and the polymer (o comprising, as a maln component,
e ey ~ - B S e 7o~ T o ~ PRI, 4

the structure repreasentad by formula (1) ana/or the
structure represented by formula (2

110



composition of any one of claims 1 to 3, wherein it comprises 30 to 100
parts by weight of the po'lvmer (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 novolao resin. (a), and it
comprises 1 to 50by weight of the quinone dtazide compound (c) and 5 to
SO paTts by weight of the alkoxvmethyl group-containing compound (d)
based on 100 parts by weight of the total amount of the novolac resin (a)
and the polymér () tonterising, ¥sta Ridir E6Rp6Aént” the stiucture
represented by formula (1) and/or the structure represented by formula

compy 55 rhghdsitivaityp& photosensitive Tedin tomipositioh'st dhy die of
claims 1 to 4, wherein the novolac resin (a) comprises a cresol novolac
resin having a molar ratio of m-cresol residues to p-cresol residues (m/p)
of at least 1.8. 6.Thepositive-typephotosensitiveresin composition of any
one of claims 1 to 5, wherein the alkoxymethyl group-containing
compound (d) has four or more alkoxymethyl groups.

i1l



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.

6. The positive-type photosensitive resin
composition of any one of claims 1 to 5, wherein the
alkoxymethyl group-containing compound (d) has four or more

alkoxymethyl groups.
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