'DESCREPTICN : ) | Photosen5|t|ve Resi n Cbnp05|t|on

Technical Field ' The present invention relates to a ‘qu,yo
phot osensi tive resin conposition. Mire specifically, it relates

a : hi ghly photosensitive. and easily manufacturable resin
conposition suitable for the manufacture of thick filnms. 10

Background Art. : As heat -resi stant photosensitive material s,
phot osensitive polyimdes are widely used-td form insulating filns
and passivation filns for 15 sem.conductors. Mst of the

phot osensitive materials are. p®BPCRIBEEONr <t heir precursors into
whi ch phot osensitive - groups are-introduced, and m xtures of

pol yi m de precursors and conpounds havi ng phot osensitive groups.

(Sho) 5541422 di 80 Lié?ém o PR FOREa byt %?%@“%gn whi ch a
phot osensitive.group is bonded to a side chain,
5 Technical Field
The present invention :elétes to a photosensitive
resin éoﬁposition. More specifically, it relates to a
highly photosensitive-and eésily manufacturable resin
composition suitable for thé manufacture of thick films.
10 |
| Background Art
As heat—resistant photosensitive materials,
photosensitivé poiyimides are widely used to form
insulating films and passivation films for
15 semiconductors. Most 6f the photosensitive materials are
polyimides or tbeir précursors into which photosénsitive '
groups are introduced, and mixtures of polyimide
precursors and compoﬁnds having photoéensitive groups.
As examples of the fofher, Japanése'Patent Publication
20 No. (Sho)55741422 discloses an ester of polyamic acid in
which a photosensitive group is bonded to a side chain,
and Japanese Patent Applicafioﬁ Laid-open No. (Sho)GO-
6029'disclbses a method for synthesizing a photosensitive
polyimide by the use of a previously synthesized diamine

25 haviﬁg a'double bond. However, in these methods, a



and Jépanese Patehf Application Laid-open No. (Sho)60- 6029
di*scl oses a nethod for synthesizing a photosensitive pol yi m de by

the use of a previously synthesized diam ne 25 havi ng a doubl e hond.
However, in these nethods, a o

-2- ' process of introducing the photosensitive group is
unpr ef er abl y .conpl ex. : Furt hernore, Japanese Patent Application
Lai d- open Nos. (Sho)55-45746 and T Sho) 60- 100143 di scl oses a net hod

5 in which a unsaturated eg Xy, COmpoun r.an hsaturgggg is

i socyanate conp®iRFess Péalnky 3P¥#P%1 Bgfﬁpsﬁpggﬁlg? g each

pol yam ¢ acid, but t%is ﬁ;thod hgsxthe dr awback t hat on reacting an
epoxy group or XMPEESETERAYCGFBUT with - t he carboxyl group of the

- polyam ¢ acid, a partg o ybie 10 japaROld BUierAC App1icdeEBRPLEEE-opént hat
the viscosity of a sol Gt oh decreases. As the m xtures of the

pol yi mi de  Nos.P(8hd)$8L 48745 NEnd Of $ted) 60-a001 43nd 16k oseBpauUmdshbavi ng
t he photosensitive group of the latter, conpositions prepared by

m xi ng ths pol yaH «hieh a2shseeupavadsepowy ngpmpbnnd ora aphonspturated
unsaturated group are disclosed in, for exanpl e, Japanese Patent
Application Lai desmmyandde cofipound is reacted w;th a carboxyl group of
' each polyamic acid, but this method has the drawback that
on reacting an epoxy group or an isocyanate group with
the carboxyl group of the polyamic acid, a part of the
10 polyamic acid is décomposed, so that the viscosity of a
solution decreases. As the mixturgs of.the polyimide
precursor of the polyamic acid and the compounds having
the photosensitive group of the lafter, compositions
prepared by mixing the polyamic acid and compounds having
.15 - a photoreactivelunsaturated group are disclosed in, for
| example, Japanese Patent Applicatioh Laid-open Nos. (Sho)
63-206740, (Sho)59-15449 and (Hei)2-144539. However, in
Japénese Pétent Laid-open No. (Sho)63-206740, a peroxide
is used as an initiator, .and hence shelf stability is
20 poor} In Japanese Patent Application Laid-open Nos.
| (Sho)59-15449 and (Hei)2-144539, the pdlyamic acids
having specific structures are used, and hence practical
physical propeftiés such as heat resistance and |
mechanical strength unpreferably decline.

25 * On the other hand, Japaﬁese Patent Laid-open No.

R -



63-206740,'(Sh0)59-15449 and (Hei) 2-144539. However, in : Japanese

Pat ent Lai d-open No. (-Sho)63-206740, a peroxide Is used as an
initiator, and hence shelf stability is 20 poor. |In Japanese Patent
Application Laid-open Nos. (Sho) 59- 15449 -and (Hei) 2- 144539, 't he
pol yam c aci ds . having specific structures are used, and hence
practi cal physi cal properties such as heat resistance and
mechani cal strength unpreferably decline. - 325, On the ot her hand,
Japanese Patent Lai d-open No. - _ L.

- 3- ( Shd)Sho> )B4514570i4s i estesas netmrichad Wit o gempydseRi Rikgng

a conpound contai ning-a doubl e bond and_an anino(gregﬁ or Its
quat ernary sal t aviqompoyadygopdainingi a. dopele bond and, % &MLNGNIEBPRI REd by

this m xing method has good 5 C atibili but | sepsitivity, and
it has the probl& q“ater“aFﬂé§a&FaUEgRtEﬂ% R %hﬂiﬁ iﬁ%&fhe e of
devel opnent. In ., Japanese Pat ent l1call '
(Hei) 3-91752, composﬁftiofg 0(5% grnle e§¥t Bﬁggeha’?%ﬁ 2‘?‘%‘?{00%2’%%‘1 _nc'fii onal

am no 5, angqﬁﬁ ﬁbikﬂfié{“b%t_t SoRNLEHE t P LB ©Bnd UG s he piBblem

sensitivi crac mation at the devel opnment : can be
sol ved, but thi symot YerHEid Gitld 30 Becae’ dtatRei fime of development. In

Japanese Patent Application Laid—open No. (Hei)3-91752,
it is deécribed.fo use a specific po;yfunctional amino
acrylate. In this technique, problems such as the

10 sensitivity and the crack formation at the development
can be solved, but this polyfunctional amino acrylate is

less available as .a commercial product.

Disclosure of the Invention

15 (Summary of the Invention)

_ An.bbject of the present'invention is to provide a
highly photosensitive and easily manufacturable resin
composition suitablé for the manufacture of thick films
having a practically sufficient sensitivity, and -

20 according td this resin éomposition, the‘above—mentioned_
drawbacks of conventional photosensitive materials can be
overcome. : '

The present inventors have conducted various_
investigations, and as a result, they have found that a

25 photosensitive resin composition suitable for thick films



| ess avail abl e as a conmerci al product.

Di*scl osure of the Invention 15 (Summary of the |nvention)

An object of the present invention is to provide a - highly

phot osensitive and easily manufacturable resin conposition
suitable for the manufacture of thick filns having a practically
sufficient sensitivity, and 20 -according to this resin conposition,

t he above-nentioned "’ dr awbacks of Tdhventional photosensitive
materials can be over cone. The present |nventors

have conducted v@RROMR easily obtained byausdhg, a&nHSQSY%P?QEﬁﬁt 1BINRY, ave
;?Fgg that a 25 peci:?fgt met ;atclz:l:y Jces@glrrg)u%ongasat bgﬁy ijlqtrfbxlie qf"](érrr?o;]gl ck.

(et acryi ¢ or SHHERATSBR 65 VAT 4 BBiB Sabio. 1o OBl |
igecif'c ratio. %ﬁecﬁfééﬂﬂgnfﬁbentlﬁP had Hedhl edapiet8yeNtion has been
npleted. 5 otosensitive resin conposition of the
present imyention is QﬁafaﬁéﬁréZﬁﬁbibbéﬁEﬂﬂﬂv@ Resfih) cdPosition of the
presenf invention is-characteriied by comprising (1) 100
parts by weight of a polyimide, (2) 10-100 parts by
weight of an isocyanurate having a (meth)acrylic grdup;
(3) 10-100 parts by weight of a polyalkylene glycol
10 dl(meth)acrylate, and (4) 0.5-20 parts by weight of a
photopolymerization initiator.
In this case, it is particularly preferred that the
polyimide is a compound having a fluorine atom or a
sulfone group. |
15 | (Detailed Description of the Invention)
A polyimide in a composition of thg présent
‘invention can be easily prepared from a poiyamic acid
obtained, by a knbwn process, for example, by reacting a
tetracarboxylic dianhydride with a diamine in a soivent.
20 Both the tetracarboxylic dianhydride and the diamine are
preferably aromatic compounds, but alicyclic.compounds,
aliphatic compounds or siloxane compounds are also
acceptable. Howe&er, for the formafion of the thick
film, the compound containing a fluorine atom or a

25 . sulfone group is particularly preferable, because of



parts}by wei ght of a pol yi m de, (2) 10-100 parts by wei ght of an

| socyanurate having a (neth)acrylic group, (3) 10-100 parts hy

wei ght of a pol yal kyl ene glycol 10 = di(meth)acrylate, and (4) 0.5-20
parts by weight of a phot opol yneri zation initiator. . In
this case, it is particularly preferred that the polyimde is a '
conpound having a fluorine atomor a sul fone group. 15
(Detail ed Description of the | nventi on) -5 - A polyimde in a
conposition of the present i nvention can be easil epared froma
polyamic acid Peing exgedilgpy iByS%lﬂ?E%&FXJ §§anF8Pr§§S§p

t tet b I di h drid th di
Golvent. 20 BothTRECEL PREUPERRPF it e@rgﬁaaf&%gx 1f’h§18?§¥$’ﬁed3re
pref er abl y ar oA agAIPANATE ) Bl AL ﬁé{&vbﬁ Ccaa&;m Sput they, ar8l hgati c

conpounds or sil oxane co ept abl'e. " However, for

the formation of dike |y§ﬁlted to thgéén&oﬁﬁghdagwpound containing a
fluorine atomor a 25 sul fone group is particularly preferable,

because ofs © Aromatic tetracarboxylic acid dianhydrides such abei ng
excellent in solubility and transparency.

: 2,2-bis-(3,4- dlcarboxyphenyl)hexafluoropropane
dianhydride, bis-(3,4-dicarboxyphenyl)sulfone
dianhydride, bis-(3,4-dicarboxyphenyl) ether dianhydride,
3,3',4,4'-benzophenonetetraearboxylic acié dianhydride,

10 2,2',3,3'-benzophenonetetracerboxylic acid dianhydride,
2,3,3',4'-benzophenonetetracarboxylic dianhydride,
3,3',4,4'—piphenyltetracarboxylic dianhydride, 2,2',3,3'-
biphenyltetracarboxylic dianhydride, 2,3,3',4'-
biphenyltetracarboxylie dianhydride, pyromellitie

15 dianhydride, 1,2,5,6—naphthalenetetracarbexylic
dianhydrlde, 2, 3 6 7-naphtha1enetetracarboxyl1c
dianhydride and the like; alicyclic tetracarboxyllc
dianhydrides such as cyclohutanetetracarboxyl1c
dianhydfide, methylcyclobutanetetrecarboxylic dianhydride

20 and the like; and an aliphatic tetracarboxylic |
dianhydride such as 1,2,3,4-butanetetracarboxylic
dianhydride and the like. |

Furthermore, typical examples of the diamine include
the following compounds but they are not always llmlted

25 to these compounds.



Typicél exanpl es of the tetracarboxylic dianhydride 'include t he

foll owi ng known conpounds, but they are not : always limted to these
conmpounds. 5 Aromatic tetracarboxylic acid dianhydrides such as
2, 2-bi s- (3, 4-di car boxyphenyl ) hexaf | uor opr opane di anhydri de,

bi s- (3, 4-di car boxyphenyl ) sul fone di anhydri de, '

bi s- (3, 4-di car boxyphenyl ) ether dianhydri de, -

3,3 ,4,4" -benzophenonet etracar boxylic aci d éiénhydride, 10 2,2',3,3

- benzophenonet et racar boxylic agi d di anhydri de, A .
2,3,3 ,4" -benzopheno Qﬁlﬁﬁﬁi DEg 8¥8ﬁh?ﬁr?d%, diaminodiphenyl

0 oo o A S SRS S, 3,8 Bramsnctsonen:

bi phenyl tetracar |

bi phenyl tetracar boxybi &, di AMNHdnHiodRpheRgihéthéne 15,4 - di anhydri de,
1, 2, 5, 6-napht hal enet etracar boxyl i c di anhydri de,

2, 3, 6, 7- napht hal g0shBhéROHABKY Idud fone, 4, 40i-andythodiEploa /1t e llfilde;,
alicyclic tetracarboxylic di anhydri des such as

cycl obut amet et r ag¢ a4 bedy({ meaminophenaiiyddiptieng?, sulfone, 4,4'-di(p- .
met hyl cycl obut anet et racar boxyl i ¢ di anhydride 20 and the_ |ike; and an-.
al i phati c tetracambosphégoxy)diphenydi sivhfonedeosthpphgnylenediamine,

1, 2,3, 4-but anetetracarboxylic = . di anhydri de  and theblike . '
Furthernore, typheshapheppleacdianine diprheeYirpedigmine, benziqinq. | gying

conpounds, but they,are nol BLuYShandhd C%, 472d1ami ASpLAESSnSRSIMO NS, « -
diaminodiphenyl-2, 2-propane, 1,5—diaminonaphthalene; 1,8-

10 ) diaminonaéhthalene, 4,4';bis(4—aminophenoxy)biphenyl,'
2,2-biS{4-(4-aminobhenoxy)phenyl}hexafluoropropane, 1,4-
bis(4-aminophenoxy5benzene, 1,3-bis(4-
aminophenoxy)benzéne, 4,4'-diamino-3,3'-diethyl-5,5"~
dimethyldiphenylmethane, 4,4'-diamino-3,3',5,5'-

15 teﬁraméthyldiphenylmethane, 1,4-diaminotoluene, metha-
xylylenediamine, 2,2'-dimethylbenzidine and the like:;
aliphatic.diaﬁihes.such as trimethylenediamine,
tetramethylenediamine, hexémethylenediamine, 2,11~
dodecanediamine and the like:; silicon-baéed diamines sucb

20 as bis(p-aminophenoxy)dimethylsilane, 1,4-bis(3-
aminopropyldimethylsilyl )benzene, bis(3-aminopropyl)
tetramethyldisiloxane and the like; alicyclic diamines
such as 1, 4-diaminocyclohexane, bis(4-
aminocyclohexyl )methane, isbphoronediamine and the 1ik§7

25 and guanamines such as acetoguanamine, benzoguanamine and



-6 Aromati c di am nes such as 4, 4'-di am nodi phenyl

ether, 3,4'-di anmi nodi phenyl ether, 3,3'-diani nodi phenyl sul f one,
4,4 ' -di am nodi phenyl net hane, 4,4' - di am nodi phenyl sul f one,

4, 4' -di am nodi phenyl sulfide, 5 4, 4' -di (m am nophenoxy) di phenyl

sul fone, 4,4'-di(p- - am nophenoxy) di phenyl sul f one, :

or t hophenyl enedi am ne, met haphenyl enedi am ne, p-phenyl enedi am ne,
benzi di ne, 3, 3' -di am nobenzophenone,7 4 4. "' - di am nobenzophenone,.

4,4' - di am nodi phenytl - 2, 2- propane, 1, 5-di am nonapht hal ene, 1,8- 10

di ani nonapht hal etbe 2iKe.bi s(4- ani nophenoxy) bi phenyl
2,2-bis(4-(4-am nophenoxyéphenyl } hexaf | uor opr opane, . ) ,
bi s( 4- am nophenoxy) beRuEh erlIOBebl%’(%“Ples of t ﬁBBﬁBﬂﬁk}?ﬁ%ﬂ%d‘fé?lude

4,4 -di 3,3 -dieth | di ph i h
4 i am no- 3, 3coBpBuRYS] SeSreserted A TR HHEN AL KAnge (5°

1, 4-di am not ol uene, netha- . xylyl ened| am ne, 2,2'-dinethyl benzidine
~and the like; al i phatic .di neg syeclg as trimet hyl enedi ani ne,

t et r amet hyd enedi arri ne, hexamet hyl epqdi i 8ni n p, ¥l- dodecanedi ami ne

and the like; silg $ sueh i—eSH,~—=—NH (1)

bi s(p-am nophenoxyg di rret hyl 2 §ne 273 2

am nopr opyl di net hyl si | yl ) benzene, H)soyl )
tetranet hyl di sil oxane and the like; alicycl | c di‘am nes

CH,4 CH3
1
10 Hy N—(CH S 10 § i —€CH,—NH, -(2)
CHg4 p CHy
' ?HS ) (IZH3 ’ |
CH3 p CH3 '
Hg C_~ CHy CHq CHg4

. i : | '
20 H2 N Si—O0 ? i —@—-NHZ ' ~+(4)
. ' .

CHS p CH3

CH3 CH3
{

@@




such as 1, 4-di am nocycl ohexane, bis(4- ~ami nocycl ohexyl ) met hane,

i sophor onedi anine and the like; 25 and guanam nes such as
acet oguananmi ne, benzoguanam ne and ' -7-
the |ike. Furt hernore, exanples of the diam nosil oxane include

conpounds represented by the fornul ae (1) to (9): [Jerr]
8- [err]

-8 -

| CHy  CH
Sl— S1—©—— -++(86)

{?2 Ha\ Cq Hg
Hy N—CHy35—{S1—01—S | —(CHy3g—NH, =)
Gy Hy p Gy Hy |
) 19 @ '
15
20 .

[whérein p is in the range of from 1 to 100].

In additi&n to fhe above-mentioned compounds, knowp
diamines can also be used.

As described above, the polyamic acid which is the

25 polyimide precursor can be obtained by reacting the



[wheréin p_is'in the range of from1l to 100]. In addition to the
above- nenti oned conpounds, known di am nes can al so be used.

As described above, the polyanmc acid which is the 25 pol yi m de
precursor can be obtained by reacting the

-9- : tetracarboxylic dianhydride with the diamine in the
sol vent, but preferable typical exanples of this solvent
tetracarboxylic dianhydride with the diamine in the
solvént, but preferable typical examples of this solvent .
(hereinafter reférred to as "reaction solvent" on
_ occasion) are as follows:

5 N-methyl-2-pyrrolidone, N,N-dimethylacetamide, N, N-
dimethylformamide, dimethyl sulfoxide, tetramethylurea,
pyridine, hexamethylphoéphoramide, methyiformamide,
N-acetyl—z—pyrrolidone,'2—methoxyethanol;
2-ethoxyethanol, 2-butoxyethanol, diethyléhe glycol

10 monomethyl.ether, diethylene gl&col monoethyl ether,
diethylene glycol monobutyl ether, cyclopentanone,
methylcyclopentanone, cycloheianone,_cresol,-
y-butyrolactone, isophorone, N,N-diethylacetamide, N, N-
diethylformamidé, N,N-dimethylmethoxyacetamide,

15 tetrahydrofuran, N—methyi-e-caprolactam and |
fetrahydrothiophene dioxide (sulpholane).

Furthermore, the above-mentioned organic solvent,
whén used, may be diluted with another non-protonic
(neutral) organic soivent such as an aromatic, an

20 alicyclic or an aliphatic hydrocarbon, or its chlorinated
derivative (e.g., benzene, toluene,'#ylene, cyclohexane,

| pentane, hexane, petroleum ethef or methylene chloride),
orldioxane and the like. | -

The solution of the polyamic acid which is the

25 polyimide precursor can be obtained from the above-



(hereinafter referred to as "reaction solvent" on occasion) are as -

follows: 5 N- et hyl - 2- pyrrol i done, N, N-di net hyl acetam de, N, N
di net hyl f or mami de, di nethyl sul foxide, tetranethylurea, pyri di ne,
hexanet hyl phosphor am de, net hyl-f or mam de, N-acetyl - 2- pyrrol i done,
2- met hoxyet hanol , 2- et hoxyet hanol , 2-but oxyet hanol, diethyl ene
glycol 10 nononet hyl ether, diethylene glycol nonoethyl ether,

di et hyl ene gl ycol nonobutyl ether, cycl openti@nene,

met hyl cycl opent anone, cycl ohexanone, . cresol, y-butyrol act one,

i sophorone, N, N- sesethphadeaaiiddédianhydride and theedhpninendni the

N, N- di net hyl net hoxyacet am de, 15 t et rahydr of uran

N- et hyl - [ err] - cRFPSEREEanfakle above-mentgqnad $OIVRREpRENR KROWR de

(sul phol ane). Furthernore, the ahove-nentioned qQrganic

sol vent . PTRRERSus e dPLFahO e ¢ 7 \34%¥F&88tﬁérPHBH?ﬁr%?gﬂic
(neutral) organic_solvent such i . akigyclic or an
al i phatic hydr ocgl’ta%gﬁ, %8r pfgglgﬁf'%?gng%%g@élﬁml@q acggr'i \?raltdi J\‘/:felg( e.g., '

benzene, tgl uene, 0W;eN a1eUCHBRGEANS acid is driRRM)! ang thexansatest tel-eum
et her or #gthyleﬁg cﬁ?%r?gé),b ¥ : a%ﬁ C“%MQ%E and the like. -

The solution of idMaael vapolydaideWhi th dddition Ao thispelpoesde phecursor
can be obtained fromthe above-
polyimide can be obtained by, for example, a method in
which a dehydrating agent and a tertiary amine are added
to the polyamic acid, or a method in which the polyamic

10 acid ié partially changed into an isoimide in a solvent,
and the isoimidé moiety is converted into an imide.
| For the“purposé of improving adhesive properties to

,the substrate,.aminosilane can be introduéed into the
terminal of the polymer.

15 o Typical examples of this aminosilane include the
following known compounds, but they are not always
limited to these compounds:

Aminomethyl-di-nfpropoxy-methylsilane,
(B—amiﬁoethyi)—propoxy—methylsilane, { B-aminoethyl)-n-

20 diethoxy-phenylsilane, (BFaminoethyl)-trifn—
propoxysilane, (B-aminoethyl)5dimethoxy—methyléilane, (vy-
aminopropyl)-di-népropoxy—métﬁylsilane, ( y-aminopropyl)-
di—n-butoxy—methylsilane,.(y—aminopropyl)—
triethoxysilane, (y—aminOpropyl)-di—n—pentoxy—

25 phenylsilane, (Yy-aminopropyl)-methoxy-n-propoxy-



- 10 menti oned acid di anhydride and the diamne in the

presence of the above-nenti oned sol vent by a known process. This
pol yam ¢ acid solution is poured into water to precipitate the
polyam c acid, and the 5 precipitated polyamc acid is dried, and then
" heated to obtain a polyimde. In addition to this process, the
pol yi m de can be obtai ned by, for exanple, a nethod in which a
dehydrating agent and a tertiary anine are'ddded to the polyanc

acid, or a nmethod in which the go m c acid is partially changed
into an i soi m de MSFRY1SdLBRe , ( amin°b%ﬁﬁﬂl?ﬂ%W%$HQHWd@eﬁBVéF§ngecoh%erted

int d f dh

broperties (o eminopheyvl)safrarRfolybetiank . (RrnisePheratIctitito ( ne
Forhnal o e ot (5ol UBNAS Bl an 103 [
limted to these Widane, {p-(3- aminophenyl)ethyl}-di-n-propoxy-

Am normet hyl - di - n- propoxy- et hyl' si | ane,
([err]-am 8oet hyghepydpdiypnest fyk¢d-antnogheiyl yparopyagt-ai-n—propdfly -

di et hoxy- phenyl si'l ane, ([err]-am noethyl)-tri-n- propoxysilané,
([err]-ani noet hy i nethivistiiene, myhy4sahineph¢iaxy Jpropyl}-di-n-propoxy-
am nopropyl ) -di -n- propoxy met hyl si | ane, (y-am nopropyl)-
di - n- but oxy- net hytest X%ﬁélaﬁﬁhaﬁﬂnéﬁr@p&ﬁ??henoxy)propyl} -di-n-butoxy-
methyls11ane, {y-(3-aminophenoxy )propyl}-dimethyl-
'methoxysilane, {y—aminoprobyl)—methyl-diethoxysilane,
iO {Y-aminopropyl)—efhyl-di-n—prdpoxysilane,
(4—aminophenyl)-tfimethoxysilané, (3—aminopheny1)--
trimethoxysiiane, (4-amin6phenyl)-methyl-dimethoxysilane,
(3-aminophenyl)-dimethyl-methoxysilane, (4-aminophenyl)4
triethoxysilane, {3—(triethox&silyl)propyl}urea and the
15 like. o
In addition to these aminésilane.compounds, a
monovalent acid anhydride or a compound having an amino
group can be added to carry out the reaction, for the
purpose of cOnfrolling the molecular weight of the
20 : polyimide. Examples of such a compound include compounds
such as bhthalic anhydride, maleic anhydride, aniliﬁe,
monoallylamine and the like.
The isocyanurate having a (méth)acrylic group which
constitutes a photosensitive resin compositioh of the

25 present invention is an isocyanurate containing an



tri et hoxysil ane, (y-am nopropyl)-di-n-pentoxy- 25 phenyI5|Iane
(y- ami nopr opyl ) - et hoxy- n- pr opoxy- met hyl si | ane,
([err]-am nobutyl)-di met hoxy- net hyl si |l ane, (3-

am nophenyl ) - di - n- propoxysi | ane, (4-am nophenyl)-tri-n-

propoxysi |l ane, {[err]-(4-am nophenyl)ethyl}-diethoxy- met hyl si | ane,
{[err]-(3-am nophenyl)ethyl }-di-n-propoxy- 5 phenyl si | ane,

{[err]-(4-am nophenyl)propyl }-di-n-propoxy 12 - met hyl si | ane,
{[err]-(4-am nophenoxy) propyl }-di-n-propoxy- met hyl si | ane,
{[err]-(3-am nopkesywlirpoupyp} - di methecrpdic group, Oﬁepﬁystfaﬁﬁe
{[err]-(3-am nophenoxy) propyl }-di net hyl - ' nethoxy3|lag A

{[err]- anlnoprop@F?yﬁéFhﬁFDHPeFﬁéxyg?l@ﬁﬁpacﬁX}lc group.” Furthermore,

I | - ﬁ
%Z ggiﬁggﬂgﬁ?|g t y Qg ﬁgxéigcg_ q&ﬁﬁﬁ§RA3cry:ate is polyalkylene
ri met-hoxysil ane,
(3- anlnopKenyI) (?ﬁ€§ﬁ§ﬂa % iQX& 7 hop en;%?%r polyalkylene

tri et hoxysgl ane, 55;%1 5@R%¥§k&ig%gropyﬁégéqgmﬁgﬂnﬁﬂﬁarbSall i ke.
In addition to thesé an1n05|lane conpounds, a nonoval ent acid

anhydride or a cyRMio¥ed¥Itive 2ompBheats.. group can be added to
carry out the reaction, for the
Examples of the isocyanurate having the
(meth)acrylic group include compoun‘ds represented by the
following formulae 10 to 15:

10

0O
(1]
| C
o \l 0 - (10)
is | CHZCHZOCOCH CH2
".
CH3
HOCH, CH —N N CH, CH, OCOC=CH
2 2 5 2 2 2 .
0-C €=0 ' S (1)
20 N - CH3
CHZCHZOCOC CH2
1]
CH, =CHCOOCH, CH —N N CH, CH OCOCH?CHZ
2 - 2 2 vt 2 2
25 : 0=C C 0

N .
CH, CHy, OCOCH=CH, -(12)



punposé of controlling the nol ecul ar wei ght of the 20 pol yi m de.

Exanpl es of such a conpound incl ude conpounds . such as phthalic
anhydri de, maleic anhydride, aniline, monoal |yl ani né and the |ike.
The isocyanurate having a (nmeth)acrylic group which constitutes a
phot osensitive resin conposition of the 25 present invention is an
i socyanurate containing an ' ' - 12
- acrylic group, a nethacrylic group,1®r-both of the acrylic
group and the methacrylic group. Furthernore, t he pol yal kyl ene
gl ycol di(neth)acrylate is polyal kyl ene di acryl ate, pol yal kyl ene
di net hacryl ate or polyal kylene 5 acrylate[err] nmethacrylate. These"
conpounds- are al | photosensitivaoconponents. . Exanpl es
of the isocyanurate he ng the &Eth)acrylic group gplude
conpounds represent edy ggathe f ol,Fowi ng for.nmul ae 10(; 3 10
[err] CHZ—CCOOCHZCH2—$ ¥ CHZCHZOCOC CH2
' O= C C o)
° N CHy

7 N\
10 CH2=CHCQOCH2CH2—$ ¥—CH2CHZOCOCH=CH2

0=C C=0 -+ (14)
N .
N | |
CHZCHZOCO(CH2)5OCQCH=CH2
Q
15 CHg L. CHg
CH2.=CCO_OCHZCH2 § N CHZCHZOCOC CH2
0=C_ c o S e (19)
N o GHy
'_CHZCHZOCO(CHz)sQCOC=CH2
20 Moreo&er, examples of the polyalkylene glycbl

di(meth)acrylate include compounds represented by the

following formulae 16 to 24:

CH2=CHCOO(CHZCHZO)qCOCHFCHZ -+ (16)

25



- 13 ; [err] .20 Mor eover ,

exanpl es of the polyal kyl ene gl ycol di (nmeth)acryl ate include
conmpounds represented by the followng fornulae 16 to 24:
CH err] =CHCOO (CH err] CHerr] Oferr] COCH=CHerr] ...(16) 25
- 14 -
- GHyg | GHg
CH, =CCOO (CH, CH, 0) , COC=CH, = (17)

5 CH2=CHCOO(CHZCHZCHZO) COCH= CH2 - (18) -

_ CH3 _ S CHyg |
CH, =CCOO (CH, CHZCHZO) COC=CH, -+ (19)
10 | CHg | |
‘;CH2=CHCOO(CHCHZO)qCOCH=CH2 R 1))
CH3 CH3 CHg
.CH2=CCOO(CHCH20) COC=CH, . -+ (21)
15 ‘ -
-CHZ=CHcoo(CHZCHZCHZCHZO)qCOCH=CH2m&m
CHg B CH,g
CH, =CCOO (CH, CHy CH, CH, 0) , COC=CH, -+ (28)
20 '
CH2=CCOO(CHZCHZO)m—(CHZCHZCHZCHZO) COC= CH2

-+ (24

25 (However, in the formulae 16 to 24, 2 < g < 10, 2 <



S 14 S CH err] ' CH err]

CHterr] =CCOO (CH err] CHerr] Oferr] COC=CHerr] ...(17) 5 CH err]
=CHCOO (CH err] CH err] CHerr] 0) [err] COCH=CH err] ...(18)

CH err] CH err] CHerr] = CCOO (CH err]
CH err] CHerr] O [err] Coc=CHerr] .(19) 10 CH err]

CH err]=CHCOO (CHCH err]O[err] COCH:CH[err] CH err]

. CH err] CH err] CHerr] =€CD® - (CHCH[err] O [err]
COC=CH[ err]. (21) 15 CH[)err] =CHCO0 (CH err]
%err% CH err] TG:H[feftiri‘; t@{eanqr(:@uf'ffm[@r?]l (22)

err

(CHerr] CHerr] CH e‘f’*fhcﬂf@?‘ﬂ %9 the ta]‘“°@&L.;§CH%eFPT phOt??éﬂ %Ve

CH.err]

CH err] =CCOO (‘C‘ﬂf‘g?nfnﬁl[‘é r}]’e 6}‘“} err]the (aEﬁfmt ff(ﬂf TOCH—T errﬁe{%-l[err]'

Oferr] COC= Gk ébthe meth acrylic group is in the range of from 10
... (24 25 % vveve(r )t(}':leyforr?ulagwto 24, 2[%rr] g < 10, 2 <
5 to 100 parts by welght, preferably from 20 to 80 parts by

weight, based on 100 parts by weight of the polyimide,
and the amount of thc polyalkylene gl?col
di(meth)acrflate is in the range of from 10 to 100 parts
by weight, preferably from 20 to 80 parts by weight,

10 based on 100 parts by weight of the polyimide. When the

. photosénsitive component is only tne isocyanurate having

the (meth)acrylic group, the surface roughness of the
obtained coating film takes place, and when the .
photosens1t1ve component is only the polyalkylene glycol

15 di(meth)acrylate, the coating film becomes sticky. Thus,
these cases are not preferable. Only by adding both the
components in the above-mentioned ratio, the high-.
sensitive photosensitive resin composition can be
obtained, and hence the good coating film can be

20 . obtained.

As the photopolymerlzation initiator or a sensmtlzer
whlch can be used in the present invention, known
compounds can be used singly or in the form of a mixture

" of two or more thereof. Typicél examples of these

25 _ compounds include the following compcounds, but they are
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_ 15 S m+ n [err] 10, and m[err] 1 and n [err] 1.)

Wth regard to the anpbunts of the photosensitive conponents to be
added, the anount of the isocyanurate having the (nmeth)acrylic
group is in the range of from10 5 to 100 parts by weight, preferably
from20 to 80 parts by : wei ght, based on 100 parts by wei ght of the
pol yi m-de, - and the anount of the polyal kyl ene gl ycol

di (meth)acrylate is in the range of from 30160-100 parts - by wei ght,
preferably- from20 to 80 parts by weight, 10 ~ based on 100 parts by

wei ght of the pohptnilimitedhtp these compoungdgst osensitive conponent is only
t he i socyanurate having t he én%kgLac%§:ic grgugv the surface
roughness of the BenzgpheneRey & 'S KatPRRes*pFate, and when the
phot osensitive ¢ ent i.s _only the polyal kyl ene gl I
di(neth)acrylateaggﬁgygaﬁfpﬂ e?¥?%??ﬂ{ :?qggqu?f t%%ﬁg?néﬁbne' t hese
cases are not pri%%%%%b§%ggg%§ﬁgg,aﬂ94IEh%§§g}t%H%xanthone.Cﬁgpone”tS in the

above- nenti-oned rat It1ve photosensitive resin

conposi ti of can R{hylanthra@liabRed. addbgiiche, he-a9adosgaping filmcan be
20 obt ai ned. _ , As the photopol ynerization initiator or a
sensitizer methylpropiophenone, 2-hydroxy-2-methyl-4'-

isopropylpropiophenone, l-hydroxycyclohexyl phenyl
ketone, isopropyl benzoin ether, isobutyl benzoin ether,
2,Z-Aiethoxyacetophenone, 2,2-dimethoxy-2- |

10 phenylacetophenone, behzyl, camphorqﬁinone, benzanthrone,
2—methyl—1-{4-(ﬁethylthio)phenyl}—Zemorpholino-l—propane,
3,3',4,4;—tetra(t-butylperoxyCarbonyl)benzophehone,
N-phenyl-glycine, p-hydroxy—N-phenlelycine,
tetramethylthiuram monosulfide, tetramethylthiuram

15 disulfide, p-tolyl disulfide, ethyl 4-dimethylamirio-
benzoate, isoamyl 4—dimethylamihobenzoate, 3,3'"~carbonyl-
bis(7-diethylamino)coumarin, 2;6—bis(p-azidobenzylidene)—
cyclohexanone; 2,6-bis(p-azidobgnzylidene)—4—methylcyclo—
hexanone, 2,6-bis(péazidobenzylidene)-4—t-butylcyclo—

20 hexanone and the like. |

The amount of the photopolymerization initiator is

in the'fange of from 0.05 to 20% by weight, preferably
from 0.5 to 10% by weight based on the weight of the
polyimide. ) |

25 Furthermore, if necessary, a known compound having a
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-whi ch’can be. used in the'present i nvention, known conmpounds can be

used singly or in the formof-.a m xture of two or nore thereof.
Typi cal exanples of these 25 conmpounds include the follow ng
conpounds, but they are . ‘ - 16 -
not limted to these conpounds: Benzophenone, Mchier's

ket one, 4,4'- dlethylan1nobenzophenone xanthone t hi oxant hone,
isopropylxanthone ‘2, 4-di et hyl t hi oxant hong, 1 ethylanthraquinone

acet ophenone,

2- hydr oxy- 2- neth dgpn—carbon GQ%HﬁﬁﬂabgépB% ggoﬁgﬁﬁ%g iﬁ'ﬂ%&#oi?%&é*%hexy|
h | : k b
FZ) gnél et hoxyacet%%‘%gﬁo%éesgz&%p#uﬁﬁi%%ﬁ&&li%ryl i1 #ényT ace% opjﬂenone

~ benzyl, canphor oqyLigRe. oPETRAN KL on the weight of the polyimide.
2- nethyl 1-{4- (nethylthlo)phenyl) 2- nor phol i no- 1- pr opane,

3,3, 4, 4 -tetra( rypubyl pexamyTes hsmyhebenvephenring auxiliary are as

N—phenyl gl ycine, p-hydroxy-Nphenyl glycine, - tetramethylthiuram

nmonosul fi de, tetEalkowgbthiuram 15 di sul fide, p-tolyl disulfide, ethyl

4- di net hyl am no- benzoate, isoanyl 4- dlnethxlgn1nobenzoate '
ate,

3, 3" -car bonyl - Butyl acrylate, cyclohexyl acry
' diﬁethylaminoethyl methacrylate, benzyl_acrylate,
Carbitol acrylate, 2-ethylhexyl acrylate, 2-ethylhexyl
methacrylate, lauryl methacrylate, 2-hydroxyethyl

10 acrylate, Z?hydroxyethyl methacrylate, Z—hydrgxypropyl
acryléte, 2-hydroxypropyl methacrylate, glycidyl
methacrylate, N-methylolacrylamide, N-
diacetbneaciylamide, N,N'-methylenebisacrylamide,
N-vinylpyrrolidone, ethylene glycol diacrylate,

15 " diethylene glfcol diacrylate,_triethylene glycol

| diacrylate, bﬁtylene glycol diacrylate, butYlene glycol
dinethacrylate, neopentyl glycol diacrylate, neopentyl
glycol dimefhacrylate, i,4—butanediol diac:ylate, 1,6~
hexanediol diaciylate, 1,6—hexaﬁedioi dimethacrylate,

20 pentaerythritol-diacrylate,.pentaerythritol triacrylate,
trimethylolpropane triacrylate, triméthylolpropane
trimethadrylate; peﬁtaerythritol tetra(3-mércapto—.
propionate), pentaerythritol (ﬁercaptbaéétate) and the
like. |

25 In addition thereto, a thermal polymefization -
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bis(?fdiethylanino)counarin, 2, 6- bi s(p-azi dobenzyl i dene) -

cyel ohexanone, 2, 6-bi s(p-azi dobenzyli dene)-4-net hyl cycl o- hexanone,

2, 6- bi s(p-azi dobenzylidene)-4-t-butylcyclo- 20 hexanone and the |ike.
The amount of the photopol ynerization initiator is . in the range of
fromO0.05 to 20% by weight, preferably fromO0.5 to 10% by wei ght
based on the wei ght of the polyimde. 25 Furthernore, if
necessary, a known conpound having a - 18 -

- 17 - car bon-carbon doubl e bond or a polyhydric thiol can he

added as a crossinhkbitonusuch ;g hydrgauinons: srinsghegyphenol andthay of

| ess based on the weight of the_ polyim de. Typi cal exanpl es of the
crosslinki ng auxitikeryosra EBPP%éhentﬁqﬂlqﬁﬁ§?ial_sucx as a é%ﬁylaacrylate,

cycl ohexyl acrylate, di hyl am nqet hyl ; crylate, benzyl

acryl at e, pl@ﬂFBFtBPdaE?ﬁrﬁiﬁgveéQné%ﬁoh ?ygﬁgggylate, 2- et hyl hexyl
nmet hacryl ate, |auryl t hac - | 018 metnh88' ¥6At formin
2-hydroxyethy|'_methacg%{!gt’ejf’"\%igi£"|§lacr:%x‘Ig’/!f'é?'l([)(;:)ii%l(ﬂ{a@é to .ag?ylate, g

2-hydroxypsopyl gepRtte¥halepoly¥hiidy! £ilm by the use of the

bhotosenéitive resin composition of the pregent
invention. The photosensitive resin composition of the
present_invention is applied onto a substrate such as a
silicon wafer, a metallplate, a plastic plate or a glass

10 " plate and the like by a known technique such.as spin
coating, immersion or spray printing ahd the like. The
fhus formed film is prebaked at a temperature of 30-150°C
by the use of a heating means such as an eléctric furnace
or a hot platé t6 remove most of the solvent from the

15 film. A negatived mask is put on this film, and it is
then irradiated with chemical rays. Examples of the
chemical rays include X-rays, electron beams, ultraviolet
rays or visible light and the like, but ultraviclet rays
ahd far infrared_rayé are particularly suitable. Next, a

20 relief pattern is formed by dissolving/removing unexposed
portions of the film with a developing ;gent. If
.necessary, the film can be rinsed in a non—solvent, and
then dried at a temperaturé of 150°C or less to stabilize
the reliéf pattern. The thus treated film can be peeled

25 from the substrate at any time after the prebaking step,
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nethaérylate, N—hethyldlacrylanide, N- di acet oneacryl am de,

N;"N' - met hyl enebi sacryl am de, N-vi nyl pyrrol i done, ethyl ene glycol
di acrylate, 15 di et hyl ene gl ycol diacrylate, triethylene glycol

di acryl ate, butylene giycol diacrylate, butylene glycol ,

di met hacryl ate, neopentyl glycol diacrylate, neopentyl gl yco

di met hacryl ate, 1, 4-butanediol diacrylate, 1,6- . hexanedi ol

di acryl ate; 1, 6-hexanedi ol dinethacrylate~ 120- pent aerythritol

di acrylate, pentaerythritol triacrylate, trimet hyl ol propane

triacrylate, trias@hyhehpusednes a single tfidilfet hTbeyPalEmepeap dhighthe)

t et ra( 3- ner capt o- ropi onate), pentaerythritol (nercaptoaceta

and the PLO prier pattiin s foren Hithe, HePRIPOREn AL B RPRESS Gt
ol ynmeri zation _ R ~~d8 ¢
Fnh?bitor such a& ﬁ?ﬂPSEBFHBﬁe?fpgggﬁ?quﬁﬂuﬁﬁﬂfgﬁagl?h800_400 é P?kg?eor a
suppl ement ary MaGEHL Al ngHERoRS Snd¥Eind neans tq RictHPR! paRekhgal i ke can

al so be added. _ t, reference wi e made to a nethod for
formng 55 apRallimiaed eROhYi Midechis edde ! RhdIIBRyahlleate having

phot osensitive resin conposition of the present
the (meth)acrylic group and the polyalkylene glycol
.di(meth)acrylate which are cbmpounds containing a
photosensitive group polymerize by the chemical_rays to
form a polymer, but this polymer thermally decomposes by
10 post bakiﬁg and fhen volatilizes from the film. Thus,
| the patterned pquimide film having heat resistahce can

be obtained from the’ photosensitive resin composition.of -

the present invention.

15 o . Best Mode for Carrying out the Invention
| Now, the present inventioh—will be described in
détail in reference to examples, but the écope of the
présent invention should not be 1imited to these
examples.

ZO In synthesis examples and examples, each rotation
viscosity is a value measured at a temperature of 25 %
0.1°C by the use of ah E tyﬁe‘viscomefe: (trademark
Visconic EMD, made by Tokfo Keiki'Co.; Ltd.).

Synthesis Example 1 of Polyimide

25 A 500 milliliter flask equipped with a stirrer, a
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i nvention. The photosensitive resin conposition of the - " present

i fvention is applied onto a substrate such as a silicon wafer, a
netal plate, a plastic plate or a glass 10 plate and the |ike by a
known t echni que such as spin coating, inmersion or spray printing
and the like. The - thus fornmed filmis prebaked at a tenperature of
30-150[err] C by the use of a heating nmeans such as an electric '
furnace or a hot plate to renove nosz0of the solvent fromthe 15
film A negatived mask is put on this film and it is t hen
irradi ated wt h cheoppdalg rfurmelExanthesmohetée, a condensshemndala rays

I nclude X-rays, electron beans, ultraviolet rays or visible |ight

and the like, butnitxogen gteplacipg device wagnfixed imfa dhermogfatice
particularly suitable. Next, a 20 ~relief pattern is formed by
di ssol vi ng/ r enovi $RERRXposed portions of the filmwith a

dovel op1n9 20°0 11 300, g E R AR Gl bR ERIES 0SS0 10 8

LS P e 00 22 o

- 19 - ansgigeqn (SehPmct Siorgke 2tbiaT4T08- pol yner on which the
aminophenoxy)phenyl]hexafluordpropane (hereinafter |
abbre&iated to "HFBAPP") were poured into the flask, and
stirring was gontinued to dissolve them. Afterward, 46.1 -l

10 g (0.104 mol) of hexafluoroisopropylidene-2,2—

bis(phthalic anhydride) (hereinaftef abbreviated to

: "GFPAf) were added to this sblution,.and reaction was
then cafriéa out at 20-30°C for 8 hours to obtain a

- polyamic acid.

15 ' - This polyamic acid solution was poured into 5 liters
of water to precipitate the polyamic acid. Next, this
polyamic acid was heated in an oven at 60°C for 3‘hours
to dry the same, and it was further heated in the oven at
;80°C for 1 hour to carry out imidation, thereby .

20 . obtaining 80.0 g of a polyimide.

Next, a 300 milliliter flask equipped with_a
stirrér, a thermometer, a condenser and a nitrogen
replacing device was fixed in a thermostatic chamber, and
50.0 g of the above-mentioned polyimide and 150;0 g of

25 y-butyrolactone were poured into the flask. The solution



relief pattern is formed by the devel opnent is heated at . a

t enperature of 200-500C, preferably 300-400[err]C by the :
above-nentioned heating nmeans to forma patterned 5 polyimde film
I'n this case, the isocyanurate having - the (meth)acrylic group and
t he pol yal kyl ene gl ycol di (nmeth)acryl ate which are conpounds
containing a photosensitive group pol ynerize by the chem cal rays
to forma polyner,” but this polynerzﬂhernally deconposes by 10
post baking and then volatilizes fromthe film Thu

patterned polyi nWa8€ them hérrgd h’é%td’r%qlé‘[eaﬁ@@meawhereby a %%1‘6‘&% ned

Egonlthe photosenSé% %gaégfég%conpoekggon @h@oﬂﬁﬁgﬁgﬁoﬂagrggg {negventhga
ol oo hut " nOBolbih oy HESELL 8 bd knss sauriffl Bas 180661SEEN0E 1O

exanpl es, "but the scope o sent rnvention s
limted to these Synth8%aBPEESmp1£d 2 to 5 of Pbﬂz?.ﬁEIEiQGS' s exanpl es and
exanpl es, each rotation Viscosity 1s a value neasured at a
tenperaturg of 25 The sam@. précedirdyas hin Synrthiesie Exbyprevl swaset er
(trademark Vi sconi ¢ EMD, made .by Tokyo Kei ki Co., Ltd.).
Synt hesi s Exanpl earrdedPoluti ekdept2hat 53.9 g A)SMBM’PI ahdt ¢6.1| Q.Stkf
equi pped with a stirrer, a
6FDA were replaced with 35.9 g of 4 4'-d1aminod1phenyl
sulfone (hereinafter abbreviated to "DPS") and 64.1 g of _
6FDA (Synthesis Example 2); 31.1 g of 4,4'-diamino
10 diphenyl ether (hereinafter abbreviated to "DDE") and .
38.9 g of 6FDA (Synthesis Example 3); 49.3 g of 4,4'-
di(p-aminophenoxy)diphenyl sulfone'(hereinafter
abbreviated to "BAPS") and 50.7 g of 3,3',4,4'-
benzophenonetetracarboxylic dianhydride (hereinafter
15 . abbreviated to "BTDA") (Synthesis Example 4); and 49.7 g
of BAPS, 3.8 g of bis(3-aminopropyl)tetramethyldisiloxane
(hereinafter abbreviated to "APDS"), 46.5 g_of
diphenylsulfone-3,3'4,4'—tetrecarboxylic dianhydride
(hereinafter abbreviated te "DSDA") (Synthesis Example
20 5), to synthesize polyimides, and solutions containing
25% by weight of the polyimides were then obtained in the

same manner as in Example 1. The results'are set forth

together with those of Synthesis Example 1 'in Table 1.
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- 20 < - dropping funnel, a thernoneter, a condenser and a

ni‘trogen replacing device was fixed in a thernostatic chanber .
300.0 g of dehydrated and purified NN 5 di met hyl acet am de
(hereinafter abbreviated to "DWMAc") and 53.9 g (0.104 nol) of
2,2-bis[4-(4- am nophenoxy) phenyl ] hexaf | uor opr opane (hereinafter
bbreviated to "HFBAPP') were poured into the flask, and stirring
s continued to dissolve them Afterward,-42 * 10 g (0.104 nol) of
hexaf | uor oi sopropyl i dene- 2, 2- : bi s( pht hal i c anhydride) (hereinafter
abbreviated to "6FDA") wer e addedIgblenhis sol ution, and-reaction
was then carried out at 20-30[err]C for 8 hours to obtain a
polyam c acid. ¥»—————This polyame—actd——soluti-or—was—poured—-nate-5 "
liters - of water to precipitate the polyamc acid. Next, this
"pol yam ¢ aéld was heated in an oven Ale 6%[gr{]c fqg 3 hours to dry
the sanme, and it i dder 80[err]C for 1
i
hour to carry outﬂ%‘l—ﬁn, t hereby 20 obtaining 80.0 g of gRdtation -
pol yi m de. Next, a 300 mlliliter flask equipped with a
stirrer, aother nggitHesids COPEAAs Ahh@d#ideni t r oJPiamine - Viscosity
' Example Abbrev. g (mol) Abbrev. g (mol) cps
15 1 ' 6FDA  46.1  HFBAPP  53.9 10,000
(0.104) (0.104)
2 ' 6FDA 64.1 DPS 35.9 8,800
(0.144) (0.144)
20 .
3 6FDA  38.9 ~ DDE 31.1 11,500
' ' (0.155) (0.155)
4 BIDA  50.7 BAPS  49.3 9,900
25 o - (0.114) (0.114)
5 BAPS 49.7
‘DSDA 46.5 (0.115) 11,000
{0.130) APDS 3.8
30 . ' . (0.015)
* A 25 wt% y-butyrolactone éolution.
35 :
~ Example 1 _
A 300 milliliter flask eqdipped with a stirrer, a
40 ,' thermometer, a condenser and a nitfogen replacing device

was fixed in a thermostatic chamber.
100 g of the polyimide solution synthesized in

Synthesis Example 1, 9.4 g of a compound represented by
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replaéing device was fixed in a thernostatic chanber, and 50.0 g

of*t he above-nentioned polyi mde and 150.0 g of 25 y- but yrol act one
were poured into the flask. The solution '

- 21 - was then stirred to dissolve them whereby a sol ution
contai ni ng 25% by wei ght of a polyimde was obt ai ned. The rotation
viscosity of this solution was 10000 cps. Synt hesi s Exanples 2
to 5 of Polvimde 5 The same prdtéﬁhre as in Synthesis Exanple 1

i ed 53.9 f HEBAPP
125 vere oot S ISRl B0 3 h HFRRERA ot 8edntet by oo
h i naft bb d "DP
T S,

abbreviated to " Qg 381 9181y bS48 2BXQUPBE8) b0
49.3 g of 4,4 - e kf@%} (andhfﬁgpﬁengx§ dTphenyI sul fone (hereinafter

abbreviated to "RBARSO1v@&Eheh.” Hewlt,3035.4 4f-2,2-dimethoxy-2-
benzophenonet et racar boxyl i c dlanhydrlde (herelnafter 15 abbreviated to

"BTDA") ( Sgnt hesiphdnyadetoptienang 48. 8 photopolymexfizZ®Afd®n Ingdtgaspr,
bi s(3-am nopropyl )tetranet hyl di sil oxane (hereinafter abbreviated to
"APDS"'), 46.5 g ¢&¥.25 g of 3,3',4,4'-tetra(t- .
| butylperoxycarbonyl )benzophenone and 0.25 g of Michler's
ketone were added thereto, and stirring was continued to
dissolve them, thereby preparing a cqmposition of the
10 . - present invention. The rotation viscosity of this
composition was 7000 cps.
Silicon wafer was spin-soated with this
COmpositioh for 30 seconds by 2000 rpm, and the
composition was then prebaked for 3 minutes by a hot.
-iS plate at 105°C to form a uniform film. At this time, the
thickness of the fiim was 21 pm. Next, exposure was
carried out for various irradiation times throughla mask
by an ultra-high pressure mercury arc lamp (20 ﬁW/cmz).
This fllm was immersed for 3 minutes in a developing
- 20 _ solution comprising 60 parts by welght of DMAc and 40
parts by weight of isopropyl_alcohol to carry out
development, and it was rinsed with waterf and then
dried. The thickness of the developed_film was 20 pm,
and a sharp relief pattern was obtained. 1In this

25 connection, a luminous exposure necessary for the
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djphehylsulfone-3,3'4,4'-tetrécarboxylic di anhydri de (herei nafter

. abbreviated to "DSDA") (Synthesis Exanple 20 5), to synthesize
pol yi m des, and sol utions cont ai ni ng N 25% by wei ght of the
pol yi mi des were then obtained in the sanme manner as in Exanple 1.
The results are set forth ‘together with those of Synthe5|s Exanpl e
1 in Table 1. -22 -
Table 1 5 R @43 ctants
Pol vi m de*

Rot at i on 10 r8FetEdre °fAtFﬁ hate RItern (50 ¥R, wag determined as
¥|5$COSI ty 1 se%qﬁ.kity,Aggéei{hemléietéégﬂg@& vglﬁ@i%éogtaown ofiPS

(0.104) | e r side in the £tem of Eﬁﬂﬂﬁ& 164nlTable 2DPSrhe
35.9 8, 800 H%ﬁb 0. 144) (0.144) 20
3 6FDA  Jhud obtainddF£ilm3dad baked dﬂ.ﬁﬁﬂ@c for 60 minutes and
(0.155) - (0. 155) 4 " BTDA  50.7 BAPS

49. 3 5 9, 90Gd tionally at 400° C for 60 miggites)in an electF@cll4)

5 BAPS 49.

furnace. At this tlme, the pattern was not broken. The.
final thickness of the film was 10 um.
In order to inspect the stability of the
composition with time,-there were measured the rotation
'_10 viscosity and the sensitivity of the composition which
had-peen just prepared.and'tﬁe composition which had been
allowed to stand at room. temperature for one month. The
results are set forth on the lower side in-thé item of
Example 1 in Table 2.
15 - Examples 2 to 5
The same procedure as in Example 1 was carried
out except that a polyimide and a photosensitive
component were changed, to prepare and evaluate
photosensitive resin compositions. The results are showﬁ-
20 togetﬁer with those of other examples in Table 2.
Example 6
In 100 g of a polyimide solution synthe51zed in
Synthesis Example 1 were dissolved 6.3 g of a compound
represented by the formula 12 and 6.3 g 6f a compound

25 represented by the formula 16 which were the same



DSDA - 46.5 (0. 115) 11, 000

(0.130) APDS 3.8 30 (0.015)
* A 25 wt%err]-butyrol act one sol ution. 35 Exanmple 1

A 300 milliliter flask equipped with a stirrer, a 40 t hernoneter, a
condenser and a nitrogen replacing device was fixed in a

t her nost ati ¢ chanber. 100 % of the polyimde solution

synt hesi zed in Synt hesi s Exanpl e 71, S9-4 g of a conmpound

represented by

_ -, 23 - '
the,formula 12 a98°§°§eBSBFl¥1ecﬁ?r%%%f’#‘%ﬁseélgﬁde&nbﬁxf“ﬂgle 1, andte ) o
16 as phot osensi g xe,. ggggg?ﬁgt éggﬁéfo?%’?éj dd¥ed 1. gssgo?ve f lask, and the

mxture was then stirr em Next, 0.5

g of 2,2-dinet homtmatho{zy- —pHEﬁfi 1€ 02%28 Bhekogosyngrazation
|n|t|ator of 4,4 -tetra(t-

but yl per oxycar boItyjtkheItzbnhympéeoﬁydafb&ﬁrlg)ba‘nszhbheheSand 0.625 kgtene.
were added thereto, and stirring was continued to di.ssol ve them
t her eby pr®pari nglie;MGHrﬁss keitoneowhidtle were photopolymerization
initiat?rs,'to prepare and evaluate photosensitive resin
compositions. The'results are shown in'Table 2,
Example 7
In 100 g of a polyimidQISOlution synthesized in
. 10 Synthesis Exaﬁple 1 were dissolved 17.5 g of a compound
represented by the formula 12 and 17.5 g of a compound
'represenfed by the_formula 16 which were the same
photbsenéitive compopents as used in Example 1, and to
- the resultant solution were added 0.25 g of 2,2~
15 dimethoxy-2-phenylacetophenone, 0.125 g of 3,3',4,4'-
tetra(t-butylperoxycarbonyl)benzophenone and 0.125 g of
‘Michler's ketone which were photopolymerization
inltlators to prepare and evaluate a photosensitive

resin composition. :The results are shown in Table 2.

20 Comparative Examples 1 and 2
The same devices and procedure_as in Example 1
were uséd except that 9.4 ¢g Of.a compoﬁnd represented by
the fqrmula 12 and 9.4 g of a compound represented by the
formula 16 were replaced with 18.9 g of a compound

25 ‘represented by the formula 12 (Comparative .Example 1) or



10 - present inventi on. The rotation viscosity of this

conposition was 7000 cps. : Silicon wafer was spin-coated
with this conposition for 30 seconds by 2000 rpm and the
conposition was .t hen prebaked for 3 minutes by a hot 15 pl ate at
105[err]Cto forma uniformfilm At this time, the t hi ckness of
the filmwas 21 pm Next, exposure was carried out for various
irradiation tinmes: through a mask ‘b?Gan ul tra-high pressure nercury

| 20 mw © This fil d f t i
2 Gevel bpi ng 20088 G143 GPRRGMAA SERGSBENBARL LY LRI TS Kc and 40

ts b ht d
P as T need w (foRRtEr el Brdii® 2 €' beBlbe miororend RV BBER, 210
devel oped film wg émégs:[.'@:[éxlén As .shown 3RdT8p2825P £Ré | fluPABRIThedPS

obtained. In this connection, a lum nous exposure necessary for the

- 24 - r 2884 HE 1 RAA Of otk t Seri1A IRILR] NahG0LRE) sUBEadlSLRSIGHIREAS
sensitivity, and the thus determned value i's shown on t he upper

side in the itenoéf thuasple Gook plddee sk theetime of déevebomisrstneddi| m

was baked at 150[err]C for 60 m nutes and
addition, these resins had the drawback that they became

sticky after prebaking.

10

15

20
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5 fadditionally-at 400C for 60 mnutes in an electric f ur nace.

10

At-this time, the pattern was not broken. The . final thickness of
the filmwas 10 [err]m : I'm order to inspect the stability
of the conposition with time, there were neasured the rotation
viscosity and the sensitivity of the comp@i i on which had been
just prepared and the conposition which had been all owed to stand
at room tenperature for one nonth. The . results are set forth on
the | ower side in the item of Exanple 1 in Table 2. 15
Exanples 2 to 5 . The sanme procedure as in Exanple 1 was
carried out exHept,1hat a polyimde and a photosensitive
conmponent were ﬂhangedasto pfepare and eval uate . phot osensi tive
resin conpositions. Thegresults are ghows 200 bogetiher w th ghosegs of
ot her exanpl es ijn Iabl &Z° - e S Bamplgbt & S o4 S dn
100 g of a polyijide sdHutioh synthesized in Synt hesi s Exanple|l
wer e dissolved 6f 3_ g offfa cofpound represented by the fornula 12
and 6.3 g of a cdnBaund 25 | represented by the formula 16 which wer¢
. the sane ) - 25 -
o © © © 0w~ © © 0
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phot osensi tive conponents as used in Exanple 1, and to t he
resultant solution were added 1.25.g of 2, 2- .

.di nmet hoxy- 2- phenyl acet ophenone, 0.625 g of 3,3',4,4"- : '
tetra(t-butyl peroxycarbonyl )benzophenone and 0.625 g of 5 Mchler's
ket one whi ch were photopol ynerization - ini.tiators, to prepare and
eval uate photosensitive resin conposjtions. The results are shown
in Table 2. Exanple 7 - 28 - In 100 g of a
pol yi m de sol ution synthesized in 4&%1 Sy, hq:is anple 1 were

di ssolved 17.5 g of a conpound - ————$f%weQ%¥¥§ﬂH%£z§he~fornu|a 12 and
17.5 g of a conpound - represented by the formula 16 which were the
-same . pho BST T i

the resul tgnt solution were added 0.25 g of 2,2- 15

di met hoxy- 2- phenyl acet ophenone, - 0. §R9s8ic8f Brcébersies of Composition
tetra(t-butyl peroxycarbonyl)benzophenone and 0. 125 Bo®ation chler's

ket one which were photopolyweHSamﬁﬂ&nv%ty i ni tivdiswosityo prepare-and
eval uate a photosensitive mBb&im conposition. TPs results are shown
in Table 20 20 Conpar ati ve Exanples 1 and 2 '

The sanme devi ces and proced@fters Frepexafdpe 1 after Pregaratignd except
that 9.4 g of a conpound repri@&f&fred ppnth) afaodnierth) andickes g of
a conpound repre ' f f

septed—py—the—Ferma—t6—were+eptaced—wth—318-9 ¢
of a conp?gnd 25 represented by the formula 12 (Conparative Exanple 1)
or '

Example 1 100 _ 7000
(100) (6800)
Example 2 100 - 6000
20 (100) (5600)-
Example 3 200 9600
_ - (200) (9600) .
25 Example 4 150 6800
(150) : (6900)
Example 5 200 8000
. (200) ' (7700)
30
Example 6 300 7500
{300) (7400)
. Example 7 150 6000
35 (150) . . (6100)
Comp. Ex. 1 . 1500 8000 *1
(;500) : (7800)
40 Comp. Ex. 2 1500 6000 *2
(2000) (4000)
- 45

*1: The film surface became rough at development.
*2 The film became sticky after prebaking.
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- 26 : 18.8 g of a conpound represénted~by the fornula 16
(€onparative Exanple 2), to prepare photosensitive resin

conpositions. As shown in Table 2, the thus obtained resins had | ow
sensitivities, and the surface roughness 5 of the filmtook place at
the tine of developnent. In _ addition, these resins had the '
drawback that they becane : sticky af%gr pr ebaki ng. 10

15 20 : -7 -

Possibility of Industriai Utilization
5 A photosensitive resin composition of the present
invention can be utilized to_obtain a patte;ned polyimide
£film having héat resistance.

The photosensitive resin composition of the
present invention is considered to be applicable to

10 fields regarding electronic materials, but particularly,
it can be preferably used in applications of passi&étion
films and inteflayer isolation films of semiconductor
elements, a-rof breaking films for LSI memories,
interlayer insulation films of thin layer multi-layer

15 substrates, interlayer films of multi-layer boards of

| printed-wiring boards and the 1ike..'

The photosensitive resin composition of the
present invention can be easily prepared, and a thick
film obtained therefrom can possess a sufficient

20 . sensitivity. In addition, the composition is excellent
in shelf stability, and so the fluctuation of film

thickness with time and the change of sénsitivity can be

inhibited.



- 27 o [err]

'Ic':gbl e 2t (Conti nued) 5 - Physrcal——PFm-ae?—g—;}s_of
osition ' Thls skt Alsipal, d

S M oo on orce - ERTI

(181;)ter 1 @nt h) ggggér 1 nont h) Not e_s 30 15 (100)

F U R

9600 o - (200) (9600)

1._ A photosensitive resin composition which
comprises (1) 100 parts by weight of a polyimide, (2) 10-
5 iOO parts by weight of an isocyanurate having a
(meth)acrylic group, (3) 10-100 parts by weight of a
_polyalkylene glycol di(meth)acrylate, and (4) 0.5-20
parts by weight ofla photopolymerization initiator as

essential components.

10
2. The photosensitive resin composition
according to Claim 1 ﬁherein the polyimide is a fluorine-
containing compound.

- 15 3. The photosensitive resin composition
adcording to Claim 1 wherein the polyimide is a compound’
having a sulfone group. -

20

.25
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25 . . Exanple 4 150 . 6800 .
(150) (6900) - Exanpl 6 5 - 200

8000 . (200) - (7700) 30

Exanpl e 6 300 . 7500 ' Th1sSheetHasBeen ‘E?GO)

(7400) Exanpl e 7 150 | Hml “l“ Iﬂi

( 150) (6100) Comp. Ex. 1 15

8000 *1 | - 31500) (7800) 40

“Comp. Ex. 2 - . 1500 6000

(2000) (4000) 45 ABSTRACT 1 The f| I msurface becane
rough at development.  phorosens#rIVECRESIN' CAGSErRigCky after

pr ebaki ng.

Possibility of Industri al | zat

conposi tion of the preseﬁP‘ presen£0ﬂ9%$RT%ﬁP(gi ide Eﬁkgégeﬁg%#xsefeS'n
patterned polyi mdein com oéiﬂﬂahhiﬁtagwﬂﬁéﬂ 565H6%6§HH%1t1ve group. con, _

The photosensitive resin conposition of present invention is
consi deredst o be E&W&dé&i?fyﬂvén and introduced and which is excellent in
conservation, stability, heat resistance, practical
physical properties and sensitivity and which can innibit
cracke from occurring at the time of development.
" The photosensitive resin composition of tne
10 present invention comprises 100 parts by weight of a
polyimide, 16-100 parts by weight of an isocyanurate
heving a.(meth)aorylic group, 10-100 parts by weight of a
polyalkylene glycol di(meth)acrylate, and 0.5-20 parts by
weight of a photopoiymerization initiator. This
15 composition can be utilized to obtain a patterned
' polyimide.film having heet resistence.
This.composition can be applied to uses of

electronic materials such as interlayer films of multi-

layer boards of printed-wiring boards, and the like.



10, - fields regarding electronic materials, but partic
cah.be preferably used in applications of passivation
interlayer isolation filns of sem conductor eIerrerftsc atray
breaking filnms for LSl nenories, interlayer insulation filnms of -
thin layer multi-layer 15 substrates, interlayer filns BMENDEDI -1 ayer
boar ds of printed-wiring boards and_t4 like. . - The
phot osensitive resin conposition of the present invention can be
easily prepared, and a thick film obtgiMeed therefrom can possess a
sufficient 20 sensitivity. |In addition, the conposition is excellent
in shelf stability, and so the fluctuation of film t hi ckness with
time and the change of sensitivity can be - i nhi bited.

AMENDED 1. A photosensitivé@(resin composition which

CLAI M5 + 1. A photosensitive resin conposition which
conprises (1) 100cpamptrisby €Ri)gR0O0paztpobyiweight 0f)alpolysmide, 108) pdPts
by wei ght of an isocyanurate havi-ng a (neth)acrxllc group, (3)

10- 100" parts%s by Wéoghpam:saby weight of an isocyanurate having a

(meth)acryla_c group, (3) 10-100 parts by weight of a
polyalkylene glycol di(meth)acrylate, and (4) 0.5-20-
parts by weight o.f a photopolymerization initiator as

~essential components.

10
2. The photdsensit‘ive' resin composition Ny
according to Claim 1 wherein the polyimide is a fluorine-
containing compound.
15 3. The photosensitive resin composition.

according to Claim 1 wherein the polyimide is a compound

having a sulfone group.




pol yal kyl ene'gl ycol di (net h) acrylate, and (4) 0.5- 20 E!m(”l[!t} ﬂ!l! l!llt
wei. ght of a photopol ynerization initiator. as

10 2. The photosensitive resin conp05|t|on
according to Caim1 wherein the polyimde is a fluorine-
cont ai ni ng conpound. 15 - 3. The photosemﬂMENREDe5|n
conposi tion according to Clai#t1- wherein the polylnlde Is a
compound - havi ng a sul fone group. 20
-31 - 4. A nethod for formng a pattern polyimde f|In1character|zed
by the foll ow ng steps: (1) Appl ying a photosensitive resin
conposi tion as - defined in any one of clains 1 to 3 t0 a
substrat e, (1) prebaking the filmat a tenperature of 30 to

4. A method for forming a pattern polyimide film

characterized by the following steps:

(i) ~ Applying a phoﬁosensitive resin composition as
defined in any one of claims 1 to 3 to a
substrate, '

(ii) prebaking the film at a-temperature of 30 to
150°C,

(iii) putting a negative mask over the film and

irradiating it,

(iv) . . forming a relief pattern by dissolving or
removing unexposed portions with a developing
agent, '

(v) optionally rinsing the film with a non-solvant
and drying at a temperature over 150°C or less,

(vi) heating thglpolyﬁer on which the relief pattern
is formed to a temperature of 200 to 500°C to
form a patterned polyimide £ilm. '

5. The method of claim 4 where the treated film is
pealed from the substrate at any time after the brebaking
step and used as a single film.

[REPLACEVENT Sty




150ferr] C, (i) putting a negative mask over the filmand
dirradiating it, (iv) formng a relief pattern by dissolving or
r.emovi ng unexposed portions with a devel opi ng agent, (v)
optionally. rinsing the filmw th a non-sol vant and drying.at a

tenperature over 150[err]C or |ess, (vi) heati ng the pol xﬁr on whi ch
the relief pattern Is fornmed to a tenperature of 500C to

forma patterned polyimde film 5. The nethod of claim4 where the
treated filmis pealed fromthe substrate at gny time after .the prebaking
'step and used asasmglefllm T

, ABSTRACT
PHOTOSENSITIVE RESIN COMPOSITION
The present inventibn provides a photosensitive
resin composition into which a photosensitive group cari
S be -easii,g given and introduced and which is 'exce?.lent in
conservatien, stability, heat resistance, p_ractieal
physical properties and sensitivii:y and wﬁich can inhibit
\crécks from occurring et the time of development-
The photesensitive resin composition of the _
10 .'present invention comprises 100 parts by weight of a
_'polyimi'de, 10-100 perts by weight of en isocyanurate
having a (metiu)acryl-ic_ _'Qroup, 10-100 parts by weight of a
polyalkylene glycol. di(_meth)acry-le'te,, and O.S-ZQ' 'Pert-s_ by
weight -of a photopolymerizat:.on initiator. This -
.15 compos:.t:.on can be utilized to obta:.n a patterned
polyimide £ilm having heat :_:_es:Lstance.
This co_rﬁposii;ion can be applied f'o._ uses of
electronic materials such as interlayer films of multi--

layer boards of_._pfinted-wiring boards, and the like.’
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