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. na;ﬁe$ilpif11}mmqin@ gretdbdfilm thereof. More particularly,

SF- 1043 1 DESCRI PTI ON PHOTOSENSI TI VE RESIN FI LM AND
CURED FI LM THEREOF TECHNI CAL FI ELD The present

i AdRfBon rel ates to a photosensitive resin film and

a cured-filmthereof. Mre particularly, the
invention relates to a photosgnsitive resin film
favorably used for form ng bunps by photo-application
and 10 a cured filmthereof. BACKGROUND ART

Phot o-application is a general termof technology to
manuf acture vari ous precpggeriparby by a process 15
conprising applying a radi ation-sensitive resin
conposition to a surface of a workpiece, then
patterning the coating film by photolithography and

f Orgy ' |
e Cal SIS DR 16, C BN M i B 3P ramreor

el ectroplating, singly or in 20 conbi nation, using the
patterned filmas a mask. This photo-application is
the main streamof precision fine work technol ogy at
present. In recent yeaf&CHHY; zi ng of -

el ectronic instruments such as cellular phones, high

i nt egr B¢ oA SFRNISFLNVEBi gn Mg tat ey efo netRid tostn ot bie
LSI have been rapidly advanced, and application of a

the invention relates to a photosensitive resin film

favorably used for forming bumps by phote—-application and

a cured film thereof,.

BACKGROUND ART N
Photo-application is a general ferm of technology to |
manufacture various precision parts by a process
comprising applying a radiation-sensitive resin
composition to a surface of a workpiece, then patterning
the coating film by photolithography and performing |
electreforming techniques, such as éhemical etching,
electrolytic etching and electroplating, singly or in
combination, using the patterned film as a mask.A This
photo-application is the main stream of precision‘fine
work technology at present.
| In recent years, with downsizing of electronic

instruments such as cellular phones, high integration and
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to boards (printed wiring boards, referred to as
"board(s)" sinply hereinafter) that are used for
mlinffhg 5 LSl on el ectronic instrunents has been
desired. For exanple, bear chip nounting by TAB
systemor flip chip systemha&s been paid attention.
In such a multipin nounting nethod, a.protruded

el ectrode called a bunp that 1is a connecting term na
needs to be arranged on a LSI 10 chip with high
prettsiaperandchllisatbodgbt Lbat hater pBELORaE g@ybunp
Wi th nmuch higher precision will be -further required
IQdﬁﬂﬁcéﬁtUéﬁdtQp%QPEaﬂ&éH ber bhen1 1 48YAshatngi R kSknod
chi ps. There are bunps of various shapes, such as-bal

beapboa}ésnpﬁ@{ﬂegabwgg%ﬁﬁdb§%§agghie?g eqaPd LB the

conventi ona bunps, el I'§ mainly n | €ss

R TG PR L X0 20, 080

‘helLght, the present,inventors have already proposed a
DB Pt o o

ERRLTt 1RRLFRRRRCE ohpBsPErBndERAaFefls For
preferable as a bunp-formng or wiring-formng _
nEX P LF/ | ApRBVERL P MowyhERY oRYt BAR SVBEERaPE Paiphenip
devel opnent stage of photolithography, wettability
Wk Y Hitem phas | peer adaid ont bert iph at iy sotiutd emultipin
resi stance (Japanese Patent Laid-Qpen SF-1043 3
Rudrh TH g ore Nood 3% O @0003ed | é1ébEBode called a bump that
radi ati on-sensitive resin conposition is used in the
photo-capié cainPntetni Dunméonsdi g WAt gFtahgdBadn a LS
exhi bits excel |l ent :

chip with high precision, and it is thought that

formation of a bump with much higher precdision will be

- further required in the future to cope with further

downsizing oerSI chips.

There are bumps of various shapes, such as ball bumrp,
mushroom bump and straight bump, and in the conventiénal
bumps, the height is mainly not less than 15 pum, more
specifically about 20 to 30 um.

With respect to a material té form a bump of such a
height, the present inventors have already proposed a
radiation-sensitive resin composition that is preferable
as a bump-forming or wiring-forming material improved in
adhesion to a subétrate in the development stage of
photolithography, wettability with a plating solution and

plating sclution resistance (Japanese Patent Laid-Open
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dévelopability wi th an al kali devel oping solution, 5
ﬁ% b ient resolution in a filmthickness of not |ess
t M m adhesion to a substrate in the devel opnment

- stage, wettability with a plating solution and plating

sol ution resistance can be obBai ned, and hence,

formation of a bunp having a height of about 20 to 30
mw th high 10 precision beconmes feasible. By the

way, when a LSI chip and a board are connected by a
bRipl ‘asa et riidpe o3 BHOVAS 0 @0 5t r €95 tits s brealighti cabauwtnsiyrive
a difference in a coefficient of thermal |I|inear
exqais | esmbet Weiesh the Jssid chi prlad dolidieo -boas T cantbrl b a
they are sonetines disconnected. To inhibit such

1eRpeed ihd aid tee ANdr i Or ebanser s eliabiidty of an
elenent it 1s desirable to increase the anmpbunt of

to thereby frﬁ; ax t*ﬁﬁﬁ%” ﬁeﬁ}@pﬁg@&%@%ﬁart

d ' pitch"
A SIS 8 Qi e o

t cQ vent| LSI chi ps, area of the gold, or
fQ} 51 Tb%ﬁ%% Gt e TRLS iy UFRe (IRT MR

of gold or solder However, if the pitch is narrowed

e "Bt IRRHEC it P Bt Higpe LuH amsnd pheting
area of the gold or solder portion cannot be
| STl eS| T e Tararefeate, be b hmingd, ofnd Heebeep Fregestion
to be increased to assure the amount of gol d or
sof dercunhioweeing id s gt enptabbeut a@omteo BoMuwfwath high
greater
precision becomes feasible.

By the way, when a LSI chip and a board are
connected by a bump as described asbove, a stress is
brought about by a difference in a coefficient of thermal
linear expansion between the LSI chip and the board, and
they are sometimes disconnected. To inhibit such
connection failure and to enhance reliability of an
element, it is desirable to increase the amount of gold
or solder of the bump that is a connecting part to
thereby relax the stress. In this case, if a distance
(also referred to as a “pitch” hereinafter) between bumps
is relatively wide as in the conventional L3I chips, an
area of the gold or solder portion can be increased to

assure the amount of gold or solder. However, if the

pitch is narrowed because of higher precision of bumps,
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.5 height (also referred to as a "high bunp”
h inafter) on a LSI chip (also referred to as a
g shor

sinply hereinafter) with high precision by
means of photo- application is made using a materi al
conprising a radiation-sensifive resin conposition
that is used in the 10 usual bunp formation, the
follow ng problemis brought about. That is to say,
it isdifficult to form on a chip substrate, a
cloze i axed i dIn Hoawiggld 91 | s ldd ksl omeseysar yod or
form ng a high bunp, and even if a coating 15 fil m of
sirediraa fed,m drd clineisst @iedn, biehd digveght tde fhd migs needs to
|l ow transm ttance. Therefore, when the filmis
& ath @t &t vt Attt 4100, akens WA agel Pfot hep fddm
is cured but the portion near the chip substrate is

not  siffdwlentdy GUred . And Pnseqientd iy & desifthrer

pattern 20 cannot be obtai'ned wi th high precision.
a

Y der, [
Al TR a0 el E G Bl YR A e on
ear tly. studied, d as result,, SF-1043 5 they
VT G 1 1 SRR i 58  exan S n
uncured state, which conprises (A). a specific al kali -
SYHIRARA Tl yHer? TR PXRolat Hai TR st f et e
et hyl enical ly unsaturated double bond and (C) a 5
raRi -t GonL@enis made ragithla pult yaterd Iz et F5ing a or
by the use of which a coating filmhaving a dry film
radiation-sensitive resin composition that is used in the

usual bump formation, the following problem is brought
-about.

That is to say, it is difficult tc form, on a chip
substrate, a coating film having a film thickness
necessary for forming a high bump, and even if a cocating
film of such a film thickness can be formed, the film has

a low transmittance. Therefore, when the film is

“irradiated with a radiation, the surface of the film is

cured but the pertion near the chip substrate is not
sufficiently cured, and consequently, a desired pattern

cannot be obtained with high precision.

DISCLCSURE QOF THE INVENTION

Under such circumstances as described above, the

present inventors have earnestly studied, and as a result,
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t hi ckness of 70 min an uncured state has a 365 nm

- radi ion transmttance of not | ess than 10% and a 405
fiSLes

iation transmttance of not |ess than 60%
contains 10 the radi ation-sensitive radica
pol ymeri zation initiator (CS5in an anount of 20 to 40
parts by wei ght based on 100 parts by weight of the
conmponent (A) and has a dry film thickness of not
| ess than 50 gm is favorable for form ng high bunps.
Based fave hipodnddigt & hehpresemilbve nventn ofi lasin an
been acconplished. That is to say, it is an object of
turecypr e esttat 4 Nuweid ¢l ncdfp P vt dgnja Phob@seiss taMesli-

resin filmthat is favorable for bunp formati on by

WG PR d st yd ANB A 5 Ggshddd mibereofs MIS one

particularly, it is an object 20 of the Tnvention to

RO 8 2. PO ASENS IS RULd Ilind M| B f Y or abl &

orm ng Bunps having a not | ess than 50

nd . il f.. - . ificall
SRS, Ba L SIRfeely SR 8 Shee flalle by

SEEOLAPS A RN B S LD ASE  ory cinn

al kal i -sol ubl e copol ynmer conprising (a) 5 constituent

Uit nrsas vdld 14 di altmearhyinguisdirdsg/sr yrasmes 36 nm

‘amounts of 1 to 30% by weight, (b) constituent units

derd haddl oty diman steidi esicp ol iy et Zed e Wompolifd draiangt @b nm
carboxyl group, in amounts of 5 to 20% by wei ght, (c)
coatsita ttigentt nari sl idenoed f men dresscryflare &8 ,d contains

al i phatic ' _

the radiation-sensitive radical peolymerization initiator

(C) in an amount of 20 to 40 parts by weight based on 100

parts by weight of the component {(A) and has a dry film
thickness of not less than 50 um, is favorable for
forming high bumps. Based on the finding, the present
invention has been accomplished.

That is to say, it is an object of the present
invention to provide a photosensitive resin film that is
favorab;e for bump formation by photo-application and a
cured film thereof. More particularly, it is an object
of the invention to provide a photosensitive resin film
that is favorable for forming bumps having a height of

not less than 50 pum and a cured film thereof.
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10 ester, in amounts of 20 to 40% by wei ght, and (d)
C [fuent units derived froma radical polynerizable
c@g‘gé{%d having a polycyclic aliphatic group, in

anounts  of 30 to 60% by weight, (B) a compound having

at | east one ethylenically 16 unsaturated double
bond, and (C) a radiation-sensitive radical
pol ymeri zation -initiator by the use of which a
coating filmhaving a dry filmthickness of 70 min
an undured Siealel hasthe 385 owensidi ate oresimaniinint tiancn
of not less than 10% and a 405 nm 20 radiation
turansmned tsince: ofcomtdimgstd hidie G senmhelreianthen is =
radi ation-sensitive radical polynerization initiator
(BBloti s et 8 e dr d Y A NF AW Widm®f 1 s 20y £ 0 40 parts by
wei ght based on 100 parts by wei ght of SF-1043 7 the
compongfit ) : rYAfd | i Sai

et dfNa1and Ay fd %ﬁames@s%@rl%r% (Ia)

phot osensitive resin filmis not an 50 m 1In

t Qf. osensi tive resin fi the c oun

g R SR S b o 1 e G b g wrene,

ban i,s preferably caontained .in amount, .of 30.to,

o s e o L PN M b, 10 B gery dis

al kal i -sol ubl e Cofﬁl'g:l[ mer (A). I n the photosensitive
WSS 1TRO% e TR %yl- B 1 33dplet yrrmpquayd having a

preferably has a glass transition 10 tenperature of

HRTAGHEr 0P /600 anpuHes phbtDstensidd vy s di | tg)

t he constituent
constituent units derived from an acrylic acid aliphatic

ester, in amounts of 20 to 40% by weight, and (d)

constituent units derived from a radical polymerizable
compound having a polycyclic aliphatic group, in amounts
of 30 to 60% by weight,

{(B) a compound having at least one ethylenically
unsaturated double bond, and

(C) a rédiation—sensitive radical polymerization
initiator by the use of which a cecating £ilm having a dry
film thickness of 70 um in an uncured state has a 365 nm
radiation transmittance of not less than 10% and a 405 nm
radiation transmittance of not less than 60%,

wherein the radiation-sensitive radical
polymerization initiator (C) is contained in an amount of

20 to 40 parts by weight based on 100 parts by weight of
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units (d) derived froma radical polynerizable
cgﬁg&@ havi ng a pol ycyclic aliphatic group, which
ute the alkali-soluble copolynmer (A), are
preferably those 15 derived from i sobornyl
(nmeth)acrylate and tricyclo 7 5.2 . 1 . 02" 6 ]
decanyl (neth) acrylate . In the photosensitive resin
film the radiation sensitive radical polynerization
initiator (C) preferably conprises (e)
2t 12e deorbdroxyt | (72- digrherey | dt hafrekn -tonieclareb 20 f faid
2,4,6-trimethyl benzoyl di phenyl phosphi ne oxi de, and

tibigo 2o Lerth Tt 0 XYed 1r2- B pheny | edhanssd -1 (%)
preferably contained in an amount of 17 to 30 parts by

vei ghtranehd i dbdrd 14 1Rt hwd benzoyildi phendahospii ng)

oxide (f) is preferably contal ned in an anmount of 3 to

4
\]/\}e%ﬁrtl g%?lh%é)@rirgef i-s @ol yier Lg]%lt (ﬁr&&l@e dbond
t t d
1 mobea o s ot ﬁf’raeﬂagn' ”%qi%}tgio %8 SYadires by
f I t at t
f"{’efjrr]%fl&fir;r%ﬁrj curej(d%s a e %ﬁq{is%py |ve relsi M lwble
conprl si ng (a) constit uent un| ts deri ved from

SCRRAAAL plihydr oxystyrene, in amounts of 1 to 30% by
WGI ght , (b) constituent units 10 derived froma

radi caln péley b trasins 1 tdorpatard thafdilng  £heardddsglli-soluble
group, in amounts of 5 to 20% by wei ght, (c)

cumstl smeent (Aunigrse arabhled Hasom arlzacr Wranhsaciicbn

al i phatic

temperature of not lower than 60°C.

In the photosensitive resin film, the constituent
units (d} derived from a radical polymerizable compound
having a polycyclic aliphatic group, which constitute the
alkali-soluble copolymer (A), are preferably those
derived from isobornyl (meth)acrylate and

tricyclo[5.2.1.0% % decanyl (meth)acrylate.

In the phctosensitive resin film, the radiation-

- sensitive radical polymerization initiator (C) preferably

comprises (e) 2,2-dimethoxy-1,2-diphenylethane-1-one and
(£) 2,4,¢6-trimethylbenzoyldiphenylphosphine oxide, and
the 2,2-dimethoxy-1,2-diphenylethane-l-one (e) is
preferably contained in an amount of 17 to 30 parts by
weight and the 2,4, 6-trimethylbenzoyldiphenylphosphine

oxide (f) is preferably contained in an amount of 3 to 10
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ester, in amounts of 20 to 40% by wei ght, and (d)
constituent units derived froma radical

p%ﬁ}%}i zabl e 15 conpound having a pol ycyclic

al i phatic group, in amunts of 30 to 60% by wei ght,
(B) a compound having at | eas8 one ethylenically
unsat ur ated doubl e bond, and (C) a radiation-sensitive
radi cal polynerization 2 0 initiator by the use of
which a coating filmhaving a dry filmthickness of
70artm by e gincurledsstiabe had waB6d yn wahghat bOnthe
transmttance of not |ess than 10% and a 405 nm

ratkal -5 Tusns edpangeepf (Apt |1 ess than 60% SF-1043
9 in said photosensitive resin film the radiation-

sensi tiwye a@dé(fahmlw&sf&ﬂ oy, i d @f@% ed© érﬁ@ion is

contained in an anount of 20 o 40 par y vvel ght
aﬁé%d@”fl”#? i D o T

f|| not Iessthan 50 m
re e e %%%?%swt%v%m% %CAH)% resin
Jgjaj;mre detail 10 hereinafter. The photosensitive
resth $99RA AR uncured state according to the.
i nvention conprises (A a specific alkali-soluble
copol yifer ,ax @l@kmmﬁmlmmn@lmen eEnpriohing (a)
et hyl eni cal ly unsaturated double bond and (C) a 15
reaxdh st i orerse ngi it v edgadved| £ipah yooeid Zapl-op-h it oy Of yrene,
by

in amounts of 1 to 30% by weight, (b) constituent units

‘derived from a radical polymerizable compound having a

carboxyl group, in amounts of 5 to 20% by weight, (c)
constituent units derived from an acrylic acid aliphatic
ester, in amounts of 20 to 40% by weight, and (d)
constituent units derived from a radical polymerizable
compound having a polycyclic aliphatic group, in amounts
of 30 to 60% by weight, |

(B} a compound having at least one ethylenically
unsaturated double bond, and

(C) a radiation—senéitivé radical polymerization
initiator by the use of which a coating film having a dry
film thickness of 70 pm in an uncured state has a 365 nm
radiation transmittance of not less than 10% and a 405 nm

radiation transmittance of not less than 60%,
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.the use of which a coating filmhaving a dry film

tgédﬁéness of 70 min an uncured state has a 365 nm

{5 on transmittance of not less than 10% and a 405
nm radiation transmttance of not |ess than 60%
contains 20 the radiation-sen8itive radical

polyneri zation initiator (C in an anount of 20 to 40
parts by wei ght based on 100 parts by weight of the
conmponent (A), and has a dry film thickness of not

| ess tirarse60l h@re 4604381 10vd rativert Mow,dsthe tradiation—
desirable that the photosensitive resin filmin an
wnaie e & ated BegDrsh Igne £ D24 thieor. et i Do hasca shg
filmthickness of not less than 50 nm conprises (A

aspedidde @l kal | am@hiPl & £PP Yidrpa£8) @¥ed A $ased

having at | east one ethylenically unsat ura ubl e

%%?Sln@f’@;‘arﬁsoﬁwn.t.%%%?&sﬁ? TR B and 2 ary
ql hcir}: n§§ t Iye?a(%gga;% al’rhcp a SJ] rJRZ/e:t#eg%Jrrbafllm being

. oI zﬁrl zatl on |n|t| ator of such a type and such an

e5hdthathei dfoating filmhaving a dry film
thi ckness of 70 min an uncured state containing at
| east the copolyner (A), the conpound (B) and the 15
radi ati on-sensitive radical polynerization initiator
(O is fBEMdMAD e FORatCARGYIINGMONE's TEES EFViliT TON
radiation .transmttance of not [ess than 10% and a
405 nMheadirsgdaort invention is described in more detail

'hereinéfter._

The photosensitive resin film in an uncured state
according to the‘invention comprises (A) a specific
alkali-soluble copolymer, {(B) a compound having at least
one ethylenically unsaturated double bond and (C) a
radiation-sensitive radical polymerization initiator by
the use of which a coating film having a dry film
thickness of 70 pm in an uncured state has a 365 nm
radiation transmittance of not less than 10% and a 405 nm
radiation transmittance of not less than 60%, contains
the radiation-sensitive radical polymerization initiator
{C} in an amount of 20 to 40 parts by weight based on 100

rarts by weight of the_component (&), and has a dry film

‘thickness of not less than 50 pm.




.10

15

20

transmittance of not |ess than 60% and this

rgghﬁéion- sensitive radical polynerization initiator

( 20 contained in an anount of 20 to 40 parts by
wei ght based on 100 parts by wei ght of the conponent
(A). First,. each conmponent i} described. (A)

Al kal i - sol ubl e copol yner SF- 1043 11 The

al kal i -sol ubl e copol yner used in the photosensitive
resin filmof the invention is a copolyner having

al kal i Izt ? ivgrdandi conpridsesralilhy Torstiheent

units derived from a-nethyl-p- 5 hydroxystyrene, (b)
comnsté s eresnt t v t seslion | el frromm unedwckdattate according
pol ymeri zabl e conpound having a carboxyl group, (c)
constihd UBi¥ et 615 J6tes | ¥ edlr § rOMmMN1IRCEYhd €5 86F thot less
aliphatic ester and (d) constituent units derived from

ach 4208 € ahm POLYREF | 2801 €a CoiPOLnGk PRV Doy £ POl yLyeld C
10 aliphatic group. The al kal i-sol ubl e copol ynmer can

b d ubj i I f
d(g??%%&fe'hepé{c}onét |%H§g%%ﬂ@u%%%9¥g§é t%&?%? (f%gr adi cal
copol rization in an . .appropri ate sol vent, K so that
(e AT Ueh T T L 10 (4051 ] TRt b @
contained in the |ater-descri bed given anmounts., (a)

HEET HLRINTS ST A Ut | AR S bRl Wi yFatfplon 1nitiator, and
hydr oxystyrene The constituent units (a) are derived
firteht a- net hyl -

the radiation-sensitive radical polymerization
initiator (C) is a radiation-sensitive radical
polymerization initiator of such a type and such an

amount that when a coating film having a dry film

- thickness of 70 uym in an uncured state containing at

least the copolymer (A), the compound (B) and the

radiation-sensitive radical polymerization initiator (C)

is formed, the coating film has a 365 nm radiation
transmittance of not less than 10% and a 405 nm radiation
transmittance of not less than 60%, and this radiation-
sensitive radical polymerization initiator (C) is
contained in an amount of 20 to 40 parts by weight based
on 100 parts by weight of the component (A}.

First, each component is described.

{A) Alkali-soluble copolymer
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20 p-hydroxystyrene and mainly control a nol ecul ar
Wﬁi?@%%Of the al kal i -sol ubl e copol yner. The anount of
t'he stituent units (a) derived from

a- met hyl - p- hydroxystyrene in the al kali-sol ubl e
copolymer (A) is in the rangd of usually 1 to 30% by
wei ght, SF-1043 12 preferably 5 to 20% by wei ght. Wen
the amount of the <constituent units (a) in the

al kal i -sol ubl e copolyner (A) is in the above range,

t he nolfhe d-dea Mei ghtulofe tdnponasait tuseyd copdiharer (A)
can be sufficiently increased, 5 formation of a film
hetvi tnepend it iwd hiekivesSi of odtthesknvémaiob O anbeogpEsymer
feasible, and resolution of the resulting
photiosensl td ve-dERiti Tidyn bacomesmexcadd ent.  (b)

- Constituent unit derived fromradical polynerizable

conpoung nﬂﬁgﬂggﬁﬁ%ggX¥¥L§H(Hg%f%%d'%Eéﬁ"&ﬁdéﬂﬁggﬁgg

units (b) ar om a radical ~polyneri

foli A ER e R R

I . . " boxyl d"
A RS A Rl i L ATORA e

t 15 al kali-sol ubl e copol yner_(A). Exanples of the
DGR ot o FE A by 21 e acid
monocar boxylic acids, such as acrylic acid, _

Pt YA G ©stadi Prghd Br stovitel targnk wiidar stpgiivad from a
acids, such as maleic acid, fumaric acid, citraconic
daEidd,ca2) prlsarssni zatde danmbuinddaninad golycyelic
(meth)acrylic acid :

aliphatic group.

The alkali-soluble copolymer can be obtained by

- subjecting compounds capable of deriving the constituent

units (a) to (d) to radical copolymerization in an
appropriate solvent so that the conétituent units (a) to
(d) should be contained in the later-described given

amounts.

(a) Constituent unit derived from a-methyl-p-

hydroxystyrene

The constituent units (a) are derived from a—methyl-

- p~hydroxystyrene and mainly control a molecular weight of

the alkali-soluble copolymer.
The amount of the constituent units {a) derived from

o~-methyl-p-hydroxystyrene in the alkali-soluble copolymer

(A) is in the range of usually 1 to 30% by weight,
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derivatives having a carboxyl group, such as 2-
sgéﬁhngylethyl (met h)acryl ate, 2-nal eoyl et hyl

(‘rret ? crylate, 2-hexahydrophthal oyl et hyl

(et h) acryl at e, m#carboxypolﬁgaprolactone
nonoacryl ate (commercial SF- 43 13 product: e.g.,
Aroni x M5300 avail able from Toagosei Co., Ltd.),

pht hal i ¢ nonohydr oxyet hyl acrylate (comrercia

product: e.g., Aronix M 5400 available fromthe sane
denpaayabbvidd ake y20¢ avidediiner (Wommehe amoprddudt ithe
e.g., 5 Aronix M5600 avail able fromthe sane conpany)
Toeset 1 tconpountss céa) ben usled s1ngl Y- 95 1ubl € i Nefrhon (A)
of two or nore kinds. O these, acrylic acid,

nes haeryhé Caldetrd vdidye 2- X ahy e opht haloydiat Wt the

nmet hacryl ate are preferable. The anobunt of the

Q@Q§ﬁiﬁﬂ@@tcéﬁgi§méP){ﬁﬁrégﬁdbérQ@ff%ﬁ%ﬁﬁf%ﬁ“%ﬁ?reased,

pol yneri zabl e conmpound having a car 0 in

abl e | car boxyt !
TR OF Aok ST MBS e Y ub ot o, By 1ess

Wﬁ{ ht OV\he t he amount of the constituent units (b)
TR 120 R TSR bl & ity e (959 KR iPT (e e
range, 15 the resulting photosensjitive resin film
e‘S&éLb]ifthng STt IS Kot Ui 79340 i FiHh kesenes grgdmHy:
solution, and satisfactory resolution can be attained
withdirns befintte iie tofdgy 1 ved efdmi rrdiafalepaiiaerizable
devel opnent.. (c) Constituent unit derived from
aampdunddialigld prathaxyR0ymster The constituent units
(c) are derived from an

The constituent units (b) are derived from a radical

polymerizable compound having a carboxyl group (except a
compound having a polycyclic aliphatic group described in
(d) latexr) (referred to as a “carboxyl group compound”
hereinafter) and mainly control alkali-solubility of the
alkali-soluble copolymer (A).

Examples of the carboxyl group compounds employable
include monocarboxylic acids, such as acrylic acid,
methacrylic acid and crotonic acid; dicarboxylic acids,
such as maleic acid, fumaric acid, citraconic acid,
mesaconic acid and itaconic acid; {(meth)acrylic acid

derivatives having a carboxyl group, such as 2-

‘succinoylethyl {(meth)acrylate, 2—maleoylethyl

(meth)acrylate, 2-hexahydrophthaloylethyl (meth)acrylate,

o-carboxypolycaprolactone monoacrylate (commercial




acrylic acid aliphatic ester and mainly control

pol yneri zability of the al kali-sol uble copolyner (A

t 8F-10fh&r eby control a nol ecul ar weight and a

pol ymeri zation SF-1043 14 ratio. In this

specification, the "acrylic artdd aliphatic ester”

means a conpound ot her than the conpound having a

pol ycyclic aliphatic group described in (d) Ilater,

and nmeans a substituted or unsubstituted aliphatic 5
acrytate: (€xgeptArotAMeUnE0 Cos v £5pants NB-d® tdegosei Co.,
-car boxyl group conpound described in (b) above).

Exedap] pspfhSuch mehoh{reidridli phat taest ebSmmercial
i ncl ude unsubstituted al kyl™ acryl ates, such as nethyl

i‘%fé!éi@é@z ethyl z@f@ﬁiﬁt}m@o@gﬁéimﬁ af £om SEEa bg%aéé

acrylate, tert-butyl acry I sopropyl acryla

n- I I .1} sobutyl .acrylate, |aur acryl ate
S Y S LAY GBRLY BB B RPUAS o g,
nzyl C te; oxyal kyl acrylates, such as

> %ilﬁ%#éﬁé%w a‘%ﬁclraiﬁ%f% %ﬂf%mst (PGP Yt attdese
arglox al kyl 15 acryl ates, such as phenoxyet hyl
YRR URAS AT 3§ I SRFYY Resin siRibiation of two or
2- hydroxyet hyl acrylate and 2- hydroxypropyl acrylate;
arer al kyidscr pPifatés sikav iang vdtite mcislubseithaentys icswetid and
as ethylcarbitol acrylate, tetrahydrofurfuryl

sorlyd e ey d pripeTithey ol ettty emerigloioala 29 mes yhed ferable.
2-acryl oyl oxyet hyl - 2- hydr oxypr opyl acryl ate,

di met Heardrmetthd £ actey | @ires @ind:diy phalinogd)hyderived from
acrylate. O these, unsubstituted al kyl acrylates are

10 M eferahlie.polymerizable compound having a carboxyl group
in the alkali-soluble copolymer (A) is in the range of
usually 5 to 20% by weight, preferably 10 to 15% by
welght. When the amount of the constituent units (b) in
the alkali-soluble copolymer (A) is in the above range,

15 the resulting photosensitive resin film exhibits
excellent solubility in an alkali developing solution,
and satisfactory resolution can be attained without

occurrence of film remaining after the development.

(c) Constituent unit derived from acrylic acid aliphatic

20 ester
The constituent units {c¢) are derived from an
acrylic acid aliphatic ester and mainly control
polymerizability of the alkali-soluble copolymer (&) to

thereby control a molecular weight and a polymerization
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These conpounds can be used singly or in conbination
ogﬁ bmf or nore kinds. SF- 1043 15 The anount of the
cohidp uent units (c) derived from an acrylic acid
aliphatic ester in the alkali-soluble copolymer (A

is in the range of usually 2040 40% by weight,

preferably 25 to 35% by wei ght. When the anount 5 of

the constituent units (c) in the al kali-soluble

copolymer (A) is in the above range, the nol ecul ar

weaghe. dind thhie podeaieldl eadtiicon rdwec tVaamrylaitd eaifd t he

al kal i - sol ubl e copol yner (A) can be properly
cahiploht Bl o sinelr ” physheak . cotpengd holiet hensgsthé | dGupound
phot osensitive resin 10 filmcan be controlled. (d)

Qeasthd Uenbo Uph o dek i yedphsom: f%f’&@@' aPoL yIBEh Zapl €q)
conpound havi ng pol ycyclic aliphatic group The

COOSLE L UG WU S édgu@ﬁa%ﬁéde& fﬁr?&l?siéf\g\:l?%%a?}jcphatic

pol yneri zabl e conpound having a pol ycyc

LS BEPA0, MG BE Y SOEG Ol LASSSUANL US e carbonyn
ST ey A R o o) H2Te) decanyl oxyet hy
(et h)_ acryl ate, isobornyl (nmeth) acrylate and 20

tri cydPGEes Of (e} cand it rﬁ)fljétl?%ja@ estRiese
compounds can be used singly or in conbination of two
ofiC st Uasiths tigutedsel kyk obornba t et s cleras avetiand
acrylate, ethyl acrylate, n-butyl acrylate, sec-butyl
acrylate, tert-butyl acrylate, isopropyl acrylate, n-
hexyl acrylate, isobutyl acrylate, lauryl acrylate and
cetyl acrylate; arylalkyl acrylates, such as benzyl
acrylate; alkoxyalkyl acrylates, such as 2-methoxyethyl
acrylate and 3-butoxybutyl acrylate; arvloxyalkyl
acrylates, such as'phenoxyethyl acrylate; hydroxyalkyl
acrylates, such as 2-hydroxyethyl acrylate and 2-
hydroxypropyl acrylate; and alkyl acrylates having other
substituents, such as ethylecarbitol acrylate,
tetrahydrofurfuryl acrylate, phenoxypolyethylene glycol
acrylate, Z2-acryloyloxyethyl-2-hydroxypropyl acrylate,
dimethylamincethyl acrylaﬁe and morpholinoethyl acrylate.
Of these, unsubstituted alkyl acrylates are preferable.

These compounds can be used singly or in combination of

two or more kinds.




10

15

20

tricyclo[5.2.1.02'6]decanyl (nmeth)acrylate are

%§§b§ abl e, SF- 1043 16 and a conbi ned use of

iI'$0 yl (nmeth)acrylate and tricyclo [5.2 . 1.

02' & decanyl (neth) acrylate is nore preferable. By

the conbi ned use of isobornyli5(neth) acrylate and
tricyclo [5.2.1.02'6] decanyl 5 (neth)acryl ate,

hydr ophobi ¢ property of the resulting photosensitive
resin filmcan be inproved to thereby inpart plating
sol ut iTdre rasiwttance the tdw g i tmerftheranmuntclofdahiered from
constituent units (d) derived from a radica

pol yavery Iziad| seci € onpippinadt havd dtgea ol sy dlikallid-soluble

al i phatic group in the al kali-soluble copolynmer (A is
idbpdNgndrange) of s ushlatly Bhdo SO%a ey A .to 40% by
preferably 35 to 55% by weight. Wen the anount of

Lhe genstityentp Wi ds (H)sdd ghe,al gal | - sl g;c%e amount

copol ymer (A) is Ih the above Trange, the gla

ym :
A TR R o105 5 R F A ik soc

Ut 050 LIS ONASIPLALAL© e W08 g weone

‘preferably 60 to 100C, plating solution resistance of

F0% e Ho et et e verar tiordia tohe 1oL i s gl Mben
20 plating is performed on a chip under heating

tSorlolgle tdRro ke (A rgaradt mrawiary adiere filsedin and
advant age that tackiness of the photosensitive resin
fabvaiiaslars urengidd oStidte e lie nedueeEthsensitive resin
Pol yneri zati on sol vent, polynerization catalyst, etc.
film can be controlled.

(d) Constituent unit derived from radical polymerizable

compound having polycyclic aliphatic group

The constituent units (d) are derived from a radical
polymerizable compound having a polycyclic aliphatic
group and mainly control a glass transition temperature
of the alkali-soluble copclymer (A).

Exaﬁples of the radical polymerizable compounds
empioyable include tricyclo[5.2.1.0%%)decanyloxyethyl
(meth) acrylate, isobornyl (meth)acrylate and
tricyclo[5.2.1.0%% decanyl (meth)acrylate. These
compounds can be used singly or in combination of two or
more kinds.

Of these, isobornyl (meth)acrylate and

tricyclo[5.2.1.0%%]decanyl (meth)acrylate are preferable,
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SF-1043 17 Exanples of the polynerization solvents
used for preparing the al kali-soluble copolyner (A

i etk  al cohol's, such as methanol, ethanol, et hyl ene
gl ycol, diethylene glycol and propyl ene glycol;
cyclic ethers, 5 such as tetrlhydrofuran and di oxane;
al kyl ethers of polyhydric alcohols, such as ethyl ene
gl ycol. nononethyl ether, ethylene glycol nonoethyl

"ether, ethylene glycol dinethyl ether, ethylene

ghiydoh domibhyédetberct distihylene (géyobicnphatet ayd
et her, diethylene glycol nonoethyl 10 ether,
diet byt emes gk ycobd? 8] aetdyy1 ethern) deevhytenes mbysol
di et hyl ether, diethylene glycol ethyl nmethyl ether,
pﬁsp@fé@mwlycsg} tRNERihe £LNGN Snd D eine

gl ycol nonoet hyl ether; al kyl ether acetates of

p | hol s, thyl enge t hyl
A e e s AN S S

etate, ene” glycol

Eﬁ%%@'ﬁ Gt UFPker R RREThy T e BEco B P ar o Fino

rocar bons, such as _toluene and xyl ene; ketones,

SR SReTR bYS, Trethy T L SR Rt BREOTRA P +aoRtRy|
ket one, cycl ohexanone, 4 20
-mf%wlsczltp@ﬁraﬂm@%@nw deetgie &l kovhol ;

and esters, such as ethyl acetate, butyl acetate,

‘et hyl The myrexyprbpilonatanstetthygnt units (d) derived from

2- hydr oxy- 2- et hyl propi onate, et hyl
2 hyedtiooeyk: st@yﬂmmﬂm@m@om@ma@irﬁ@wa@ﬂ@&ﬁclic

et hyl hydroxyacetate, nethyl

Ze Iy Syr@idydbuilancatieal i-S¥o1 3988 copolymer (A) is in
the range of_usuallyVSO to 60% by weight, preferably 35
to 55% by weight. When the amount of the constitueﬁt
units (d) in the alkali-soluble copolymer (A) is in the
above range, the glass transition temperature of the
alkali-soluble copolymer (A) can be adjusted to.not lower
than 60°C. When the glass transition temperature of the

alkali-soluble copolymer (A} is not lower than 60°C,

preferably 60 to 100°C, plating sclution resistance of a

cured film after pattern formation is improved when

plating is performed on a chip under heating through the
cured film, and morecover, there is an advantage that
tackiness of the photosensitive resin film in an uncured
state can be reduced.

Polymerization solvent, polymerization catalyst, etc.
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18 net hyl 3-net hoxypropi onate, ethyl
31€?h%§xypropionate, et hyl 3-ethoxypropi onate, nethyl
SS ) ypropi onate, ethyl acetate, butyl acetate and
ethyl lactate. O these, preferable are cyclic ethers,
al kyl ethers of polyhydric alTohols, alkyl ether
acetates of polyhydric al cohol s, ketones and esters.
As the polynerization catal yst for the radica

copol ynmeri zation, a usual radical polynerization

initi a‘%ﬁé@mp%e%rmf oy | 0 1 Eremptaslehesebfen e | ugkd azor
10 conpounds, such as 2, 2'-azobi sisobutyronitrile,
ZgﬁepaBZDQiShé2aMkaﬂh€$®¥¢bh¢ecap@lyméﬁ)(kﬁuﬁnclude
2,2' -azobi s-(4- nethoxy-2-di nethylvaleronitrile);

o pesth 61 per oxtidess meehands, berzoyd 1 pesoxylene | guyeyl,
peroxi de, tert-butyl peroxypival ate and

g fetBi séAEr T R Y| DEY OXYSYELRREXBREs 1 1%@@&@3@&9&@@

per oxi de. When the organi c peroxide is used

Q.?él‘faé p@éﬁ’ﬁ?xﬁ¥&%f@f‘aﬂnéﬁéa% Xaﬁge g faéth of

ynerization 1nitiator a redox f pe |n ato
0 of e 0[g3 erox
d{}%ﬁdf%ﬁg%f%%ﬁ B Re hals bl Ofa%sethyl
obtalned radical c neri zation has
‘gﬁ{ %@ﬂ@é%ﬁ%rm%g%%yl(me% SeirkeRg glvcol
polystyrene as neasured by g per neati on

rRgIRE . Fthiskens yghy@@b dbetimol gothesE-dbazhylene

19 preferably 2,000 to 50,000, nore preferably 3,000
tHlycol monomethyl ether, dlethylene glycol monoethyl

ether, diethylene glycol dimethyl ether, diethylene
glycol diethyl ether, diethvlene glycol ethyl methyl
ether, propylene glycol monomethyl ether and propylene
glycol monoethyl ether; alkyl ether acetates of
polynydric alcohols, such as ethylene glycol ethyl ether
acetate, diethylene glycol ethyl ether acetate, propylene
glycol ethyl ether acetate and propylene glycol
menomethyl ether acetate; aromatic hydrocarbons, such as
toluene and xylene; ketones, such as acetone, methyl
ethyl ketone, methyl isobutyl ketone, cyclohexanone, 4-
hydroxy-4-methyl-2-pentancne and diacetone alcohol; and
esters, such as ethyl acetate, butyl acetate, ethyl 2-
hydroxypropionate, ethyl 2-hydroxy-2-methylpropionate,
ethyl 2-hydroxy-2-methylpropionate, ethyl ethoxyacetate,

ethyl hydroxyacetate, methyl 2-hydroxy-3-methylbutancate,
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20, 000. As previously described, the glass transition

t erature of the al kali-soluble copolynmer (A is not
g

&t than 60C preferably 60 to 100C, fromthe
vi ewpoi nts-of inprovenent of plating solution
resistance of the resulting lBured filmand inhibition
of tackiness of the photosensitive resin filmin an
uncured state. (B) Conmpound having at | east one
ethylenically 10 unsaturated doubl e bond The conpound
(183 thal | Irgpeithdeastominenat dy | etrhiclalIyne thmsgtwr@t @k te,
doubl e bond (referred to as an "ethylenically

usistay Ur B eith opmasticb ) &, hesgiyiafi-erdhdofptise dia tde
invention is a conmpound which has at | east one 15

ety nesli st dinsatiy pl el ar obmld) Al e and s a

liquid or a solid ordinary tenperature. In general,

a ( ) at %@ggﬂgp? [ ry.

gr ougegfs] ﬁﬁ%é'et}ﬁ%/ eni ca y%s%ul?act( (regj&gi)r%’ffp Ao@/%l sthers
C Vi n a_.vinyl 0 t he ethylenically
uﬁgggﬁggFggzﬁf%ﬁﬁﬁﬁyigk)%ﬁ%ﬁi;éﬁh%feﬁﬁﬁﬁ) o %ﬁe

(rmet h) acryl ate conpounds, are grouped into
%%%g%ﬂcﬁﬁ%uﬁﬁ%t%%s pﬁﬂci;f i%nal conpounds,

and any of those conpounds is enpl oyable. SF-1043 20
Exanplfes dfe frel ey 2 ka | S idsmtuf@te dheo

(B) include: nonofunctional compounds, such as
xanaigestdgtiion, a usual radical polymerization

initiator is employable. Examples thereof include azo
compounds, such as 2,2’ -azobisiscobutyronitrile, 2,2"-
azobis- (2, 4-dimethylvaleronitrile) and 2,2’ ~azobis- (4~
methoxy-2-dimethylvalerconitrile); organic peroxides, such
as benzoyl peroxide, lauroyl peroxide, tert-butyl
peroxypivalate and l,1’—bis(tert—butylperoxy)cyclohexane;
and hydrogen peroxide. When the organic peroxide is used
as the radical polymerization initiator, the radical

polymerization initiator may be a redox type initiaﬁor

using a combination of the organic peroxide and a

‘reducing agent.

The alkali-soluble copolymer (A} obtained by the

" radical copolymerization has a weight-average molecular

weight (Mw) in terms of polystyrene, as measured by gel

permeation chromatography, of usually 1,000 to 100,000,
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(nmeth) acrylate, 2-hydroxypropyl (nmeth) acrylate, 2 5
-l%;droxybuhyl (meth)acryl ate, nethyl (neth)acryl ate,
etp43 (meth) acrylate, propyl (neth) acrylate,

i sopropyl (nmeth) acrylate, butyl (nmeth) acrylate,

i sobutyl (nmeth) acrylate, téPt-butyl (neth) acrylate,
pentyl (nmeth) acrylate, isoanyl (neth) acryl ate,
hexyl 10 (meth)acrylate, heptyl (neth)acrylate, octyl
(nmeth)acrylate, isooctyl (meth)acrylate, 2-ethyl hexyl
(wret Ty reedy W &t ,6) O thony | 5S¢ et th) ammyd atres fededyl y (3dd) to
acrylate, isodecyl (neth) acrylate, undecyl (neth)
acy yd@te, dodecylanyl (nmeth) acrylate, lauryl 15
(nmeth)acryl ate, octadecyl (neth)acrylate, stearyl

(met h)a AGI-aAlR s e td T frgey C?l(a@ Rr A6 W e,
but oxyet hyl (met h)acryl ate, ethoxydi ethyl ene gl ycol

(E@E ﬁagtg%rg ate 19{%Eééynio]§<é3/e h&?ﬁ%{%ét %O%gc%féfh@%()ylls not
pocf hEp %gﬁ%oﬁloygooﬁycp no( tg%?ﬁéd@t from the
%“vﬁ%%%%%% et e SRS

~acryl ate, phenoxypol yetg%l ene gl ycol (rret h) acryl at e,

ﬂ%rﬁ?@ﬁ@%@mﬂ e &l yiciom (ERet Ryrdei telray  ooF- g nes s
nmet hoxypol ypropyl ene glycol (neth) acrylate, tricyclo

[ Zhe R e]saleciddienyte (ireth)lmaciry laat emculrecty&:ﬂad:e

[5.2 . 1.02'6] decanyl (neth) acrylate,
tri cycl{8]) 5C2mpod2d6 hdedeny lat( Aetbklaonyl attéyyliesdlmarliy

unsaturated double bond

The compound (B) having at least one ethylenically
unsaturated double bond {(referred to as an “ethylenically
unsaturated compound {B)” hereinafter} for use in the
invention is a compound which has at least one
ethylincally unsaturated group in a molecule and is a
iiquid or a solid at ordinary temperature. In general, a-
(meth)acrylate compound having a (meth)acryloyl group as
the ethylenically unsaturated group or a compound having
a_vinyi group as the ethylenically unsaturated group is
.preferably employed.

The (meth)acrylate compounds are grouped into
moncfunctional compounds and polyfunctional compounds,

and any of those compounds is employable.
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5 (nmeth)acryl ate, bornyl (meth)acrylate, diacetone

_Vsirlget h%;lcr yl am de, isobutoxynethyl (neth)acrylamde, N

rrolidone, N-vinylcaprolactam N, N-di met hyl
(rmeth)acrylam de, tert-octyl (neth)acrylam de,.
di met hyl ami noet hyl (neth) acr2@l ate, diethyl anmi noet hyl
10 (nmeth) acrylate, 7-am no-3,7-dinethyloctyl (neth)
acrylate, dinmethyl naleate, diethyl maleate, dinethyl
fumarate, diethyl fumarate, ethylene glycol
nononmétdaydp letshert hreetadhadrediated, 1 yetunyd cener gl et @dompounds
nmonoet hyl ether (nmeth) acrylate, glycerol (neth)
a@)yliaig,udecr yl am de, 15 net hacryl am de and
(meth)acrylonitrile; and polyfunctional conpounds,

such agdddumritidrl ProRaRfiddd, (NRid acd v 4t rcsy@fdrsﬁe
gI ycoI di (met h) acrylate, tet r'aet hyl ene gl yco

d| (et %&g at eQ—ﬁ%ﬂh&’rﬁo‘;{%ﬂﬁ o]1 gﬁ%’%{etﬁ th e, 20

ARl et Pt Bl i A

d(% X%greﬂﬁotaq:g'éq%yg( acryl ate rhi%)ﬂpe tyl gl ycol

n
tri(nmeth)acrylate, tri s(2 hydr oxyethyl )i socyanur at e

et 3 Y 16 ave thytadh yietdi) Ao At od et et hanol

di (meth)acryl ate, epoxy (mneth)acryl ate obtai ned by

A&t eie rofl Abeet m%r'*)dutcilac(inte’ttm i g Vecialy Ipestthar  of
bi sphenol A, bisphenol A di(neth)acryl oyl oxyet hyl
etriednh,) afe rhyilsyiteen dls oandil( nietatha arop yayd toxy etdwgtloxyet hyl

et her,
(meth)acrylate, heptyl (meth)acrylate, octyl

(méth)acrylaté, isooctyl (meth)acrylate, 2-ethylhexyl

__(meth)acrylate, nonyl (meth)acrylate, decyl

- (meth)acrylate, isodecyl (meth)acrylate, undecyl

(meth)acrylate, dodecylamyl (meth)acrylate, lauryl
{meth)acrylate, octadecyl (meth)acrylate, stearyl
(meth)acrylate, tetrahydrofurfuryl (meth)acrylate,
butoxyethyl (meth)acrylate, ethoxydiethylene glycol
(meth)acrylate, benzyl (meth)acrylate, cyclohexyl
(meth)acrylate, phenoxyethyl (meth)acryléte, polyethylene
glycol mono (meth)acrylate, polypropylene glycel
mono(meth)gcrylate, methoxyethylene glycol (meth)acrylate,
ethoxyethyl (meth)acrylate, methoxypolyethylene glycocl
(meth)acrylate, phenoxypolyethylene glycol (meth)acrylate,

phenoxypolypropylene glycol (meth)acrylate,
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bi sphenol. A di (meth) acryl oyl oxyl oxynet hyl et hyl .

et her, tetranethyl ol propane tetra(neth)acryl ate,
p%%ﬂﬁ%}ythritol tri(meth)acryl ate, pentaerythritol
tetra (nmeth) acrylate, dipentaerythritol
penta(mneth)acrylate and 10 diZdentaerythrito

hexa(nmet h)acryl ate. As the ethylenically unsaturated
compound (B), a comrercial conpound can be used as it
is. Exanples of the commercial conpounds include
Anothox pAlBprdpphexe M1BO9] ALothXadk B31Ote Aroni X

M 400, Aronix M 7100, Aronix M 15 8030, Aronix M 8060,

Arond¥c M 8409, 1 A10R] e MOS0y 1 ABEEX) aM2TDEe Ar ONi X
M 245, Aroni x M 6100, Aroni x M 6200, Aronix M6250

PEPI‘&: ¥ p309, 1 Ao afeé\éxﬁoxgﬁo @9%%%6500 (all

avai | able from Toagosei D R-551,

TR 50! i pECRO, AWAIEERER JOGNR,

Bé%izlgba R%)@ 5 % 604 YQ@T@P%&YARAD

120 avai |l abl e fron1 Ni ppon Kayaku Co.
Df%%a’s %%Ya%%%%m Loyt %f%%fwf 30 th B Febsmiuds0, N-

_ Bi scoat #312, Biscoat #335HP, Biscoat #360, SF-1043 23

BY SeokR Y ¥AaRT d@iec gtV iHaRA apkh Bictoat MADG e thyl

avai |l abl e from OGsaka Organic Chem cal Industry, Ltd.).
Thee Eblover etdmyd dani cad 4ty aumisalt uied ) conploamidse ( B) may
be used singly or in conbination of two or nore kinds.

Sty Tyth e el §ly  nsat U e itk tonpdLwich  B)miirso atgegh

in an amount of usually 30 to 80 parts by weight,

prefter ity Adre, 7-amino-3, 7-dimethyloctyl (meth)acrylate,

dimethyl maleate, diethyl maleate, dimethyl fumarate,

diethyl fumarate, ethylene-glycol nonomethyl ether

(meth) acrylate, ethylene glycol moncethyl ether

{meth)acrylate, glycerol (meth)acrylate, acrylamide,

methacrylamide and {meth)acrylonitrile; and
polyfunctional compounds, such as trimethylolpropane

tri(meth)acrylate, ethylene glycol di(meth)acrylate,

tetraethylene glycol di(meth)acrylate, polyethylene

glycol di(meth)acrylate, 1,4-butanediol di(meth)acrylate,

butylene glycel di(meth)acrylate, propylene glycol

di (meth) acrylate, trimethylolpropane di {meth)acrylate,

1, 6-hexanedicl di(meth)acrylate, neopentyl glycol

- di(meth)acrylate, tris(2-hydroxyethyl)isocyanurate

tri(meth)acrylate, tris(2-hydroxyethyl)isocyanurate
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to 65 parts by wei ght, based on 100 parts by wei ght of

e co onner (A) having alkali-solubility. Wen the

ﬂﬁﬂ of the ethylenically unsaturated conpound (B)
|s 10 in the above range, the resulting
photosensitive resin filmexhibits excellent
sensitivity when exposed, and the conpound (B) has
good conpatibility with the copolyner (A) to enhance
storage stability of the coating solution. Mbreover,
bét éwsthphcextett entrcuyabodetynedihbehexpbsure, 15 a
filmhaving a thickness of not |ess than 50 m can be
paeimeah) yctpraed, &fdxRadhathpacsenstéivecsadigaby
pol yneri zation initiator The radiation-sensitive

raghcel oRObY Mend Zaf 4 ORy1{ A1 LERLOF( &ilgiﬁ?&l&g?]? Lpntheys

|nvent|on is a radiation 20 sensitive radica

p@lygﬁ %f‘tAO”bi%ﬂér?éPrAbc%(I YﬂgFﬁfgi%?%loW#}?Q%eh%l ether,

coat I 1'm hav dry
red st QE r adj on t tance
aﬂ?l%%g?eﬁsﬁtai‘ﬂaﬁna%%aw P LBFJEiBY P unh iV Enatathos
nlsF 104£.é |on ansn1ttance of not | ess than
PP%?%? bﬁhy /QY#%Y%%WFM%W%"%%%:
her ei n neans uItraV|oIet radi ation, visible Iight,
e CrARe BRY B Berenanati ok a kﬂesh}@agﬂsyl@t%ctp@mt@@aﬁtbrltol
the like, and a mercury lanp is usually used as a
It{#ﬁmgiﬁﬂ@@¥Ykﬁtannﬂqﬁqﬁmﬂthehb@libetraeﬁémblaébylate,
curing photosensitive resins, i rays having a
vaivedengt hytdir 365 rperard (e tlayschavatg andaavel engt h of
dipentaerythritol hexa (meth)acrylate.

As the ethylenically unsaturated compound (B), a
commercial compound can be used as it is. Examples of
the commercial compounds include Aronix M-210, Aronix M-
309, Aronix M-310, Aronix M-400, Aronix M-7100, Aronix M-
8030, Aronix M-8060, Aronix M-8100, Aronix M-9050, Aronix
M-240, Aronix M-245, Aronix M-6100, Aronix M-6200, Aronix
M-6250, Aronix M-6300, Aronix M-640C and Aronix M-6500
(all available from Toagosei Co., Ltd.), KAYARAD R-551,
KAYARAD R-712, KAYARAD TMPTA, KAYARAD HDDA, KAYARAD TPGDA,
KAYARAD PEG400DA, KAYARAD MANDA, KAYARAD HX-220, KAYARAD
HX-620, KAYARAD R-604, KAYARAD DPCA-20, KAYARAD DPCA-30,
KAYARAD DPCA-60 and XAYARAD DPCA-120 {all available from
Nippon Kayaku Co., Ltd.), and Biscoat #295, Biscoat #300,

Biscoat #260, Biscoat #312, Biscoat #335HP, Biscoat #360,
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405 nm are generally used. 10 O the above rays, the i
rgéa h§ve hi gh energy and high curing power and

h "Pﬁ suffers curing inhibition by oxygen, but they
are |liable to be absorbed because of its short

wavel ength. Therefore, when th® i rays are used for
curing a photosensitive resin filmof a large film 15
thickness, sufficient energy cannot reach the bottom
of the photosen5|t|ve resin film and a pattern of
déssredt $GREPe Bapnodt b#3BBt ahdedisceati HHADI yalMore
specifically, the shape of a section of the
pavtDsainsé t fvenresikafdrganatt ehepbtiBr DhAgs €8s 1DO&. )

- becone rectangul ar but becones 20 a trapezoid wherein

the bothom®ivd heripfnt 05081 {i ¥8satesifedi tdhpSunds (B)
narrower than the surface thereof, and a pat ern of

t b
S e gy L SO o s

Ion r nd_ SF-1
curlnﬁiéﬁg?%yfgn&?%%%&%?e? %%%?%%%n§$ ive PeStn oh an
hi bi en to narked
I%IP/\% Esa ofe‘é‘?%ﬁfﬁ#@ﬁ? a(% op% %r Sga‘tf%ﬂe‘iiwngprefgrably 40
Fbme , the light, transn1ttance i s high because the
ht? & HJPa%S PY RS RREPeng hl ¢ haret e BY ragsohtamit
even when they are used for curing a photosensitive
g%t reIRPHTRAT alAlarkpy ¥nd e lkal thaebsh 1 bifey gy Wheadithe
reaches even the bottom of the photosensitive resin
fameunis o hate tdish shapecoilp sesdtwmtead d¢depound (B) is
phot osensitive resin filmafter patterning becones
in the above range, the resulting photosensitive resin

film exhibits excellent sensitivity when exposed, and the
compound (B) has good compatibility with the copolymer

(A) to enhance storage stability of the coating solution.
Moreover, because of excellent curability in the exposure,

a film having a thickness of not less than 50 um can be

preferably formed.

(C) Radiation-sensitive radical polymerization initiator

The radiation-sensitive radical polymerizaticn
initiator (C) for use in the invention is a radiation-
sensitive fadical polymerization initiator by the use of
which a coating film having a dry film thickness of 70 um
in an uncured state has a 365 nm radiation transmittance

0f not less than 10%, preferably 12 to 30%, and a 405 nm
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10 rectangul ar and a pattern of desired shape can be
readily obtained. In the present invention, taking

i W-6040onsi deration such properties of the i rays and
the h rays as nmentioned above, there is enployed a
radi ation-sensitive radical & polynerization
initiator (C of such a type in such an anount that
when a coating filmhaving a dry film thickness of 70
min an uncured state is formed, the coating film has
ac Bfba v acht @ $01t t 410 6 £ trancel &f s Nedan | €68, thadr&rably
specific value and a 405 nmradiation 20 transmttance
ofs gt d@ss than a specific value. As a result, when
a photosensitive resin filmhaving a film thickness

of not ﬂeescseﬂrﬁarkécple}‘@ft%—;e’f oHo dj 1AL & Ighr!l@an§yu%%1¥a?\%fﬁilet

not only a surface o osensitive resin

Blqglshe uenitas e R slig MLLAeS.

whereby a desired pattern can be obtained with high
PrEE i OE SRR BA% PBaRe byl h S iy ReFSRY t 13 eks.
at both of the above wavel engths, attenuation of a
gl lohatsed a5 a rhid@h t1ar o e Jwsine shomwadesitive

‘surface of the photosensitive resin filmis suppressed

teeiner.ebyoruniufrong yphotoeenisé tilvel ecsfinishe i rays having
phot osensitive resin film whereby a cured film
frawang: lsurcitia e cid Dmmofaral patdernathvigs td omddindgtte of
base and the side neet at substantially 10 right
Ty esn Gae keerphtai nedisckherefore, formation of a

0Of the above rays, the i rays have high energy and
high curing power and hardly suffers curing inhibition by
oxygen, but they are liable to be absorbed because of its
short wavelength. Thefefore, when the 1 rays are used
for curing a photosensitive resin film of a large film
thickness, sufficient energy cannot reach the bottom of
the photosensitive resin film, and a pattern of desired
shape cannot be obtained occasionally. More specifically,
the shape of a section of the photosensitive resin film
after patterning does not become rectangular but becomes
a trapezoid wherein the bottom of the photosensitive
resin film is narrower than the surface thereof, and a
pattern of desired shape cannot be obtained cccasionally.

On the other hand, the h rays have lower energy than

the.i rays, so that curing takes a longer time, and
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| strai ght high bunp with high precision becones

fg@ii%%e. Measurenent of the transm ttance can be
et out by, for exanple, the follow ng nethod.
First, an ethyl lactate solution (65% by wei ght) of
15 a conposition containing t3%e al kali-sol uble
copolynmer (A), the conpound (B) having at | east one
ethylenically wunsaturated double bond and the

radi ation-sensitive radical polynerization initiator
(C)rimg gbVebhhampunface sof prieparkectoTaesi tavéitesof fhen is
conposition is formed on a 20 quartz substrate having
asdhecknessinhili teal byy sptygeoed i mgrkeadyt hereafder,
the filmis baked on a hot plate at 120C for 5

& @sa 1 Of { BADVLL i hes sl v e+ Bddh L Her eMb YN &he 1ight
coating film In this case, the rotation nunber in

thes S It £93LL NG5 i 2 ﬁ%ﬁdéﬂ@ i aﬂ'Vf‘ﬁggl 1’3:9%& haty fhe.

SF-1043 27 coati ng er baking s ave a
t.hi f T, coatl filmformed on the quartz
sﬁ%‘g%fr]eg?iﬂgstg% o{\}geils e %’urae%éno%v%nt‘g%%%njflf‘?%ﬂ% ealf‘sed

a-wavel ength of 5 300 nmto 500 nm meaps of a )

SR FUEION G Rt TR U ST OPhbE Gt r 4 B0 16)
while a quartz substrate having no coating filmis

USE RESE 1 FRPERE L STk Hheiea e 1R 6ept Flom bottom of the
coefficient s can be also determ ned by applying the
I et Bhekv eresetivie df ddoveso 1itha the $loapmleaf sa section
log(lo/l) /L (E: absorption coefficient (m1l), I:

|9 ghthe miensdsgng ti)ve nmesdinat &l ym of feer t panisaissi@rbdyomes
the coating film lo: light intensity

rectangular and a pattern of desired shape can be readily

obtained.
In the present invention, taking into consideration
such properties of the i rays and the h rays as mentioned

above, there is emploved a radiation-sensitive radical

~polymerization initiator (C) of such a type in such an

amount that when a coating film having a dry film

thickness of 70 um in an uncured state is formed, the

coating film has a 365 nm radiation transmittance of not
less than a specific value and a 405 nm radiation
transmittance of not less than a specific value. As a
result, when a photosensitive resin film having a film
thickness of not less than 50 pum is formed on a chip
substrate, not only a surface of the photosensitive resin |

film but also a bottom thereof can be sufficiently cured




10

15

20

(cd) before transm ssion by the coating film L: dry
film thickness (n) of the coating filn). 15 According

tY -1 above formula, the radiation- sensitive radical
pol ynerization initiator for use in the invention is
desired to be one having suclRta type and such an

anount that when a coating filmhaving a dry film

t hi ckness of 70 min an uncured state is fornmed, the

20 coating filmhas a 365 nmradiati on absorption
doeffrraddtiofn usiual |y 1ots i@ K heayd 50a0- 1maidy anddesired
405 nmradi ation absorption coefficient of usually

et terre cdiase 4000 mdd wilcH 04352 8o Exare @s, of the

radi ation-sensitive radical polynerization initiators

i ncl udg, Acyd Phospdipe k%ixipeﬁrg%r}c%htlaénsmittcﬁnces at both

2,4, 6-trinmet hyl benzoyl phosphi ne oxi de and

| S- -'tng%yqnfﬁy)-4-'tl t sph .
?ﬁz o%ﬁ%gg§2, -dﬁﬂe diy-%%%ﬁ%ﬁ%ﬁéﬁ@|QgﬁgﬁgfﬁhgﬂgFP@ S
g%}z s!_mitdclergtthélltlrlfeetfrlls:i_c?eenrzfgrﬁ SEIEreEtshlgf(ya%ehyc!f aﬂ%eet al,
phenyl - 1, 2- pr opanedj one- 2- (0- et hoxycar bonyl ) oxi re.

Eeeél%lf&c‘b%ﬁ%i%l Flg et t SR Me? TR | k| i by
Lucirin TPO (available from BASF Japan Ltd.) and .
gdcurmel w5 e avirabt eofr bheCPbatspessatriye resin film,
Chemicals K K ). These conmpounds can be used singly
othdnelgorhinatddrfiofm theoriorg gmele &iswistiofoft ke mitverned
conmpounds, a conbi ned use of 2, 2-
diaratilox yeHg 2-tdipernd efrthrnad -oinde aik 2,2k Gubstantially

right angles can be obtained. Therefore, formation of a

- straight high bump with high precision becomes feasible.

Measurement of the transmittance can be carried out
by, for example, the followiné method.

First, an ethyl lactate solution (65% by weight) of
a composition containing the alkali-soluble copolymer ({(A),
the compound (B) having at least one ethylenically
unsaturated double bond and the radiation-sensitive
radical polymerization initiator (C) in given amounts is
prepared. Then, a film of the composition is formed on a
quartz substrate having a thickness of 1 mm by spin
coating, and thereafter, the film is baked on a hot plate
at 120°C for 5 minutes to remove the solvent and thereby
form a coating film. In this case, the rotation number

in the spin coating is controlled in advance so that the
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15 tri et hyl benzoyl di phenyl phosphi ne oxide is

preferable. The radiation-sensitive radica
ization initiator is used in an anmount of

usually 20 to 40 parts by weight, preferably 20 to 30
parts by weight, nore preferz@bly 22 to 27 parts by
wei ght, based on 100 parts 20 by wei ght of the
al kal i -sol ubl e copolyner (A). By the use of the
radi ation-sensitive radical polynerization initiator
i toabiagoihim i Ftdre wdioMey reingeld haaasHai thareess@tof 70
t he wavel engths of both of i rays -and h rays can be

anced, and not only the surface of the SF- 1043 29

‘phot osensitive resin filmbut also the bottom thereof

can anec’ L’éééﬁrgggtfj}’ln? L'J‘fc?rqnecji:u&rﬁ gfgrlﬁ%anﬁg&gfﬁzc‘ee?ubstrate as

i nfl uences of activation of 0 oxygen

. Bt in fil I ' f
SRS PR ool LR L (RATT BT e sastheot

OB 300 1 e RS (0 S oF R T ORI Qhe g (BLTACE

stability of the coatiqﬂ%solution can be inproved. In

tHRECORI PR DU 1 D), 2-wh bt oxguarz gupstrate

di phenyl et hane-1-one and (f) 2,4, 6-

tha et d it errrand i phiely | ph oB3pdd nees oxi tefjetdrece, 2-

di met hoxy- 1, 2- di phenyl et hane-|-one (e) is desirably
used Furtdremnumtaformisiiadd yodat 0o 3hipas ksbbe also
wei ght, preferably 17 to 22 parts by weight, and the

el Errltndd inetdpd benroylk phenydphosphddandd @ead fabove

is desirably
to the formula & = log(Io/I)/L (g: absorption coefficient

(m™*), I: light intensity (cd) immediately after
transmission by the coating film, Iy: light intensity

(cd) before transmission by.the coating film, L: dry film
thickness (m) of the coating f£ilm).

According to the above formula, the radiation-
sensitive radicai polymerization initiator for use in the
invention is desired to be one having such a type and
such an amount that when a coating film having a dry film
thickness of 70 um in an uncured state is formed, the
céating film has a 365 nm radiation absorption
coefficient of usually not more than 15000 m™* and a 405

nm radiation absorption coefficient of usually not more

than 4000 m™.
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used in an anmount of usually 3 to 10 parts by weight,
preferably 3 to 8 parts by weight, based on 100 parts
b%EJgﬁight of the al kali-soluble copolymer (A). Oher
conmponents 20 In the present invention, other
conmponents, such as solvent 28nd various additives,
can be used when needed, in addition to the

al kal i -sol ubl e copolyner (A), the ethylenically
unsat urated conpound (B) and the radi ati on- sensitive
r adi catxgmd harerdz attieon-ddi 4t Bdrors Qi t iSke 10481 301 The
organic solvent for use is a solvent that is capable

ofo hanegieneous] Vi rdi ssot vt Nt A b ka1 90b s Bne oxides,

copol ymer (A) and other conponents and is unreactive

t%?%?ﬁ??&%Q?gﬂﬁﬁggpgﬁéﬂerlzatlon Hﬁ%ﬁ%gﬁ%%ﬁ%déggg é and
Pl A et e como g

! 1 G raR PR, ety A g N 1ene, beneyl

di met hyl acet am de, N—nethylpyrrolldone di met hyl

T e, K ey (D et At - femrtrhosiatanidl astder], and 1-
acet onyl acet one, isophorone, caproic acid, capryllc
aheny L Gemgssianed irsrambt (otRthapy s duhnr 1) drekesd
acetate, ethyl benzoate, dietnyl oxalate, diethyl
rﬁﬂ@mkﬁ,s w i mmmxwicaila@mm;ctea HyH eares> T aintbonade, Lucirin
propyl ene carbonate and phenyl cell osol ve acetat e,
CERD b ad id@ldddeftom BASF Japan Ltd.) and Irgacure 651

(available from Ciba Speciaity Chemicals K.K.). These

compounds can be used singly or in combination of two or

more kinds.

Of the above compounds, a combined use of 2,2-
dimethoxy-1, 2-diphenylethane-1-one and 2,4, 6—
trimethylbenzoyldiphenylphosphine oxide is preferable.

The radiation-sensitive radical polymerization
initiator is used in an amount of usually 20 to 40 parts
by weight, preferably 20 to 30 parts by weight, more
preferably 22 to 27 parts by weight, based on 100 parts
by weight of the alkali-soluble copolymer (A).

By the use of the radiation-sensitive radical
polymerization initiator in an amount of the above range,
transmittances at the wavelengths of both of i rays and h

rays can be enhanced, and not'only the surface of the
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O the above solvents, alkyl ethers of polyhydric

al cohols, such as ethylene glycol nonoethyl ether and
ene gl ycol nonomethyl ether; al kyl ether

acetates 20 of polyhydric al cohols, such as ethyl

cel | osol ve acetate and propySne gl ycol nononet hyl

et her acetate; esters, such as ethyl

3- et hoxypr opi onate, nethyl 3- methoxypropi onate, ethyl

2- hydr oxypropi onate and ethyl |actate; and ketones,

- seivdt @serth dcet®nec el wohly lare Shsd0dBe Aopref eradtef can

fromthe viewpoints of dissolving power, reactivity .
tige eachr icongronent canel eageretheld, | Bdcruwme ot iuetes of
anmount of the solvent can be properly determ ned .

QELLH PG 1h 1 PAMNOSEs GOALE NG IRE0N eLiGe S To
t he photosen3|t|ve reS|n f|In1of t he |nvent|on

t
S L AN I Pl 47, B it e
II l.,hb
e ety %h‘ie e tesd pﬁ%%% “%2?%%%%98%%'5%2 gicn hign
l I%ﬂ the coating
hydrOQU|none nonopropyl ether 41- (1-

@Wﬂ@%ﬁﬂ@é@@%ﬁ(ﬁmww%m Zoaigg -solution
raet hyl et hyl i dene) bi s( 2, 6- dlnethylphenol),

&an Hd -upydved 4- hydr oxyphenyl ) -1 15

met hyl et hyl ) phenyl | et hyl i denel bi sphenol,, 4,41, 4"-

et hyl ioeridte i iretdhydghendl )g) L Adi'methoxy-1, 2~

et hyl i denetri sphenol and 1,1, 3-tris(2,S-dinethyl-
diphenylethane~1l-one and (f) 2,4, 6-

et her, nethylh U|none 10 _amyl_qui nane,
TRt s a TRy

trimethylbenzoyldiphenylphosphine oxide, the 2,2-
dimethoxyml,2—diphenylethane—l—one (e) is desirably used
in an amount of-usually 17 to 30 parts by weight,
preferably 17 to 22 parts by weight, and the 2,4, 6-

trimethylbenzoyldiphenylphosphine oxide (f) is desirably

‘used in an amount of usually 3 to 10 parts by weight,

preferably 3 to 8 parts by weight, based on 100 parts by
welght of the alkali-soluble copolymer (A).

Other components

In the present invention, other components, such as
solvent and wvarious additives, can.be used when needed,
in addition\to the alkali-soluble copolymer (A), the
ethylenically unsaturated compound (B) and the radiation-

sensitive radical polymerization initiator (C).




10

15

20

hydr oxyphenyl ) - 3- phenyl pr opane. The t her nmal

pol yneri zation inhibitor is used in an anount of 20
p¥lefiedabl y not nore than 5 parts by wei ght based on
100 parts by weight of the al kali-soluble copol yner
(A). To the photosensitive resin filmof the
invention, further, a surface active agent can be
added for the purpose of enhancing coating
properties, anti-form ng SF-1043 32 properties and

| evel iTige psopefid eSol it isuidaces acdd wWerdgets: is
there can be enployed fluorine surface active agents

WAL B & OM EMEq dme kel 1 Wndle =4 Nei L & adiee ﬁ@ﬁfﬁgold@fe

exanpl e, BM 1000 and BM™1100 (all available 5 from BM

e A G Sl el R e

. Cheni | | .), _Fl d FC-135, Fl d FC-170C,
i ieondSt L AR g reeh AR SoINE il 1B T om

Sumtomo 3MLimted), Surflon S-112, Surflon S-113, 10
S HAT 552 1810 Rt R RPN Sl SRS oS s ey (e
avai l abl e from Asahi G ass Co., Ltd.), and SH 28PA,
P tigp 198 Ty -F0g3pl farkp ISP 89 2o al ymew ai A lalsl e
fromDow Corning Toray Silicone Co., Ltd.). The
sunflagelalot | véurdgpent, hs ghséd iilinan sadoenttsof such as N-
preferably not nore than 5 15 parts by wei ght based on
QO Ipairf sy bt g, 10fd iinkeeth vl fadrharsodialblie- copol yer
(A). In order to inprove adhesion to a chip substrate,
ate t adhestom assds;! aninsay ke e oyed wnd he

phot osensitive

dimethylacetamide, N-methylpyrrolidone, dimethyl
sulfoxide, benzyl ethyl ether, dihexyl ether,
acetonylacetone, isophorone, caprolc acid, caprylic acid,
l-octanol, l-nonanol, benzyl alcohol, benzyl acetate,
ethyl benzoate, dietnyl oxalate, diethyl maleate, y-
butyrolactone, ethylene carbonate, propylene carbonate
and phenyl cellosolve acetate, can be also added.

Of the above solvents, alkyl ethers of polyhydric
alcohols, such as ethylene glycol monoethyl ether and
diethylene glycol monomethyl ether; alkyl ether acetates
of polyhydric alcohols, such as ethyl cellosoclve acetate
and propylene glycol monomethyl ether acetate; esters,
such as ethyl 3-ethoxypropiocnate, methyl 3-

methoxypropionate, ethyl 2-hydroxypropionate and ethyl

lactate; and ketones, such as diacetone alcchcl, are
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resin film As the adhesion assistant, a functional 20
silane coupling agent is effective. The functiona

~sbF-dfA43 coupl i ng agent neans a silane coupling agent

havi ng a reactive substituent, such as a carboxyl

group, a nethacryloyl group,3@n isocyanate group or

an epoxy group. Exanples of such functional silane

coupling SF-1043 33 agents include

tri met hoxysilyl benzoic acid, y-

UﬁiQﬁéfaﬁPéYPfQQYfﬁé'&E%Wﬁ%yﬁtéagf’ﬁissol ing power,

vinyltriacetoxysilane, vinyltrinet oxyS|Yane,

Y opr o ri q , . :

VELROCYGLEY OPC NG LSRRt | N8 cage o il sfornation.
oxycycl ohexyl ).et hyl 1 ri met hoxysi | ane. The functi ona

sl %n%¥%%% 17 g%%@egéfY%n%s%%ni?eaﬂr%ﬂ%ﬁﬂ¥ Jd¢ternined

prefer bl% not. nore than 20 parts by wei ght based on

1BCPPAFEE By FARiRIMEPTS 1 nePal kad i 18shedi ec€dpol yner

(A). For performng fine control of solubility in an

10 al k&P i threverIp rpsicl idte ore s in t felh op frathonimfenticon, a

phot osensitive resin filmof the invention, to the

cloze imgyl sod Lymieni oami doe daduisoll ponocan box ydddedci dxamples

such as acetic acid, propionic acid, n-butyric acid,

i sDbith ey rilceata d, polbwed 101 2 £ Beh dinh SOved f | tharidk

benzoic 15 acid and cinnam c acid; _ _

W@@mp,cazsé}@%qiqqcﬁgé,d%dy@w%u%ozh@ptm&ugﬁ&e blue,

2- hydroxybutyric acid, 3-hydroxybutyric aci

Siad HEY €y ACE &y e B A AT RAYDEDZ O hdyr, P ]

EyBCL &y e o Z-ﬁy§§ gf ae gr, meé?y%@ydroqulnone,

hydr oxybenzoi ¢ aci oxyTi nnam ¢ acl
'Bﬁyfaﬁ%ﬂéﬁgvﬁéﬁ§¥éé§hjﬁ£@éﬂf%>ﬁéf"%ﬁ%&%§%§ﬁénéﬁ, phenol,
hydroquinone monopropyl ether, 4,4’-(1-
methylethylidene)bis (2-methylphenol}, 4,4’ -{1-
methylethylidene)bis (2, 6~dimethylphenol), 4,4 -[1-[4~ (i~
(4-hydroxyphenyi)-1-
methylethyl)phenyl]ethylidenelibisphenol, 4,47 ,47-
ethylidenetris (2-methylphenol), 4,4’,4"-

ethylidenetrisphenol and 1,1,3-tris(2,5-dimethyl-4-

- hydroxyphenyl)-3-phenylpropane. The thermal

polymerization inhibitor is used in an amount of
preferably not more than 5 parts by weight based on 100
parts by weight of the alkali-soluble copclymer (A).

To the photeosensitive resin film of the invention,
further, a surface active agent can be added for the

purpose of enhancing coating properties, anti-forming
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20 hydroxyi sophthalic acid and syringin acid;

pol ycarboxylic acids, such as oxalic acid, succinic
ati-d04yl utaric acid, adipic acid, maleic acid,
itaconi ¢ acid, hexahydrophthalic acid, phthalic acid,
I sophthalic acid, terephthalix acid,

1, 2- cycl ohexanedi car boxylic acid, SF-1043 34

1,2, 4-cycl ohexanetricarboxylic acid, trinmellitic acid,
pyromel litic acid, cyclopentanetetracarboxylic acid,

bt Gyket el  acaidoxydd Tidgi srapdridids D, s the surface

napht hal enet et racar boxyl i ¢ aci d; and acid anhydri des,

5aStithe aSgdl 8L O iCe r@nhydrh deen SUSGLAI Pl%%%%lgé : %grface

citraconi c anhydride, dodecenyl'suctinic

t r : C i de

asianyar o o TS g R e Charaf Pk bakohr e hsf e
nhydri de, mc _a dri de .

L S5 e e DT 1 209 oot P (211 available

cycl opent anet et racar boxyl i ¢ dianhydride, phthalic :

a%r/ﬁ%r%e&%w drfed 14 tNeIaG o + 46D tegmfagtFe/2, Megafac

anhydri de, benzophenonetetracarboxylic anhydride,

ethid emnrd gigafadiBidd nkall t avel baibelr ferm iyl peer ofnk &

tris(trinellitate) anhydride. 15 Moireover, to the
pHotosenss 4 | e resiMl dtad of Cth25, | RventadnPcah7 be,

added fillers, colorants, viscosity nodifiers, etc.,

vitler mee detk 4 Ex ampld eslwdrdderc+d 3 er sai ncdwtel shlé Cerom
alum na, talc, bentonite, zirconium silicate and

pwEietongd a8 . Lind0 dvanEhest Din tdel £p) afant Sor N tige,

body extender

Surflon 5-131, Surflon S-141 and Surflon S-145 (all
available from Asahi Glass Co., Ltﬁ.), and SH-28PA, SH-
120, SH-193, SZ-6032 and SF-8428 (all available from Dow
Corning Toray Silicone Co., Ltd.). The surface active
agent is used in an amount of preferably not more than 5
parts by weight based on 100 parts by weight of the
alkali-soluble copolymer (A).

In order to improve adhesion to a chip substrate, an
adhesion assistant can be employed in the photosensitive
resin f;lnu As the adhesion assistant, a functional
silane coupling agent is effective. The functional
silane coupling agent'means a silane coupling agent
having a reactive substituent, such as a carboxyl group,

a methacryloyl group, an isocyanate group or an epoxy

group. Examples of such functional silane coupling
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pi gments, such as alum na white, clay, barium
carbonate and bariumsulfate; inorganic pignents,

St 1048 zinc white, white |ead, yel l ow | ead, red

| ead, ultramarine, Prussian Blue, titani um oxide,
zinc chromate, red iron SF- 1343 35 oxi de and carbon
bl ack; organic pignents, such as Brilliant Carm ne
6B, Pernmanent Red 6B, Pernanent Red R, Benzi di ne

Yel | ow, Pht hal ocyani ne Bl ue and Pht hal ocyani ne G een;
bagént slyesc1$de ht asmeBgeRty ai Bpth &hoeaei nejq diyect 5
dyes, such as Direct Scarlet and Direct Orange; and

acé tha dyeSox ppiedp a5t Roset Nox pith Mt anili nYelthQWeetoxysilane,
Exanpl es of the viscosity nodifiers include

addl?ﬂ%ffﬁe@ﬂ&%&?ﬁéﬁ%?fgﬁ%fg JHQP%EFﬁﬁ%ltrl %.%ﬁgs;lane,

Ives are 'S no rlmen

*héffe?'cqbq%@ ok ”24%%%%%%&%@“% 5096 by

B N R ARSI e

and cured fi n1thereof Usi ng the aforesaid

cohptfert e P e p?ﬂ)%%eh%.%% in an AHRGHRY |¢F gprefrrably
invention is forned. In order to form the film the

CHp ol sthiate 4 ekt By epprehta baghdtdon et iy oy
resin conmposition first. In the preparation of the
resighicanpddia ioikalf-soliihld eromndyreepi goent are not
added, the components (A), 20 (B) and (C) and if

neces sk petrErrconpaniend scdiest 10y sdiaubiel infxech ad
stirred by a usual nethod, and if a

alkali developing sclution in the formation of the
photosensitive resin film of the invention, to the
coating solution can be added monocarboxylic acids, such
as acetic acid, propionic acid, n-butyric acid,
isobutyric acid, n-valeric acid, isovaleric acid, benzoic
acid ard cinnamic acid; hydroxymonocarboxylic acids, such
as lactic acid, 2-hydroxybutyric acid, 3-hydroxybutyric
acid, salicylic acid, m-hydroxybenzoic acid, p-
hydroxybenzoic acid, 2-hydroxycinnamic acid, 3-
hydroxycinnamic acid, 4-hydroxycinnamic acid, 5-
hydroxyisophthalic acid and syringin acid; polycarboxylic
acids, such as oxalic acid, succinic acid, glutaric acid,
adipic acid, maleic acid, itaconic acid,

hexahydrophthalic acid, phthalic acid, isophthalic acid,

terephthalic acid, 1,2-cyclohexanedicarboxylic acid,
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filler and a pignent are added, these conponents have
dﬂé 0 be dispersed and m xed by neans of a

é sing machine, such as a dissolver, a
honogeni zer or a three SF-1043 36 roll mll. Wen
necessary, each conponent or 3he resulting resin
conposition may be filtered by neans of a nesh or a
menbrane filter. .Using the resin conposition obtained
as above, the 5 photosensitive resin filmof the
i went e Jah dxoamestl; 1 caihieosphiot o serisd t i veimeslintic acid,
conposition may be applied onto a chip substrate and
heatek 110 trienouel d hec ol westi b anaet ehys sostegi 1€ thcid,
phot osensitive resin filmis fornmed on the chip

DAt et r D a iR Pt Osensidiyve r;e85 ng10 conposition
may be applied in advance onto a fl'exible base film

AR LRI G UM e s,
b h wh In th
%g%%%gggg%éﬁﬁié 6?%%@%@%%ngkggﬁiFf$h¢§§%%9?grneg

on .t he base fil S. preferabl stored b |.am nating a
ORI B e e T A S

t he base fllns empl oyabl e hereln |nclude films of
dFitdretiad ivddihan dey A hasiihyareedr idg epht hal at e,
pol yet hyl ene, pol ypropyl ene, pol ycarbonate, 20

L33 orhiitiedrie ardhypsbi ioa nyde tdht Idre enh yiheophthalic
thi ckness of the base filmis preferably in the range
ainhisirtiglel 2 hyEdre fagrhpdigi dehe Ipligtpsensitdnetdtesidarboxylic
film an

dianhydride, cyclopentanetetracarboxyl1c dianhydride,
phthalic anhydride, pyromellitic anhydride, trimellitic
anhydride, benzophenonetetracarboxylic anhydride,
ethylene glycol bistrimellitate anhydride and glycerol
tris(trimellitate) anhydride.

Moreover, to the photosensitive resin film of the
invention can be added fillers, colorants, viscosity
modifiers, etc., when needed.

Examples of the fillers include silica, alumina,
talc, bentonite, zirconium, silicate and powder glass.

Examples of the colorants include body extender
pigments, such as dlumina white, clay, barium carbonate
and barium sulfate; inorganic pigments, such as zinc

white, white lead, yellow lead, red lead, ultramarine,

Prussian Biue, titanium oxide, zinc chromate, red iron
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applicator, a bar coater, a roll coater, a curtain
flow SF-1043 37 coater, a die coater, a spin coater
SH-E@E3 printing, etc. are enployed. The thickness of
the resulting photosensitive resin filmis usually
not less than 50 m preferaBky 50 to 150 m nore
preferably 50 to 100 gm on 5 the dry basis after
renoval of solvent. Wen the dry filmthickness of
the resulting photosensitive resin film is not |ess

tHanS A RMcAWH AL P Gy de d %@&@éﬁﬁ/s, fQraed by

phot o-application. In t’he fornation of

- @}qth%epené_‘, Vﬁnfr?@'éﬁ f 'Eléﬂﬂmarr’leq*g '}&Qdfég n%’ q‘{etntorﬁsehd R,

vary ng upon t'he type o each donpone

resin it on, undi e} :

ER AT R HRad B, A yapine

in the range of usually 60 to 160C, preferably 80 to

fﬁf@énfarlﬂf% UANG UGS Dageiife a5 MR eb ST ect
to 20 mnutes. If the drying tine is too short,

é’dﬁ"@sl SWGn ashdidand Ssmerie hegshdsl trat Qangeve and acid

drying tinme is too long, |owering of resolution due

tdyashersvalh fasgdiaaplivn soveMatesiiindielechw.l n t he case

where a high bunp is forned by using the 20

phot ofenrsidtliase afedihe fiilsmcefi tyhenddivianrinon randiday

subjecting a chip substrate to el ectroplating, the

werfraca wof, thie ich presubsld aliemends davdave bgese

coated wth a netal. The nethod for coating the

1368 dhe ndy Rris4lst nate oM tha Jibalndrg N0t the

specifically

objects of the invention, and they are preferably used in

amounts of not more than 50% by weicght based on 100% by

- weight of the total of the components (A), (B) and (C).

Photosensitive resin f£ilm and cured film thereof

Using the aforesaid components, the photosensitive
resin film of the invention is formed. In order to form
the film, the components are mixed to prepare a
radiation-sensitive resin composition first.

In the preparation of the resin composition, if a
filler and a pigment are not added, the components (&),
(B) and (C) and if necessary other components have only

to be mixed and stirred by a usual method, and if a

filler and a pigment are added, these components have

only to be dispersed and mixed by means of a dispersing

machine, such as a dissolver, a homogenizer or a three-
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SF-1043 38 restricted, and netal deposition,
sguttering or the like 1is enployable. The
pABtl®42nsitive resin filmformed on the chip

substrate as above is irradiated with an ultraviolet 5
radi ation or a visible |ight 3@mving a wavel ength of
300 to 500 nmthrough a photomask in shape of a
prescribed pattern to photo-cure the exposed portion
other than a bunp pattern, and the unexposed portion

i sotemmyed. byWhed kodde oo} opnmitt , coigieit & ued
filmof the invention 10 can be obtained. As the |ight

SPHEGRLiAgl OWs PhesSHPEs MBISH Mal aBR. £21+ D188 PLERSHE of a
mercury |lanp, an extra-high pressure nercury Tanp, a

n@é%ﬁ Qg:géﬁ%ﬁggﬁneagi§£g9n gas laser or the like is

_enpl oyabl e ight Trradiation dose 15 varies

dependj p the type of each conponent .in the

conpos T aPele s 1Y Peodg S¢S RREathrd 1 i dors ngthe
fil etc., but in case of using, for exanple, a high
SPRELOr BAHLFCUR F P oD, T1HB PFr i at RERPHORS 18 ToHESR-
range of 100 to 1500 mJ/cn. 20 For the devel opnent,

ah*al RApFpecngliebts of i ovrpesised Bay delevrp bpedgonto
solution, and the unnecessary unexposed portion is

R slol ¥ egubpEr 2 beroved , hewes@ blyo onépove hehexpobesnt,
portion is allowed to remain to obtain a cured film
ofherdesgi @ edepaté¢@rpholShsedé3ive resin film is formed on

the chip substrate, or the photosensitive resin
compesition may be applied in advance onto a flexibile
base film and dried to form a photosensitive resin film,
and the thus formed photosensitive resin film may be
bonded onto a chip substrate when it is used.

In the above case, the photosensitive resin film
formed on the base film is preferably stored by
laminating a cover film thereon when it is not used.

Examples of the base films employable herein include
films of synthetic resins, such as polyethylene
terephthalate, polyethylene, poclypropylene, polycarbonate,
polyether sulfone and polyvinyl chloride. The thickness
of the base film is preferably in the range of 15 to 125
pan. |

For forming the photosensitive resin film, an

applicator, a bar coater, a roll cocater, a curtain flow
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39 Exanpl es of the devel opi ng sol uti ons enpl oyabl e

hggﬁin i ncl ude aqueous sol utions of alkalis such as

S |Qﬁ?hydroxide, pot assi um hydr oxi de, sodi um

carbonate, sodiumsilicate, sodium netasilicate,

agueous anmoni a, 5 ethyl am ne37 n- propyl am ne,

di et hyl am ne, di-n-propylamne, triethylam ne,

nmet hyl di et hyl am ne, di net hyl et hanol am ne,

tri et hanol am ne, tetranethyl ammoni um hydr oxi de,

t evaber hyhadimencoathydr exisgen pymatelre, spirpen dirieting, etc.
1, 8- diazabicycl o[ 5.4.01-7-undecene and 1,S 10

diaaz abieyevef 4. IHEL-Grinonanss o"ﬁ%@%sﬁ)ﬁlﬂrﬁ%% t he

devel opi ng sol utions are aqueous sol utions obtained
byhaedE oFs 8- efé%?ﬁ“ﬂfm PLoaRLEL ? !MSPtlégghFﬁgxé 50 pm,

nmet hanol or ethanol or a surface active agen

P RErr R e G TR MRV G %ﬁ%’géréﬁi@%?éé°ﬂ§pﬁﬁ%iwa’ o
] _ 2p
Bt pe P Po- SE T wRRERL OF EALVERGL O e Sy

etc it is in the range of usually 30 to 360 ) ,
| b ghRest qbvidte %@ULE%%%dp%\}O%%n%h?l%? resin film

puddl i ng, dipping, paddling, spraying and shower

dev eroprents AiarersQ han, deviel opriemty omshagfawehably

running water is performed for 30 to 90 seconds, and

themediby dehoty-arg higcapiehr gun SF- 1043 40 or drying
by heating using a hot plate or an oven is

In the formation of the photosensitive resin film,
the drying conditions vary depending upon the type of
each component in the resin composition, compounding
ratio, thickness of the coating film, etc., but the
drying temperature is in the range of usually 60 to 160°C,
preferably 80 to 150°C, and the drying time is in the
range of about 5 to 20 minutes. If the drying time is
too short, adhesion in the development becomes bad. If
the drying time is too long, lowering of resolution due
to thermal fogging is sometimes induced.

In the case where a high bump is formed by using the
photosensitive resin film of the invention and by
subjecting a chip substrate to electroplating, the
surface of the chip substrate needs to have been coated

with a metal. The method for coating the surface of the

chip substrate with a metal is not specifically
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. devi ce su

performed. The photosensitive resin filmof the

i nvention can be sufficiently cured even by the
aBol@3described light 5 irradiation only, but
dependi ng upon the purpose, the filmmay be further
cured by additional light irr3&diation (referred to as
"post exposure" hereinafter) or heating. The post
exposure can be carried out in the same nmanner as in
t he above-nentioned radiation irradi ation. The 10

i rgftiatteal) dosR netdlbtdgpecitiagl |spuesdring etk il 1ike
in case of using, for exanple, a high pressure

By AL d@Le, the irradiation dose is preferably in

‘the range of 100 to 2000 mJ/cnR. In case of heating,

h
oo, © o hld: Aagiﬁsm‘t/%t%eo“?’? s e icha I %}eestedr%ﬂq’
t t 6 1
SRS e e R R L A0 40 W A B ¢t
I t 60 B f
L S ey BB

pattern haV|ng nor e excellent properties can be

o5t aited™ 2O i PrUbEtadt dthahaRe the pateFHeded

cured film is inmmersed in various plating solutions

frort tegire dtar gdlcdtdnyyire Hare tewp ad et tord et iour rasrdteandharhen

el ectroplating time are set so that a desired pl ated

et datitekmes srshottad dresxqld s dhgoh rfaingh pl satrangpiesi by
SF-1043 41 perfornmed. Then, the chip substrate is
Idmeisiedidve idprRed] | Nehsadf i Dedte POF 1190 8OC H1od hddhtion

30 minutes with
can be obtained.

As the light Source, a low pressure mercury lamp, a
high pressure mercury lamp, an extra-high pressure
mercury lamp, a metal halide lamp, an argen gas laser or
the like is employable. The light irradiation dose
varies depending upon the type of each component in the
composition, amount thereof, thickness of the coating

film, etc., but in case of using, for example, a high

pressure mercury lamp, the irradiation dose is in the

range of 100 to 1500 mJ/cm®.

For the development, an alkaline aqueous solution is
used as a developing.solution, and the unnecessary
unexposed portion is dissolved and removed, whereby only
the exposed portion is allowed to remain to cobtain a

cured film of a desired pattern.
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stirring the solution, to peel the cured film whereby

-a_ straight high bunp having a section wherein the

nd the side neet at substantially right angles
can be forned. The peeling solution used herein is,
for exanple, an aqueous sol 38i on of a quaternary
ammonium salt or a mxed solution of a quaternary
ammoni um salt, dinmethyl sulfoxide and water. 10
EFFECT OF THE | NVENTI ON According to the
phot oensirtliese afedihe fddvwalefitle sdlmentrioremricd taid o
cured filmthereof, a high bunp having a height of

ndrdiess rdiad G quaas e maadidy Jordmed o Hudh &Y p
substrate with high precision though formation of

S i R | S A S d G thﬁﬁfc;ﬂ%ecorb\éﬁﬂﬂnp@rbonate,

technlque By virtue of such & high bunp, connection

fe i sq{ll%% ‘an Cg%ema ebE(;caagn Iecbaen anccg%%% ammonia,

VPLES The prese i nvention is. further .described
%%/lraé“flé“reéné“e KPR I?J&P?fom‘i‘h%t}é%%%%%f Bt n*Propylamlnef
shoul e SF-1043 42 construed that the invention .is

T R PGP ey L e legdms edingfipHedihgnolanine,

Exanpl e 1 Synthesis of alkali-soluble copolyner A
triethanolamine, tetramethylammonium hydroxide,

tetraethylammonium hydroxide, pyrrole, piperidine, 1,8-

diazabicyclo[5.4.0]-7-undecene and 1, 5-
diazabicyclo[4.3.0]-5-nonane.

Also employable as the developing solutions are
aqueous solutions obtained by adding a water-soluble
organic solvent such as methanol or ethanol or a surface
active agent in a proper amounti to the above aqueous
solutions of alkalis.

Although the developing time varies depending upon
the type of each component in the composition,
compounding ratio, thickness of the coating film, etc.,
it is in the range of usually 30 to 360 seconds. The
developing method may be any of puddling, dipping,
paddling, spraying and shower development. After the
deveiopment, washing with running water is performed for

30 to 90 seconds, and then, air drying using an air gun
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5 A flask equipped with a dry ice/ methanol reflux
~ device was purged with nitrogen, then 3.0 g of 2,2'-

adobi®li sobutyronitrile as a polynerization initiator

and 100 g of ethyl lactate as a solvent were pl aced

in the flask, and they were4®tirred until the

pol ynmeri zation 10 initiator was dissol ved.

Subsequently, 15 g of a-nethyl- p-hydroxystyene, 10 ¢

of methacrylic acid, 30 g of n- butyl acrylate, 20 g

afr icgoharnyy adogattate wnich@5S haf plate or an oven is

tricyclo[5.2.1.02' 6] decanyl nethacryl ate were pl aced,

g rexndd i ng was slowy started. Then, the

tenperature of 15 the solution was raised to 80C, and

pol ynejz @a&by@%it&% YJEd, a1 S LGIPenatdiie diPlean

6 hours. Thereafter, the reaction product was dropw se
de 0 e t t 0l,z sold dif :

MR e R Yol Y R e e e

wat er,. then 20 di ssolved again in_the same wei ght of

CRH A O s B e R et S R st Lne

added to a |l arge anount of . methanol to solidify the .

priodudtaadef ntunher dHed dperaddonsonil di st utiifiation

and solidification were carried SF-1043 43 out three

t (raferaate Yead t1nps s adrP siiee U deensi i i tear Jatoadedtoyng..

48 hours to obtain a desired copolymer Al. Synthesis

Brerplest 2xpdstise Syt hesicamnfiead kalbt - ol thd esame manner

copolynmers A2 to All and CAl to CA6 Copol yners A2 to

Ald iandHAl aborEAeeIansy teisd zash irradiation. The

irradiation dose is not specifically restricted, but in

case of using, for example, a high pressure mercury lamp,

~the irradiation dose i1s preferably in the range of 100 to

2000 mJ/cm?. In case of heating, the resin fiim has only
to be heated using a heating device such as a hot plate
or an oven at a given temperature, for example, 60 fo
100°C, for a given period of time, for example, 5 to 30
minutes on a hot plate or 5 to 60 minutes in an oven. By
performing this post treatment, a cured film of a desired
pattern having more excellent properties can be obtained.
The chip substrate héving the patterned cured film
‘is immersed in various plating solutions for
electroplating, then the electric current and the
electroplating fime are set so that a desired plated

metal thickness should be obtained, and plating is
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in the sane manner as in the synthesis of the

copolynmer Al in Synthesis Exanple 1, except that the
{Sfp bt

nd the 10 anounts of the conpounds were changed
in accordance with conpositions shown in the foll ow ng

Table 1. SF-1043 44 Table 1 @- d ass Conmponent

Conponent Conponent Conponent ot hers

-polynertransitiona (g)b (g)c (g)d (g)(g) tenperature

al a2bl b2cl1c2dl d2d3el (C) Al 61.51510302025

20Zheh3. TOESLOIN2C2D AGER11515302% ed in a
AS64. 2201025405 A675. 1515252035 A760. 8151025455

Akl a4 OR0R B AND 4 16205103040 < ¢ for 5 to 30 minutes with
stirring the solution, to peel the cured film, whereby a
straight high bump having a section wherein the base and
the side meet at substantially right angles can be formed.

The peeling solution used herein is, for example, an
aqueous solution of a quaternary ammonium salt or a mixed
solution of a quaternary ammonium salt, dimethyl

sulfoxide and water.

EFFECT OF THE INVENTION

According to the photosensitive resin f£ilm of the
invention and the cured film thereof, a high bump having
a height of nbt less than 50 pum can be readily'formed on
a chip substrate with high precisgion though formation of
such a high bump is difficult by the conventional
technigue. By virtue of such a high bump, connection
failure of an element can be inhibited, and reliability

of an element can be enhanced.

EXAMPLES
The present invention is further described with

reference to the following examples, but it should be
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A1087. 45152555 Al | 77. 4201552040 CAl 28351550

E@éé? 4401050 CA3125.220201545 CA426.430105010
84320202040 CA6121. 41010154520 al :

a- met hyl - p- - hydr oxystyrene a2:

a- met hyl . - m hydroxystyrene b nethacrylic acid

SF- 1043 45 b2: 2-hexahydropht hal oyl et hyl nethacryl ate

cl: ethyl acrylate c2: n-butyl acrylate dl1: isobornyl

acrylate d2: tricyclo [5.2. 1.02,6 ldecanyl acrylate

deonstiegc| ohst 2the 02V 63 utetamyl s net hasrydat Bimeted to

n-butyl methacrylate SF- 1043 46 Exanple 1 Preparation

othoesi axgappesition To 100 g of the copol yner Al

obtained in Synthesis Exanple 1, 18 g of

25 ¢n €haBt Hoxyahe 2= di phenyl et hane-1-one 5 and 6 g of

Z"Z_G_Trrﬁﬁrﬁyﬁ%ﬁﬁZUyldiphenylphosphine oxi de

Synthesis of alkali-soluble copolymer Al

A flask equipped with a dry ice/methanol reflux
device was purged with nitrogen, then 3.0 g of 2,2'~
azobisisobutyronitrile as a polymerization initiator and
100 g of ethyl lactate as a solvent were placed in the
flask, and they were stirred until the‘polymerization
initiator wa; dissolved. Subseguently, 15 g of o-methyl-
p-hydroxystyene, 10 g of methacrylic acid, 30 g of n-
butyl acrylate, 20 g of isobornyl acrylate and 25 g of
tricyclo[5.2.1.0%°]decanyl methacrylate were placed, and
stirring was slowly started. Then, the teﬁperature of
the solution was raised to 80°C, and polymerization was
performed at this temperature for 6 hours.

Thereafter, the reaction product was dropwise added
to a large amount of methanol to solidify the reaction
product. The resulting solid was washed with water, then
dissolved again in the same weight of tetrahydrofuran as
that of the solid and dropwise added to a large amount of
methanol to solidify the product again. After the

operations of dissolution and solidification were carried
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as radi ation-sensitive radical polymnerization
{ﬁ?ékégors, 50 g of Aronix MB0O60 as an ethylenically
S rated conpound, 0.3 g of NBX-15 (available from
Neos Technol ogies Inc.) as a surface active agent and
90 g of 10 ethyl lactate as &3sol vent were added, and
they were stirred to give a honbgeneous solutlon The

Tesulting conposition solution was filtered through a

capsule filter having a pore dianeter of 10 m to

obtlai Fhee e doiras ontsenst U el 19 qid i d esis carposidiord at
15 Preparation of photosensitive resin filmOnto a

stbst riaie Obtlaiued ty doraimo addd Wédni aofélyme0fA1000

A on a silicone wafer by sputtering and then formng

a Cuthin filmof 1000 A thereon by sputtering, the
radi ati on-sensitive liquid resin conposition was 20

appl trads Uus i 5l p coater, and then the conposition
was  prebaked onm a not pfate at 120C for 5 minutes to

ft’o' R11 and ca1

photosenS|t|ve resin f'|n1i%dC§§Pred f|In1(1)

Eval uation of transmttanc tosensitive resin

fil-m havi a filmthickness .5 of 70 pmwas forned on

a quart®° gﬂﬂﬁ%tp@ H&v il £nd rﬁpclkﬂ"éés&o@ Ve G § R s 1zed
sane manner as described above. Then, neasurenents of

Hra i 14 SS TS RE5 il die 0B RS Weral ddre | eab@iimer
using a H TACH Spectrophotoneter U 2010,

Al in Synthesis Example 1, except that the types and the

amounts of the compounds were changed in accordance with

compositions shown in the following Table 1.




while a quartz substrate used in the application was
¥ﬁ§? 10 as a reference. (2) Evaluation of resolution

€ %ﬁ%tosensitive resin filmobtai ned above was
exposed to an ultraviolet radiation of 1000 mJ/cn®
through a pattern mask for reédol uti on measurenment by
15 neans of an extra-high pressure nercury | anp ( OSRAM
HBO- 1000W D). Then, the resin filmwas devel oped with
a 2.38 w % aqueous sol ution of tetranethyl anmoni um
hydr oxi de, washed with rupghng water and spin-dried
to obtain a patterned cured filmas a test specinen.
.20 The test specinmen was observed by a scanni ng

ellectron m crpscope to pmeasure a|resol utiop. The
Co— "resialsdt i on" Wasmpargtged diymgoesak\ickgoansSti At @mp@idrer Nothers
off 75 mx 75|m A case where the pattern was resol ved
polymewittheutsianynr €si dgnl resh stgland ar: dpgl e ofdt he) si de| (g)

wgs SF-1043 48 85 to 95 was |eval uatedjas "A", |and| a
cdsenpsgrgurhe resultingﬂjna e devi ated fromithe
alove range wpsalepadiat asb2BY. cl3) €val dat|iden| &% | el
adhle§lon properties 5 Adhesilon tq thelsubstratle was
evial uat ed by obserying | a section of the resist-cured

Al il m&ter de /p:|-$xp nt hylo reans |of _alstln 129(, 2
ellectraon m cropscope. A filmiin whi i ft of

A2 | gsist %&&pJMﬁ - atY tlhe pnrgghnry n=EE?° 29

a3 ORening, or t he fgge of t@ﬁ)vafer was evgbuatec2%§ S A,

A4 60.1 15 15 30 |25 15

Ab 64.2 20 10 25 140 5

Ab 75.1 5 15 25 120 35

A7 60.8 15 10 25 |45 5

A8 71.5 5 10 30 55

AS 94.6 20 | 10 30 40

AlQ 87.4 5 15 25 55

All 77.4 20 15 5 20 40

CAl 28 35 15 50

CR2 27.4 40 10 50

CA3 125.2 20 20 15 45

cad4 26.4 30 10 50 10

CAb5 85.1 20 20 20 40

CAG 121.4 10 10 15 45 20

al: o-methyl-p-hydroxystyrene
az: o-methyl-m-hydroxystyrene

bl: methacrylic acid




10 and a filmin which lifting of resist or peeling of
E§§i@ was observed was evaluated as "B". (4)
al ion of residual filmratio The residual film
rati.o was determ ned by neasuring a filmthickness
after devel opnent. The residdal film 15 ratio is a
val ue obtained by dividing a filmthickness after
devel opnent by a filmthickness after prebaking and
mul ti plying the obtained value by 100. A film having a
nesi dualesfdH i Ofc ot es sdhan90%mas eval uat ed
as "A", and a filmhaving a residual filmratio of
less diam 26-0Q0kanvas eval uated as "B". (5) Eval uation
of plating resistance and peeling properties The
stbstr-diet Havdaxy laatpat t erned cured fil m obtai ned
above was used as a test specinen. The speci nen was
SH-: 1A slubjactled-€4 o copper el ectropl ating and
then immersed in a peeling solution (THE-S2,
#Fai | bl @&y dlrolh PSR (&5 °1daaknyl @cmd@tfor 20 ni nut es
wth stirring the solution. For the electroplating,
- MCREAS Y200 (Yaviaid ablde gaem seeihaet ot i ng
Engi neers af Japan Ltd.) was used as a plating
1nq{%ﬂtiiuP ot ® i ng was carried out under
the conditions of 25C 3A/dn2 and 40 m nutes, to
obtain ‘a bunp having a height of 60 m Plating
resi stance was eval uated according to a 10 criterion
that the resist pattern was transferred to the
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plated metal to give the same shape after peeling as
V\gé\ of the resist pattern, that is, the bunp width

#3inin 103% of the resist pattern and deposition
of a plating solution due to exudation fromthe

Tesi st opening did not 15 tak# place. A case where

these requirenments were satisfied was eval uated as

"A", and a case where these requirenents were not
satisfied was evaluated as "B". Further, the test
speivpes I rom which the cured film had been peel ed
according to the above nethod was 20 observed by a
scanni ng el ectEr@paALT1QSC @Fe rad 18y ot igiesl i ng
properties. A case where no filmresidue was observed
vwas evgd upd®dy ast "ie @b ﬁg@@ﬁ%m&ﬂié@%ﬁ@yn%m

observed was ‘eval uat ed as The evaluation results

aF £23b1 e SEL Ié)rc%hof v Tf‘béﬁng’t C§E 1043 %15%&??? alge—l—one

16 Radi at1'on-sehsitiVve I|qU| e5iH to

h
U ISR At et %@zé@?p%“%@e%h%éﬁéﬁrﬁmome
L%%Tﬁab#%mora?%e??%ﬁ e” foak nel s argn 1 chators,
same manner as in e 1 The results are set
1 th T Aregiies 318 %D @ﬁrp%n TRl el s unsayprated

Radi ati on-sensitive liquid resin conposition 3 were
compound, 0.3 g of NBX-13 (available from Neos

Technologies Inc.) as a surface active agent and 90 g of
ethyl lactate as a solvent were added, and they were
stirred to give a homogeneous solution.

The resulting composition sclution was filtered
through a capsule filter having a pore diameter of 10 pum
to obtain a radiation-sensitive liquid resin composition.

Preparation of photosensitive resin film

Onto a substrate obtained by forming a TiW thin film
of 1000 A on a silicone wafer by sputtering and then
forming a Cu thin film of 1000 A thereon by sputtering,
the radiation-sensitive liquid resin composition was
applied using a spin coater, and then the composition was
prebaked on a hot plate at 120°C for 5 minutes to form a

photosensitive resin film having a film thickness of 70

pm .
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prepared in the same manner as in Exanple 1, except
t&gt the conpositional ratios were changed as shown

in T3 e 2. 15 Then, properties of the photosensitive
resin films and the cured filnms were evaluated in the
same manner as in Exanple 1.47The results are set
forth in Table 3. SF-1043 51 Table 2 Copol yner

Et hyl eni cal | y Radi cal pol ynerization (g)unsaturated
initiator (g) conpound (g) B1B2B3B4B5C C2C3CAC5 Ex.

1A TOGHEHNE, Bval2AX1G05 061 SHot o BAFIG056 1 Hn film and
4A410050618 Ex. 5A510050618 Ex. 6A610050618 Ex.
7A710050618 Ex. 8AS10050648-d=x.rj9A010050618 Ex.
10A1010050618 Ex. 11Al| 10050618

(1) Evaluation of transmittance

A photosgensitive resin film having a film thickness
of 70 um was formed on a quartz substrate having a
thickness of 1 mm in the same manner as described above.
Then, measurements-of transmittances at 365 nm and 405 nm
were carried out using a HITACHI Spectrophotometer U-2C10,
while a quartz substrate used in the application was used
as a reference.
(2) Evaluation of resclution

The photoseﬁsitive resin film obtained above was
exposed to an ultraviolet radiation of 1000 mJ/cm?
through a pattern mask for resolution measuremeht by
means of an extra—high pressure mercury lamp (OSRAM HEO-
1000W/D). Then, the resin film was developed with a 2.38
wt? aqueous solution of tetramethylammonium hydroxide,
washed with running water and spin-dried to obtain a
patterned cured film as a test specimen.

The test specimen was observed by a scanning
electron microscope to measure a resolu?ion. The_
“resolution” was judged by resolving a square pattérn of

75 pm x 75 pm. A case where the pattern was resolved

- without any residual resist and an angle of the side was
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'Ex. 12A210030618 Ex. 13A210070618 Ex. 14A21003020618

. .15A21003020618, Ex. 16A2100201020618 Conp.
1850618 Ex. 1 Conp. CA210050618 Ex. 2 Conp.

- CA310050618 Ex. 3 Conp. CA410050618 Ex. 4 SF- 1043 52

Table 2 (continued) Conp. Ex.485CA510050618 Conp. EXx.
6CA610050618 Conp. Ex. 7A210020618 Conp.

85 to 95° was evaluated as “A”, and a case where the
fesulting image deviated from the above range was
evaluated as “B”.
{3) Evaluation of adhesion properties

Adhesion to the substrate was evaluated by observing
a section of the resist~cured film after development by
means of a scanning electron microscope. A film in which
lifting of resist was not observed at the periphery of
the opening or the edge of the wafer was evaluated as “A”,
and a film in which lifting of resist or peeling of
resist was observed was evaluated as “B”.
(4) Evaluation of residual film ratio

The residual film ratio was.determined by measuring
a £ilm thickness after development. The residual film
ratio is a value obtained by dividing a film thickness
after development by a film thickness after prebaking and
multiplying the obtained vélue by 100. A film having a
residual film ratio of not less than %90% was evaluated as
“"A”, and a film having a residual film ratio of less than
90% was evaluated as “B”.

(5) Evaluation of plating resistance and peeling

“properties

The substrate having a patiterned cured film obtained

above was used as a test specimen. The specimen was
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Ex. 8A210090618 Conp. Ex. 9A2100503. 343.342. 01 Conp.
Ex. 10A2100504424 Conp. Ex. 11A210030203. 343. 342.01 |
Cop04Ex. 12A210030204424 Bl: Aroni x MBO60 (avail abl e
from Toagosei Co., Ltd.) B2: pentaerythritol %
triacrylate B3: trinethyl ol prggpane triacryl ate B4:

di met hyl ol tricycl odecane di acrylate B5:

di pentaerythritol pentaacrylate d:
2,4,6-trinmethyl benzoyl di phenyl phosphi ne oxi de C2:

252 Ph creddn oy - oo ¢l phiesiyt e hemet hg omed CGien immersed in a
(1,2 -bisimdazole)-1, 2" -dicycl ophenyl-3,3",4,4"-

ted & RRRe Y 164 o, Atuibi A di 2hy] 851 80y henzephenone Lid. ) |
C5: mer capt obenzot hi azole tT v a) 04 (1) ;
at 40°C for 20 minutes with stirring the solution. For
the electroplating, MICROFAER {U200 (available from
Electroplating Engineers of Japan Ltd.) was used as a
plating solution, and electroplating was carried out
under the conditions of 25°C, 3A/dm® and 40 minutes, to
obtain a'bump having a height of 60 um.

Plating resistance was evaluated according to a
criterion that the resist pattern was transferred to the

plated metal to give the same shape after peeling as that

of the resist pattern, that is, the bump width was within

103% of the resist pattern and deposition of a plating
solution due to exudation from the resist opening did not
take place. A case where these requirements were
satisfied was evaluated as “A”, and a case where these
requirements were not satisfied was evaluated as “B”.

Further, the test specimen from which the cured fiim
had been peeled according to the above method was
observed by a scanning electron microscope tc evaluate
peeling properties. A case where no film residue was
observed.was evaluated as “A”, and a case where a residue
was observed was evaluated as “B”.

The evaluation results are all set forth in Table 3.
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Examples 2 - 16

Radiation-sensitive liquid resin compesitions were
prepared in the same manner as in Example 1, except that
the compositional ratios were changed as shown in Table 2.
'Then, properties of the photosensitive resin films and
the cured films were evaluated in the same manner as in
Example i,

The results are set forth in Table 3.

Comparative Examples 1 ~ 12

Radiation-sensitive liquid resin compositions were
prepared in the same manner as in Example 1, except that
the compositional ratics were changed as shown in Table 2.
Then, properties of the photosensitive resin films and
the cured films were evaluated in the same manner as in
Example 1.

The results are set forth in Table 3.
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Table 2
Copolymer |Ethylenicalily Radical polymerization
(g) unsaturated initiator (q)
compound (g)
Bl |B2 |[B3 | B4 |B5|c1|c2| Cc3 | C4 C5

Ex. 1 Al 100 | 50 6 |18
Ex. 2 | AZ 100 | 50 6 |18
Ex. 3 | A3 | 100 | 50 6 |18
Ex. 4 | A4 | 100 | 50 6 |18
Ex. 5 | A5 | 100 | 50 6 |18
Ex. 6 | A6 | 100 | 50 6 |18
Ex. 7 A7 100 | 50 6 |18
Ex. 8 | A8 | 100 | 50 6 |18
Ex. 9 A9 100 | 59 6 |18
Ex. 10 | A10 | 100 | 50 6 |18
Ex. 11 | A11 | 100 | 50 6 118
Ex. 12 p¥) 100 | 30 6 |18
Ex. 13 A2 100 | 70 6 |18
Ex. 14 A2 100 30 201 6 |18
Fx. 15 | A2 | 100 30 20| 6 |18
Ex. 16 A2 100 201 10| 20| & |18
Comp.

Ex. 1 cal | 100 ] 50 6 |18
Comp.

Ex. 2 |'CA2 | 100§ 50 6 |18
Conmp .

Ex. 3 CA3 | 100 | 50 6 |18
Comp.

Ex. 4 cad | 100 | 50 6 | 18
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Table 2 (continued)

Comp.

Ex. 5 CAL | 100 | 50 6 | 18

Comp.

Ex. 6 Cag | 100 | 50 6 {18

Comp.

Ex. 7 A2 100 | 20 6 |18

Comp.

Ex, 8 A2 160 | 99 6 {18

Comp.

Ex. 9 | A2 | 100 | 50 3.34[3.34|2.01
Comp.

Ex. 10 A2 100 | 5p 44 | 24

Conp.

Ex. 11 | A2 | 100 | | 30 20 3.34 | 3.34]2.01
Comp.

Ex. 12 A2 100 30 20 | 44| 24

Bl: Aronix M8060 (available from Toagosei Co., Ltd.)

B2: pentaerythritol triacrylate

B3: trimethylolpropane triacrylate
B4: dimethyloltricyclodecane diacrylate
B5: dipentaerythritol pentaacrylate
Cl: 2,4,6é-trimethylbenzoyldiphenylphosphine oxide
Cz2: 2,2-dimethoxy-1,2~diphenylethene-1-one
C3: (1,2’ -bisimidazole)-1,2"~dicyclophenyl-3,3",4,4"~
tetraphenyl |
C4: 4,4’ -bis(diethylamino)benzophenone

C5: mercaptobenzothiazcle
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SF-1043 55 | NDUSTRI AL APPLI CABI LI TY The phot osensitive
resin filmand the cured filmof the invention are
f3KréP4bl e for bunp formation by photo- application and
are useful for the sem conductor industry. SF-1043 56
10 CLAIM5 1. A photosensitiv& resin filmin an
uncured state, conprising: (A an alkali-soluble
copol.ynmer conprising: (a) constituent units derived
from a-net hyl - p- hydroxystyrene, in amunts of 1 to
30% by wei ght, (b) constituent units derived froma
radi cal pol ynerizabl e conpound havi ng a car boxyl

group, in anmount spafydrEinr? Gy i ighipy ()

constituent units derive rom an acryti acid

al i phafﬂé:copﬁr;t%ﬁseﬂﬁ@i@é’q ke V?tgh‘ﬁ 0, 49%1by c‘f‘@f?&'tfllm of

and (d) Ituent units roma radica
hav I I t
e B R S 0L o Gobe sy Ve P oy B Bnoto-
h I t th 1y
G BT e Bonae Tt o8) )é%eP'a%%&FP&ﬁug&ﬁg. ipgustry.

radi cal polynerlzatlon
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initiator by the use of which a coating filmhaving a
dr 20 filmthickness of 70 ntm in an uncured state
183365 nm radiation transmittance of not |ess than
10% and a 405 nm radiation transmttance of not |ess
than 60% wherein the radiatisn-sensitive radical
pol yneri zation initiator (C) is contained in an anount
of SF- 1043 57 20 to 40 parts by wei ght based on 100
parts by weight of the conponent (A), and a dry film
t hi ckness of said photosergiaiMse resin filmis not
| ess than 50 pm 5 2. The photosensitive resin film as
claimed i m gl@ddRdns Whiere fed hie fpimoyﬂdahBhnE@%egstate,
at | east one ethylenically unsaturated double bond is
cadned,dn an amount of 30 to 80 parts by weight
based on 100 parts by weight of the al kali-sol uble

copol y(gggr a(rﬁ) l OlSJSOTqJeDlpehoéC{%jelny%‘%gg?? Iélgﬁ'slh%%lfél | m as

clai me erein

copol ymer ((A) has a Iass transition tenperature of

not |ower t'Fdn BEStUBNT Rd tshslesdarrd thinaem egiqthyl-p-
filmas claimed in claim1, wherein the constituent

IR ELHIP e Sred- T rBREET &F cal Eot §edy et @ht,
conmpound haV|ng a polycyclic aliphatic group, which
constit ut e (e camEdiitusaituing tsc osoliyresl fom aarmadical
derived fromisobornyl (neth)acrylate 20 and tricyclo

[B 1 ymelr 1263 1 6 |aheganyld Hawetty) acraplat:eyl drovihe in
phot osensitive resin filmas clainmed in any
amounts of 5 to 20% by weight,

{(c) constituent units derived from an acrylic
acid aliphatic ester, in amounts of 20 to 40% by weight,
and

(d) constituent units derived from a radical
polymerizable compound having a polycyclic aliphatic
group, in amounts of 30 to 60% by weight,

{B) a compound having at least one ethylenically
unsaturated double bond, and |

(C) a radiation-sensitive radical polymerization
initiator by the use of which a coating film having a dry
film thickness of 70 um in an uncured state has a 365 nm
radiation transmittance of not less than 10% and a 405 nm
radiation transmittance of not less than 60%,

wherein the radiation-sensitive radical

polymerization initiator (C) is contained in an amount of
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one of clains 1 to 4, wherein the radiation-sensitive
radi cal polynerization initiator (C) conprises (e) 2,2

1643 58 di met hoxy-1, 2-di phenyl et hane-1-one and (f)
2,4,6- trinmethyl benzoyl di phenyl phosphi ne oxi de, and
the 2, 2--di net hoxy- 1, 2-di pheryl et hane-1-one (e) is
contained in an anount of 17 to 30 parts by wei ght and
the 2,4,6-trinethyl benzoyl di phenyl phosphi ne oxi de (f)
is contained in an anount of 3 to 10 parts by weight,
baGetto oh YOOt pasy sudyghei idedfo heo@l katts SOy ubd ght of
copolynmer (A). 10 6. A cured filmfornmed by
ptiod ccsdman® (RhotosensidiyeriBsi hidkmid & saig
uncured state, said photosensitive resin film

L Si.Nng: | -~ S0 opol yer
onpr(lséél%%%t{a %%Snfg#i uienrl]tlguﬁég feglgv%%al? r%?n”m‘

a-met hyl - p- 15 hydroxystyrene, in amounts of 1 to 30%
by wei ght, (b) constituent units derived froma

radi c p nmer.i zabl e conpound havi ng a car hoxyl X
gr ouprT n %%lﬁﬂoécoﬁe@%%&vfo%%}ﬁ%ﬁ? 2y Glaimed in
constituent units derived froman acrylic 20 acid

A PHatic EIHR1ID i RafiRAnE B e wowg byt wesagit one
and (d) constituent units derived froma radica

POt} bl ey corpounich el idmptel pdtgmy cl s ccafaltaed cin an
group, in amounts of 30 to 60% by wei ght,
amount of 30 to 80 parts by weight based on 100 parts by

welght of the alkali-soluble copolymer ({A).

3. The photosensitive resin film as claimed in

"claim 1, wherein the alkali-soluble copolymer (A) has a

glass transition temperature of not lower than 60°C.

4, The photosensitive resin film as claimed in

- claim 1, wherein the constituent units (d) derived from a

radical polymerizable compound having a polycyclic
aliphatic group, which constitute the alkali-soluble
copolymer {(A), are derived from isocbornyl (meth) acrvlate

and tricycloi5.2.1.0%°]decanyl (meth)acrylate.

5. The photosensitive resin film as claimed in any
one of claims 1 to 4, wherein the radiation-sensitive

radical polymerization initiator (C) comprises (e) 2,2-
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SF-1043 59 (B) a conmpound having at | east one

et hyl enically wunsaturated double bond, and (C) a
r&ﬁﬁéﬂﬁon-sensitive radi cal polynerization initiator
by the use of which a coating filmhaving a dry 5
filmthickness of 70 pmin ars8ncured state has a 365
nmradiation transm ttance of not |ess than 10% and a
405 nm radiation transmttance of not |ess than 60%
in said photosensitive resin film the radiation-
skimss thasey+ Bt -edd pipal yineth Zed + Drohdi dhd@t of) (£5)4 et ng
10. contained in an anmobunt of 20 to 40 parts by wei ght
baseek + Fo 1O Pt d Sorih yeh b piof nd hex coaponent (A,

and a dry filmthickness of said photosensitive resin
filmbg{ng, Notid&swihan 2hMPndd1ethane-1-one (e) is

contained in an amount of 17 to 30 parts by weight and

the 2,4, 6-trimethylbenzoyldiphenylphosphine oxide (f) is

contained in an amount of 3 to 10 parts by weight, based

on 100 parts by weight of the alkali-soluble copolymer

(A) .

6. A cured film formed by photo-curing a
rhotosensitive resin film in an uncured state, said
pPhotosensitive resin film comprising:

{A) an alkali-scluble copolymer comprising:

(a2} constituent units derived from a-methyl-p-
Ahydroxystyrene, in amounts of 1 to 30% by weight,

(b) constituent units derived from a radical
polymerizable compound having a carboxyl group, in
amounts of 5 to 20% by weight,

(c) constituent units derived from an acrylic
acid.aliphatic ester, in amounts of 20 to 40% by weight,
and

(d) constituent units derived from a radical
polymerizable compound having a polycyclic aliphatic.

group, in amounts of 30 to 60% by weight,
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(B} a compound having at least one ethylenically
unsaturated double bond, and

(C) a radiation~sensitive radical polymerization
initiator by the use of which a coating film having a dry
film thickness of 70 um in an uncured state has a 365 nm
radiation transmittance of not less than 10% and a 405 nm
fadiation transmittance of not less than 60%,

in said photosensitive resin film, the radiation~
sensitive radical polymerization initiator (C) being
contained in an amount of 20 to 40 parts by weight based
on 100 parts by weight of the component (A), and a dry

film thickness of said photosensitive resin film being

not less than 50 um.




