DESCRIPTION TITLE OF THE INVENTION: PHOTOSENSITIVE RESIN COMPOSITION,
PHOTOSENSITIVE RESIN COMPOSITION FILM, AND SEMICONDUCTOR DEVICE USING THE
PHOTOSENSITIVE RESIN COMPOSITION OR PHOTOSENSITIVE RESIN COMPOSITION FILM
TECHNICAL FIELD [0001] The present invention relates to a photosensitive resin composition
and a photosensitive resin composition film. More particularly, the present invention relates to a
photosensitive composition that is used fohasemtisonductor element, a semiconductor device having
multilayer structure, a photosensitive composition such as an image sensor and so on, particularly a
photosensitiveLfgsin €BNMpositioty BavingNan RghESERNRINCTIOR. BACKGREBND AR [0002] In
recent years, various forms of packages have been proposed for achieving improvement of
performance BFa%ermitondadtoridevide antjRiedirantt comffonéhits, aRdCadirddiction. For example,
a method is known in which the pfeHriEphPeHrg of an element is surroundedog&a resin spacer having

, DEVICE USIN TOSENSITIVE, RESIN COM TON OR
adhesion, and a Substrat8 SucH as glass’s Attached 1o the upper Surface to f3fm-a hollow structure for

forming a hollow package,gHeh as,an image senser ofan MEMS {see; fpr example, Patent Document

1). Insuchanapplication, an adhesive, which allows patterning by photolithography, is required. [0003]
As the size is reduced, the operation speed is increased and the density of wiring is increased
particularly in semiconductor devices such as memories and system LSis, studies are constantly
conducted Gk praGtigal applications of a semiconductor package of three-dimensional structure in
which silicon chips are each provided on both the front and rear surfaces with an electrode structure
such as a pé@% a bump by a through via, rather than connection by conventional wire bonding, and

laminated together #% Secure gggd.uction hetwee gFlé)ss &soee Non-patent Dgcumentln.a package

. es nvenrlion r a O sensitive resirl .
having such a struc ure,ptﬁe Use of an adhesive Tor amlnatlngEf e chips'is contemplated. The adhesive

used here preferably:-has such 2 photosensitivity, thatan adhesive op A, efectrodecande removed by

patterning for exposing anelectrodepart to secure conduction between chips, in addition to properties
prerequisitector assenhly yeliabdiprsueh as alewsiress grapedy; adhesionmsam fstlating property and
such a heat resistance that reflow soldering can be endured. [0004]

composition that is used for a semiconductor element, a

semiconductor device having multilayer structure, a

photosensitive composition such as an image sensor and so on,

particularly a photosensitive resin composition having an

adhesion function.

BACKGROUND ART

[0002]

In recent years, various forms of packages have been

proposed for achieving improvement of performance of a

semiconductor device and electronic components, and cost

reduction. For example, a method is known in which the

periphery of an element is surrounded by a resin spacer having

adhesion, and a substrate such as glass is attached to the upper

surface to form a hollow structure for forming a hollow package



Materials using a polyimide precursor are known as adhesives having a photosensitivity and a high
heat resistance (see, for example, Patent Document 2) , but these materials are recuired to be
heat-cured at a high temperature of 300C or higher for a ring closure reaction to form the polyimide.
Thus, there is a concern that thermal stress associated with cure shrinkage is so large that the
substrate is warped and the adhesion strength is reduced. For solving these problems, there has been

proposed a nggative tone phetgsensitive Mmaterial, thaveuring tempsraturg f whichds reduced by using
an alkali-soluble polyimide as a base resin (see, for example, Patent Document 3) . A positive tone
photosensitivednatestat, whichmasbehcureskatia tow temperatathsiiarly dyiusinglanetkali-soluble
polyimide as a base resin, is also known (see, for example, Patent Documents 4 and 5) . PRIOR ART
DOCUMENTS®ATENTDGCUNPNTS! [0005] 2rhy PaténtBaelirsht 1: Japanese Patent Laid-open
Publication No. 2008-286877 Patent Document 2: Japanese Patent Laid-open Publication No.
04-337380  '°%Patent Document 3: Japanese Patent Laid-open Publication No. 2008-281597

ey s e E1 Loy i e SR e pement >
Non-patent Dggyment 1gSeiichi,Denda: ThSY, Technigue farcEhree-dimensionagl Mounting” (2009)
semiconductor devices such as memories and system LSIs, studies
are constantly conducted on practical applications of a
semiconductor package of three-dimensional structure in which
silicon chips are each provided on both the front and rear
surfaces with an electrode structure such as a pad and a bump
by a through via, rather than connection by conventional wire
bonding, and laminated together to secure conduction between
chips (see Non-patent Document 1). In a package having such
a structure, the use of an adhesive for laminating the chips
is contemplated. The adhesive used here preferably has such
a photosensitivity that an adhesive on an electrode can be
removed by patterning for exposing an electrode part to secure
conduction between chips, in addition to properties
prerequisite for assembly reliability such as a low stress
property, adhesion, an insulating property and such a heat
resistance that reflow soldering can be endured.
[0004]
Materials using a polyimide precursor are known as

adhesives having a photosensitivity and a high heat resistance



SUMMARY OF THE INVENTION PROBLEMS TO BE SOLVED BY THE INVENTION [00071 In
the resin design described in Patent Document 3, however, an alkali-soluble polyimide has high
thermal stress, and exhibits an insufficient thermocompression property to a support substrate such as
a silicon wafer or a glass substrate in some cases. Further, the material is a negative tone
photosensitive material, and the pattern shape tends to he an inverse tapered shape. Thus, there is

such a probleradhat defects-sych-asicollapsegt-apatiern)ocenrs, ardtis difieuylt tomasputtered film for

the purpose of formation of wiring on the side wall of the pattern. On the other hand, the positive tone
photosensitivednaterials geseebeddn PatestiDocumentsy ane5S-de not-bave azsufficiesit adhesion
function, and are difficult to be formed into a 3 stage sheet and used because a film after drying off a
solvent is fradifefo008I 2 r iRy objet of tHespreserit iInvemtiohtis topravide dspositivegone
photosensitive resin composition and photosensitive resin composition film, each of which has small
stress after chfifig and exnibits ExtBIE dﬁé“ﬁEﬁ‘?‘éOiUﬂﬁNgsﬁﬁcﬁ-arEqﬁiR@ﬁkElﬁ?l‘ér[%009] The
present invenst@rrliil,slka Qotlossesngit'vaerresintﬁg@pcq?itioSrL1 gor%tair%igg: ga)W%r% a{lelglié%%uggepolyimide
which has a structural Unit represente%ieby general formula (i , while havu?g a structure represented by

general formularadiol {3} at &b deast one-end of the main chaip; (k) a cegpqundwhich has two or
more epoxy groups and/or oxetanyl groups in each molecule; and (c) a naphthoa-uinonediazide

compound, wieseln thescanrtent ptthecerh pounddiy israot less thant2:partstiyweight per 100 parts

by weight of the polyimide (a). EFFECTS OF THE INVENTION f0010] According to the present

invention, theta i€ bbtdinetie prstdseh Sifite FESiHEEMPD st Bndsa [dieSehSitivesEsm composition

film, each of which is capable of formin%a positive tone pattern b hotolitho?ra%h%/\ has small stress
effien

after curing, &Rt eXhibits S MYR Strétygth OF sdhésion (iR Seticondtctor 8 Bhia support
member. BRI@%Q@@E&B@;&QN 9F TliEp%BMUgG%L%Oﬁ%tosensitive material,

which can be cured at a low temperature similarly by using an
alkali-soluble polyimide as a base resin, is also known (see,
for example, Patent Documents 4 and 5).
PRIOR ART DOCUMENTS
PATENT DOCUMENTS
[0005]

Patent Document 1: Japanese Patent Laid-open Publication
No. 2008-286877

Patent Document 2: Japanese Patent Laid-open Publication
No. 04-337380

Patent Document 3: Japanese Patent Laid-open Publication
No. 2008-2815%87

Patent Document 4: Japanese Patent Laid-open Publication
No. 2006-313237

Patent Document 5: Japanese Patent Laid-open Publication



. 1 shows a multi layer wiring substrate prepared using a photosensitive resin composition of the
present invention. EMBODIMENTS OF THE INVENTION [0012) photosensitive resin
composition of the present invention contains (a) analkali-soluble polylmide which has a structural unit
represented by general formula (1), while having a structure represented by general formula (2) and/or
(3) at at least one end of the main chain; (b) a compound which has two or more epoxy groups and/or
oxetanyl groyps ingach mplegule; and (c) a naphthoquinonediazide compound, wherein the content of
the compound (b) is not less than 20 parts by weight per 100 parts by weight of the polyimide (a).
[0013] ThepobAamide asccompament (a) is an alkali-soluble polyimide. The term "alkali-soluble™
used herein means that the solubility in a 2.38% aqueous tetramethyl ammonium solution is not less
than 0.1 g/1009%.6The term "alkali-soluble" used herein means that the solubility in a 2.38%7 aqueous
tetramethyl ammonium solution is not less than 0.1 g/100 mt. For exhibiting an alkali-solubility and

allowing good patterh ProEESEiHG, 1hE PBfjiibe 5§ tonipoReRtta) has b SHutturdrnitTepresented by

general foLmula %)_%elowﬂ w%ile Iiaw'n structu ggggresented by general formula (2) and/or (3) at at
least one erﬁ%ﬂ e wain ¢ éin??OOlA?] C lerfgﬂcall’FormiJIa 1] c/rO0(R4\(Re)a)13 (1) (2)0

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0007]

In the resin design described in Patent Document 3,
however, an alkali-soluble polyimide has high thermal stress,
and exhibits an insufficient thermocompression property to a
support substrate such as a silicon wafer or a glass substrate
in some cases. Further, the material is a negative tone
photosensitive material, and the pattern shape tends to be an
inverse tapered shape. Thus, there is such a problem that
defects such as collapse of a pattern occurs, or it isdifficult
to form a sputtered £ilm for the purpose of formation of wiring
on the side wall of the pattern. On the other hand, the positive
tone photosensitive materials described in Patent Documents 4
and 5 do not have a sufficient adhesion function, and are
difficult to be formed into a B stage sheet and used because
a film after drying off a solvent is fragile.

[0008]
an object of the present invention is to provide a

positive tone photosensitive resin composition and



11 (3) 11 0 [0015] In the formula, X represents a monovalent organic group having at least one
selected from the group consisting of a carboxyl group, a phenolic hydroxyl group, a sul tonic acid
group and a thiol group, and Y represents a divalent organic group having at least one selected from
the group consisting of a. carboxyl group, a phenolic hydroxyl group, a sulfonic acid group and a thiol
group. X is preferably an aromatic group, and Y is preferably an aromatic group, or a group having a

carbon-carbasdeuhlehondRagticiiarlysx-ard i preferably bave aphenolic Rydraxy group or a thiol

group. [0 0 16 ] R2 represents a di- to dodeca-valent organic group, and R3 and R4 each
independently represent &t teastranegy geoup seletted froax the geoup edhsisting .of a carboxyl group, a
phenolic hydroxyl group, a sulfonic acid group and a thiol group. a and p each independently represent
an integer of 8VIO.JO171C THM gBABEIME6rmula (1) above, Rirepresen s a structural component
derived from a tetracaboxylic di hydride. Particularly, it is preferably an organic group containing an
aromatic grodﬁ O Alic aliphatic group and having 5 to 40 carbon atoms. [0018] Specific examples

of the tetracarboxylic, 2 ydride.ing| aromatic_tef| 5@%’9&&? dianhydrides such as pyromellitic
dianhydride, 3,3',4,4' gpfﬁ%ny? tracarlgg Yics é?émhydrl , 2,3,3' 4Sblphenyltetracarboxyllc dianhydride,

2,2',3,3- blpheemwga%@r@@%ﬁ@aamy@rldeﬁ %rﬂé‘l}bﬁﬂzoBBQHQ@@'@@%&@%M“Q@@WW“de 2,2
,3,3' -benzopherionetetracarboxylic dianhydride, 2,2-bis(3,4-dicarboxyphenyl)propane dianhydride,

2,2-bis(2,3-dicashaxyphenyl)pedpanétdicntwelsicie; 4 khis{8edichrboxyphenyi)ethaheé dtanhydride,
1,1-bis(2,3-dicarboxyphenyl)ethane dianhydride, bis(3,4-dicarboxyphenyl)methane dianhydride,

bis(2,3-dicarbexiigtery | fétHane Giartrariee 198(34- &ééﬂi@%/p‘?@ﬁ%%ﬁéﬁé diéﬁﬁ?dfr e,
bis(3,4- dlcarboxyphenﬁl)sfther dlanhydréi 3 6- na halenet acarboy%hc d |de
ian

9,9-his(3,4-dicatbdxybhenyNfiticraRsic diahhy n%e 691 hlsf’hlfls' 4 GicaHos) %enoxy 9 enyl)fluorensm
dianhydride, ga?éGJwQaB?t%?@e@ﬁ@?g (gv:g'M%peege%ém@?y{;‘g%gt@ﬁamhc

dianhydride, 3,4,9,10-berylenetetracarhoxylic dianhydride and
2,2-his(3,4-digarkexypheayhhexafiussopropane; dianbydede salipbatic datiacatbexylic tianhydrides
such as butanetetracarboxylic dianhydride and 1,2,3,4-cyclopentanetetracarboxylic dianhydride, and
acid dianhydrdes fravirg & stucturecshiowichelowndheleare bsed aloreaortin cpmisination of two or

more thereof.
per 100 parts by weight of the polyimide (a).

EFFECTS OF THE INVENTION
[0010]

According to the present invention, there is obtained a
photosensitive resin composition and a photosensitive resin
compogition film, each of which is capable of forming a positive
tone pattern by photolithography, has small stress after
curing, and exhibits a high strength of adhesion with a
semiconductor element and a support member.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]
Fig. 1 shows amultilayer wiring substrate prepared using

a photosensitive resin composition of the present invention.



[0019] [Chemical Formula 2] [0020] Here, P.L' represents a group selected from an oxygen atom,
C(CF)2, C(CH)2, CO, COO and SO2, and Rl and Ril each represent a group selected from a hydrogen
atom, a hydroxyl group and a thiol group. [0021] In general formula (1) above, H4 represents a
structural component derived from a diamine. Particularly, it preferably an organic group containing an
aromatic group or a cycloaliphatic group and having 5 to 40 carbon atoms. [0022] Specific

examples of thesdigrppgtaclyded;3 -shamipodiphenyi ether, 3,4"-diaminodithenyi ether,
4.4'-diaminodiphenyl ether, 3,31-diaminodiphenyi methane, 3,4'-diaminodiphenyi methane,
4,4"-diaminoditiiargyi methane, 3,3'-diaminodiphenyl sulfone, 3,4' -diaminodiphenyl sulfone,
4,4'-diaminodiphenyi sulfone, 3,4' diarninodiphenyl sulfide, 4,4'-diaminodinhenyi sulfide,
1,4-bis(4-aminophendxyserzasies 153-bis(deahinopharioxdibenzérfe, the present
1,3-bis(3-aminophenoxy)benzene, benzidine, m-phenylenediamine, p-phenylenediamine,

1,5-naphthalérediamifg, 5@ hanHthaldnedafiHe bis@AmionRsHoXypHenyhtfGne>S
bi5(3'ami”““”%&%@%”%!ﬁ“ﬁ"”@Pé%%%%@i opPENOXYIRIPDENY 14 (1), while

bist4-(4-amin%p]?1enoxy)p%eny et er, 1,4-bis(4-aminophenoxy)benzene,

2,21-dimethyilA,4h-diaminahipheny, 2:21-disthyd 4 4y diaminabinheiyh1a (2) and/or
3,3'-dimethy1-4,4'-diaminoblphenyl, 3,3'-diethy-4'-diarninobiphenyi,

2,2',3,3'-tetranmethyd -414 idiaminohiphenyh 3,844, 4latetrarhethyil - 44 '-diammsbipldenizi ch
2,2'-di(t,-ifluoromethyl)-4,4'-diaminobiphenyl, 9,9-bis(4-aminophenyl)fluorene
orcompound$@iththgarsmatie T gearie SBGVEmentibrdd egmpdiint sistivgtetPwWRRR R alkyl group
or a halogen atom, aliphatic cyclohexyldiamine, ,metr%

. Clgnebi cyclohex I%mine, and diamines having a
structure shoWh G&TowW: TRE afd (sBaAIoNS OF 1H SBRDIRZGCH oF tWe BF thoratharéor 16023
[ChenﬂcalFOEgﬁ@%gl of the compound (b) is not less than 20 parts by weight
per 100 parts by weight of the polyimide (a).
[0013]

The polyimide as component (a) 1s an alkali-soluble
polyimide. The term "alkali-soluble" used herein means that
the solubility in a 2.38% agqueous tetramethyl ammonium solution
is not less than 0.1 g/100 mL. The term "alkali-soluble" used
herein means that the solubility in a 2.38% agueous tetramethyl
ammonium solution is not less than 0.1 g/100mL. For exhibiting
an alkali-solubility and allowing good pattern processing, the
polyimide as component (a) has a structural unit represented
by general formula (1) below, while having a structure
represented by general formula (2) and/or (3) at at least one
end of the main chain.

[0014]

[Chemical Formula 1]



[0024] Here, R. represents a group selected from an oxygen atom, C(CF)2, C(CHj2, CO, COO
and SO2, and Ric and Rfl each represent a group selected from a hydroxyl group and a thiol group.
[00 Among them, 3,3'-diaminodiphenyl ether, 3,4' -diaminodiphenyl ether, 4,4'-diaminodiphenyl ether,
3,3'-diaminodiphenyl methane, 3,4'-diaminodiphehyl methane, 4,4'-diaminodiphenyl methane,
3,3-diaminodiphenyl sulfone, 3,4'-diaminodiphenyl sulfone-diaminodiphenyi sulfone,
3,4'-diaminodiphenyl sulfide, 4,4'-diaminodiphenyl sulfide, m-phenylenediamine, p-phenylenediamine,
1,4-his(4- amlnophenoxyl)])enzené? 9,9-bis(4-aminophenyl)fluorene, diamines having a structure
shown below, and so on@re pre/ag le. [00 6] [Chemical Formula 4) [0027] R3 represents a

group selected—ffeﬁ*b(ox}\ 1atoml*t: 3)Et€183)4,hihd 802, and R13 and R each represent a
group selected froma h rox%l gmup and a thiol group.
O 0 R4
(v}
Q
c
o~
Xx—N_ — (2)

[0015]

In the formula, X represents a monovalent organic group
having at least one selected from the group consisting of a
carboxyl group, a phenolic hydroxyl group, a sulfonic acid group
and a thiol group, and Y represents a divalent organic group
having at least one selected from the group consisting of a
carboxyl group, a phenolic hydroxyl group, a sulfonic acid group
and a thiol group. X 1s preferably an aromatic group, and Y
is preferably an aromatic group, or a group having a
carbon-carbon double bond. Particularly, X and Y preferably
have a phenolic hydroxyl group or a thiol group.

[0016]

R’ represents a tetra- to tetradeca-valent organic group,



[0028] In general formula 3i124 and 124 each independently represent at least one selected from the
group consisting of a carboxyl group, a phenolic hydroxyl group, a sulfonic acid group and a thiol
group. By adjusting the amounts of R3 and R4, the rate of dissolution of the polyimide in an aqueous
alkali solution is changed, so that a photosensitive resin composition having an appropriate dissolution
rate can be obtained. [0029] Further,improving adhesion with a substrate, and so on, an aliphati.,
group havingza silgxanestructurgmay.be cepalymerized with R2 within.the hounds ofpot reducing
the heat resistance. Specific examples of the diamine component include those obtained by
copolymerizing 4 46l 0rineSéraf his(Byaraipoprepy)tetrameatbyb distexanes bl ected from
(p-amino-phenyl)octamethyl pentasiloxane and so on. [0030] General formulae (2) and (3) show
the structure Bfitheendof anpolyindide ldviagra stectural upitrepresenated by dersrakiormula (1). The
pclyimide have two ends, at least one of which should have a structure represented by general formula
(2) and/or (3970031] & SA pelyimide haviyastaictufe FepreseRtedby genafal forfifai(2) and/or (3)
at the end of :{l’ljl% maeig dcehnaéri caPebq: s relthgsgzrledilrjlgiggeq: pg?li%ly tkgo%n method with a part of a
diamine replacecFBy A’ monoamine which is an end ¢ pping agent, or with a tetracarboxylic
dianhydride repiacged by a dicarboxylic anhydride which is an end capping agent. A polyimide
precursor is obtained by, for example, a method in which a tetracarboxylic dianhydride, a diamine
compound and a monoarainerare feaetetl-at(@ joudemperaturep adnethad dnawhichtatetracarboxylic di
hydride a dicarboxylic anhydride and a diamine compound are reacted at a low temperature, or a
method in wiiehacdiesteritcabiaated bya eetivarbofirxdianfydridandradalcohol, and then reacted
with a diamine and a. monoamine _in the presence of a condensation agent. Thereafter, a poiyimide
can be synthB&ZE4BY hithzing the oBiaii&d Polyindide BrédtirsoPby FpaBiid§ Khowh fidization
reaction. [0033L ... . enstal formula (2).X is derived ffom,a R Monoamng whicf is an end
capping agent. As the primary monoaniine used as an end Capping agent,
5-amino-8-hydroxyguinelpe, 1-hydroxy-7-aminonaphthalene, 1-hydroxy-6-aminonaphthalene,
1-hydroxy-5-aminonaphthalene, I-hydroxy-4-aminonaphthalene, 2-hydroxy-7-aminonaphthalene,
2-hydroxy-6-dminenaphthalene, 2-hydroxy-5-aminonaphthalene, |-carboxy-7-aminonaphthalene,
1-carboxy-6-aminonaphthalene, 1-carboxy-5-ami naphthalene, 2-carboxy-7-aminonaphthalene,
2-carboxy-E-aminon8phthiiéite SXREPB6RY-Slarhitonaphiraierecsvarmnshetizorcage
3-aminobenzoic gci%, 4-aminobenzoic acid, 45ami osali&di a%'d, g-aminosk?licglic acid,
6-aminosalicyfitt a8id” 22amiiobenzenestifonic adid. 3-amimobenzensufidiic &dd,
4-aminobenzgpesyfonic.add. 3:aming:4-bedinydiypyy miging, 2:aminepnencl, &aminophenol
4-aminophenci, 2-aminothiophenol, 3-aminothiophenol, 4-aminothiophenol and so on are preferable.
They are useglalgnedrincombinationof twopr-mpre thereod j0033] i « dngenerak tasmula (3), Y is
derived from a oicarboxylic anhydride which is an end capping agent. As the acid anhydride used as
an end cappibgZagent 3 4-darboxyphithatic anhydode | 3<hydirexyptathafie anhydride, cis-aconitic
anhydride and so on are preferable. They are used alone or in combination of two or more thereof.

3,3',4,4" -benzophenonetetracarboxylic dianhydride,
2,2',3,3"'-benzophenonetetracarboxylic dianhydride,
2,2-bis(3,4-dicarboxyphenyl)propane dianhydride,
2,2-bisg(2,3-dicarboxyphenyl)propane dianhydride,
1,1-bis(3,4-dicarboxyphenyl)ethane dianhydride,
1,1-bisg(2,3-dicarboxyphenyl)ethane dianhydride,
bis (3, 4-dicarboxyphenyl)methane dianhydride,

bis (2, 3-dicarboxyphenyl)methane dianhydride,



[0034] The polyimide, which has a structural unit represented by general formula (1), while having
a structure represented by general formula (2) and/or (3) at at least one of the ends of the main chain,
maybe one having a repeating unit consisting of only the structural unit represented by general formula
(1), or may be a copolymer with other structural units, or may include a precursor of the structural unit
represented by general formula (1) (polyamdc acid structure). At this time, the structural unit
represented by gg@g@lé@@%}}#&gﬁ@j@;g@yf:&péai@ggdﬂ%%@,unt of no less than 50 mol% of the
total amount of the polyimide. The type and the amount of a structural unit used for copolymerization
or mixing arerpreferablysselgetedwithimthe beuads ef ashdeteriprating the heat resistance of a
polyimide obtained by a final heating treatment. [0035] The imidization ratio of the polyimide (a)
can be easilyldetefminethby the feltowiagmethdhHere; thie imidiZatiore ratio means a mole
percentage of a polyimide precursor converted into a polyimide in synthesis of a polyimide through a

oolyimide préciirsbt A5 HESEHibef-RRVE FEirst L the irfrafad spettrti bR aistilyimide precursor is

measured, and the presence of absorption peaks (around 17 d around 1377 am-) originating from
a poiyimide is@ Cén%r%’ d. l\zl:ékfﬂf thé Cﬁ)cé yl%:)l{fg%b?gg&r\é%??lse?ggg%& {5 aTieat treatment at 350C for an
hour, the infrared spegtru isthensmeasured again, andpeak intensiies around £374&m before and
after the heat treatment are compared. The imidization ratio of the polymer before the heat treatment
is determinecwithdhe ipdizatiar ratie of $hevpelymer atenthieireattreatment set to 100%. The
imidization ratio of the colyimide (a) is preferably nor less than 90%. [0036) The end capping
agent introduged iAtolthergolyinsicet@l carsd derdcted biathievfdtioding ntethod. For example, a
polyimide, into which an end capping agent is introduced, is dissolved in an acidic solution to be
decomposedinto & &finé CoMBRERYANS BYcdrbox§iic ARRYEREE Tomporertifat 8fe constituent
units of the polyimide, and these components are_analyzed by gas chromatography (GC) or NMR.
AIternativer,c—iplic/fl1y:2|!r1na%:eL,c ir?%g %"’.‘Sﬁﬁ% g (l:gp%ﬁ%nglggﬁtﬁ%?r%[r%gﬁ&&sis directly analyzed using a

pyrolysis gasizhramategraphs (REEC) of @nsindrared spectry and a 130NMR spectrum. [0037] It is
desirable that the weight average molecular weight of the polyi de a) should be 10000 to 100000
inclusive. Where two 0raneietypessoffpelymidestareycontaifiest tyel weight averageirmolecular weight
of at least one thereof is preferably in the range described above. If the weight average molecular
weight is lessirmY0000aheiAEERaNRaf SEFRAGHH MaStsiyRifleahdly dedreageclcadiig® a reduction
in adhesion strength. The weight average molecular weight is preferably not less than 12000. On the
other hand, tRe Waight avetage Foltutar waight 1S nidré TRan 106060 the solubility in an alkali
development !i%"i% may decrease, leading to occurrence of development residues. The weight
average molecular weight is preferably not more than 50000. The weight average molecular weight in
the present invemtionds measureokby gel permeation chromatography (GPC), and calculated in terms
of polystyrene. [00381 The photosensitive resin composition of the present invention preferably
contains (b) a compound having two or more epoxy groups and/or oxetanyl groups in each molecule,
wherein the compound (b) is a compound having two or more epoxy groups. Examples of the
compound having two or more epoxy groups in each molecule include a bisphenol A-type epoxy
compound, a bisphenol F-type epoxy compound, a novolac-type epoxy compound, a biphenol-type
epoxy- compound, a biphenyl-type epoxy compound, a alycidyl amine-type epoxy compound and a
cyclic aliphatic epoxy compound. Specific examples include HJER (registered trademark)" 828, 834,
1001, 1002, 1003, 1004, 1005, 1007, 1010, 1100L, 630, ESCN-220L, 220F, 22011, 2201-11-1,
1801165, 10321160, YX40001-1157870 and 1031 (Mitsubishi Chemical Corporation) , "Epolite" 40E,
100E, 2005, 400E, 70P, 200P, 400P, 1500NP, SOME, 4000 and 3902 (manufactured by Kyoeisha
Chemical Co., Ltd) , "ADEKA RESIN (registered trademark) " EP-40005 and EP-40038 (manufactured
by ADEKA Corporation), "Denacol” EX-212L, EX-214L, EX-216L, EX-8601, and EX-321L
(manufactured by Nagase ChemteX Corporation), "EPICLON (registered trademark)" 850,
EXA-850CRP, 560 and EKA-4701 (manufactured by DIC Corporation), "TEPIC" S, G and P
(manufactured by Nissan Chemical Industries, Ltd.), and GAD, GOT, EPPN502H, NC3000 and
NC5000 (manufactured by Nippon Kayaku Co., Ltd.). Specific examples of the compound having two
or more oxetanyl groups in each molecule include OXT-121, OXT-221, OX-SQ-H, OXT-191,
PNOX-1009 and RSOX (manufactured by Toagosei Co., Ltd.), and "ETERNACOLL" OXBP and OXTP
(manufactured by USE INDUSTRIES, LTD.). [003@]



For securing the adhesion strength and the fluidity during thermocompression, and reducing stress of
a cured film, the content of the compound (b) should be not less than 20 parts by weight, more
preferably not less than 40 parts by weight, per 100 parts by weight of the polyimide (a). The content
of the compound (b) is preferably not more than 100 parts by weight per 100 parts by weight of the
pclyimide (a) from the viewpoint 'the heat resistance and development characteristic. [0040] The
photosensitive resin composition of the present invention contains a naphthoquinonediazide
compound (c). The naphtho oned|a2|de mpound used is not particularly limited, but one example
is a compound wigh a napd th i oned nic acgl ester-bonded to a compound having a
phenolic hydroxyljgroag, A olic hydroxyl group, a compound having two

group and a naphthoguinonediazidesulfonic acid chloride. [0041] Specific examples of the
compound having a phenolj¢c hydroxy! group #nclude the following compounds (all manufactured by
Honshu Chemical Industry {o.,td-}J0 hemical Formula F] [0043] [Chemical Formula 6] HO
1-B u BsOTBP-Z HOOH §j 1110 Bis LFE 0

R10
3}%}—’2"\/““?{;&
O

[0020]

Here, R’ represents a group selected from an oxygen atom,
C(CF;3),, C(CH;),, CO, COO and SO,, and R'" and R'* each represent
a group selected from a hydrogen atom, a hydroxyl group and a
thiol group.

[0021]

In general formula (1) above, R® represents a structural
component derived from a diamine. Particularly, it is
preferably an organic group containing an aromatic group or a
cycloaliphatic group and having 5 to 40 carbon atoms.

[0022]

Specific examples of the diamine include
3,3'-diaminodiphenyl ether, 3,4'-diaminodiphenyl ether,
4,4'-diaminodiphenyl ether, 3,3'-diaminodiphenyl methane,

3,4'-diaminodiphenyl methane, 4,4'-diaminodiphenyl methane,
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OH HO Tri sP -TC [0044] Among these compounds having a phenolic hydroxyl group,
TekP-4HBPA, TrisP-HAP, TrisP-PA and Phcc-AP are nreferably used from the viewpoint of the
sensitivity and resolution. [0045] As the naphthoquinonediazidesulfonic acid chloride as a raw
material, 4-nanhthoquinonediazidesulfonic acid chloride or 5-nanhthoduinonediazidesulfonic acid
chloride can be used. The 4-naphthoquinonediazidesulfonate compound has an absorption in an i-line

(wavelength: 365 nm) fangsqapdds, thegefore suitablesfor ddingexposskenThesul fone,,
5-naphthoquinonediazidesulfonate compound has an absorption in a wide wavelength range, and is
therefore suitaple fariexposutedhanwideswavetength rangd itisiprefensiine 14 selett thie ,
4-naphthoquinonediazidesulfonate compound or the 5-naphthoquinonediazidesulfonate compound
according to a4 faveleaginatiriciiie egmpotmd is exposed. The 4-naphthoquinonediazidesulfonate
compound and the 5-naphthoquinonediazidesulfonahe compound can also be mixed and used. There

are preferably tho ormoré iapRNGGUiR8nadiazidesulfonate structures from the viewpoint of the

resolution. [0046] ,_ . Eh%%gggg@ggg% of the naphthoquinonediazide compound is not particularly
limited, but is prefera ‘y 5 to 40 parts by eight, further preferably 10 to 30 parts by weight, per 100

carts by weight of the polyiide (akdhegdded ameunteitheqiarhthoquinonediazide compound is
preferably not less than 5 parts by weight for obtaining a still better dissolution contrast. On the other
hand, if the adédedeammbent df thel naphthagjuimoniediagidercarmpound is more than 40 parts by weight, a

film or a cured film formed using a photosensitive resin composition may become fragile. [0047]
1,5-naphthalenediamine, 2,6-naphthalanediamine,

bisg (4-aminophenoxyphenyl)sulfone,

big (3-aminophenoxyphenyl) sulfone,

bis (4-aminophenoxy)biphenyl,

bis{4- (4-aminophenoxy)phenyl }ether,
1,4-bis(4-aminophenoxy)benzene,
2,2'-dimethyl-4,4'-diaminobiphenyl,
2,2'-diethyl-4,4'-diaminobiphenyl,
3,3'-dimethyl-4,4'-diaminobiphenyl,
3,3'-diethyl-4,4'-diaminobiphenyl,
2,2',3,3"'-tetramethyl-4,4'-diaminobiphenyl,
3,3',4,4"-tetramethyl-4,4'-diaminobiphenyl,
2,2'-di(trifluoromethyl)-4,4'-diaminobiphenyl,
9,9-bis(4-aminophenyl) fluorene or compounds with the aromatic
ring of the above-mentioned compound substituted with an alkyl
group or a halogen atom, aliphatic cyclohexyldiamine,
methylenebiscyclohexylamine, and diamines having a structure

shown below. They are used alone or in combination of two or
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The photosensitive resin composition of the present invention may contain an acrylic resin. The acrylic
resin used herein is a polymer of an unsaturated carboxylic acid, an unsaturated carboxylateo, the like,
which is the acrylic resin described in Japanese Patent Laid-open Publication No. 2009-20246, and so
on. Nowever, if the acrylic resin is contained in a large amount, the heat stability is degraded at 250C
or higher, so that the reliability is impaired. In addition., the film after drying off a solvent becomes
fragile, so thatdtis very diffieult to form the composition into a B stage film. In this respect, the content
of the acrylic resin is preferably less than 10 parts by weight per 100 parts by weight of the polyimide
(a), and preferabbyzgubstantially no acrylic resin is contained particularly when the photosensitive resin
composition of the present invention is used as a film. [0048] The photosensitive resin
composition dfthergresénf rveativnhay contain a surfactant, inorganic particles such as silicon
dioxide and titanium dioxide, additives such as a crosslinker, a crosslinking accelerator, a sensitizer, a
dissolution adjustor, a stabilizer and an anti-foaming aggRt, gssilane cpuplig agent, a titanium

chelating agent, a z';fbrga chelating ggé@and SO on. [m o It mble to add an organic
éa i . 0 .

solvent to the p};l resi of the ﬁw ) Qprganic solvent used
should be one tfat is cép Rf oNing or aispersing the Bo nénts. [0050] Specific
examples of the organic solvent include ethers such as ethylene glycol monomethyl ether, ethylene
glycol monoe h)ﬂ ether, propylene glycol monogagthy| gther, propylene glycol mgpoethyl ether,

ethylene glycol’ mther, e}hylew diethylzet ndhethylene ol dibutyl ether; acetates
such as ethylene g ateétate, propyle 8@0’?} methyl ether acetate, probyl
acetate, butyl acetate, %q ac e,?s-methoxybutyl acetate, ﬁetn [-3-methoxybutyl acetate,
methyl lactate, ethyl lactite and butyl Tactate; ketones such as d?fétorfé, methyl ethyl ketone,
acetylacetone, methyl pro vl ketone, methy! butyl keppzne, methyl isobutyl ketone, cyclopentanone and
2-heptanone; alcohohg»&éw %cohol, isobutyl al on pentanol, 4-methy1-2-pentanol,
3-methy1-2-butanol, 3-methyl-3¢m Nbutanol and diageto kharomatic hydrocarbons such
as toluene and xylene; and®others such as N-methyl-2-pyrelifong, N-cyclohexy1-2-pyrrolidone,
N,N-dimethylformamdde, N,N-dimethylacetamide, dimethylsulfoxide and 7-butyrolactone. [0051]

The photosensitive resin composition may he filtered using a filter paper or a filter. The method for
filtration is notdfMitéd, but mention is made of a method of filtering the composition by filtration under
pressure using a meg]é:)rrgne filter with a retentiop dpartiscle1 géatmﬁt%rr 8f 0.2 pmto 10 gm. 0032] For

the photosensitive resin ccSmporsfleljlv“)orne?’)f3 fhtesparle%en‘t”ronvgntlonﬁ e shglp%rbgfagecrﬁrmgg IS"not limited,

and mention js made ofcfor.example, a-vamish shapeand a filg, shapeIhg film,shape maybe a
shape of a sheet formed on a support. When the composition is used in the varnish shape, a solution

obtained by dissplving iB<areorgani€ sotventihea componranisfaytoi(c) and components added as
necessary can be used. A photosensitive resin composition film is obtained by applying the
photosensitivé ¥@8ml composition of the present invention onto a support, and then drying the applied

composition as necessary. o ,
Among them, 3,3'-diaminodiphenyl ether,

3,4'-diaminodiphenyl ether, 4,4'-diaminodiphenyl ether,
3,3'-diaminodiphenyl methane, 3,4'-diaminodiphenyl methane,
4,4'-diaminodiphenyl methane, 3,3'-diaminodiphenyl sulfone,
3,4'-diaminodiphenyl sulfone, 4,4'-diaminodiphenyl sulfone,
3,4'-diaminodiphenyl sulfide, 4,4'-diaminodiphenyl sulfide,
m-phenylenediamine, p-phenylenediamine,

1,4-bis(4-aminophenoxy)benzene,

12



[0053] A laminate of the present invention has a support, the photosensitive resin composition film
of the present invention and a cover film in this order. The photosensitive resin composition film of the
present invention is preferably formed on a support. The support used in the laminate of the present
invention is not particularly limited, but various kinds of films that are usually commercially available,
such as a polyethylene terephthalate (PET) film, a polyethylene film, a polypropylene (PP) film, a
polyphenyleng sulfide flm.and, a,polyimide film.ccan bg used, Jhe.syrface of the-supped may be
treated with silicone, a silane coupling agent, an aluminum chelating agent, polyurea and so on for
adjusting a wetting: preperty, amadbesion propeptyamnd-ageleasepropertywiththe photosensitive resin
composition. The thickness of the support is not particularly limited, but is preferably in a range of 10 to
100 tim from & ¥iewpoint of a working property. [0054] The photosensitive resin compositilm of the
present invention may have a cover film on the photosensitive resin composition film for protecting the
surface. Exarhphé&dfine EGvEFIm fhtlude a polyethylene film, a polypropylene (PP) film and a

polyester film. The cover film has preferably a low adhesion f(1)rce Witbz a photosensitive adhesive film.

Examples of the methe# for foiuing tfﬂélﬁiinate of theRpesdhit inved‘ﬁvﬁjaude a method in which the

photosensiive resii composition of t Qt invengqpis-apblied dgts-a-fiiyn of a support, and dried,
and a cover il lamin to, Isutface of the pho%osen§|‘tiv esth composition film. [0055]
Examples of the method for applying the photosensitive resin composition to the support include spin

coating using’?Nspinner, spray coating, roll coq}j_ng, Pchrleen printing, blade coatmg, die coating,

calender coatifig; isgus coating, bqang, roll toathy, cgmmam;g@ﬁng, gravure coating,
screen coating an , ﬁm COHting film thickies ey tope ding on the coating
method, the solid concén no 1é’omposition, the vi:scoﬁty(l sﬁ on, but normally the film

thickness after drying is%oreferably 0.5'um to 80 irn inclusive. [6056] R™ For drying, an oven, a hot
plate, an infrared oven or the like can be used. The drying temperature and the drying time should be
in a range whigl allpws an organic solvent to be volatilized, and it is preferable to appropriately
conditions which ensure that the photosensitive resin composition film is in an uncured or semi-cured
state. Specifically, dying ép praferatly cagriedpout at atemperaturean arange1040@,to 120C for one
minute to several tens of minutes. These temperatures may be combined to elevate the temperature,
and for exampl&. B heafttHtmentmfyShe cafRRouPBETEC, BUC aFRPIGE T8F cheRitiite for each
temperature. OOSQ% gA method f%r gat&ern-lprocessi g theﬁ)ho{osensitive resin composition of the
present invertion and thé pROtGsenSith B SEifiof filh Uding HieBame, and a method for

X .
Ve tesif
thermocompregsiay to other members will now be described by showing an example.

In general formula (1), R’ and R® each independently
represent at least one selected from the group consisting of
a carboxyl group, a phenolic hydroxyl group, a sulfonic acid
group and a thiol group. By adjusting the amounts of R’ and
R%, the rate of dissolution of the polyimide in an agqueous alkali
solution is changed, so that a photosensitive resin composition
having an appropriate dissolution rate can be obtained.
[0029]

Further, for improving adhesion with a substrate, and so

on, an aliphatic group having a siloxane structure may be

13



[0058] rst, a photosensitive resin composition coating is formed on a substrate using the
photosensitive resin composition of the present invention and the photosensitive resin composition film
using the same. The photosensitive resin composition is applied onto a substrate, and dried as
necessary, whereby a coating can be formed. Examples of the coating method include spin coating
using a spinner, spray coating, roll coating and screen printing. The coating film thickness varies
depending op the coating yuethod the 30lid eqnagntration of the resin.compasition, the, viscosity and
so on, but normally it is preferable to apply the composition so that the film thickness after drying is 0.5
Jim to 80 pifftinclusivecEor deying; anoveneohekplate, tar infraretdrevercepthelike can be used. The
drying temperature and the drying time should be in a range which allows an organic solvent to be
volatilized, anddtlisdreferable tooapproptidtelysaraliargelwhith énsuresdhaeitie photosensitive resin
composition coating is in an uncured or semi-cured state. Specifically, drying is preferably carried out
at a temperaftird iR R SPBIE (o ISFE TS Se Minute 1§ 8veral hours. [0059] On the other
hand, if the gglgéqsqrésrriig\r/l%[e in ¢ )%%scitiorégirllm has ¢ g%\ﬁrof}iilgnﬂetherg: ver film is peeled off, and the
photosensitive resdin compos?tlon fi m, and the sﬂ%sﬁate are laminate togetﬁer %y thermocompression
such that the fgsmer and the latter are opposite to each other. Thermocompression can be performed
by a heat press process, a heat lamination process, a heat vacuum lamination process or the like. The
laminating temperataenisyreferablyunatloveer tham 46C fstrnthehdenpointofreconformability to raised
and recessed portions of the substrate. The laminating temperature is preferably not higher than 150C
for preventingeetefioratiohlofithédsattertiregofutiohresE & elring of theprotesersitivy resin
composition film at the time of IaminatinfcfilﬁgOSO Examples of the substrate include, but are not

limited to, a SIFGH Hafer A ebramid, galitimEarSEnlie an drganltciielit siistrafs athorganic circuit
substrate, and.these subsiates,an which Grenit canstiar mateyials aie,placed Jyarmples of the
organic circuit substrate include glass base copper-clad laminates such as a glass fabric/epoxy
copper-cLad laminaig, eemposite copper-clad laminates such as a glass nonwoven fabric/epoxy
copper-clad laminate, heat-resistant/thermoplastic substrates such as a polyether imide resin
substrate, a golyether ketone resin substrate and a polysulfone-based resin substrate, and flexible
substrates such as a polyester copper-clad film substrate and a polyimide copper-clad film substrate.
Examples of the inoRyapfet titeUifSubsiratedintIutiersiamie SiiFstaiss stenhis f=fHRihum substrate,
an aluminum nitridelsub%t ate adnf a sjg;on car ide s%st[fatehandal.-bas%d substrat%sesuch as an
aluminum ba58Uibstraté andSn Fon base subdtrate” Examplas ofthe ciretit constituant material
include condugtorg conaiping.metals suchas silver, gold..coppes apd-alumipym, resistors containing
an inorganic oxide and so on, low dielectric materials containing a glass -based material and/or a resin
and so on, high-gielestriegnatesials contasivgm resinnhinatigasiepasticlesbaving addgh dielectric
constant, and so on, and insulators containing a glass-based material and so on. [0061] Next, the
photosensitiverresirt sompositice soating fdrmed dyhthe absbyermeionédaviethod is irradiated with
exposure light through a mask having a predetermined pattern to perform exposure. As an exposure
light source, 3hIRMERZE5M) 2R HAME 08 A drfd 37Y-36 (436 RM) DAL RErcury lamp are
preferably used The.%hotosensitive resin 88@}19&%“ n film gg%yebfa%x %seola %te CR:: C1§)elerlling off the

t

1 by, p .
support from'the photoSensitive resin composition fiim it the Support 1s a materia Tat is transparent to

these rays. Ax?h%’éﬁp%uE%@%Wxgﬂ@p@%ﬂ%%[%@?uﬁe Systemor-amask.aligaer..a mirror proj
ection type exposure system or the like can be used. [0062] For forming a pattern, exposed areas

are removedmwittv andevelaper afier exposure. The develeperispreferaklyrariaguedus<olution of
tetramethyl ammonium, or an aqueous
a tetracarboxylic dianhydride, a dicarboxylic anhydride and a
diamine compound are reacted at a low temperature, or a method

in which a diester is obtained by a tetracarboxylic dianhydride

and an alcohol, and then reacted with a diamine and a monocamine
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solution of an alkaline compound such as diethanolamine, diethylaminoethanol, sodium, hydroxide,
potassium hydroxide, sodium carbonate, potassium carbonate, triethylamine, diethylamine,
methylamine, dimethylamine, dimethylaminoethyl acetate, dimethylaminoethanol, dimethylaminoethyl
methacrylate, cyclohexylamine, ethylenediamine or hexamethylenediamine. In some cases, one of
polar solvents such as N-methy1-2-pyrrolidone, N,N-dimethylformamide, N,N-dimethylacetamide,
dimethylsulfoxide,y-butyrolactope and, dimethylacrylam de, alcohols,guch.as methanol, ethanol and
isopropanol, esters such as ethyl lactate and propylene glycol monomethyl ether acetate, and ketones
such as cyclgpentaneae, eyslohexanene.dsebutyl ketonei and methyhisobwityl ketane, or a combination
of several kinds thereof may be included in the aforementioned aqueous alkali solution. [0053]
Developmentecary beipwrformed tyoa methoduh wiieh theatevelopét issprayedetoctheosurface of the
coating, a method in which the developer is deposited on the surface of the coating, a method in which
the film is imrh&Psed in the developer, a method in which the film is immersed and subjected to
ultrasonication, or th%rllike. De%/ggop{geglt (i%nogg?nsgucg e@ievg%v%]ggrrrpeant tirqe,atpe development
step and the tempera Ur€ of the eveﬁ)p%r should bé conditions which ehstre that ex%osed areas can
be removed tg form.a patigm. 100641, The deyeloperispreferably rinsed with water after
development. The developer may be rinsed with water plus an alcohol such as ethanol or isopropyl
alcohol, an estersuehras ethwd lagtateroepopyiens glycalwenomethyl ether acetate, or the like. [0065]
baking treatment may carried out as necessary before development. Consequently, the resolution of
the pattern afteedévsiopmertisimpréved, orehe lalloviisia yarigée of eleveldpeanteasnditions is
increased in some cases. The temperature of the baking treatment is preferabl¥ in a range of SO to

160C, more prefefabRiih & TaRg8 T E2606 in particlar e e 8 HrEIEraB 5 Seconds to

several hours, [00661.,.,_ Afet formation,of & pattern, & auinonediazide, compound rermains in the
photosenS|t|ve re\slln CO%pOSItIOﬂ coating. erefore, theé compoun maype

theirtallydecomppsedigproduice. nitiagan:al 1he dime oh {hermqdecompressio ohsubRg., For

prevention thereof, the entire surface of the photosensitive resin composition coating after formation of
a pattern is prefesably-tradiaied nwithnthiec aboverdnentiaratexposurarlightrtadedompose, the
guinonediaxide compound beforehand. This process is referred to as bleaching exposure. [0067]

After formaticiT 6falpatierh TrbleaEiiRg Expbsite, theshidtosenditive FeSrESHPBSRIBA coating is
dried by heating at a temperature in a range_of 60 to 20000 for reduci\?g a solvent, a volatile

component, Wafe? Aittogen Afd 36 6 tHat teRiain it 178 PRotasensiive radtR 2bmipaifion coating. The
time is preferably one minyte o several hours. 0P8, ; - The gubstrate: provided with the

photosensitive resin composition coating, on which a pattern is formed, is thermally compressed on a

substrate or any gther memberdoheteraparardy fixedmIhe dhermocampiession temperature is
preferably in a temperature range of 100 to 150'0. The pressure during thermocompression is

preferably in &-ramgeafd.0t:td 10 MPal Tie tmeisipreferabhponersecoaditd several minutes.
Thermocompression may be performed under normal pressure, or may be performed in vacuum for
prevention of tr&FpiRgRIFHERGSHRS ARE s6 O [0G6 G 1 RORtRT REEIHOEBHITdSbR! the
photosensitive resin compo_s(i;ii n %oatin is form(?d into a cured fil b)é Teating at a temperature of

120C to 400C. RS fhis heating treatmerty © - - CHiey 27 aminophen
3-aminophenol, 4-aminophenol, 2-aminothiophenol,
3-aminothiophenol, 4-amincothiophenol and so on are preferable.
They are used alone or in combination of two or more thereof.
[0033]

In general formula (3), Y is derived from a dicarboxylic

anhydride which is an end capping agent. As the acid anhydride
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a temperature is selected and elevated stepwise, or a certain temperature range is selected, and the
temperature is continuously elevated for5 minutes to Shours. As one example, the heat treatment is
carried out at 130C and 200C for 30 minutes for each temperature. Alternatively, mention is made of a
method in which the temperature is linearly elevated from room temperature to 250C for 2 hours. At
this time, the heating temperature is preferably 150C to 30000 inclusive, and further preferably 180C
to 250C inclugsive; The heating tr@g@%{% may.he performed.under noimal pressure g may be
performed in vacuum. [0070] he adhesion strength of the bonded object after curing is preferably
not less thanBGhiviRafropm the: Viewpainy of ackesiar reliabilityi Mareprfemblens ro less than 45
MPa. [0071] The film thickness of the cured film can be arbitrarily set, but is preferably 0.5 wrl to
80 pm inclusies [0OZEZE rab Pesenfibsidactord@dce havinga photosensitivel esin Tommposition cured
film will now be described as an application of the photosensitive resin composition and the
photosensitive ré&it %oHﬁ?d“s?l‘Fén film of the present invention. In recent years, semiconductor devices
of various strng,grg have been proposed, and the application of the photosensitive resin compaosition
of the present invention is not limited to those described below. [0073] The photosensitive resin
composition and theppholosepsitive-resin compesitigndim efthe-prasent invgntion.gan ke suitably
used as an adhesive for a semiconductor for bonding, fixing and sealing a semiconductor element, a
semiconductoy dextcer alcifeuinanbstrate, ant almetatwitingamateriak die phptosensitivé resin
composition and the photosensitive resin composition film of the present invention can also be used as
an insulatingJifreferer sémicsidicior elemedt & sémicohduktcredevicena icuit'subsifate and so on.
The semiconductor devjce in the present invention refers to not just a product prepared by bonding a

semigonduct8feﬁéﬁ‘?1gﬁt]f6 QréugsrARY &ﬁd%&%ﬁ‘d&?ﬁ@@%&%%&@ﬂ%gﬁs‘é?ﬁﬁ%bﬁaaa%r elements or
bonding subs{ta %%y%a@fsgﬁgwgey'a3§ é@éﬁ?@é&ﬂ%‘é‘&”g@y #&Wé%t@%%‘&%ﬁﬁ% of .
semiconductor elements, and electro-optic devices, semiconddctor circuit substrates and electronic

components includingthens gee allancompassed-indhe semigonductar, davigey [0044kse One
example of the method for producing a semiconductor device using the photosensitive resin

composition angthephetaserfsitive resimeompesition fitmmoefithe present inveptionyns as follows. A first
circuit member having a first jointing terminal and a second circuit member having a second jointing
terminal are plREBH-Such'that Bt firdtiSintingtefhirad dictthe sbéEondiGinfirgtermhitfal are opposite to

each other. Next, the @2 tosensitive resin com (()i;sition film o{t e Ereslent invention is interposed

between the fiFst jointnG terMinal B the second joirking terminal placed bpposite to each other to

form a photogensitiye resin compesitign;coating, Alternatively, & varnish,of the photesepsitive resin
composition Is applied to any one or both of the surface of the first jointing teminal and the second
jointing terminak and diieghtotherebydaam-a photesensitivedesin eosmpositioneratiitg Jiext, the
photosensitive resin composition coating is patterned to open an area where conduction should be
provided betweehthe firstjbintingtersidal fand theosécord jaintingtewwinal. <hrareafter, the first circuit

member and the second circuit member are heated and comgressed to electrically connect these
circuit membBrEferably selected within the bounds of not deteriorating the

heat resistance of a polyimide obtained by a final heating
treatment.
[0035]

The imidization ratio of the polyimide (a) can be easily
determined by the following method. Here, the imidization
ratiomeans amole percentage of a polyimide precursor converted

into a polyimide in synthesis of a polyimide through a polyimide
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[0075] Electrical connection may be performed after first forming the photosensitive resin
composition coating on the surface of only anyone of the circuit members at the jointing terminal side,
or may be performed after forming the photosensitive resin composition coating on the surfaces of
both the first and second circuit members at the jointing terminal side. A through electrode maybe
formed on the first circuit member and/or the second circuit member, and the jointing terminal maybe
formed on onesurface andioshath the surfaces of fhe memher. As-such assgitcuitmeryber, a chip
component such a semiconductor chip provided with bumps such as a plated bump and a stud bump,
a chip Resistar po aychip donslenser,sa seinicorductoe €hiphavingea 356 heeugit silicon via)
electrode, or a silicon interposer, a substrate such as a glass epoxy circuit substrate or a film circuit
substrate, or e fike is eBedeAksenordudterdéviea withrsrathefnBerd lamtinated
three-dimensionally is obtained by repeatedly performing such connection as described above using
circuit membgfs- Aaving iBhiing Tetminals Bhotrthesurfaes: [0878] - =1 Bve BbBvEmentioned
method for praducing 2 semiconductor device, by using he pholosensitive sesin,comppsition and the
photosensm\/% resin composﬁlorgﬁlm of the present mventilon, thére can be obtained a semiconductor

device in whighdhe edge-atanadhesive after euringds located agthe inngiside a8 compared to the
edge of a circuit member, i.e. a semiconductor device in which occurrence of protrusion of an adhesive
(fillet) to the duteepefiphesy=ofcirciiit Bvembersdis Suppressed afterznfirseeirctitenemdber and a second
circuit member are heated and compressed. By suppressing occurrence of the fillet, the mounting area
of the semiccHtfuCBFRRYR®: caflfe tBddéed ttheid Helpity PrakBIHe seMicomfuatse devite lighter,
thinner and more comﬁpact. Even if the hotos%nsitive resin .conglgosition of the,pres]gntgnvention is not
used, occurréiice of thé fiiStcanhe Suppresssy ‘s desCibal shE By eristiring that 4 Fesin
composition goaling. js nat forped at the peripheral part.of the girguit membet heforehand. In this
method, however, alignment is difficult, and further it is very difficult to form a resin composition
coating at a specific locatina Wher the gompositien bs-precegsed e aishaetofavafessn contrast, in
the method which uses the photosensitive resin composition and the photosensitive resin composition
film of the prds@#tdnvention, a semiconductor device in which occurrence of the fillet is suppressed
can be easily obtained by removing a photosensitive resin composition coating at the peripheral pa of
the circuit member by BattERifGPRoTT)2ISnONSEXAMNHRE Bf tHE Meifod forpiiting a
semiconductor de%ice 'nt\/vhichdocig:urrt necef%fltpevji”r?t i%sggggss%d&s %agtr)r!lolvxés. Aéphotosensitive
resin composcfﬁlcr)ln c¢oa |ﬁge|§‘f53rme3 between d first circuit member and & second’ cifcuit member in the
same manne, as,jn.thg above-mentioned methad for,producing,a semicanducior dgvices Next, the
photosensitive resin composition coating at the peripheral part of the first circuit member and/or the
second circuit embet & remeved byipateming she fah btosensitive-eesinicompasitian eeating.
Thereatfter, the first circuit member and the second circuit member are heated and compressed to
bond these cireuitenembersi.dAs acesbitxihere isohtdined=a serteardlictohdevizesn which a cured
product of the photosensitive resin comggsition coating does not protrude from the first circuit member

and the secoRARSicitiRRmMBEY: f60 78] ABmtther BpPficaldlt S aSSIiCoNAAIer provided with D or
CMOS image sensor consisting of a photodiode. ora r filt d icro lens array, a
photosensitivaén%?s%/nz%%rrggogi%gnc| m Féagt?gcﬁwag&yor(g%grﬁfsﬁ\g@é paﬁg%%gﬁéﬁib%er%%'n %omposition is
applied and dried,to;thereby forn,a phatesensitive sesincompesitionLLaating dhe-photosensitive resin
composition coating is patterned, and then a glass substrate is laminated on a leftpatternasasupport
substrate, andithermally=campressed.i Tihedaminale isi beateddbcine tthg phdtoseasitiverresin
composition coating. In this way, there is obtained an image sensor having a hollow structure, wherein
a semicondugter Elément Andie grasgisasstraie aFYIBR NSRRI cured product of the patterned
photosensitivc[aor&siﬂ composition coating as a barrier wall. Examples [0079]

It is desirable that the weight average molecular weight

of the polyimide (a) should be 10000 to 100000 inclusive. When
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A method for preparing a photosensitive resin composition of the present invention and a method for
producing a photosensitive resin composition sheet, and a method for evaluating the properties thereof
and the results will be described more specifically below, but the present invention is not limited
thereto. FO080] <Molecular weight of synthesized polyimide> A poi Hmide was dissolved in NMP
to prepare a solution having a solid concentration of 0.11 by weight, and a weight average molecular

weight was calgylaedyin.termsof polystyrens: by &cPQ apparatsWaters269(L (manufactured by
Waters Co., Ltd.) having a configuration shown below. For GPO measurement conditions, the mobile

layer was NM?2-aithdle Gb andcuahkosphartacid each dissolved theeeingt a eqgnecetirationyof 0.05 mol/L,
and the development rate was 0.4 mi/minute. The column was warmed to 40C using a column oven.
Detector: Waiérs-D96rsSysiericesntrbler:-alkarers 2690C6IHnRI TOSTN TBKIGEEAL4800 Column:

TOSOH TSK-GEL a-2500 <Imidization ratio of synthesized polyimide First, the infrared spectrum
of a polyimid¥ e e utéd Sand the présehce BF aBESptioh Peaks (@rBahd 1980 cm-- and around

1377 o) originatog fran an igude stuetuse inshe polvimide g cpnfiL med, Ned, e polyimdde

was subjected t eat treatment at 350C for an hour, the infrared spectrum is then measured again,

and peak intensitieg;arounad3%/-enmkbefpre and alieethe heatteatmentwere compargd. The
imidization ratio of the polyimide before the heat treatment was determined with the imidization ratio of
the polyimidenafterl thesheatztreatment sebto 10% teatiigrofiphotosensityetresiecemposition>

A photosensitive resin composition prepared in each of Examples and Comparative Examples was
applied by spi® t84ting onts tsilices viddErusirya SpitPEdatet "Phé Potdtibhitivie Was10 seconds, and
the number of r%z?a]t_ilghng wai adrjlustedlto abgut 500dto 700 rpm $Q that thetfilm thickness after drying
was about 25° R Th& Photosenaitive 1Eei cBmpSSifion Was drisdfor 3 minates on a Hot plate at

100C, after bging,applied,[0082].<l.amination.of pholasensitive resin comnosition filmz,. A cover

film of a photosensitive resin composition film prepared in each of Examples and Comparative

Examples wasspeeled off tRerpreled-surfage 3vas aminated;enttha siisonuaten eadeneonditions of
stage temperature: 80C; roll temperature: 80C,;
weight in the present invention is measured by gel permeation

chromatography (GPC), and calculated in terms of polystyrene.
[0038]

The photosensitive resin composition of the present
invention preferably contains (b) a compound having two or more
epoxy groups and/or oxetanyl groups in each molecule, wherein
the compound (b) is a compound having two Or more epoxXy groups.
Examples of the compound having two or more epoxy groups in each
molecule include a bisphenol A-type epoxy compound, a bisphenol
F-type epoxy compound, a novolac-type epoxy compound, a
biphenol-type epoxy compound, a biphenyl-type epoxy compound,
a glycidyl amine-type epoxy compound and a cyclic aliphatic
epoxy compound. Specific examples include "jER (registered

trademark) " 828, 834, 1001, 1002, 1003, 1004, 1005, 1007, 1010,
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degree of vacuum: 150 Pa; attaching rate: 5 mm/second; and attaching pressure: 0.2 Mpa using a
lamination apparatus (VTM-200Mmanufantured by Takatori Corporation), and a support film was
peeled off. [0083] <Evaluation of resolution of photosensitive resin composition> A silicon wafer
after spin coating or lamination was pattern-exposed using a mask having a pattern of L/S = 70/70,
50/60, 50/50, 40/40, 30/30, 25/25 and 20/20 Rm. The exposure film was 100 um, and L39 filter
transmitted light from aaqultrahigh pressuremercurydamp wasapplieshinzan amount ©f 400 ml/cm2
(photometric value in an h-line). After pattern exposure, exposed areas were removed using a 2.38%
aqueous soluticio obtetrareethylamaanisrshydroxidesire dipedevelopment ~and rinsing was carried out
with water. The development time was 1.5 times as long as the time taken for exposed areas to be
fully dissolvedeThersiitaied paierh Was' ddSernedOlithran Bptcd fmicroSco) and @minimum size
with defects such as clo %ng being absent in lines of the pattern was evaluated as a resolution. [0084]

<Evaluation 6PA8NFres SWhncé? 00 3T slifdn WHFRH fdfinatéd SPappied By spinccbatig onto a silicon
wafer was exposed in.an e e t,0f 1000 mJ 1 etric valye in.an j-line) using an
ultra-high pr)e%%ij’re% rﬁg?c'ury ar%%%n%%ée%rfﬁpa(nne% &crié%%b%%ﬁgagnk theﬁngh%egt%%a%ellagunder an

atmosphere gbN2$:200G ar:6Q Mminuies inanirert ovep(ik 60 manufaetysed by Koyo Therm
Systems Co., Ltd.) to obtain a cured film. The obtained cured film on the silicon wafer was immersed in

47% hydroflunriccacid atoem tempexatire for Zxnmiees 2and Rbien uashedwithetapuratér, and the
cured film was peeled off from the silicon wafer. For the peeled cured film, a thermal weigh,_ loss was
measured uritierE EOTRIIIOIE BE femperataieéfevation TaEE: IO ukeRe? bSitegen atmosphere using an
apparatus for thermogravimetry (TG/DTA 6200 manufa(gured Q;y ngl Nang}'echnolog Inc.), and -

temperature af WHICH the wéight 1588 Wz tos with reSpscf (s a Weight St the Start of mXéXsurement was
designated as.an ggdgggtg@{g;lggdheaﬁ%%gtargc,e.&Ogggl sEvalyatan of adhesion stength> A

silicon wafer laminated or applied by spin coating onto a silicon wafer was exposed in an exposure
amount of 408mfaréem. 2{phetormetsic valge)in and1ding) indhe mannes as, descrikedabove. The
silicon wafer after exposure was cut into 50 x SO mm, placed on a hot plate at 150C with the
photosensitiveCresin compositart filna &t tye Nippeeside aridipr@aliminarity. heatet forignieeminute, and a
silicon chip (2 x 2 mm, thickness: 525 um) was then thermally compressed at a pressure of 0.2 MPa
for 30 seconG€ 1§ BeTerRpoFaTyTRERP HE fRAftER ShEUP ORI WA HETBFR PP HBr GO minutes

using an inert ov nmurhdegualnitror?f:efu%tem%% 2re.to ohtain a sample \/C;tha silican chip bonded to a

e
silicon wafer With theop Stosensitive Tesin composition intérpose hg ebeétween. The shear strength of

the silicon chip,of the,samplg %%W%MS@&M%&B%E"@W%g@@d'ﬁ'@n?’ 20 designated as an
adhesion strength. Apparatus: Die shear Tester Series 4000 manufactured by Dage Corporation

"ETERNACOLL" OXBP and OXTP (manufactured by UBE INDUSTRIES,

LTD.) .

[0039]

For securing the adhesion strength and the fluidity

during thermocompression, and reducing stress of a cured f£ilm,

the content of the compound (b) should be not less than 20 parts

by weight, more preferably not less than 40 parts by weight,

per 100 parts by weight of the polyimide (a). The content of

the compound (b) is preferably not more than 100 parts by weight

per 100 parts by weight of the polyimide (a) from the viewpoint
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Measurement temperature: 30C Sample size: 2 mm x 2 min Test speed; 200 um/s Test height: 300
um <Evaluation of stress> A measurement was made in the following procedure using a stress
measurement apparatus FLX-2908 manufactured by KLA-Tencor Corporation. First, a warp of a 6-inch
silicon wafer was measured by a stress measurement apparatus and to this wafer, the photosensitive
resin composition film was laminated or the photosensitive resin composition was applied by spin
coating. This gilican.wafer.was exposgeddn ansexpesurearoeunt.nf 1000 mJicmz2. (photometric value in
an i-line) using an ultra-high pressure mercury lamp, and then heat-treated under an atmosphere of N2
at 200C for 60ominutes in an inert oven ( INL- 60 manufactured by Koyo Thermo Systems Co. , Ltd.)
toobtain a. cured film. A warp of the substrate after curing was measured by the stress measurement
apparatus again, andasstréss atru temperatire wasipakulated frdmikarpsrefsthietwafer before and
after formation of the cured film. [0086] A polyimide and a guino lediazide compound used in each
of Examples SREFEbATaRtvEExshhleeRAESNthesZz e 435y e FollBwing“méthod. 16687] thesis
Example 1 e gghloou ofON-ergeth J{Z%ép}goli%on (ﬁMe%) were 9{55%\{%‘1 %glg% (0.082 mol) of 4,4
-cliarninediphe§ “ether Z,AF- A , 1.2 g%. moﬁ) of f[%-ﬂls (3}':-) aminopropyl) tetramethyldi
inane (51DA) ang- 243 §(9.025.moh.af3-amigophenab@VAR) @s-an end capping agent under - dry
nitrogen stream. Thereto was added 31.02 g (0.1 mol) of 4,4' -oxydiphthalic dianhydride (ODPA)
together withn3® AofddMP, @ndithezmidare wasi stisretlcae20€fobandraur, caadthencstitred at 50C for
4 hours. Thereafter, the mixture was stirred at 180C for 5 hours to obtain a resin solution. Next, the
resin solutiowasisoureBlia3oL bt Water exeblleetowhite precipiateshseipredipifates were collected
by filtration, washed with water three times, and then dried in a vacuum dryer at 80C for. 5 hours to

: Yy
obtain polyirfid& 2 Tife THtizaton P60 the SHIBHES &N Pod&Pwas 8556 BO8BPSynthesis

Example 2 cores in each molecule is preferably used. The

naphthogquinonediazide compound can be synthesized by apublicly
known esterificatiom reaction of a compound having a phenolic
hydroxyl group and a naphthoquinonediazidesulfonic acid
chloride.

[0041]

Specific examples of the compound having a phenolic
hydroxyl group include the following compounds (all
manufactured by Honshu Chemical Industry Co., Ltd.).

[0042]

[Chemical Formula 5]
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To 100 g of NNP were dissolved 30.95 g (0.0845 mol) of 2,2 -bis (3 - amino-4 -hydroxyphenyl)
hexafluoropropane (BABE) and 1.24 g (0.005 mol) of SiDA under a dry nitrogen stream. Thereto was
added 31.02 g (0.1 mai) of ODPA together with 30 g of NMP, and the mixture was stirred at 20C for an
hour, and then stirred at 50C for 4 hours. Thereto was added 2.5 g (0.02 mol) of MAP, and the mixture
was stirred at 50C for 2 hours, and then stirred at 180C for 5 hours to obtain a resin solution. Next, the
resin solution was poured in 3 L of water to collect white preC|p|tates The precipitates were collected
by filtration, was 4@. rfhree fi g@_aﬁ@ggz_&negol ag n/mdryer at 80C for 5 hours to
obtain polylmlde B ation ratio ined resinpowgerwas 94%. [0089] Synthesis
Example 3 To 1997g,g¢ANMP were dlssgagyad 30.03 g ("8 2meipof BAHF, 1.24 g (0.005 mol) of
SiDA and 3.13 g go 025 mol) of 4 -aminothiophenol as an end capgggzg agent under a dry nitrogen
stream. Thereto W3 ..__° 42 g J@L)C 6e arbexylic dianhydride (BPDA)
together with 3699 @ c ¢He mixt rred at 2 r enz our, and then stirred at 50C for
4 hours. Thereaftgy, the ‘?’h’ixtu 8JUVas stwre%g@‘@@OC for 5 hours to Gbtain a resin solution. Next, the
resin solution was pogkeebin 3 L of water tggollagt white precipit&®sEThe precipitates were collected
by filtration, washed W|th \ater three time- and then dried |n a vacuum dryer at 80C for 5 hours to
obtain polyimide C. Thednﬁl ation ratio o theHQ er s 94%. [0090] Synthesis
Example 4 Hbe<10D-g Hvere o@» . BARH?, 1.24 g (0.005 mol) of
SiDA and 4.1 g (0.0 n?ﬁi) of 3- hydroxyphtheclte anhydnde as ancénd cappmg agent under a dry
nitrogen stream. TheretdWas added 31.02 gst0ek mol) of ODPA tog&ther with 30 g of NM?, and the
mixture was stirred at®8CTor an hour, and then stirred at 50C fds-hours. Thereafter, the mixture was
stirred at 180C for 5 hours After completion of stlrnng the solutlon was poured in 3 L of water to
obtain white pr recipit t_e@_ gd hy fitra ign A wd with water three times,
and then dried %mmm yegr(r%t éf% to obtalny{gl D The imidization ratio of the
obtained polymer powdéﬁ“\?\&as 96%. [0051] S SIS Example 5 "L, To 80 g of NMP were dissolved
17.60 g (0.088 mol) of 4%‘1 DAE, 1.24 g (0.00 3mol) of SiDA anqalpEzb g (0.015 mol) of MAP as an end
capping agent. TheretdWas added 31 029 (ﬁfmol) of ODPA together with 20 g of NMP, and the

mixture was stirred g 20@ fo Ao ‘ r 4hquus. Thereafter, 15 g of xylene
was added, andHthe & WasPstirreR » ' H@Vﬁboﬂed with xylene. After
completion of stirring, thé™s in white precipitates. The
precipitates were coIIec [ s, and then dried in a vacuum
dryer at 80C for 20 hoBirs#¥ obtain polyimﬁj@@"’l"’r‘?e imidization ratf%'of the obtained polymer powder

was 55%. [0092] Synthesis Example 6 TrisP-HAP
CH CH3 CH3
O_ oG ~OEOF0-
HO—<:>“C“<:>—OH [ij [i]
g " L

BisP-DP Phecc—AP TrisP-PA

[o043]

[Chemical Formula 6]
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To 120 g of NMP were dissolved 16.43 g (0.082 mol) of 4 ' 4 -DAE, 1.24 g005 mol) of SIDA and 1.64 g
(0.025 mol) of MAP as an end capping agent under a dry nitrogen stream. Thereto was added 31.02 g
(0.1 mol) of ODPA together with 30 g of NMP, and the mixture was stirred at 20C for an hour, and then
stirred at 50C for 4 hours. Thereafter, the mixture was stirred at 180C for 5 hours to obtain a resin
solution. Next, the resin solution was poured in 3 L of water to collect white precipitates. The
precipitates were collected by flltratlon washed W|th water tg e times, and then dried in a vacuum
fiZation ratio of the obtained resin powder was

: Pl pethyl-2-pyrrolidone (NMP) were dissolved 16.
41 g (0.082 mbh-of 4,4 mlnocllphenyl etheg E) , 1.24 g (0.005 mol) of 1,3-Ms
(3-aminopropyl) tetram 3940.025 mol) of 3 -aminophenol (MAP) as an
end capping agent éu grrgpd nitrogen stream. Tgler_(egg was added 31.02 g (0.1 mol) of
-oxydiphthalic dianh dride ( A) together with 30 g of NMP, and the mixture was stirred at 20C for an
hour, and then stirred at 50C for 4 hours ‘L@ereafter the mixture ng stirred at 180C for 2.5 hours to
obtain a resin 88{ution. Next, the re M solu an was poured in 3 Lgf water to collect white precipitates.
The precipitates
vacuum dryer at 80¢ fe 3 bF-ain oo i ' ey |zation ratio of the obtained resin

95%. [00931 S%nt

of 4,4' -DAE, 1. . ﬁ'\DAano

at 20C for an hauir, anqlgﬂaﬂmsgpred abBOCHor 4 howig 'Ehepeafter fN‘é mixture was stirred at 180C for
5 hours to obtain a resin solution Next, the resin solution was poured in 3
Lofwatertocollectwhiteprecipgtates. The precipitates were collected by filtration, washed with water

der was 95%. [0095] Synthesis Example 9 To450gofl,4
g (0.05 mol) of TrisP-HA (product name; manufactured by Honshu

ratio of the obtained resin [
-dioxane were dissolved 21.7-
Chemical Industry Co., &
(NAC-5

TrisP-TC

[0044]

Among these compounds having a phenolic hydroxyl group,
TekP-4HBPA, TrisP-HAP, TrisP-PA and Phcc-AP are preferably used
from the viewpoint of the sensitivity and resolution.

[0045]

As the naphthoquinonediazidesulfonic acid chloride as a
raw material, 4-naphthoquinonediazidesulfonic acid chloride
or S5-naphthoquinonediazidesulfonic acid chloride can be used.
The 4-naphthoquinonediazidesulfonate compound has an

absorption in an i-line (wavelength: 365 nm) range, and is
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manufactured by Toyo Gosei CO. Ltd.) under a dry nitrogen stream, and the solution was adjusted to
room temperature. Thereto was added dropwise 12.65 g of triethylamine mixed with 50 g of
1,4-dioxane while ensuring that the temperature in the system as not 35C or higher. Thereafter, the
mixture was stirred at 40C for 2 hours. A triethylamine salt was filtered, and the filtrate was poured in
water. Thereafter, deposited precipitates were collected by filtration, and further washed with 1 L of 1%

aqueous hydrechlaric acidy, Fhensafter the precipitates warefurthgrwvashed with 2 L of water twice.
The precipitates were dried in a vacuum dryer to obtain guinonediazide compound A represented by

the following formuplat HoOR6 I Ghemical BEormuiaAp t 400b7pSynthesissExamgide dfpt iofo 450 g of
1,4-dioxane were dissolved 12.259 (0.04 mol) of Phcc-AP (product name; manufactured by Honshu
Chemical Indgstry ColeL Ry arri2618 §103emolret Shdptrre§andnediszddsulfotic acid chloride
(NAC-5 manufactured by Toyo Gosei CO. Ltd. ) under a d?é nitrogen_stream, and the solution was

adjusted to réSMIBHTFeratre  FRefeicwalHduea topwiss 12.65 G 6t Fisthyfamiite fifiked with SO g
of 1.4-dioxang yhile ensirRgat e (emperaiue e oyl wasd ot 33,01 higher. Thereafter,
or

the mixture was stirred at 40C ours. A triethylamine salt was filtered, and the filtrate was poured
in water. Theteafies, depositeduacipiateswere colecteshy filtration: ang: fugthes washed with 1 L of

1% aqueous hydrochloric acid. Thereafter, the precipitates were further washed with 2 L of water
twice. The presipitates were drigdiinha vacuonmgryerdo obtaxrgueindnedidzde compound B
represented by the following formula. [0098] [Chemical Formula 8] S02 [0099]
4-naphthogquinonediazidesulfonate compound and the
5-naphthoquinonediazidesulfonate compound can also be mixed
and used. There are preferably two or more
naphthoquinonediazidesulfonate structures from the viewpoint
of the resolution.
[0046]
The added amount of the naphthoguinonediazide compound
is not particularly limited, but is preferably 5 to 40 parts
by weight, further preferably 10 to 30 parts by weight, per 100
parts by weight of the polyimide (a). The added amount of the
naphthogquinonediazide compound is preferably not less than 5
parts by weight for obtaining a still better dissclution
contrast. On the other hand, if the added amount of the
naphthogquinonediazide compound is more than 40 parts by weight,
a film or a cured film formed using a photosensitive resin
composition may become fragile.

[0047]

The photosensitive resin composition of the present
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Synthesis Example 11 To 450 g of 1,4-droxane were dissolved 12.7B g (O. OS6 mol) of bisphenol A
and 25.8 g (0.1 mol) of 5-naphthoquinonediazidesulfonic acid chloride (NAC-5 manufactured by Toyo
Gosei CO. Ltd.) under a dry nitrogen stream, and the solution was adjusted to room temperature.
Thereto was added dropwise 12.65 g of triethylamirie mixed with 50 g of 1,4-dioxane while ensuring
that the temperature in the system was not 35C or higher. Thereafter, the mixture was stirred at 40C

for 2 hours. A frigthylaging saltwas filiered, and the filiigte waspoyred, ins water; thereafter, deposited

precipitates were collected by filtration, and further washed with 1 L of 1% aqueous hydrochloric acid.
Thereafter, the:peacipitates were fusthes vasheth wath 2 hrefavaterdwige. lhespretipitates were dried in
a vacuum dryer to obtain quinonediazide compound C represented by the following formula. [01001
[Chemical Forrraa 9fatSOZ {010 SythesistExamigle 12 Toca 360tk flaskvilére piaced 5 g of
2,2'-azobis(isobutyronitrile), 5 g of t-dodecanethiol and 150 a of propylene glycol monomethyl ether
acetate (herﬁﬁ&ﬁéﬁ?ﬁﬁreﬁht\fﬁ%@% EAY STheleateroB67y SEMetiacyie alitt, 35 g of benzyl
methacrylatezaorbdggg igz2%00@519{%9}-1554,7@3@3@Pinq%n%-§%% rr%etyggryggtg.vgege placed, and the
mixture was Stirréd at roorh temperature for some time, air in the fladk was rep][acedgby nitrogen, and

the mixture was-then-stitred at 79Cformbpaues. NextHothesregulting solution wergadded 15 g of

glycidyl methacrylate, 1 g of dimethylbenzylamine and 0.2 g of p-methoxyphenol, and the mixture was
stirred at 90G fared howrs 1g1ebtainan agaticaesin-salutivnl The solidiegncentationaf the obtained
acrylic resin solution was 43% by weight, and the obtained resin had a weight average molecular
weight (Mw) 8f206007and-an aéitnvaltiesst £18 g ROHA.o1veEXeRpReeE fraqa) 2o g of

polyimide A obtained in Synthesis example 1, (b) 2.0 g of OXT-191 (product name; manufactured by
Toagosei CoSth)%nd c) 3.0/ §7of SUihdbAEHRZIdE contPoltnd A W8 Hisdsiled M A SoVent that was

aeetne Aol 3. 4060 e g moul e e o e

considered as selids:ckhareafiers therseluttopvas filtered Yndeypressie Using Awei ght
of the polyimide (a), and preferably substantially no acrylic
resin is contained particularly when the photosensitive resin
composition of the present invention is used as a film.
[0048]

The photosensitive resin composition of the present

invention may contain a surfactant, inorganic particles such
as silicon dioxide and titanium dioxide, additives such as a
crosslinker, a crosslinking accelerator, a sensitizer, a
dissolution adjustor, a stabilizer and an anti-foaming agent,
a silane coupling agent, a titanium chelating agent, a zirconia
chelating agent and so on.
[0049]

It is preferable to add an organic solvent to the

photosensitive resin composition of the present invention.
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filter with a retention particle diameter of 2 um to obtain a photosensitive resin composition (Table 1).
[0103] The obtained photosensitive adhesive was applied onto a PET film having a thickness of
38 pm using a comma roll cater, and dried at 75C for 6 minutes, and a PP film having a thickness of
10 um was then laminated as a cover film to obtain a photosensitive resin composition film. Coating
was performed so that the film thickness of the photosensitive resin composition film was about 25 um.

The Obtai”e%‘éo@?ﬁgﬁ% eadhesiye film was,ysed @ evalpatedhe r§§°'H£i§Qbﬁflee heat resistance,

the adhesion strength and the stress in the manner described previously. [0104] Examples 2 to 12

A photosensitive sesiniempesiioafimwas prepareshibthenmixing ratio shown in Table 1 in the same
manner as in Example 1, and the resolution, the heat resistance, the adhesion strength and the stress
were evaluatéddn the manner described previously. [0105] Example 13 The photosensitive resin
composition of Example 1 was applied by spin coating to a silicon wafer by the method described
above to form a coatedSirt ThEHBtRned proditt Wektdsdd 16 eValtatetheY&sotitiGi, The heat
resistance, the adhesion strength and the stress. [0106] Ex le 14 The photosensitive resin
composition ot Eglafaﬁsplg W%gqgf) r%\ticb{/ls&%n&?g #\g tlo 4 sl ﬁ%)h v?/gpeyr %/n%egg%%ﬁo?d described

above to form acoated filp.The %%Ef%@%qmsm&&%w@%y}e rgsalfionythe heat

resistance, the adhesion strength and the stress. [0107]
glycol monoethyl ether, ethylene glycol dimethyl ether,

ethylene glycol diethyl ether and ethylene glycol dibutyl
ether; acetates such as ethylene glycol monoethyl ether
acetate, propylene glycol monomethyl ether acetate, propyl
acetate, butyl acetate, isobutyl acetate, 3-methoxybutyl
acetate, 3-methyl-3-methoxybutyl acetate, methyl lactate,
ethyl lactate and butyl lactate; ketones such as acetone, methyl
ethyl ketone, acetylacetone, methyl propyl ketone, methyl butyl
ketone, methyl isobutyl ketone, cyclopentanone and
2-heptanone; alcohols such as butyl alcohol, isobutyl alcohol,
pentancl, 4-methyl-2-pentanol, 3-methyl-2-butanol,
3-methyl-3-methoxybutanol and diacetone alcohol; aromatic
hydrocarbons such as toluene and xylene; and others such as
N-methyl-2-pyrrolidone, N-cyclohexyl-2-pyrrelidone,
N,N-dimethylformamide, N,N-dimethylacetamide,
dimethylsulfoxide and y-butyrolactone.
[0051]

The photosensitive resin composition may be filtered

using a filter paper or a filter. The method for filtration
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Comparative Examples | to 3 A photosensitive resin composition film was prepared in the mixing
ratio shown in Table 2 in the same manner as in Example 1, and the resolution, the heat resistance,
the adhesion strength and the stress were evaluated in the manner described previously. [0108]
Reference Example 1 A photosensitive resin composition was prepared in accordance with the
composition described in Table 2, and an attempt was made to form a photosensitive resin

composition film jn the same.manpar a3 Exampleds put cragks, ocauredsdnsa filn statg because the
film was fragile, so that the resolution, the adhesion strength and the stress could not be evaluated.
For the film aftes cwing; oty the heat resistance: wasi evaluatec: {8109} Refereree Example 2

The photosensitive resin composition of Reference Example 1 was applied by spin coating to a silicon
wafer by the méthed desdrilred abeve torfopara todtedifimeThe cbtained prodact Wastused to
evaluate the resolution, the heat resistance, the adhesion strength and the stress. [0110] Example 15
The photoseﬂéﬁﬁ@é Yesin composition film obtained in Example 2 was laminated onto a copper comb
Electrode of LIS =1 Wa/g.g el;\)lnhtc)))é vacuumtlamination. Thereaftert, ltgg %(%ag%% %fll:gg &£ q:ctrode part

. . % O NS1LLLve reglnl Compost
was wiped off with acetone. }éxt, fhe laminate was exposed in an exposure amount of 1000 mJ/cm2

(photometric value, in an i-ling) using-ap dra-digh.pregsutemereutyilamp, and thendeat-treated under
an atmosphere of N, at 200C for 60 minutes in an inert oven to prepare a sample for evaluation. An

insulation reliabititytest f RGO hroumg was corducied yheprtinudusly applyingre voltage of 50 V to
between electrodes of the obtained sample for evaluation under an atmosphere of temperature: 65C
and relative Hurhitlify 8526 Th&fedistanee value WasKepoat"EP10™ 3Pt PO06 holdfsSand therefore
the sample was considered acceptable for the in?glation reliability. For the copper comb Electrode,

such an electrbde AR Tsed fat oh & SfitonWifst ot WhidH a theRnal 8xiae it Aving a thickness of
0.4 p.m was formed.and a silicon nifride fim-having.a thickoess,of 0,8.unwas, formed fhereon, a

chromium ground electrode having a thickness of 0.08 um was pattern-formed and a copper electrode
having a thickpesg-of 4Q4d.teuwasRattesnfarmaddberRobssary can be used. A
photogsensitive resin composition £ilm is obtained by applying
the photosensitive resin composition of the present invention
onto a support, and then drying the applied composition as
necessary.
[0053]

A laminate of the present invention has a support, the
photosensitive resin composition £ilm of the present invention
and a cover film in this order. The photosensitive resin
composgition £film of the present invention is preferably formed
on a support. The support used in the laminate of the present
invention is not particularly limited, but various kinds of
films that are usually commercially available, such as a

polyethylene terephthalate (PET) film, a polyethylene film, a

polypropylene (PP) film, a polyphenylene sulfide film and a
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[0111] Example 16 This Example will be described with reference to Fig. I. First, a Ni layer (10
nm) as an adhesive layer 101 was formed on a silicon wafer 100 and an electroless copper plated
layer (10 um) as a conductor layer 102 was formed thereon by sputtering. [0112] Thereatfter, the
photosensitive adhesive varnish obtained in Example 2 was applied by spin coating onto the substrate
using a spin coater, and dried to form a photosensitive resin composition coating. Thereafter, a via
hole was forrggdlin the phetasensitive yesincempositiongeating byexpesweul-dexglopment, and
the photosensitive resin composition coating was cured by carrying out a heating treatment in an inert
oven to obtaibea istibstratevhianing id viechele Ryerl R (Bigudl@)y 43, anTHiemihephotosensitive
resin composition varnish obtained in Example 2 was applied by spin coating to the substrate using a
spin coater, & pattefi {spacatea)Jonyiiga WififigHoletayerrwas fomiréd Bydryitig: EXPosure and

development, and the wiring hole layer 103 was cured_ by carrying out a heating treatment in an inert
oven to obta X RGbS¥até ARG & \Vid RSIRRTiTing Ak %Ff&lfgﬁ‘ FoER Y %fh%liﬁ,tgl Ni layer

(tnickness) 13,010). 33,01 3dWesive layeraugs dauped on the,subsyalg by sputieng, and electrolytic

copper plating was performed to fill the via hole and the wiring hole with copper plating. Thereafter,

copper plating, gfgswantedareasavera-tereved angithessunfage okag.iasdating filmwas flattened by
chemical mechanical polishing (CM?) to obtain a substrate having a via layer/wiring layer 104 (Fig. 1
(c)) [0115) rardbereaftes, with taryiationef avéatayerwiring dgyer bytherabeveprentioned method
designated as one cycle, the cycle was repeated three times to prepare a multilayer wiring substrate
having total SI&§&fs!in which 4 via layers and 4 wiring layers were laminated. As a result of checking

presence/absence of efe%tstsuch as gegaecgrgglnt %ngn cgascikg.%f nthfel Engulgticr}i?ela regg!g rtlhce prepared
multilayer wiring subSt&t8; thededetects Were ndt oBserved. A% a resulifof chedking conduction

between any Quiefpostwiing layer andiheyndarmpst canguctorlayer inthe peepared multilayer

wiring substrate using a tester, it could be found that conduction was provided between wirings at any
location and thatgesshardgircuitoeerpd hetweenpdjacent wiengs. [Ghielo1es Gampasnds (b) used

in Examples and Comparative Examples are as follows.
cover film include a polyethylene film, a polypropylene (PP)
film and a polyester film. The cover film has preferably a low
adhesion force with a photosensitive adhesive film.
Examples of the method for forming the laminate of the
present invention include a method in which the photosensitive
resin composition of the present invention is applied onto a
film of a support, and dried, and a cover film is laminated to
the surface of the photosensitive resin composition £ilm.
[0055]
Examples of the method for applying the photosensitive
resin composition to the support include spin coating using a
spinner, spray coating, roll coating, screen printing, blade

coating, die coating, calender coating, meniscus coating, bar

coating, roll coating, comma roll coating, gravure coating,
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JER828: EisA type epoxy compound (manufactured by Mitsubishi Chemical Corporation) OXT-191:
Oxetane compound (manufactured 'nyToadosei Ltd.) [0117] {Chemical 101 [0118] EP40038:
Propylene oxide-modified BisA type epoxy resin (manufactured by ADEKA Corporation) JER152:
Phenol novolac epoxy resin (manufactured by Mitsuhishi Chemical Corporation) JER630:
Glycidylamine type epoxy resin(manufactured by Mitsubishi Chemical Corporation) NC3000:

Biphenyl typesepaxy, resin (manvfactiredsdy Nippon,Kayaky Lo, gkt d £ 10 ERICLQUN fregistered
trademark) " 8:30S: BisA type epoxy resin (manufactured by DIC Corporation) [0119] [Table 1] 10T

varies depending on the coating method, the solid concentration
of the composition, the viscosity and so on, but normally the
film thickness after drying is preferably 0.5 um to 80 um
inclusive.

[0056]

For drying, an oven, a hot plate, an infrared oven or the
like can be used. The drying temperature and the drying time
should be in a range which allows an organic solvent to be
volatilized, and it is preferable to appropriately conditions
which ensure that the photosensitive resin composition film is
in an uncured or semi-cured state. Specifically, drying is
preferably carried out at a temperature in a range of 40°C to
120°C for one minute to several tens of minutes. These
temperatures may be combined to elevate the temperature, and
for example, a heat treatment may be carried out at 70°C, 80°C
and 90°C for one minute for each temperature.

[0057]

A method for pattern-processing the photosensitive resin
composition of the present invention and the photosensitive
resin composition film using the same, and a method for
thermocompression to other members will now be described by
showing an example.

[0058]

First, a photosensitive resin composition coating is
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formed on a substrate using the photosensitive resin
composition of the present invention and the photosensitive
resin composition film using the same. The photosensitive
regin composition is applied onto a substrate, and dried as
necessary, whereby a coating can be formed. Examples of the
coating method include spin coating using a spinner, spray
coating, roll coating and screen printing. The coating film
thickness varies depending on the coating method, the solid
concentration of the resin composition, the viscosity and so
on, but normally it is preferable to apply the composition so
that the film thickness after drying is 0.5 pumto 80 pm inclusive.
For drying, an oven, a hot plate, an infrared oven or the like
can be used. The drying temperature and the drying time should
be in a range which allows an organic solvent to be volatilized,
and it is preferable to appropriately set a range which ensures
that the photosensitive resin composition coating is in an
uncured or semi-cured state. Specifically, drying is
preferably carried out at a temperature in a range of 50°C to
150°C for one minute to several hours.

[0059]

On the other hand, if the photosensitive resin
composition film has a cover £ilm, the cover film is peeled of£,
and the photosensitive resin composition £ilm and the substrate
are laminated together by thermocompression such that the

former and the latter are opposite to each other.
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Thermocompression can be performed by a heat press process, a
heat lamination process, a heat vacuum lamination process or
the like. The laminating temperature is preferably not lower
than 40°C from the viewpoint of conformability to ralsed and
recessed portions of the substrate. The laminating
temperature is preferably not higher than 150°C for preventing
deterioration of the pattern resolution due to curing of the
photosensitive resin composition film at the time of
laminating.

[0060]

Examples of the substrate include, but are not limited
to, a silicon wafer, a ceramic, gallium arsenide, an organic
circuit substrate, an inorganic circuit substrate, and these
substrates on which circuit constituent materials are placed.
Examples of the organic circuit substrate include glass base
copper-clad laminates such as a glass fabric/epoxy copper-clad
laminate, composite copper-clad laminates such as a glass
nonwoven fabric/epoxy copper-clad laminate,
heat-resistant/thermoplastic substrates such as a polyether
imide resin substrate, a polyether ketone resin substrate and
a polysulfone-based resin substrate, and flexible substrates
such as a polyester copper-clad £ilm substrate and a polyimide
copper-clad film substrate. Examples of the inorganic circuit
substrate include ceramic substrates such as an aluminum

substrate, an aluminum nitride substrate and a silicon carbide

30



SSC 9g ST Isidlexs, - 00t E'tO Dii ii 0099E alit

substrate, and metal-based substrates such as an aluminum base
substrate and an iron base substrate. Examples of the circuit
constituent material include conductors containing metals such
as silver, gold, copper and aluminum, resistors containing an
inorganic oxide and so on, low dielectric materials containing
a glass-based material and/or a resin and so on, high dielectric
materials containing a resin, inorganic particles having a high
dielectric constant, and so on, and insulators containing a
glass-based material and so on.

[0061]

Next, the photosensitive resin composition coating
formed by the above-mentioned method is irradiated with
exposure light through a mask having a predetermined pattern
to perform exposure. As an exposure light source, an i-line
(365 nm) , an h-1line (405 nm) and a g-line (436 nm) of a mercury
lamp are preferably used. The photosensitive resin
composition film may be exposed without peeling off the support
from the photosensitive resin composition film if the support
is a material that is transparent to these rays. As exposure
equipment, a stepper type exposure system or a mask aligner,
amirror projection type exposure system or the like can be used.
[0062]

For forming a pattern, exposed areas are removed with a
developer after exposure. The developer is preferably an

aqueous solution of tetramethyl ammonium, or an agueous
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solution of an alkaline compound such as diethanolamine,
diethylaminoethanol, sodium hydroxide, potassium hydroxide,
sodium carbonate, potassium carbonate, triethylamine,
diethylamine, methylamine, dimethylamine, dimethylaminoethyl
acetate, dimethylaminoethanol, dimethylaminoethyl
methacrylate, cyclohexylamine, ethylenediamine or
hexamethylenediamine. In some cases, one of polar solvents
such as N-methyl-2-pyrrolidone, N,N-dimethylformamide,
N,N-dimethylacetamide, dimethylsulfoxide, y-butyrolactone and
dimethylacrylamide, alcohols such as methanol, ethanol and
isopropancl, esters such as ethyl lactate and propylene glycol
monomethyl ether acetate, and ketones such as cyclopentanone,
cyclohexanone, isobutyl ketone and methyl isobutyl ketone, or
a combination of several kinds thereof may be included in the
aforementioned agqueous alkali solution.

[0063]

Development can be performed by a method in which the
developer is sprayed to the surface of the coating, a method
in which the developer is deposited on the surface of the
coating, a method in which the filmis immersed in the developer,
a method in which the film is immersed and subjected to
ultrasonication, or the like. Development conditions such as
the development time, the development step and the temperature
of the developer should be conditions which ensure that exposed

areas can be removed to form a pattern.
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[0064]

The developer is preferably rinsed with water after
development. The developer may be rinsed with water plus an
alcohol such as ethanol or isopropyl alcohol, an ester such as
ethyl lactate or propylene glycol monomethyl ether acetate, or
the like.

[0065]

A baking treatment may be carried out as necessary before
development. Consequently, the resolution of the pattern
after development is improved, or the allowable range of
development conditions is increased in some cases. The
temperature of the baking treatment is preferably in a range
of 50 to 180°C, more preferably in a range of 60 to 120°C in
particular. The time is preferably 5 seconds to several hours.
[0066]

After formation of a pattern, a quinonediazide compound
remains in the photosensitive resin composition coating.
Therefore, the compound may be thermally decomposed to produce
nitrogen at the time of thermodecompression or curing. For
prevention thereof, the entire surface of the photosensitive
resin composition coating after formation of a pattern is
preferably irradiated with the above-mentioned exposure light
to decompose the guinonediazide compound beforehand. This
process is referred to as bleaching exposure.

[0067]
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After formation of a pattern or bleaching exposure, the
photosensitive resin composition coating is dried by heating
at a temperature in a range of 60 to 200°C for reducing a solvent,
a volatile component, water, nitrogen and so on that remain in
the photosensitive resin composition coating. The time is
preferably one minute to several hours.

[0068]

The substrate provided with the photosensitive resin
composition coating, on which a pattern is formed, is thermally
compressed on a substrate or any other member to be temporarily
fixed. The thermocompression temperature is preferably in a
temperature range of 100 to 150°C. The pressure during
thermocompression is preferably in a range of 0.01 to 10 MPa.
The time is preferably one second to several minutes.
Thermocompression may be performed under normal pressure, or
may be performed in vacuum for prevention of trapping of air
bubbles and so on.

[0069]

After thermocompression, the photosensitive resin
composition coating is formed into a cured film by heating at
a temperature of 120°C to 400°C. For this heating treatment,
a temperature is selected and elevated stepwise, or a certain
temperature range 1is selected, and the temperature is

continuously elevated for 5 minutes to 5 hours. As one example,

the heat treatment is carried out at 130°C and 200°C for 30
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minutes for each temperature. Alternatively, mention is made
of a method in which the temperature is linearly elevated from
room temperature to 250°C for 2 hours. At this time, the heating
temperature is preferably 150°C to 300°C inclusive, and further

preferably 180°C to 250°C inclusive. The heating treatment may
be performed under normal pressure, or may be performed in
vacuun.

[0070]

The adhesion strength of the bonded object after curing
is preferably not less than 30 MPa from the viewpoint of adhesion
reliability. More preferable is no less than 45 MPa.

[0071]

The film thickness of the cured film can be arbitrarily
set, but is preferably 0.5 um to 80 um inclusive.
[0072]

A semiconductor device having a photosensitive resin
composition cured £ilm will now be described as an application
of the photosensitive resin composition and the photosensitive
resin composition film of the present invention. In recent
vears, semiconductor devices of various structures have been
proposed, and the application of the photosensitive resin
composition of the present invention is not limited to those
described below.

[0073]

The photosensitive resin composition and the
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photosensitive resin composition £ilm of the present invention
can be suitably used as an adhesive for a semiconductor for
bonding, fixing and sealing a semiconductor element, a
semiconductor device, a circuit substrate and a metal wiring
material. The photosensitive resin composition and the
photosensitive resin composition £ilm of the present invention
can also be used as an insulating film for a semiconductor
element, a semiconductor device, a circuit substrate and so on.
The semiconductor device in the present invention refers to not
just a product prepared by bonding a semiconductor element to
a substrate, and a product prepared by bonding semiconductor
elements or bonding substrates, but refers to all devices that
can function by utilizing the properties of semiconductor
elements, and electro-optic devices, semiconductor circuit
substrates and electronic components including them are all
encompassed in the semiconductor device.

[0074]

One example of the method for producing a semiconductor
device using the photosensitive resin composition and the
photosensitive resin composition film of the present invention
is as follows. A first circuit member having a first jointing
terminal and a second circuit member having a second jointing
terminal are placed such that the first jointing terminal and
the second jointing terminal are opposite to sach other. Next,

the photosensitive resin composition film of the present
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invention is interposed between the first jointing terminal and
the second jointing terminal placed opposite to each other to
form a photosensitive resin composition coating.
Alternatively, a varnish of the photosensitive resin
composition is applied to any one or both of the surface of the
first jointing terminal and the second jointing terminal, and
dried to thereby form a photosensitive resin composition
coating. Next, the photosensitive resin composition coating
is patterned to open an area where conduction should be provided
between the first jointing terminal and the second jointing
terminal. Thereafter, the first circuit member and the second
circuilt member are heated and compressed to electrically
connect these circuit members.

[0075]

Electrical connection may be performed after first
forming the photosensitive resin composition coating on the
surface of only any one of the circuit members at the jointing
terminal side, or may be performed after forming the
photosgsensitive resin composition coating on the surfaces of
both the first and second circuit members at the jointing
terminal side. A through electrode may be formed on the first
circuit member and/or the second circult member, and the
jointing terminal may be formed on one surface and/or both the
surfaces of the member. As such as circuit member, a chip

component such a semiconductor chip provided with bumps such
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as a plated bump and a stud bump, a chip Resistor or a chip
condenser, a semiconductor chip having a TSV (through silicon
via) electrode, or a silicon interposer, a substrate such as
a glass epoxy circuit substrate or a film circuit substrate,
or the like is used. A semiconductor device with circuit
members laminated three-dimensionally is obtained by
repeatedly performing such connection as described above using
circuit members having jointing terminals on both the surfaces.
[0076]

In the above-mentioned method for producing a
semiconductor device, by using the photosensitive resin
composition and the photosensitive resin composition film of
the present invention, there can be obtained a semiconductor
device in which the edge of an adhesive after curing is located
at the inner side as compared to the edge of a circuit member,
i.e. a semiconductor device in which occurrence of protrusion
of an adhesgive (fillet) to the outer periphery of circuit
members 1s suppressed after a first circuit member and a second
circuit member are heated and compressed. By suppressing
occurrence of the fillet, the mounting area of the semiconductor
device can be reduced, thus helping make the semiconductor
device lighter, thinner and more compact. Even if the
photosensitive resin composition of the present invention is
not used, occurrence of the fillet can be suppressed as

described above by ensuring that a resin composition coating
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is not formed at the peripheral part of the circuit member
beforehand. In this method, however, alignment is difficult,
and further it is very difficult to form a resin composition
coating at a specific location when the composition is processed
into a sheet of wafer. In contrast, in the method which uses
the photosensitive resin composition and the photosensitive
resin composition film of the present invention, a
semiconductor device in which occurrence of the fillet is
suppressed can be easily obtained by removing a photosensitive
resin composition coating at the peripheral part of the circuit
member by patterning.

[0077]

One example of the method for producing a semiconductor
device in which occurrence of the fillet is suppressed is as
follows. A photosensitive resin composition coating is formed
between a first circuit member and a second circuit member in
the same manner as in the above-mentioned method for producing
a semiconductor device. Next, the photosensitive resin
composgition coating at the peripheral part of the first circuit
member and/or the second circuit member is removed by patterning
the photosensitive resin composition coating. Thereafter, the
first circuit member and the second circuit member are heated
and compressed to bond these circuit members. As a result,
there is obtained a semiconductor device in which a cured

product of the photosensitive resin composition coating does
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not protrude from the first circuit member and the second
circuilt member.
00781

As another application, on a silicon wafer provided with
a CCD or CMOS image gensor consisting of a photodiode or a coloxr
filter and a micro lens array, a photosensitive resin
composition £ilm is attached, or a varnish of a photosensitive
resin composition is applied and dried to thereby form a
photosensitive resin composition coating. The photosensitive
resin composition coating is patterned, and then a glass
substrate is laminated on a left pattern as a support substrate,
and thermally compressed. The laminate is heated to cure the
photosensitive resin composition coating. In this way, there
is obtained an image sensor having a hollow structure, wherein
a semiconductor element and a glass substrate are bonded with
a cured product of the patterned photosensitive resin
composition coating as a barrier wall.
Examples
[0079]

Amethod for preparing a photosensitive resin composition
of the present invention and a method for producing a
photosensitive resin composition sheet, and a methed for
evaluating the properties thereof and the results will be
described more specifically below, but the present invention

is not limited thereto.
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[0080]
<Molecular weight of synthesized polyimides

A polyimide was dissolved in NMP to prepare a solution
having a solid concentration of 0.1% by weight, and a weight
averagen@lecularweightwascalculatedjjltemmsofpolystyrene
by a GPC apparatus Waters 2690 (manufactured by Waters Co.,
Ltd.) having a configuration shown below. For GPC measurement
conditions, the mobile layer was NMP with LiCl and phosphoric
acid each dissolved therein at a concentration of 0.05 mol/L,
and the development rate was 0.4 ml/minute. The column was
warmed to 40°C using a column oven.
Detector: Waters 996
System controller: Waters 2690
Column: TOSOH TSK-GEL «-4000
Column: TOSOH TSK-GEL a-2500
«Imidization ratio of synthesized polyimides

First, the infrared spectrum of a polyimide was measured,
and the presence of absorption peaks (around 1780 cm ™ and around
1377 cm ') originating from an imide structure in the polyimide
was confirmed. Next, the polyimide was subjected to a heat

treatment at 350°C for an hour, the infrared spectrum is then

! pbefore

measured again, and peak intensities around 1377 cm’
and after the heat treatment were compared. The imidization

ratio of the polyimide before the heat treatment was determined

with the imidization ratio of the polyimide after the heat

41



1 acrylic rnain suilO-tion of aymbesis Example: 10 SZI 9961 EC 97.1

treatment set to 100%.
[0081]
<Spin coating of photosensitive resin compositions

A photosensitive resin composition prepared in each of
Examples and Comparative Examples was applied by spin coating
onto a silicon wafer using a spin coater. The rotation time
was 10 seconds, and the number of rotations was adjusted to about
500 to 700 rpm so that the £ilm thickness after drying was about
25 pum. The photosensitive resin composition was dried for 3
minutes on a hot plate at 100°C after being applied.
[0082]
<Lamination of photosensitive resin composition films>

A cover film of a photosensitive resin composition £ilm
prepared in each of Examples and Comparative Examples was peeled
off, the peeled surface was laminated onto a silicon wafer under
conditions of stage temperature: 80°C; roll temperature: 80°C;
degree of vacuum: 150 Pa; attaching rate: 5 mm/second; and
attaching pressure: 0.2 Mpa using a lamination apparatus
(VIM-200M manufactured by Takatori Corporation), and a support
film was peeled off.
[0083]
<Evaluation of resolution of photosensitive resin compositions

A silicon wafer after spin coating or lamination was
pattern-exposed using a mask having a pattern of L/S = 70/70,

60/60, 50/50, 40/40, 30/30, 25/25 and 20/20 um. The exposure
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gap between the mask and the photosensitive resin composition
film was 100 um, and L39 filter transmitted light from an
ultra-high pressure mercury lamp was applied in an amount of
400 mJ/cm® (photometric value in an h-line). After pattern
exposure, exposed areas were removed using a 2.38% agueous
gsolution of tetramethylammonium hydroxide in dip development,
and rinsing was carried out with water. The development time
was 1.5 times ag long as the time taken for exposed areas to
be fully dissolved. The obtained pattern was observed with an
optical microscope, and a minimum size with defects such as
clogging being absent in lines of the pattern was evaluated as
a resolution.
[0084]
<Evaluation of heat resistances

A giliconwafer laminated or applied by spin coating onto
a silicon wafer was exposed in an exposure amount of 1000 mJ/cm®
{(photometric value in an i-line) using an ultra-high pressure
mercury lamp in the manner described above, and then
heat-treated under an atmosphere of N, at 200°C for 60 minutes
in an inert oven (INL-60 manufactured by Koyo Thermo Systems
Co., Ltd.) to obtain a cured film. The obtained cured £ilm on
the silicon wafer wag immersed in 47% hydrofluoric acid at room
temperature for 7 minutes, and then washed with tap water, and
the cured film was peeled off from the silicon wafer. For the

peeled cured film, a thermal weight loss was measured under a
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condition of temperature elevation rate: 10°C under a nitrogen
atmosphere using an apparatus for thermogravimetry (TG/DTA 6200
manufactured by S$II NanoTechnology Inc.), and a temperature at
which the weight loss was 1% with respect to a weight at the
start of measurement was designated as an indicator of the heat
resistance.
[0085]
<Evaluation of adhesion strength»

A silicon wafer laminated or applied by spin coating onto
a silicon wafer was exposed in an exposure amount of 400 mJ / cm?
(photometric value in an h-line) in the manner as described
above. The gilicon wafer after exposure was cut into 50 x 50
mm, placed on a hot plate at 150°C with the photosensitive resin
composition film at the upper side, and preliminarily heated
for one minute, and a silicon chip (2 x 2 mm, thickness: 525
um) was then thermally compressed at a pressure of 0.2 MpPa for
30 seconds to be temporarily fixed. Thereafter, heat curing
was performed at 250°C for 60 minutes using an inert oven under
a nitrogen atmosphere to obtain a sample with a silicon chip
bonded to a silicon wafer with the photosensitive resin
composgition interposed therebetween. The shear strength of
the silicon chip of the sample was measured under the following
conditions, and designated as an adhesion strength.
Apparatusg: Die shear Tester Series 4000 manufactured by Dage

Corporation
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Measurement temperature: 30°C
Sample size: 2 mm x 2 mm
Test speed: 200 um/s
Test height: 300 um
<Evaluation of stress»>

A measurement was made in the following procedure using
a stress measurement apparatus FLX-2908 manufactured by
KLA-Tencor Corporation. First, awarpofaé-inchsiliconwafer
was measured by a stress measurement apparatus and to this
wafer, the photosensitive resin composition £ilm was laminated
or the photosensitive resin composition was applied by spin
coating. This silicon wafer was exposed in an exposure amount
of 1000 mJ/cm® (photometric value in an i-line) using an
ultra-high pressure mercury lamp, and then heat-treated under
an atmosphere of Ny at 200°C for 60 minutes in an inert oven
(INL-60 manufactured by Koyo Thermo Systems Co., Ltd.) toobtain
acured film. A warp of the substrate after curing was measured
by the stress measurement apparatus again, and a stress at room
temperature was calculated from warps of the wafer before and
after formation of the cured film.
[0086]

A polyimide and a quinolinediazide compound used in each
of Examples and Comparative Examples were synthesized by the
following method.

[o087]
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Synthesis Example 1

To 100 g of N-methyl-2-pyrrolidone (NMP) were dissolved
16. 41 g (0.082 mol) of 4,4"'-diaminodiphenyl ether (4,4’ -DAE),
1.24 g (0.005 mol) of 1,3-bis (3-aminopropyl)
tetramethyldisiloxane (SiDA) and 2.73 g (0.025 mol) of
3-aminophenocl (MAP) as an end capping agent under a dry nitrogen
stream. Thereto was added 31.02 g (0.1 mol) of
4,4" -oxydiphthalic dianhydride (ODPA) together with 30 g of
NMP, and the mixture was stirred at 20°C for an hour, and then
stirred at 50°C for 4 hours. Thereafter, the mixture was
stirred at 180°C for 5 hours to obtain a resin solution. Next,
the resin solution was poured in 3 L of water to collect white
precipitates. The precipitates were collected by filtration,
washed with water three times, and then dried in a vacuum dryer
at 80°C for 5 hours to obtainpolyimide 2. The imidization ratio
of the obtained resin powder was 95%.
[0088]
Synthesis Example 2

To 100 g of NMP were dissolved 30.925 g (0.0845 mol) of
2,2-bisg (3-amino-4-hydroxyphenyl) hexafluoropropane (BAHF)
and 1.24 g (0.005 mol) of SiDA under a dry nitrogen stream.
Thereto wasg added 31.02 g (0.1 mol) of ODPA together with 30
g of NMP, and the mixture was stirred at 20°C for an hour, and
then stirred at 50°C for 4 hours. Thereto was added 2.5 g (0.02

mol) of MAP, and the mixture was stirred at 50°C for 2 hours,
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and then stirred at 180°C for S hours to obtain a resin solution.

Next, the resin solution was poured in 3 L of water to collect
white precipitates. The precipitates were collected by
filtration, washed with water three times, and then dried in
a vacuum dryer at 80°C for 5 hours to obtain polyimide B. The
imidization ratio of the obtained resin powder was %4%.
[0089]
Synthesis Example 3

To 100 g of NMP were dissoclved 30.03 g (0.082 mol) of BAHF,
1.24 g (0.005 mol) of SiDA and 3.13 g (0.025 mol) of
4-aminothiophencl as an end capping agent under a dry nitrogen
stream. Thereto was added 29.42 g (0.1 mol) of
3,3',4,4" ~-biphenyltetracarboxylic dianhydride (BPDA)
together with 30 g of NMP, and the mixture was stirred at 20°C
for an hour, and then stirred at 50°C for 4 hours. Thereafter,
the mixture was stirred at 180°C for 5 hours to obtain a resin
solution. Next, the resin solution was poured in 3 L of water
to collect white precipitates. The precipitates were
collected by filtration, washed with water three times, and then
dried in a vacuum dryer at 80°C for 5 hours to obtain polyimide
C. The imidization ratio of the obtained resin powder was 94%.
[0090]
Synthesis Example 4

To 100 g of NMP were dissolved 30.03 g (0.082 mol) of BAHF,

1.24 g (0.005 mol) of SiDA and 4.1 g (0.025 mol) of
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3-hydroxyphthalic anhydride as an end capping agent under a dry
nitrogen stream. Thereto was added 31.02 g (0.1 mol) of ODPA
together with 30 g of NMP, and the mixture was stirred at 20°C
for an hour, and then stirred at 50°C for 4 hours. Thereafter,

the mixture wasg stirred at 180°C for 5 hours. After completion
of stirring, the solution was poured in 3 L of water to obtain
white precipitates. The precipitates were collected by
filtration, washed with water three times, and then dried in
a vacuum dryer at 80°C for 5 hours to obtain polyimide D. The
imidization ratioc of the obtained polymer powder was 96%.
[0091]
Synthesis Example 5

To 80 g of NMP were dissolved 17.60 g (0.088 mol) of
4,4'-DAE, 1.24 g (0.005 mol) of SibA and 1.64 g {0.015 mol) of
MAP as an end capping agent. Thereto was added 31.02 g (0.1
mol) of ODPA together with 20 g of NMP, and the mixture was
stirred at 20°C for an hour, and then stirred at 50°C for 4 hours.
Thereafter, 15 g of xylene was added, and the mixture was stirred
at 180°C for 5 hours while water was boiled with xylene. Afterx
completion of stirring, the solution was poured in 3 L of water
to obtain white precipitates. The precipitates were collected
by filtration, washed with water three times, and then dried
in a vacuum dryer at 80°C for 20 hours to obtain polyimide E.
The imidization ratio of the obtained polymer powder was 95%.

[oos2]
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Synthesis Example 6

To 120 g of NMP were dissolved 16.40 g (0.082 mol) of
4'4-DAE, 1.24 g (0.00%5 meol) of SiDA and 1.64 g (0.025 mol) of
MAP as an end capping agent under a dry nitrogen stream. Thereto
was added 31.02 g (0.1 mol) of ODPA together with 30 g of NMP,
and the mixture was stirred at 20°C for an hour, and then stirred
at 50°C for 4 hours. Thereafter, the mixture was stirred at

180°C for 5 hours to obtain a resin solution. Next, the resin

solution was poured in 3 L of water to collect white
precipitates. The precipitates were collected by filtration,
washed with water three times, and then dried in a vacuum dryer
at 80°C for 5 hours to obtain polyimide F. The imidization ratio
of the obtained resin powder was 95%.
[0093]
Synthesis Example 7

To 100 g of N-methyl-2-pyrrolidone (NMP) were dissolved
16. 41 g (0.082 mol) of 4,4'-diaminocdiphenyl ether (4,4 -DAE),
1.24 g (0.005 mol) of 1,3-bis (3-aminopropyl)
tetramethyldisiloxane (SiDa) and 2.73 g (0.025 mol) of
3-aminophenol (MAP) as an end capping agent under a dry nitrogen
stream. Thereto was added 31.02 g (0.1 mol) of
4,4" -oxydiphthalic dianhydride (ODPA) together with 30 g of
NMP, and the mixture wasg stirred at 20°C for an hour, and then
stirred at 50°C for 4 hours. Thereafter, the mixture was

stirred at 180°C for 2.5 hours to obtain a resin solution. Next,
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the resin sclution was poured in 3 L of water to collect white
precipitates. The precipitates were collected by filtration,
washed with water three times, and then dried in a vacuum dryer
at 80°C for 3 hours to obtain polyimide G. The imidization ratio
of the obtained resin powder was 83%.
[0094]
Synthesis Example 8

To 80 g of NMP were dissolved 11.41 g (0.057 mol) of
4,4"-DAE, 1.24 g (0.005 mol) of SiDA and 6.98 g (0.075 mol) of
aniline as an end capping agent. Thereto was added 31.02g (0.1
mol) of ODPA together with 20 g of NMP, and the mixture was
stirred at 20°C for an hour, and then stirred at 50°C for 4 hours.
Thereafter, the mixture was stirred at 180°C for 5 hours to
obtain a resin sclution. Next, the resin solution was poured
in 3 L of water to collect white precipitates. The precipitates
were collected by filtration, washed with water three times,
and then dried in a vacuum dryer at 80°C for 5 hours to obtailn
polyimide H. The imidizationratio of the obtained resinpowder
was 95%.
[0095]
Synthesis Example 9

To 450 g of 1,4-dioxane were dissolved 21.22 g (0.05 mol)
of TrisP-PA (product name; manufactured by Honshu Chemical
Industry Co., Ltd.) and 26.8 g (0.1 mol) of

5-naphthoquinonediazidesulfonic acid chloride (NAC-5
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manufactured by Toyo Gosel CO. Ltd.) under a dry nitrogen
stream, and the sclution was adjusted to room temperature.
Thereto was added dropwise 12.65 g of triethylamine mixed with
50 g of 1,4-dioxane while ensuring that the temperature in the
system was not 35°C or higher. Thereafter, the mixture was
stirred at 40°C for 2 hours. A triethylamine salt was filtered,
and the filtrate was poured in water. Thereafter, deposited
precipitates were collected by filtration, and further washed
with 1 L of 1% aqueous hydrochloric acid. Thereafter, the
precipitates were further washed with 2 L of water twice. The
precipitates were dried in a vacuum dryer to obtain
guinonediazide compound A represented by the following formula.
[0096]

[Chemical Formula 7]

oQ

[0097]
Synthesis Example 10
To 450 g of 1,4-dioxane were dissolved 12.25 g (0.04 mol)

of Phcc-AP (product name; manufactured by Honshu Chemical
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Industry Co., Ltd.) and 26.8 g (0.1 mol) of
S-naphthoquinonediazidesulfonic acid chloride (NAC-5
manufactured by Toyo Gosel CO. Ltd.) under a dry nitrogen
stream, and the solution was adjusted to room temperature.
Thereto was added dropwise 12.65 g of triethylamine mixed with
50 g of 1,4-dioxane while ensuring that the temperature in the
system was not 35°C or higher. Thereafter, the mixture was

stirred at 40°C for 2 hours. A triethylamine salt was filtered,

and the filtrate was poured in water. Thereafter, deposited
precipitates were collected by filtration, and further washed
with 1 L of 1% aqueous hydrochloric acid. Thereafter, the
precipitates were further washed with 2 L of water twice. The
precipitates were dried in a vacuum dryer to obtain
quinonediazide compound B represented by the following formula.
[0098]

[Chemical Formula 8]

N2
Q: OO : H =2505

[0099]
Synthesgis Example 11

To 450 g of 1,4-dioxane were dissolved 12.78 g (0.056 mol)
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of bisphenol A and 26.8 g (0.1 mol) of
5-naphthoquinonediazidesulfonic acid chloride (NAC-5
manufactured by Toyo Gosei CO. Ltd.) under a dry nitrogen
stream, and the solution was adjusted to room temperature.
Thereto was added dropwise 12.65 g of triethylamine mixed with
50 g of 1,4-dioxane while ensuring that the temperature in the
system was not 35°C or higher. Thereafter, the mixture was

stirred at 40°C for 2 hours. A triethylamine salt was filtered,

and the filtrate was poured in water. Thereafter, deposited
precipitates were collected by filtration, and further washed
with 1 L of 1% agueous hydrochloric acid. Thereafter, the
precipitates were further washed with 2 L of water twice. The
precipitates were dried in a vacuum dryer to obtain
quinonediazide compound C represented by the following formula.
[0100]

[Chemical Formula 9]

CH

3
|
o O f O
CHa
N2
Q: OO : H =1.8:02

[o101]
Synthesis Example 12

To a 500 ml flask were placed 5 g of
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2,2'-azobis (isobutyronitrile), 5 g of t-dodecanethiol and 150
g of propylene glycol monomethyl ether acetate (hereinafter
abbreviated as PGMEA). Thereafter, 30 g of methacrylic acid,
35 g of benzyl methacrylate and 35 g of
octahydro-1H-4, 7-methanoindene-5-yl methacrylate were
placed, and the mixture was stirred at room temperature for some
time, air in the flask was replaced by nitrogen, and the mixture
was then stirred at 70°C for 5 hours. Next, to the resulting
solution were added 15 g of glycidyl methacrylate, 1 g of
dimethylbenzylamine and 0.2 g of p-methoxyphencl, and the
mixture was stirred at 90°C for 4 hours to obtain an acrylic
resin solution. The solid concentration of the obtained
acrylic resin solution was 43% by weight, and the obtained resin
had a weight average molecular weight (Mw) of 10600 and an acid
value of 118 mg KOH/g.
(0102]
Example 1

(a) 10 g of polyimide A obtained in Synthesis example 1,
(b) 2.0 g of 0XT-191 (product name; manufactured by Toagosei
Co., Ltd.) and (c¢) 2.0 g of guinonediazide compound A were
dissolved in a solvent that was diacetone alcohol/ethyl lactate
in a ratio of 40/60. The added amount of the solvent was
adjusted so that the solid concentration was 45% by weight with
components other than the solvent being considered as solids.

Thereafter, the scolution was filtered under pressure using a
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filter with a retention particle diameter of 2 pm to obtain a
photosensitive resin composition (Table 1).
[0103]

The obtained photosensitive adhesive was applied onto a
PET film having a thickness of 38 pm using a comma roll coater,
and dried at 75°C for 6 minuteg, and a PP £ilm having a thickness
of 10 um was then laminated as a cover film to obtain a
photosensgitive resin composition film. Coating was performed
so that the film thickness of the photosensitive resin
composition film was about 25 um. The obtained photosensitive
adhesive film was used to evaluate the resolution, the heat
resistance, the adhesion strength and the stress in the manner
described previously.
[0104]
Examples 2 to 12

A photosensitive resin composition film was prepared in
the mixing ratio shown in Table 1 in the same manner as in Example
1, and the resolution, the heat resistance, the adhesion
strength and the stress were evaluated in the manner described
previously.
[0105]
Example 13

The photosensitive resin composition of Example 1 was
applied by spin coating to a silicon wafer by the method

described above to form a ccated film. The obtained product
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was used to evaluate the resolution, the heat resistance, the
adhesion strength and the stress.
[0106]
Example 14

The photosensitive resin composition of Example 3 was
applied by spin coating to a silicon wafer by the method
described above to form a coated film. The obtained product
was used to evaluate the resolution, the heat resistance, the
adhesion strength and the stress.
[0107]
Comparative Examples 1 to 3

A photosensitive resin composition f£film was prepared in
the mixing ratio shown in Table 2 in the same manner as in Example
1, and the resolution, the heat resistance, the adhesion
strength and the stress were evaluated in the manner described
previously.
[0108]
Reference Example 1

A photosensitive resin composition was prepared in
accordance with the composition described in Table 2, and an
attempt was made to forma photosensitive resin composition £ilm
in the same manner as in Example 1, but cracks occurred in a
film state because the filmwas fragile, so that the resolution,
the adhesion strength and the stress could not be evaluated.

For the film after curing, only the heat resistance was

56



IL addmexs v OUT1 EIlll 061 66 ;D0660 1 col L. os

evaluated.
[0109]
Reference Example 2

The photosensitive resin composition of Reference
Example 1 was applied by spin coating to a silicon wafer by the
method described above to form a coated film. The obtained
product was used to evaluate the resolution, the heat
resistance, the adhesion strength and the stress.
[0110]
Example 15

The photosensitive resin composition film obtained in
Example 2 was laminated onto a copper comb Electrode of L/S =
10 um/10 um by vacuum lamination. Thereafter, the coating of
the electrode part was wiped off with acetone. Next, the
laminate was exposed in an exposure amount of 1000 mJ / cm?
(photometric value in an i-line) using an ultra-high pressure
mercury lamp, and then heat-treated under an atmosphere of N
at 200°C for 60 minutes in an inert oven to prepare a sample
for evaluation. An insulation reliability test of 1000 hours
was conducted by continuously applying a voltage of 50 V to
between electrodes of the obtained sample for evaluation under
an atmosphere of temperature: 85°C and relative humidity: 85%.
The resistance value was kept at 10'° Q up to 1000 hours, and
therefore the sample was considered acceptable for the

insulation reliability. For the copper comb Electrode, such
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an electrode was used that on a silicon wafer on which a thermal
oxide film having a thickness of 0.4 um was formed and a silicon
nitride film having a thickness cf 0.8 um was formed thereon,
a chromium ground electrode having a thickness of 0.08 pum was
pattern-formed and a copper electrode having a thickness of 10
um was pattern-formed thereon.

[0111]

Example 16

This Example will be described with reference to Fig. 1.
First, a Ni laver (10 nm) as an adhesive layer 101 was formed
on a silicon wafer 100 and an electroless copper plated layer
(10 um) as a conductor layer 102 was formed thereon by
sputtering.

[0112]

Thereafter, the photosensitive adhesive varnish obtained
in Example 2 was applied by spin coating onto the substrate using
a spin coater, and dried to form a photosensitive resin
composition coating. Thereafter, a via hole was formed in the
photosengitive resin composition coating by exposure and
development, and the photosensitive resin composition coating
was cured by carrying out a heating treatment in an inert oven
to obtain a substrate having a via hole layer 102 (Fig. 1 (a)) .
[0113]

Then, the photosensitive resin composition varnish

obtained in Example 2 was applied by spin coating to the
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substrate using a spin coater, a pattern (space area) forming
a wiring hole layer was formed by drying, exposure and
development, and the wiring hole layer 103 was cured by carrying
out a heating treatment in an inert oven to obtain a substrate
having a via hole/wiring hole (Fig. 1 (b)).

[0114]

Then, a Ni layer (thickness: 10 nm) as an adhesive layer
was formed on the substrate by sputtering, and electrolytic
copper plating was performed to £111 the via hole and the wiring
hole with copper plating. Thereafter, copper plating of
unwanted areas were removed and the surface of an insulating
film was flattened by chemical mechanical polishing (CMP) to
obtain a substrate having a via layer/wiring layer 104 (Fig.
1 (c)).

[0115]

Thereafter, with formation of a via layer/wiring layer
by the above-mentioned method designated as one cycle, the cycle
was repeated three times to prepare a multilayer wiring
substrate having total 8 layers inwhich 4 via layersand 4 wiring
layers were laminated. As a result of checking
presence/absence of defects such as detachment and cracks of
the insulating layer in the prepared multilayer wiring
substrate, these defects were not observed. As a result of
checking conduction between any outermost wiring layer and the

undermost conductor layer in the prepared multilayer wiring
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substrate using a tester, it could be found that conduction was
provided between wirings at any location and that no short
circuit occurred between adjacent wirings.
[0116]

Compounds (b) used in Examples and Comparative Examples
are as follows.

JER828: BisA type epoxy compound (manufactured by
Mitsubishi Chemical Corporation)

OXT-191: Oxetane compound (manufactured by Toagosei Co.,
Ltd.)
[0117]

[Chemical 10]

[0118]

EP4003S: Propylene oxide-modified BisA type epoxy resin
(manufactured by ADEKA Corporatiomn)

jJER152: Phenol novolac epoxy resin (manufactured by
Mitsubishi Chemical Corporation)

JER630: Glycidylamine type epoxy resin (manufactured by
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Mitgubishi Chemical Corporation)

NC3000: Biphenyl type epoxy resin (manufactured by Nippon
Kayaku Co., Ltd.)

"EPICLON (registered trademark)" 850S: BisA type epoxy
resin (manufactured by DIC Corporation)
[0119]

[Table 1]
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INDUSTRIAL APPLICABILITY

[0121]

, 0 C 00.

According to the present invention, there is obtained a

photosensitive resin composition and a photosensitive resin

composition film, each of which is capable of forming a positive

tone pattern by photolithography, has small stress after

curing, and exhibits a high strength of adhesion with a

semiconductor element and a support member.

DESCRIPTION OF REFERENCE SIGNS

[0122]

100

101

102

103

104

105

silicon wafer
adhesive layer
conductor lavyer
via hole layer
wiring hole lavyer

via layer/wiring layer
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5-> voval/. 0OE-?ea.7)4,0Cuao INDUSTRIAL APPLICABILITY [0121] According to the
present invention, there is obtained a photosensitive resin composition and a photosensitive resin
composition film, each of which is capable of forming a positive tone pattern by photolithography, has
small stress after curing, and exhibits a high strength of adhesion with a semiconductor element and a
support member. DESCRIPTION OF REFERENCE SIGNS [0122]

CLAIMS
1. & photosensitive resin composition comprising: (a) an
alkali-soluble polyimide which has a structural unit
represented by general formula (1), while having a structure
represented by general formula (2) and/or (3) at at least one
end of the main chain; (b) a compound which has two or more epoxy
groups and/or oxetanyl groups in each molecule; and (c) a
guinonediazide compound, wherein the content of the compound
(b) is not less than 20 parts by weight per 100 parts by weight
of the polyimide (a).

[Chemical Formula 1]

o
¢ ,.C
NP1
—N__ R /N-——Rz (1)
§ 18
R
(R3) ( );3
a
‘(.?:
x—N" T (@)
/
¢
O
0O
‘I:l;
Y ON— (3)
C
|
o
2. The photosensitive resin composition according to claim

1, wherein the compound (b) is a compound having two or more
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100silicon wafer 101 adhesive layer 102conductor layer 103via hole layer 104wiring hole layer 105 via
layer/wiring layer CLAIMS 1. A photosensitive resin composition comprising:an alkali -soluble
polyimide which has a structural unit represented by general foimula (1), while having a structure
represented by general formula (2) and/or (3) at at least one endofthemainchain; (b) a compound
which has two or more epoxy groups and/or oxetanyl groups in each molecule; and (c) a
auinonediazidg sgmpeudngswherein the content of the compound (b) is not less than 20 parts by
weight per 100 parts by weight of the polyimide (a). [Chemical Formula 11 9 N---- RIN-R2 cz 045 (R
e)) x-NC-0 3. The photosensitive resin composition according to claim

1 or 2, wherein the imidization ratic of the polyimide (a) is
not less than 90%.

4. The photogensitive resin composition according to any of
claims 1 to 3, wherein the content of the compound (b) is not
less than 40 parts by weight per 100 parts by weight of the
polyimide (a).

5. The photogensitive resin composition according to any of
claims 1 to 4, wherein the content of an acrylic resin contained
is less than 10 parts by weight per 100 parts by weight of the
polyimide (a).

6. A photosensitive resin composition film comprising: (a)
an alkali-soluble polyimide which has a structural unit
represented by general formula (1), while having a structure
represented by general formula (2) and/or (3) at at least one
end of the main chain; (b) a compound which has two or more epoxy
groups and/or oxetanyl groups in each molecule; and (c¢) a
guinonediazide compound, wherein the content of the compound
(b) is not less than 20 parts by weight per 100 parts by weight
of the polyimide (a).

[Chemical Formula 2]
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I C,_YN(3)..0"--110 2. The photosensitive resin composition according to claim 1, wherein the
compound (b) is a compound having two or more epoxy groups. 3. The photosensitive resin
composition according to claim 1 or 2, wherein the imidizaton ratio of the polyimide (a) is not less than
90%. 4. The photosensitive resin composition according to any of claims 1 to 3, wherein the content of
the compound (b) is not less than 40 parts by weight per 100 parts by weight of the polyimide (a).
S.The photosensitive resin composition according to any of claims 1 to 4, wherein the content of an
acrylic resin contained igess tha‘q 10 parts by weight per 100 parts by weight of the polyimide (a). 6.A
photosensitive resin congaosition @y comprising: (a) an alkali-soluble polyimide which has a structural
unit represented-by?geQer@ ula/('_ﬂ ~Whitetraving a(structure represented by general formula (2)
and/or (3) at at least one(,;end ft ) main chain; (b) a compound which has two or more epoxy groups
and/or oxetanyl groups i@eac lecul¢engl (c) a quinonediazide compound, wherein the content of
the compound (b) is not Iesz R\%\r;mzo parts byRveight per 100 parts by weight of the polyimide (a).
[Chemical Formula 2] 0 o
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7. The photosensitive resin composition film according to

claim 6, wherein the compound (b) has two or more epoxy groups
in each molecule.

8. The photosensitive resin composition film according to
claims 6 or 7, wherein the content of the compound (b) is not
less than 40 parts by weight per 100 parts by weight of the
polyimide (a).

9. The photosensitive resin composition film according to
any of claims 6 to 8, wherein the content of an acrylic resin
contained is less than 10 parts by weight per 100 parts by weight
of the polyimide (a).

10. A laminate comprising a support, the photosensitive resin

composition film according to any of claims 6 to 9, and a cover
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Il c N14--Ft2- (1) NcV u (R13\(5(R4 ) la 9 X-N 0 Y"™N(3) O 7. The photosensitive resin composition
film according to claim 6, wherein the compound (b) has two or more epoxy groups in each molecule.
8. The photosensitive resin composition film according to claims 6 or 7, wherein the content of the
compound (b) is not less than 40 parts by weight per 100 parts by weight of the polyimide (a). 9. The
photosensitive resin composition film according to any of claims 6 to 8, wherein the content of an
acrylic resin ggntaingd isHess thar 40 parts by weight per 100 parts by weight of the polyimide (a). 10.
A laminate comprising a support, the photosensitive resin composition film:according to any of claims
6 to 9, and atover finrinthispordéncilo A cheediprodaetsfithevphotosensitive cesin tomposition

according to any of claims 1 to 5 or of the photosensitive resin composition film according to any of
claims 6 to 9&2ccording to any of claims 1 to 5 or of the photosensitive resin

composition f£ilm according to any of claims 6 to 9.

12. A semiconductor device comprising a cured product of the
photosensitive resin composition according to any of claims 1
to 5 or of the photosensitive resin composition £ilm according
to any of claims 6 to 9.

13. A semiconductor device comprising a cured product of the
photosensitive resin composition according to any of claims 1
to 5 or of the photosensitive resin composition £ilm according
to any of claims 6 to 9 between circuit members, wherein the
edge of the cured product is located at the inner side as compared
to the edge of a circuit member.

14. A semiconductor device obtained by interposing the
photosensitive resin composition according to any of claims 1
to 5 or the photosensitive resin composition film according to
any of claimsg 6 to 9 between a first circuit member and a second
circuit member, opening a desired area by patterning, and then
electrically connecting the first circuit member and the second
circuit member by heating and compression, wherein the edge of
the photosensitive resin composition or the photosensitive
resin composition film is located at the inner side as compared
to the edges of the first circuit member and the second circuit

member.
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12. A semiconductor device comprising a cured product of the photosensitive resin composition
according to any of claims 1 to 5 or of the photosensitive resin composition film according to any of
claims 6 to 9. 13. A semiconductor device comprising a cured product of the photosensitive resin
composition according to any of claims 1 to 5 or of the photosensitive resin composition film according
to any of claims 6 to 9 between circuit members, wherein the edge of the cured product is located at
the inner side as compatad isthe.edge of a ¢irguit membesn dd-A-semicanductor deyicg obtained by
interposing the photosensitive resin composition according to any of claims 1 to 5 or the photosensitive
resin compositiendiaaceereing tearnysahctaimsot 1a obetween i tirsteeirediy membet aad a second
circuit member, opening a desired area by patterning, and then electrically connecting the first circuit
member and thesdécond Eireurthmentserty: heatingsind compressiban wiidrein #veedyeof the
photosensitive resin composition or the photosensitive resin composition film is located at the inner

side as comparedts the Edgeddf thé First EFcdit nFemBer AMFHEsecénd Thtbitamber. 15.A
method for produeing & semiconduelor device, whetein Jhg potosensitive resin compasiton
according- to any of claims {0 5 or the phatosensitive resin composition film according to any of

claims 6 to 9 s, interposed-between-afirst ciscit memberaand a-3econd,cirepit maraherand the first
circuit member and the second circuit member are electrically connected by heating and compression.

heating and compression.
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