*159159* SPECI FI CATI ON RESI N COVMPOSI Tl ON, FI LLI NG
MATERI AL, | NSULATI NG LAYER AND SEM CONDUCTOR DEVI CE

TECHNI CAL FI ELD [0001] The present invention r
to a resin conposition, a filling materi al, m"m’,m”,””””’mﬂm
insulating layer and a sem conductor device
BACKGROUND ART [0002] In order to m niaturize—— 1515
el ectroni c conmponents such as digital caneras and
cel lul ar phones and t BBEECIRECATEQN| conduct or packages
al so need to be mniaturized. [0003] In conventiona
sem conduct or packages, bonding wres for connecting
REéENiﬂ@MBOSﬁTaONenFEbhﬂNGtMATERéhﬁntINSHHAMENGngBYBR AND
sem conduct or eleqﬁ@} Egte t oget her and
a space in which t :%on |ng W res can be placed are
requi red. Therefore, the space has to be provided
bet ween the_seni conductor elenment and the substrate
TECHNICALBIELBnduct or package. This interferes with
[obbe M ni atHei zyrpr@f theysem&ondyet gtepackage.a resin
[ 0004] Exanples of a nethod of mniaturizing the
cospapébhelct or fpadkage Mateirddd a afetifat 3y ckryer and a
Se&ygﬁhggg@grsaégggg of the sem conductor substrate
e sem conductor elenent is electrically
connected to a circuit wring provided on a surface
QPR the functional surface together via
BA Q QBf‘”gi‘{s...E,Telectrodes formed so as to extend through
[ODbE] sem copdustder sibstmat Eat {BEee P@tl%raitrlamwreabmﬁdments

* *
supogao g f I c e il EAN0, 6781080 L0 P e 1 ie,

semiconductor packages also need to be miniaturized.

[0003] In conventional semiconductor packages, bonding
wires for connecting terminals of a semiconductor element
and wirings of a semiconductor element mounting substrate
together and a space in which the bonding wires can be
placed are reguired. Therefore, the space has to be
provided Dbetween the semiconductor element and the
substrate in the semiconductor package. This interferes

with the miniaturization of the semiconductor package.

[0004] Examples of a method of miniaturizing the
semiconductor package include a method in which a
functional surface of the semiconductor substrate included
in the semiconductor element is electrically connected to a
circuit wiring provided on a surface opposite to the
functional surface together via penetrating electrodes
formed so as to extend through the semiconductor substrate

(see Patent Document 1).
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t hrough- hol es are forned through a sem conduct or

substrate, a build-up |layer for producing, for

exanple, a lam nated substrate is |am nated on the

sem conductor substrate so that the through-holes are

filled wwth a constituent material of the build-up

| ayer, and then a new hole is forned through the

buil d-up | ayer within each through-hole. Thereafter,

a conductive layer is forned on an inner surface
[oge5hni ng &He1ﬁﬁ¥’ﬁ9£ﬁo&ocﬁkQMb@%da:99”@5%%%%5 Document 1,

mat eri al (conductive portion). In this way, the
thpenehrhpﬂﬁg erecfooded Hheofighnadsendoosiluribasyenbsthate,

whi t;hr ough L
o PR ERRE e RE TR LD AReh O AR B e
subayeatESJuseﬂamin&tedl@na1dasesbmatonanpage(ﬁubsﬂmate SO
sem conductor e]e i ncreases 007 at ent
thseurBht EhrSHﬁg gegeﬁ’at gnt AgbﬂégtiB}Ht Laf'd- %Bﬁtf\iﬁuent
ma2009221657 0+ Bk SESURR OF1 dVEr | NAENT|T €heh0Q08hewt Hfle is

an object of the Bresent invention to provide a resin
fogBaposhEPBEPWRANENLEARAFP| layeRr BiERIRoRBCh BRRRATh-hole.

Thte?%?fggra SEM CONGUCE Pre SUDSILAL 6 J eldallay aBd  an  inner

i cientl e suppressing occurrence of warpage

sugfigcet h@ehrkien@f ttfhae sem cbadactor Russtide ea Fapnfeetive

e bj ect h resent |nve n

ma%%5%gée a&x?($V9H% natgrlg 85 d an |nsul €$%§ Ié&i the

peaachatonpedlettrsdeh are eSormednposition, as well as a
sem conduct or device including these filling nmateri al
and insulating layer and having a small size and

[oensqel | ent npivepekt i es. tAd QRRY wWHe deiid n@etb@vent hRich
the present invention includes the foll ow ng

| ect,
thgegpgpggh(fylpé @fﬂ filled with the constituent matérial
of build-up layer is used, there is a case that warpage of

the semiconductor element increases.

[0007] Patent Document 1: Japanese Patent Application
Laid-Open No. 2005-216970

DISCLOSURE OF THE INVENTION

[0008] It is an object of the present invention to
provide a resin composition which can fill a through-hole
formed through a semiconductor substrate reliably and
sufficiently, while suppressing occurrence of warpage and
the like of the semiconductor substrate. Further, it is
another object of the present invention to provide a
filling material and an insulating layer each formed of
such a resin composition, as well as a semiconductor device
including these filling material and insulating layer and

having a small size and excellent properties.



(1) A resin conposition used for formng a filling
material which fills at |east a through-hole of a

sem conduct or substrate, the through-hol e extending

t hrough the sem conductor substrate in a thickness
direction thereof and having a conductive portion
therein, wherein the resin conposition is conposed of:
a resin having a radical -polynerizabl e doubl e bond, a
thernosetting resin and a resin which differs from

[00be] r esi nThavd it he o radheabepot yarerdpzalite deybl epresent
bond and has an al kali-soluble group and a doubl e

inpendionrinckydes ctior efohleebng. feajumpe (bkitwe (17):
conposition according to the above feature (1),
wherei n the sem conductor substrate has a functiona
sur f(@ge aAdrassor faoeosppasin eusedt herf foecmiogala £illing

urface, and, wher.eiin the resin conposition is.used fo
ma’?%?h? g gﬁlcpns%{l‘j‘[lisng a}e%lyeffe%’fch fil §°€1|%1‘h°ie of a
sefht otighic bot esalbslt £ove) sthé heh oppeisthel s kesrd gt tierough
senm conductor substrate. %3) The resin conposition

thecc8FBiAGREBCERE aBBPETIRESt ure (B, WHET!EISP hedirection

th&£8b £ORUCE 9% i SYIPSTES SubBSv@ pdEPLdh oG rStK face and
a surface opposite to the functional surface, and

whemgiar etiffe thes jne donmssird ot o vsedrdrerosest mhy anresin

' | at j.ng: Laye j ch fi r - hol ,
nad 004 8 AT MASE: LSl 2 406101 0uah: 10 yeiiboccting
resisendt @, resier eimidthedi£6ens conpositheomresdsn suchiray the

roperty,that. a 3 nj ng can be.formed through th
radLCOT aR T T B AP 1R ATl ot TR Rt Aty MEFROH- S ayeLe

gréupi dhdng asdtieré abonsedof od dydtlidppéficasdsin.
t hrough- hol e of a sem conductor substrate, the
t hr ough- hol e

(2) The resin composition according to the above
feature (1), wherein the semiconductor substrate has a
functional surface and a surface opposite to the functional
surface, and

wherein the resin composition is used for forming an
insulating layer which fills the through-hole and covers

the opposite surface of the semiconductor substrate.

(3) The resin composition according to the above
feature (1), wherein the semiconductor substrate has a
functional surface and a surface opposite to the functional
surface, and

wherein the resin composition is used for forming an
insulating layer which fills the through-hole and covers
the opposite surface of the semiconductor substrate,

wherein the resin composition has such a property that an



extendi ng through the sem conductor substrate in a

t hi ckness direction thereof and having a conductive
portion therein, the filling material forned of a
cured product of the resin conposition according to
the above feature (1). (5 An insulating |ayer to be
provi ded on a sem conductor substrate having at | east
a through-hole ext endi ng t hrough the sem conduct or

OPSUhREr §8B PR &CTMRCC EReSI9li (G i B iR e havs g 2

ph8t §ONEHSL LY ShPOREERN. therein, a functional surface
and a surface opposite to the functional surface, the

i nsulating | ayer conprising: a |ayer-shaped insulating

porti,Qn pPROW; n e .Qpposi rface.of th
seni%@nduét%%qggggtnékﬁrég%ié?%?lf?ﬁg%ﬁg%ﬁPgng% least a
throtegriably 6Oraesemitbndhietor nsubat rage potlié othad@gh-hole

i1lLing the through-hole, wherein the insulating |ayer
ex{gngﬁ?%edtﬁFog r etP€ pr GEILECORAUFET est %Bﬁ%%%itﬂﬁh a
thackee ds Ng@i tOct hén abpyeeof eatdir€atidlg 4 6dodductive portion
senm conduct gr _devi ce conprising the filing nmaterial

thegebrdi hget b1t héngbBeecraatuferpgy of7p gured product of
th8€Pk S PRIUGHOS s PV E € CONMPEI SE N t%*@e (ggg&% afd DG, L &Y T ) .

according to the above feature (5).
sem conduct or devi ce conprising: a sem conductor

substcrat e; havi: least 0 - ho ext.endi n
thrggah fﬁg séﬁgggé ﬁg orggkégrggg iéea E%ﬁyégﬁgssé% a
seni cerdhonot heswodt rare | meeringur haceldebini ag tHwough-hole

o Jragal hobe tal o sur Cece anatiien the.lvolan-hole
thiekhdss ayerect DsMethsfeds dd GO¥eIng he domBictiNd as&rtion
thg§£{gjn§ %&ﬁétional surface and a surface opposite to the
functional surface, the insulating layer comprising:

a layer-shaped insulating portion provided on the
opposite surface of the semiconductor substrate; and

a filling ©portion integrally formed with the
insulating portion and filling the through-hole,

wherein the insulating layer is formed of a cured

product of the resin composition according to the above

feature (1).

(6) A semiconductor device comprising the filing

material according to the above feature (4).

(7) A semiconductor device comprising the

insulating layer according to the above feature (5).

(8) A semiconductor device comprising:

a semiconductor substrate having at least a through-



t hrough- hol e and the one surface of the sem conductor

substrate, and a second resin |layer applied to the

first resin layer; and a conductive portion provided

in the through-hole so as to pass through the first

resin layer and the second resin |layer, wherein an

el astic nodulus of the first resin | ayer is | ower
hOihan that of the second resin | ayer.

9)
EniHiRditiryt  8BYPRENacd dPREICENANS esovseub%ra@meln a
thi§kme@Qeﬂgk@ctﬁgnekﬁ%&b%f”og%l%%d@itgﬁ%fdéétdéf¥ﬂfhg the

| ayer is 2,500 MPa or | ower . (10) The sem conduct or
thﬁ@v@hehgk%oﬁddn@ﬂﬁ)Qwﬁi%m@v@n bachr éhEeg)thwhegtetlrole is
Opéggdfirst resin layer is forned of a cured product of
irst resin composition, and wherein the first resin
conpasithenlhsingnphspﬂroﬁncaudna@inahamhmg.ares1n layer

di.cal -p bl e doubl e bond, a thernpsettin
T R T R A £ e I LR RS

thtbeghadbral -od yred zaklee douiFhecbond aﬁﬂeha§emﬁ@onductor
al kal i -sol ubl e group and a doubl e bond; or a cyclic
suBSeFRbSr e@PA. J 199CTHR BRI BoRAYGToraRRYIRE HecEME nfirst
rebpnthey@bovenyfeature (10), wherein the cyclic olefin
resin co rises a norbornene resin having an epoxy
gr o@p.can QEQlVHMPQEWn@@an@V@dedevnc@hﬁxﬂhﬁhughihple SO

ast tE% 3%0% fl?é&ﬁfletgﬂ%) fi’@df{ e!rgsg.ge ]]fa{}r%r{ gﬁl i | ayeercond

can atterne rradi ation of
resbm1b@%dmctor deV|ce according to the above feature

wher.ei n t he, el stlc ulus of the_second resin
|ang |§E§ 51b ﬁ%%s }Chpﬁﬁgﬁus oé)the first resin layer

is lower than that of the second resin layer.

(9) The semiconductor device according to the above
feature (8), wherein the elastic modulus of the first resin

layer is 2,500 MPa or lower.

(10) The semiconductor device according to the above
feature (8), wherein the first resin layer is formed of a
cured product of a first resin composition, and

wherein the first resin composition is composed of: a
resin having a radical-polymerizable double bond, a
thermosetting resin and a resin which differs from the
resin having the radical-polymerizable double bond and has
an alkali-soluble group and a double bond; or a cyclic

olefin resin.

(11) The semiconductor device according to the above
feature (10), wherein the cyclic olefin resin comprises a

norbornene resin having an epoxy group.



(14) The sem conductor device according to the above
feature (8), wherein a coefficient of thernmal

expansi on of the second resin layer at a gl ass
transition tenperature or |ower tenperature is 50 ppm
or lower. (15) The sem conductor device according to
the above feature (8), further conprising a wiring
pattern forned on a surface of the second resin |ayer
opposite to the first resin layer and electrically

connactyedrh @ EQ%iE@HQHEEBYedeQQQEi%%cdf&@hgﬂ%% the above

sem conduct or device according to the abov feature
feggsre \(Bkr evperedeni bliel iteg rayer Iayeheran nod upkeistemned

t hj | .| ayer. med so as to cover the conductive
bypg#%?%%§§% d$y|£%é${a part of the wiring pattern and

formed of a third resin conposition, and wherein the
third._resin conposition is conposed of: g resin
havi s T30 88 IB8NIHEF P2 aBFE1G6uBIEBERAT d0 the above
fedbeFaOSE@ENL,i NgneesiA aKk aenasic WhhsBudhé f &y Eheméélgond

resin having the radical-pol ynerizabl e doubl e bond an
repi layen) kal 1 -390 Ubte QF dukoewe- a doubl e bond; or a

cyclic olefin resin. 6 (17) The sem conductor device

according to the above feature (8), further

conpgii4si nfhe aemiagngacterndeyimed ageordisgr fracehef above

] b ite.to th .
ceb 7oA FEHELE S UORLLLS IBESELS MG xmapgion of
the ovwluortd VJsem_tl'a)yEr BRI B @E%QIE&MG%JF&MH\!@ or
1ol 08 Al 5 8 dprieel, seriden v ow stow g one

sem conductor substrate through which a through-hole
is fornmed.

(15) The semiconductor device according to the above
feature (8), further comprising a wiring pattern formed on
a surface of the second resin layer opposite to the first
resin layer and electrically connected to the conductive

portion.

(16) The semiconductor device according to the above
feature (15), wherein the insulating layer further includes
a third resin layer formed so as to cover the conductive
portion and at least a part of the wiring pattern and
formed of a third resin composition, and

wherein the third resin composition is composed of: a
resin having a radical-polymerizable double bond, a
thermosetting resin and a resin which differs from the
resin having the radical-polymerizable double bond and has
an alkali-soluble group and a double bond; or a cyclic

olefin resin.



FIG 2 is a vertical section view show ng the

sem conductor elenent in a state that the through-hole
is filled with a through-hole filling material. FIG

3 is a vertical section view showing a part of a

sem conductor device of a first enbodinent. FIG 4 is
a vertical section view show ng a part of a

sem conduct or devi ce of a second enbodi nent. BEST MODE

FOR CARRYIRE EETITARIUQIENTIION 1450 PACHRF Hihat @ eFhe gabove
feh€8kB Q@TPOSH PR %dﬁﬂﬂﬂéﬂ%g'ﬁ“ﬁﬁfﬁﬂg ﬁ%&t@§H'9&kﬁgd on

 ayer and a sem conductor device wll~ be describ
a[auxﬁqcah@frébenaﬁmmﬁﬁnQuQﬁpmfsuh@tpaége@ppp@wmq|tﬁ1the
. for fi t-er.) al H
lnFé%é?EHg tﬁk{yg4? hopg cﬁé%§{§§%g§%% uct8§ﬂéggt%rat§:
cohhecthweugbrthohe ext endi ng through the sem conduct or

substrate in a thickness direction thereof and havi ng

a conductive portion therein. The resin conposition
BRIEFCDRBOREETOON OFM €RENDRAWEREENG a

radi cal - pol ynerl zabl e doubl e bond, a thernosetting
[0P301n andFaAGredi nifhiPcV R it FEER PRe VASY rsMAnE one

exgﬁgler%glggl Qﬁi¥3ﬁ&bé@9£equﬁgh% QQRQJﬁPd h@ém@@onductor

al i -sol ub group and a doubl e bond;” a cyclic
subs@taherébrnpgbrwa1Ch1atuheougbrbeie @soi@rmEﬁe
filling material of the present invention 1is used for
filling at |east the through-hole and fornmed of a

cureﬂuprodbctlaf ahev@bbyealessactnomosviemn showidy the

The i atin er of the pres entjon
SeROFRBALGEO% EqFBRTr duct SFSFhe hgove st foudi-nole is
£iC0BROGEthOR. th¥BRghRRULat ENY1L AyenaceApalses: a

| ayer - shaped |nsu?at|ng portion provided on a surface

opposite to a functional

FIG. 3 is a vertical section view showing a part of a

semiconductor device of a first embodiment.

FIG. 4 is a vertical section view showing a part of a

semiconductor device of a second embodiment.

BEST MODE FOR CARRYING OUT THE INVENTION

[0011] Hereinafter, a resin composition, a filling
material, an insulating layer and a semiconductor device

will be described.

[0012] The resin composition of the present invention
is used for forming a filling material which fills at least
a through-hole of a semiconductor substrate, the through-
hole extending through the semiconductor substrate in a
thickness direction thereof and having a conductive portion

therein. The resin composition is composed of: a resin



surface of the sem conductor substrate; and a filling

portion integrally formed with the insulating portion

which fills the through-hole. [0015] The

sem conduct or device of the present invention

conpri ses the above insulating |layer. [0016] Further,

the sem conductor device of the present invention

conpri ses: em conductor substrate having at | east
haglng

r%uﬁ‘ﬁdh?ﬁ‘ “RULERTT hER R HT otigiPt RiePOR@ni 2 oRfagERBPetting

reSURShhat @ irksAd hirckdessi fEL 6t EeBmt Rekeqfesipmd the
surface defining the through-hole and one surface o

raqhFeh- PALYRRF bigihl hofeh ke dpenddandnha nsan a@lh@liay@luble
grb@ﬁl udidg ;a &b\'{gﬁie Iy ) a3ée QQEEE u&ﬁ_ﬁlsrft% ngL &

I nner surface |n|ng e an
ml@h@rsutMaLeofof t he sem conduct or substrate, and a
second resin layer applied to the first resin |ayer;
and a conductive portion provided in the through-hole

[0GD3RS tO PaAsS ftﬂmquh@h héeerBali bt t10SI Ppreayer aﬂ@vérb@ion
In the sem conductor device

. d
5 OFEET | EORoHH L0158 o7 Si G LT RATLE S Gukprmed of

a thasqthesa@dt the @r@&%&@%&i@y@ampésoﬁﬂdn First, the
resin conmposition and the filling material will be

descri bed. For exanple, as shown in FIG 1, the resin

££POS|tL@Fe ?n %gt gf fig é go%t1h§§shagsent invention

rough armed °t hr ou a sem conduct
is stibstedtef 19 ofred wdlumldmlﬁ:tme cdlmmentrddih fomposition.
orti.on 2 of a ctional surface 101 of the

Thég%1cggaug?gr%5%%&r%ﬁ%§ﬁk?e%hd aﬁngFaé apg§s oPhusiaEeng

potoidme pfrltbﬁl’QUItenabnSLHf 3ceriot sgpoderel et ricatdctional
e nnect e et her through a conductive materia
HYriducts v& rFPHﬁFOTfu6F8€|déBbFErﬁﬁé t hpdgghe filling

portion integrally formed with the insulating portion which

fills the through-hole.

[0015] The semiconductor device of the present

invention comprises the above insulating layer.

[0016] Further, the semiconductor device of the
present invention comprises: a semiconductor substrate
having at least a through-hole extending through the
semiconductor substrate in a thickness direction thereof,
an inner surface defining the through-hole and one surface
on which the through-hole is opened; an insulating layer
including a first resin layer formed so as to cover the
inner surface defining the through-hole and the one surface
of the semiconductor substrate, and a second resin layer
applied to the first resin layer; and a conductive portion

provided in the through-hole so as to pass through the



hole 1. This nmakes it possible to mniaturize a

sem conduct or devi ce (sem conductor package) 500

conprising the sem conductor elenment 100. [0018] As

descri bed above, the resin conposition of the present

invention is conposed of: (A) a resin having a

radi cal - pol yneri zabl e doubl e bond, a thernosetting

.resin and resin which differs fromgthe _resin having
fipstadicutn Sawﬁﬁer?&%bﬁé*edoas%nsoﬂae% hayegn  In “the
serl kahbusebubligvgeeypanaddaar deuRbaubaBdoft BRE E$rs@ resin

constitution A); (B) a cyclic olefin resin (that is,
lagegonst LPWerohn8); thataoki kharaecondr sepin| bayer-

Herei nafter, each of the resin conposition having the

constitution A and the resin conposition having the
[00dAEt i t ut FomsB, Wi the bereddscr cbhmdos9ti00204nd : tResi Ailling

onposi t i avi,ng constitution A This resin
ma%%%%%éi?%gg E%n?ggﬁglgﬁ%'resin havi ng t he
radi cal - pol yneri zabl e doubl e bond. Thus, the resin

conposition can be selectively gured_ by irradiation of |
Iigﬁ?ﬂfExﬁﬁﬁmggeof £fe e’ having Eﬁé-raavcmthe resin

coRpb¥ et bgabke (il £ bond) i pehude acpRet o ctkAbigh-hole 1
resin (which is mainly cured by irradiation of

forpgdt) .toomt] ERanpiefsietndurteksi sukgiraget hel0 of a

seﬁ?gbﬁahét89ly ﬂéﬁ%ﬂ qO%QUbl%&b%QQmH%SHUd§o§Q'on 2 of a
unsaturated polyester, an acryl conpound such as ‘an

fuactypnegl nevarferceor 1@l i gédnerhe haeinagoatiubeast sastrate 10

cryl oyl . grou r methacryl.oyl _gro in. one nolecule

andndl TS YT GBRSGINT SUbhtae SEpPEteRdnFiiare 101

cahi ke. eTheseicabpopuadsnaayebet tigethat otereotgh naaconductive
m xt u of two qQr nnre.,[OOZZJlAnDng_then]

v
maEEFgﬁﬁ:(Fggﬁﬁcgéﬂpmgﬂqﬁ}qﬂ? provided inathe through-

hole 1. This makes it possible to miniaturize a
semiconductor device (semiconductor package) 500 comprising

the semiconductor element 100.

[oo18] As described above, the resin composition of
the present invention is composed of: (A) a resin having a
radical-polymerizable double bond, a thermosetting resin
and a resin which differs from the resin having a radical-
polymerizable double bond and has an alkali-soluble group
and a double bond (that is, a constitution A); (B) a cyclic
olefin resin (that is, a constitution B); or a mixture

thereof.

[0019] Hereinafter, each of the resin composition
having the constitution A and the resin composition having

the constitution B will be described.



acryl conpound as a mai n conponent thereof is

preferably wused. This is because the acryl conpound

shows a rapid rate of curing when being irradi ated

with light so that the resin can be patterned even

when it is exposed to a relatively | ow exposure

anount of the light. [0023] Exanples of the acryl

ound include a nononer of an acrylic acid ester

roigb} met haér fPPENaEPEPOEE &PRaRAVERE PPRatigngion A

specifically, a bifunctional acrylate such as

et hyl ene gl ycol diacrylate, ethylene glyco

di nettHegcrig i, CquOﬁéRhﬁédF@PtéFaér%P@téeSEWShaVlng the

ra@?ééfe?b9bﬂgkgg Bf@ryh%hgif %ﬁﬁﬂin d'a Pﬁlate resin

gl ycer I met acrylate canedi 0 Slacry ate
compo&iﬂ@endeuanedmolsdlﬁethaelyla¢wre®.nqiyﬁmmaduamabn of

| at e .such 10 as_trjnet hyl ol.propane tri | at e
ll?ﬁ?%etfudé%ﬂﬂp dS&ne Oﬁrlt%?ha¥ E %aﬂgﬁkaeﬁ§l rlf% ical-
polymeﬁtyhhle <ynﬂﬂMaeb¢hHr|i@&lﬁdeneih@hbxbabarable resin

ent aer i tol hexaacrglate or dlﬁentaer thritol
wae Bmb? A +9iat%ur%ﬂdb¥hér PHREIPD02 - t hem
the (nmeth)acrylic acid ester is preferably used, and

an acrylic or methacrylic alkyl ester having 1 to 15
[0@2tbon at BBMPAeEst ef péhe ofetimer dofving rpre radical-

popgﬁ£§{§§$Yeu?@Q%lgh$§naaﬁﬁélu&ep ﬁsﬁQégtﬁPa{Q@rggfyester,

activity o € resin havin
anr adgirgadl -quuipaerd zabtk adouhieacnwﬁ;ctmenemyrlmnaeaslgmmer

haseHS|££vit ngoége Lesin I 03|t|on éOOZS%%%g roup in
Yhedresin® avi ng tfhe ¥ad¥ca? %%I%ﬂé?? ey 1%
on@Oﬂdlé@@DéOtE@f@bfﬁ aesinylisompbun@PastitBubarsyyrene, and

I| ted to g specific type, but is preferably aresin
B‘l iker a ITRRFY SOIPOURAS: oBRYt difpelaftr 2 1qRes o 1in a

mlxture of two or more.

[0022] Among them, a UV curable resin containing an
acryl compound as a main component thereof is preferably
used. This is because the acryl compound shows a rapid
rate of curing when being irradiated with light so that the
resin can be patterned .even when it 1is exposed to a

relatively low exposure amount of the light.

[0023] Examples of the acryl compound include a
monomef of an acrylic acid ester or a methacrylic acid
ester and the 1like; and specifically, a bifunctional
acrylate such as ethylene glycol diacrylate, ethylene
glycol dimethacrylate, 1, 6-hexanediol diacrylate, 1,6-
hexanediol dimethacrylate, glycerin diacrylate, glycerin
dimethacrylate, 1,10-decanediol diacrylate or 1,10-

decanediol dimethacrylate; a polyfunctional acrylate such

10



makes it possible to inprove a filling property of the
resin conposition in the through-hole 1 provided

through the sem conductor substrate 10. Further, this

al so nakes it possible to inprove UV curing
reactivity of the resin having the
radical-polynerizable doubl e bond, and to easily
perform an operatlon of mxing it with other

asconﬁBﬁ@ﬁng PLPgoPage; het kbRBEYLAESr esi Ay inekhnpPéBrOpPane

triﬁéthgék?laﬁéV'ng the padigalypplypsii zabl e dpubleryiate,
bond ke in the liquid state at room tenperature

Penﬁéﬁﬁﬁé aitwlcur ablte imeding crydrtta ni ng tﬁepabbaerathyitol

heﬁgggg??gigag?gﬁﬁbgngggpggﬁgﬁto5hﬁéggﬁetﬁ tbggllkgnd the

aver a ecul ar - wei e’'resin
likavi ng the radical - pol yneri zabl e doubl e bond is not
11 particularly limted to a specific value, but is
preferably 5,000 or |ower, and nore preferably in the
[002aye Of AROnGO tBeMPO.tHy Seiddn)ddhia wei ghtidavesage is
| ecul ar weight of the resin to fall within the
Prggﬁgébignaéedrtapg FEs SRS 1G G et hazinl konmpbky}  ester

ha@@n@aﬁtHﬁylfglMa?EBhb'%xﬁ% :ﬁ¥0§5£§9tp%'khbﬂ% the eof is
property g0027 The wei ght - average nol ecul ar wel ght

m0§9npm@feé@ ﬂUaﬂéﬁKUSln@hlﬁomwé%ahpib pasgéblpertreatmprove
h GP i |
re%gf.?g?g?gr g0 ’yhé gl)otnt ekga&ﬁrl] %a ?géiié%Pnggl%merlzable

ion curve UST yrene S
dopiolR 8 oA, antchuent e lof uhereasﬁnghaaamﬂmatryadoﬁalthe resin
ol rizabl e doubl e bond contained in the resin
Coﬁgﬂ%ggf??On is not particularly limted to a specific
value, but is in the range of 5 to 60 w% and nore

f er abl |n the range of 8 to 30 wt% based on a
[°$%§hl amobiRFERET t he thesi nrediposi RF6HI Partheul aFddical-

pol PRe AIPYDI e Ofadl181d €Hdhd  (photo-curable resin) is not
particularly limited to a specific type, but is preferably
a resin kept in a liquid state at room temperature. This
makes it possible to improve a filling property of the
resin composition in the through-hole 1 provided through
the semiconductor substrate 10. Further, this also makes
it possible to improve UV curing reactivity of the resin
having the radical-polymerizable double bond, and to easily
perform an operation of mixing it with other components
(e.g., a thermosetting resin). Examples of the resin
having the radical-polymerizable double bond kept in the
liquid state at room temperature include a UV curable resin
containing the above acryl compound as a main component

thereof, and the like.

[0026] . A weight-average molecular weight of the resin

having the radical-polymerizable double bond is not
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havi ng t he radical - pol yneri zabl e doubl e bond cont ai ned

in the resin conposition is preferably 9 wt% or nore,

and nore preferably 13 W% or nore, based on a total

anmount of resin conponents (all conponents excl udi ng

an inorganic filler) <contained in the resin

conposition. [0029] If the anpbunt of the resin having

the radical - pol yneri zabl e double bond is nore than
paFEéCHbﬁEFYI?h?%teQaF%eaon?ﬁéfh%oV%lF%ng%utth%r%r?geéably

5, 68§€okhabwBeat anheforeanie frad 16uMed tHOMMA gOfof NEs0 to
resin conp03|t|on is deterioratéd. On the ot hand,

3,990t he Banoistit 19 t ke wgsghthaveﬁgg?h@olecular welght of

adi y z [ h t
th%o%@%thﬁgi 5 %eagkﬁ%ﬂ Qbnggggﬁggahgéére%igﬂ% g%%%%ble
forhathélexeblhltgompoaltesmn tayepafbxoeﬂaniythexhbbin an

12 ionﬁo§14£on is deteriorated, and there is a fear
eXERLTE 11 54P% PEYRFTE¥Rnnot be sufficiently patterned
by irradiation of light (e.g., W light). For these

[ easons, % setth% t he anount of the resin having
[0PR2]  adi calepolereERtzaBRE2380ouBIOd S5SHE Tt 0 Wedigh RMt?ﬁW] be

evhbgagbgve nangg, it £ls po%%émﬁiet()faw“”égia-rﬁéfﬁeatlon
conposi tion which does not | ower the heat resistance

chppmahegtapkd pr&ot thendof <t the fralkiblatey oby a
caib§r5€§ q é@%ﬁé %95€ngo£si$g %@9% »sfand E&Q

conposi |on can inpart-t reS|s ance to
t he cured product and the erX|b|I|ty to the resin

excel |l ent bal ance. Especia 1t :
oBBHET L) & 6 Faute F (0d% demids, PPSANHNi ERecatpdical-
p
polyparizaplexceidesite pealatl e pnepemiad foina the resin
protective filmor the like to a bonding filmin
COK?\JHPEht%% %%sli’?ltl%%Fl?‘é%%ldyo%llﬁh’ée‘?e%? e TRAPbELEi value,

butsiysed. th@03@hglhesr esidd GAMAS] il Gt BSeferably in
théhigggzezqug to 30 wt%, based on a total amount of the
resin composition. Particularly, the amount of the resin
having the radical-polymerizable double bond contained in
the resin composition is preferably 9 wt% or more, and more
preferably 13 wt% or more, based on a total_amount of resin
components (all components excluding an inorganic filler)

contained in the resin composition.

[0029] If the amount of the resin having the radical-
polymerizable double bond is more than the upper limit
value of the above range, there 1is a case that heat
resistance of a cured product of the resin composition 1is
deteriorated. On the other hand, if the amount of the
resin having the radical-polymerizable double bond is less
than the lower limit wvalue of the above range, there is a

case that flexibility of a resin layer formed of the resin
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resin. This makes it possible to inprove the heat
resistance (specifically, reflow resistance at 2400
of the cured product of the resin conposition. [0031]
Exanpl es of the thernosetting resin include: pheno
resin such as novol ak type phenol resin (e.g., pheno
novol ak resin, cresol novol ak resin bi sphenol A

novo| ak re$|n) or resol phenol si n; bgoxy resin such

Co%gosbtf%%eﬁﬁl del5E18Ea%ed reﬁrﬁl( egre sphéfrGr Ahat the
re@ﬂQXYa§@§| Sanndt SPOeNSf £ f- £POXYy ISt rn MUY ai‘rfa\/c@ﬁtlon

eg resin (e.qg. novol ak epox% resin, cresol
of nsvehbk (epaxy ﬂ%@l#ﬁqhq& phekgr thepe éﬁ@ﬁ?nﬁesﬁni setting

thSt! hg%ﬁ% t&@etﬁgo@égl Haviﬁég '%O| a&@%%ﬁ{? f%’n‘?@rlzable

epoxy resin firedt eno
doldpb&xyboml ho faiLazmehnnngheoraﬂo@lml MG reeOX i tr eiss rpossible
¢ |% % gentadiene-nndifie enog er epox {e in or th
© 188V Corfe- hbaiFi &P 6% Jroé’su 1GP e O 10T ¢ HPHETnete
hedt ngremﬂaaid’& N f exihe SgQlreds mabam:ae tl&éréof and the
unsat urated _ paql yester resin; bisnmaleimde resin

fleRtt Bt haré ﬁ@ﬁrﬂesﬁ?aﬂPYFrmﬁQﬁﬂ%ﬂeoﬁeéqw %h??céﬁe a

re§§§'8®m§891995§2hﬂgch'%%n‘&%ﬂé&@'@ﬂerﬁébg rORALERce to
ester resin; and These resins may be used

they| @h@%rp#@ﬁ%ﬁn%@r@@fflwmlw o Hwmpiieskayer in
exd& 1 Qs gslfar?@eg]x sgp%u”};le};mrﬁ pfsegseﬁ%%é;f@od profid a

es It possi i ‘nmprov
re$E$|sbmpoelamdnadhssﬂoncpnopﬂmmytofamhexceﬂéénprqﬂﬂmlable

of _the_resin conposjtion 0032 t hey nosettin

o R SR e b T SE hKEpiE i 1 & s b1 S04 bl o dising

£ilmenpes at wheck e. ghe bkapmanollawme fepay e nlthand mdkin
epoxy resin ke inaliquid state at room

coR Qﬁéh%QQH¥§\M#%91IS a flexible epoxy resin (e.g
silicone-nodified epoxy resin kept in a liquid form at

room
[0030] The resin composition contains a thermosetting

resin. This makes it possible to improve the heat
resistance (specifically, reflow resistance at 240°C) of

the cured product of the resin composition.

[0031] Examples of the thermosetting resin include:
phenol resin such as novolak type phenol resin (e.qg.,
phenol novolak resin, cresol novolak resin, bisphenol A
novolak resin) or resol phenol resin; epoxy resin such as
bisphenol type epoxy resin (e.g., bisphenol A epoxy resin,
bisphenol F epoxy resin), novolak type epoxy resin (e.g.,
novolak epoxy resin, cresol novolak epoxy resin), biphenyl
type epoxy resin, stilbene type epoxy resin, triphenol
methane type epoxy resin, alkyl-modified triphenol methane
type epoxy resin, triazine ring containing epoxy resin,

dicyclopentadiene-modified phenol type epoxy resin or
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tenperature) may al so be used in conbination. This

makes it possible to provide a resin conposition

which can inpart the flexibility to the resin |ayer

formed of it, resolution to the resin layer in

patterning carried out using a photolithography

nmet hod and an adhesion property to the resin layer in

.excel l ent balance, while npintaining the heat . _
51 T{CPRE AREL bF o8 hERAedE BF DRlUcL Tifer EBFAN( 06F3R %Afe ring
corfRURingf tBeihhesiRset Hsng Hesdmi fontadoed, i ntheurated

resin conposition is not particularly limted to a '
pospesterc nafliny, basmpsepméfler attsinn Pied yhaegbaok 10esin;
digPlﬁg/pﬂ&&%lggg Rk npr%ﬁ T@ydé'fég'(%rﬁgﬁg%égaggkécEing

35 W% ased on the total anmount of the resin
cogbaposngi pasinf ¢hanatevesteofréhint handoskedt1lnker esThese

is less than the lower |im.t value of thefaggye
reINger ¥ héle 1% helS REL the BITERES of i ABPongrore-
Amdhe tieaser essshancehofepbigy ctsetn 14 peoduste BérdbBy used.

resin conposition is lLowered. On the other hand, if

Thifie BABEAt OF t RESCRABARDSECt | AP TtEEh NHIRKE t Héhe heat

re$PPeintd Mahgva A Hford NEraho¥eyr ddend Neleelis H-RRR& of
that the effect of inproving ¥oughness of the cured

therpelett ePmPeHEti@’in conposition is | owered. For
these reason, by setting the anmount of the
thernosetting resin to fall wthin the above range,
[0032] s posBsbkbet 6hprovsdéetangesies ingomposiddon wésioh kept

._can_i rt.the heat_ resi.stance and oughness to the

R TR Tt Tl R e KR

epokper eetha) | badi dnt kyomsetdd g kEPSi Mni 9 Usefiid state at
combination with the resin having. the

LOPRAI-CRPFGIN e | WabFR résih Kt Phst iPIFquirgsSsrat€s-9--
siBicdéaho@PLEY dhekPOfed Sn PESSErably BOGM IO & €8S room
and nore preferably 50 wt% or | ess, based on the
tepperdtypeunnagf aflge be used in combination. This makes
it possible to provide a resin composition which can impart
the flexibility to the resin layer formed of it, resolution
to the resin layer in patterning carried out wusing a
photolithography method and an adhesion property to the
resin layer in excellent balance, while maintaining the

heat resistance of the cured product thereof.

[0033] An amount of the thermosetting resin contained
in the resin composition is not particularly limited to a
specific value, but is preferably in the range of 10 to 40
wt%, and more preferably in the range of 15 to 35 wt%,
based on the total amount of the resin composition. If the
amount of the thermosetting resin is less than the lower
limit value of the above range, there is a case that the

effect of improving the heat resistance of the cured
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resin conposition. Particularly, the total anount of
the thernosetting resin and the resin having the

radi cal - polynerizable resin is preferably 13 wt % or
nore, nore preferably 14 wt% or nore, and even nore
preferably 18 wt% or nore, based on the total anount
of the resin conponents (all conponents excluding the
inorganic filler). In contrast, by setting the total

PrgfBGht Obf thRe FEREPNGSBIPCSAE L OPedisn LB Task r &¥t nthe other
hahayi ng the badiueal orzolaff@rﬁrz&brl&ed&amge r O d0cd&4d the
wi thin the above range, it is possible to
uppart L énlbr velpapedyéhehabovel |Il¢gl<3ﬂ',orté¥€tl§ﬁ ofs thecassi phat
0 [ 0 r de ough e
thge%?g%h ug?aﬁ%é%éﬁlég %%ﬁbﬁﬁg oP %% éﬁr'y ébd&gk
theogsishine cédmposeiosrsiis quw&rédxnuﬂﬂu; Payesé &@Eﬂﬁﬂu by
of .the resin osi.tion to have the adhesio
SeB%b%%rﬂ?“%n&”P uPfon* i &ﬁﬁﬁqﬁﬁﬁ rEbrﬁeé& oufo fall
witisingthbe apbetoldditegr aphyi srepbsdibhe e¥C@ldRAlde a resin
bal apce, and to have excellent flexibility. In
COmRRF 1 F bR i'fhichal @3N pok@Pare flhet Heerbr ek i Beriete ofand
tohfnedd £&SiMe C@ﬁﬂg@é'ﬁf&ﬁ‘ué@ havexexrelieda Nedle .
resi stance. [0035] The resin conposition contains "the
resin having the al kali-sol uble group and the double
" whi fe ro r n t
[ogggfcal-pgﬁyng¥%za eé d%%%?% b%%% ﬂﬁ %ﬂg @§érTosettlng
repossiilsl eused drmresombiaygeionforingd ohet heesigsi having the

0 on to he devel gped b aline de eIo
rad R BEg° TR EE ATt | FEor e Ko by byRe: TR | GhogPr 2
to’teh];jhimod’ﬁt usiesl bef ei ), pidiee s Bpec( dit € ess léi@,m dM® more
sin haV|ng t he radlcal-polynerlzable doubl e bond"
PrEERREP I hat) dhiehi GBI 1897 uMATeR O (He ¥Rt heATRYTerof the

reémrrbsﬂgss@wsﬁ Bl iesgfrithe f8si pohayi a&ohh% of the
al kal i -~ sol ubl e group and the dou | e bond include a
thewaeseteiind| aesin and the resin having the radical-

polymerizable resin is preferably 13 wt% or more, more
preferably 14 wt% or more, and even more preferably 18 wt%
or more, based on the total amount of the resin components
(all components excluding the inorganic filler). In
contrast, by setting the total amount of the thermosetting
resin and the resin having the radical-polymerizable double
bond to fall within the above range, it 1is possible to
particularly improve the filling property of the resin
composition in the through-hole 1 provided through the
semiconductor substrate 10. Further, it is also possible
for the resin layer (bonding layer) formed of the resin
composition to have the adhesion property and resolution in
patterning carried out using the photolithography method in
excellent balance, and to have excellent flexibility. In

addition, it is also possible for the cured product of the
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by both Iight and heat. [0036] Exanples of the
al kal i -sol ubl e group include a hydroxyl group, a
carboxyl group and the like. Further, the
al kal i -sol ubl e group al so can contribute to a
thernosetting reaction. Exanples of such a resin
include: a thernosetting resin having a
hot o-reactiye group such as__an acryl oyl group, a
TeRABhaEPhPOyF ORotp BRVE GrASHLERbURCR TBROEDICHR bl e
resin having a thermal reactive group such as a
henol i c hydroxyl group, an al coholic hydroxyl group,
[0535larbox§¥egr6@§iér aPeBRe B bty dr ceatgiogp; “die t heesin

Eke. n_this.r aaltois t af e ” .
hagkggoPgérgéggilrgg?%gégygfbr§52¥gﬁggggéﬂ?hg§%9¢gﬁa which
diféacsi Vierqgr otipesucdsas dravieppxyhegr on@dilamlam'fanpxﬁgrnu@ble

t Qup. eci.ficall xa es of the
o8, U P e BRE L SR e s 1Ry 2aver
fotmeth)ar yheyl rgs onp-aidad idikgh  @er ybé C RGidd Y NMBE  an

.the like. Anmong them the (neth)acryl-nodified
algggh%?efﬂslé're OP&Tpr eMETANY RAEFE I t hBec&ss iphddyer by

irkBeiatkshiogoh ubhe. gr aup fed A8 N MY BOradd $8frrers
al kal i -sol ubl e group includes a double bond noiety in
frem cegn csigt r%@tvlirn@ t kBeeofadivieh-DALpaerédabdsi rdouble

boﬁ&esh@angpmﬁgytéﬁgﬁiéﬁir%@PM@@uégsane%%Eo@ég%ns differ
process, it Is possibl'e to use an alkaline agueous
frewml eécbnovheh. a Esampilepactt dmet he sdnvitraonimentties alkali-

red with nvent i.onal | used.or,gani c_sol vent
SoaggggdgggPBpﬁﬁg g&%ﬂ %ﬁéglu?%%%r}nFHUdgmasﬁﬁﬁﬁR teable
by dootbh el betel Hdl etteya€ontri butes to the curing reaction
of the resin conposition. This nmakes it possible to
i nprove the heat resistance of the cured product of

[0086] resipxeMPPOs birOhd Nalbd Bi L&YRIKh e | §rbipt AnRQ ude a
hygggiﬁatgggug? Epgxgggxfyl group and the like. Further,
the alkali-soluble group also can contribute to a
thermosetting reaction. Examples of such a resin include:
a thermosetting resin having a photo-reactive group such as
an acryloyl group, a methacryloyl group or a vinyl group; a
photo-curable resin having a thermal reactive group such as
a phenolic hydroxyl group, an alcoholic hydroxyl group, a
carboxyl group or an acid anhydride group; and the 1like.
In this regard, it is to be noted that the photo-curable
resin may further have a thermal reactive group such as an
epoxy gdgroup, an amino group or a <cyanate group.
Specifically, examples of the resin include (meth)acryl-
modified phenol resin, a (meth)acryloyl group-containing
acrylic acid polymer and the 1like. Among them, the
(meth)acryl-modified phenol resin is preferably used. In

the case where the alkali-soluble group of the resin having
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resin curable by both Iight and heat, those descri bed
as the thernosetting resin and the photo-curable
resin can be wused. Further, the resin having the

al kal i -sol ubl e group and the double bond can be
obtai ned by introducing the thermal reactive group
into the photo curable resin or introducing the

hot o- r eact rou into t her qose ti resin,
enB0Bs 57 L EeraL Uphet AEbeho L GhBHED! ReUDRBHRoBGRE! R FEY; n 2
chBAYERY tderRhol Qs r @3@lies 97 QHeN| Sur\*ﬁ@éj@tétl raldsa rof (resin
nmodi fi cation (substltutlon) of the photo-reactive

cogpeaptien) nots pa’lemO(Y@IdaHL? |<‘=1 nle¥glppiagdsprersees, it is

po¥§%8fe QH; ﬁ?ergbefgiﬁgi gﬁ%oﬂgnqg%ﬂgo th%Q/Qa low

and nore pre FHTh ge of % based
impaca botahereauurvemgnbups obmpHEedesihhhavtngvehelonally
al.kal i - sol ubl roup _and .t he.doubl e d. By settin .
usBHeBFaRROcoroRSaRF I Ba: ForicSFLPRE Bnapas i aRey i DAL bbEEp in
thie takk,whBi Botibeecabona mangey tbntsibpossi bbethe curing
provide a resin caonposition having particularly

reé?EéPPeﬁt“- 880 GS i6n COMPIHFIS™ -On TTHeS didkss hhﬁdpoﬁﬁlble

tot Iﬂ%p?@%% wher @ e RRAtG-a iy &l ecl’[@sélflré@véf‘cgdﬁ@@ of the
hermal reactive group is used, a ratio of

reﬁ@dlﬁP@QPEéﬁlP§ubst|tut|on) of the thermal reactive
group is not particularly limted to a specific
value, but is preferably in the range of 20 to 80%
and Imotkeipr eégaabl, y iitn itshet o angenoted0 that7(24 tbasedbove

reflpalraimorsy “Brbip AMi% ReholBR e boRa=cny Sait ay oo

théhehé&hb@eﬁt1n@Ddb%u©a@d31ﬂHetﬁﬁbﬁdKﬁdﬁﬂbIé%mé$ﬂﬁ can be
uSgroup to fall within the abqve range, 0ssj b

8- pr FHIE'SF r 519 TEBAPOSAVIOA ﬁ&ﬁrﬁ}%ﬁ&%|% %F}% grOUp

an8Xceld eabubeeolWA®Ncan be obtained by introducing the
thermal reactive group into the photo-curable resin or
introducing the photo-reactive group into the thermosetting

resin.

[0037] Here, in the case where the thermosetting resin
having the photo-reactive group 1is wused, a ratio of
modification (substitution) of the photo-reactive group is
not particularly limited to a specific wvalue, but 1is
preferably in the range of 20 to 80%, and more preferably
in the range of 30 to 70%, based on a total reactive group
of the resin having the alkali-soluble group and the double
bond. By setting the ratio of modification of the photo-
reactive group to fall within the above range, it is
possible to provide a resin composition having particularly

excellent resolution.
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[ 0039] A weight-average nol ecul ar weight of the resin
havi ng the al kali-sol uble group and the double bond is
not particularly limted to a specific value, but is
preferably 300,000 or |lower, and nore preferably in
the range of 5,000 to 150,000. By setting the

wei ght - average nol ecul ar weight of the resin to fal

ithin the above range, it is possible to obtain a
l°$%§51n conBBstPPoRtREY RGNE part iR £73SF "8)&%S | gre Photo-

cutbbl&ngeBiAPBEVY ngl @840k Hider@l triee aivahtg @R a8 used, a
nmol ecul ar wei ght can be eval uated using, for exanple,

ragigel ofer mafibiratdnromat ogeaphyut GPr), afid ddie bethermal
a [ iz [ .

rofPL B GBI oL B O INE FLRLLSY 15100, ppecicic

vatesj nbludviig phefeabkayi iwolttd ergngap cdnd2@ heodditd,e and

bond caqnt ai ned . n e resinc sition.js not
Mobar Pirggleéfa:bgyl ilrﬁt{éget 5a§g§pe%flp FP@ Kal ﬂ%f:' bBFSFQ on the
topaef ecabt yvé ngtbep r angeh©f rdSih chHPi g Y%ohangdl k&dDf €soluble

referably in the range of 20 to 40 wt % based on the
gr %?ala%ﬁgod:ﬁ’te ofiouRd &r e8PRAdconpddY t iSGttiPer t £8EGI aFpyic of

modil £id 8t 18y Be RS &raing ) Nrddie 1 8096:8liplQt L0 Whnin
and nore preferably in the range of "15 to 70 Wt % _
thpasaovn thanget al 1t anbntP@3silker e n RoPPbdRnts resin

' . he. | . ) .
coffhisFamerERL el p e et el oodididen.
the resin having the al kali-soluble group and the

le bopd is ss than the lower limt of the _above .
of80." hlr eighg  ared L e rrect b7 npfovingg Zesin
haeonpathdi hilkylbesveepléhgrpipt anautall eidu@sidn ki tihe not

thernpsefting resin is lowered, On the other, hand, if
particpleebysl Rkt eppe? 3 i FRTCHELS ner B Pitank®, PEskegably

3005080 C@Selohdal Seyehopabhidtyroii§ hen rasd ned@yeror 5,000
fornmed of the resin

to 150,000. By setting the weight-average molecular weight

of the resin to fall within the above range, it is possible

to obtain a resin composition having a particularly

excellent filling property.

[0040] Here, the weight-average molecular weight can
be evaluated | using, for example, a gel permeation
chromatography (GPC), and can be calculated by a

calibration curve plotted using styrene standards.

[0041] Further, an amount of the resin having the
alkali-soluble group and the double bond contained in the
resin composition is not particularly limited to a specific
value, but is preferably in the range of 15 to 50 wt%, and
more preferably in the range of 20 to 40 wt%, based on the

total amount of the resin composition. Particularly, it
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conposition and the resolution of the resin layer in
patterning carried out using the photolithography
nmethod is |owered. In contrast, by setting the
anmounts of the resin having the al kali-sol uble group
and the doubl e bond or the Iliquid conponents
contained in the resin conposition to fall within the

above range, it becones possible for the_resin |ayer
maYo%ﬁefrlgéﬁﬁ?¥%sPh gEﬁp&@PﬁFoﬁﬁcﬂ etPh&Pmaifsy and more

professelyai hetnbekaggpabterpedobyot fesphet obit HRIFRENYotal
nmet hod. [0042] qut%er, it is preferred that the resin
ameghpositt | B nEp saddi SRR RLE T ohBAln PIFHIIEEItH t fAcbrding
hijs, i te; bl g,f 0% : BSIR LONPOS] t] ; )
th%f%i@??ﬁ?ﬁ? pggg§%ked§%yeéﬂgggp%ﬁy#eﬁ zatlon.b?ﬁ%égipfon
IfExhapbeasunt olfe thieotmEEgiint itetwoing ncheldel kdkenzeophanbs, group

c h enzoi.n, benzoin_isqhuty| ether, .nethyl
an@e%&%ﬁﬁﬁgggg%icog id® b %&%ikHBQnggF% %%Y%F g%W%gFﬁny the
abtoet hybhngtherthelvenzyd pheayé subti dee keAtadt olf beagirdving

bi acet #,and the |ike. 19 [0044] An anpunt of the
CO%B%Fb?% +H4t oPeEBRERI nbei rPhehe Fesdle onpesitni otnds the

th8phobattifyl aekyn! il tiedidre . speCthbC orakye ndid, i it
preferably in the range of 0.5 to 5 w% and nore
exgpeder BbE yuPPe ¥ hbinbhgef ofhe. 8oeve 2range sy thersells on case

e of, ¢t resi.n,..c j td f .
o P Dy oo s Paet (it o oy resin
comppsitiof tdmed abdee mawgpd,uttilmer e cifs &heaseeshat tager in

f _lnitiatin hot o-.pol ynerization is |owered., .
pafRE kg, rat Plodrbil Mop R B AL S s Ay SRS i
lotwdeedbovenr abgerastheby isetaie@dse Hdhaimdweast iod thhdfresin
the resin position_is excessively increased,
QEHQSQ

haYh%geB?ela HB%FigﬁoBP ﬁﬂg the double bond or the

liquid components contained in the resin composition to
fall within the above range, it becomes possible for the
resin layer formed of the resin composition to be thermally
pressed after being patterned by the photolithography
method.

[0042] Further, it is preferred that the resin
composition may additionally contain a photoinitiator.
This makes it possible for the resin composition to be

efficiently patterned by photopolymerization.

[0043] Examples of the photoinitiator include
benzophenon, acetophenone, benzoin, benzoin isobutyl ether,
methyl benzoin benzoic acid, benzoin benzoic acid, benzoin
methyl ether, benzyl phenyl sulfide, benzil, dibenzil,
biacetyl and the like.

19



resin conposition before use or the resolution of the
resin layer forned of the resin conposition after
bei ng patterned. For these reasons, by setting the
anmount of the photoinitiator to fall within the above
range, it is possible to provide a resin conposition
having the above properties in excellent balance.

45] In_addition, the case where erties such
rogddfeh, ' Ted REREE FhvehSrorioNtah HHAs hr Sroteddre in
theestsd BNCeomp®sathesl alsy rfcﬁtquﬁé@elf:(matrm9 rBshited to a

conposition, it is preferred that the resin

SPeEpbSi VRGHE, alitt AGnBTefegemlsl i dihe nomgmief 0.5 to S
tﬁl | Ia(f"lrd ni:di.cré hﬁfeféf‘aﬁ ﬁa%%emrﬁg% hﬁfr S'BP toI 82 5 wt3

conposi tion contains the i norganic
bapessobleheotohpioamouhe péethpropemnycbmpoaltlon If the

ectlv fil.m.of. the bondin ilmi the res
BBk R i S e e o hg ok PE P et ety T e i e
ofEﬁﬂﬁﬂ&Bo@é $mﬁgaﬂ1tmwr@ama:élbbeé|ﬂhdwdEhe effect of
silicates such as _tal c, baked clay, un-baked clay

infFLathRg PBP4OSDONTEIZ8hARNas s | IaF R oxi G8 the other

haAbYNifa, i f Uggdeski Gthe (8pfer flUFAE sphethealadd CAange,
or flake-type fused silica 20 and silica powder

thegegls argasal Fhak SPRFEAY:tE¥aphoRAEeEesthchomROSition is
g c a
xRS GO o RODGSLUT, TP, Bt o ene

reﬁugnesmpqshydooxbdéoaﬂdusal@ruhhhydeaalde;osubfatbs pesin
1a§dk ELes SuSh Az barlum sulfale.; 63 chpm syligte and neq

&8 Fc un1su Prte’“porates SRR as 21 n ora?% Bar ¢ :
Fopet aliersat e, rahgohaum hor at et cahgi urmheor admoantl sedi unthe

borate; .nitrides such as alun1nun1n|tr|de bor on , ,
PhﬂF‘t”}PaElaﬁﬂ’a s¥Pi c%?#]m e afds hé Povge. T¥RESe 1t is

pokBOpPaNite fptdeige HBYLRE NUSEShBOONELSF hBvEnF XHE €above
of two or nore. Anong
properties in excellent balance.

[0045] In addition, in the case where properties such
as heat resistance, dimensional stability or moisture
resistance are especially required for the resin
composition, it 1s preferred that the resin composition
additionally contains an inorganic filler. Further, in the
case where the resin composition contains the inorganic
filler, it is possible to improve the peel property for a
protective film of the bonding film in which the resin

layer formed of the resin composition is used.

[0046] Examples of such an inorganic filler include:
silicates such as talc, baked clay, un-baked clay, mica and
glass; oxides such as titanium oxide, alumina, fused silica

{(e.g., fused spherical silica or flake-type fused silica)
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them the fused silica or the silica powder such as

the crystalline silicais preferably used, and the
spherical fused silica is nore preferably used.

[0047] In the case where the resin conposition

contains the inorganic filler, it is possible to

i nprove the heat resistance, npisture resistance and
trength thereof after bei n red. Further, it is

ang| &4t i BPBIED (G- Gvecﬂﬁgtﬁg%?’éﬁl S 1grigiserit ycppPonates

su@hOtQﬁilV@aitLHMOf ddorRanrdi NOnb§h8s i dnWhidyddMate  and

resin_layer formed of the resin conposition is used.
hyggotpisi @gar@yqqpﬁ¥§eﬁo beuddt edS t HatuRi himpehpfirekede,

magHQEQ?H'Ch f$§ dés 41 fd%ﬁﬂ a%&ﬁrox1%%ted Fg;%Fes or

pecific t ut is prefera spherica
suIﬁnseﬂakescht @sssbbteumo pubﬁade,a cekcnumcoapbﬁétéonand

L b
ca R B R REy RGP RE S et o e o ber tiSEaphag) Bariun

mefabbhete, ana Bvel@@ge Padidid e Yadeie pabtriatkesanal $6&ium
inorgani.c filler is not particularly limted to a

bogpker f ind Wrdgs, Pl §spraelfué?ld}51‘"§/ PREERES, aRpFBF Blbside

andi0si 30cHM ndhdi ABY eapietREapl yein TngséaﬂﬂgrﬁéngclflPlers
10 pm If the average particle size is smaller than

mayhpe| pied Thone np¥ aR Ehaigove rafhgbWot Rer @are .a F(\jmong
t h I
th&ﬁsetth'%a £y g%&&tb%e‘g;zrby Lhesihnar t?@@éf Eﬁ%h &Y the

be aggregate omerlng reng
cryhealésnﬂ Isayercaf or sregreffernbéyr eSilGd,COdeSIttheonspl@ﬂrical

t hapd, if it upper Iimt of the
fugggvg ?5%%elst 2re F&° erg%gyt% g the resol ution of

the resin |ayer forned of the resin conposition is

red in patterning carried out _usin exposur e and
[oégﬁfollthBQra netfdds. WhGFs0] Bt héeSidn andtmiesSbfion

cohbgi h8ORGRNI indhddfc filler, it is possible to improve
the heat resistance, moisture resistance and strength
thereof after being cured. Further, it is also possible to
improve the peelable property for a protective film of the
bonding film in which the resin layer formed of the resin
composition is -used. In this regard, it is to be noted
that a shape of the inorganic filler is not particularly
limited to a specific type, but is preferably a spherical
form. This makes it possible to provide a resin
composition which is suitable for forming a bonding layer

for a bonding film having no anisotropic property.

[0048] Further, an average particle size of particles
of the inorganic filler is not particularly limited to a
specific value, but is preferably in the range of 0.05 to
30 pm, and more preferably in the range of 0.1 to 10 pum.

If the average particle size is smaller than the lower
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contained in the resin conposition is not particularly
limted to a specific value, but is preferably in the
range of 5 to 60 w o, and nore preferably in the
range of 10 to 50 wm % based on the total anpunt of
the resin conposition. |[If the anmount of the inorganic
filer is less than the lower |imt value of the above

.range, there is a case that the effect of inproving
Lippe " heht TR KRR, TNHEssi dhare stigbi B t 28Rd that the

paPBi 8l ¥ € ADSUDI APHIREET ¥ 1M drher Sak edo Qfepdé'&%ré’éated,
the resin conposition is |lowered. On the other and,
thereby éguesdsgt hbeuppeenbichi o foft heheresiovel awmgefotmed of
thée§ggﬁh'%%ﬂﬂ5§*¥iJ§5'”ohaX %fégﬁgp Rgnahe'%e&ﬂqexceeds
conposi tion 1S owered rn patt er ni ng carrl ed out ust ng
thé heppphotldiritthagf aphy elbled.r{r3H0] tiMoreoyer a tdise that

resin conpositiaon may further . contain a flexible ,
th%posaﬁcfclé%rapﬁ?n I ﬁ%t heNCadeE SAfer 2¥RE rEFReL orffosittfonresin

compib s hefon Cary ailksieadeld exhbl g epoxyif@Sidardited Sout using
possible to inprove flexibility of the resin |ayer

CXPOPHES %?dt%%gg%%%%ho%%%%%%im¢%@o%ﬁd a cured product
thereof, while maintaining the heat resistance of the
cured product of the resin 22 conposition. In

[0649] ti on, Furtheral sanpossohe toff uthderinonpamie filler

[ abi it th in sition.as :
cofEhi A8 Yo i S0 LT NAREINART B2 fpe, perescurariy
lihiexdbte ®pspegctiesenvahed udeut sisiponteradl §iad Epoxyange

resin, pol yet hyl enegl ycol gi | yei dyl e%her,
OF 01 yBr Sy rtedi PG ATRRT BIRET FEY 1B TPPkEnE60SH Y to
50 arptiNtb@Eed hen fiexi bdea ERAYuR €SN et sé el cdmbdderion.
resin conposition is not particularly limted to a
If the amount of the inorganic filer 1$8 less than the lower
limit value of the above range, there is a case that the
effect of improving the heat resistance, dimensional
stability and moisture absorbing property of the cured
product of the resin composition is lowered. On the other
hand, if it exceeds the upper limit of the above range, the
resolution of the resin layer formed of the resin

composition is lowered in patterning carried out using the

photolithography method.

[0050] Moreover, the resin composition may further

contain a flexible epoxy resin.

In the case where the resin composition further
contains a flexible epoxy resin, it is possible to improve
flexibility of the resin layer formed of the resin
composition and a cured product thereof, while maintaining

the heat resistance of the cured product of the resin
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specific value, but is preferably in the range of 3 to
10 w% and nore preferably in the range of 4 to 8

W % based on the total anobunt of the resin
conposition. If the anmount of the flexible epoxy
resinis less than the lower |imt value of the above
range, there is a case that the effect of inproving
the reliability of the resjn ,conposition as the

COLRAT tbhAlict ot et i GO s +oweF ed S6n PASFd Pdthere hamether
impfoté exeagdpiiRe uppsf | kRbt valdig, of cbRBosBPO¥E as  a
range, there are cases that the developability or
SePECANUEFTBAr onatPeiaksin | ayer formed of the resin
conposition is |lowered and that bl eeding of the resin
conmposition occurs. [0053] The resin conposition nmay
[0@%hl ai n aBdamples ouchihas Alékilbsordrmy agestinantha@lude

.Jevelin nt . within a _ range t.hat does not .inpair
s L FESnt MR IPE e prBelin T hRson. (OOt TR Lol
digoycidybugichot e fddlyipiepyieseriddlglegaiidya ehhairnednly the

.m xing such a resin conposition with a suitable
llg%ganic solvent (e.g., N-nethyl-2-pyrrolidone,

ani sole, 23 nethyl ethyl ketone, toluene, ethyl

acetate) to prepare a resin conposition solution, _
[0@9#] yi ng Rhealednh ednpbsi thlexibd® WA tkesiprecontained
. e e . o) ' : h iyn
in PRACD TR IR SRR O aPf BRLELcRigrL T ndte o
speehpes avateer abge icf pmedimdadniperit utleet 0ad86Codf 3t e 10

aboye obt ai ned til or . _through-hale fillin teri.al
oo R Br PPt i el 80008084 A U TR T e
oni $her etetabl yardhfi00oPastlos Irewah, cafifosDf €on. If the

referably 3,Q00 Pas or lower. By setting the | owest
an§iiRt i Ry TPSed YAt SRV (i 1S YenpRr 486Fe TG fihe lower

limit value of the above range, there is a case that the
effect of improving the reliability of the resin
composition as the semiconductor material is lowered. On
the other hand, if it exceeds the upper limit value of the
above range, there are cases that the developability or
resolution of the resin layer formed of the resin
composition 1is lowered and that bleeding of the resin

composition occurs.

[0053] The resin composition may contain additives
such as a UV absorbing agent and a leveling agent within a
range that does not impair the object of the present

invention.
[0054] A film for through-hole filling material can be

obtained by mixing such a resin composition with a suitable

organic solvent (e.g., N-methyl-2-pyrrolidone, anisole,
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wi thin the above range, it becones possible for the.

film for through-hole filling material to
particularly have an excellent filling property.
Further, such a filmfor through-hole filling

material can have excell ent adhesion property and
mettability Wth respect to an object to be bonded
adherent% in addition to suitable flomablllty [ 0056]
meyhgl f BERYR okt Gugh-Noten g | eHhYL nacefrap) c&® HygRare a

rebig EBRhBUgNthghe sb1pkevhded JrAwgh dhe S £ orgHsE9ition
el enrent 100 (the sem conduct or “substrat e 10) by

solakipat trg foe gxamplen thesyrPdrbndidnorreltdreentik®0. and
thgﬁeagg%£§ thys bermall'y curing the filmfor
i

rou e it |ng material, it is possible to
obtain a through-hole filling material (a f||||ng
rial of .the present lnventlon) [ 0057 usi ng
0B8R 71 o8 oraRodit itony L S Bh Bekti 8 { afpnge

ofaﬂa@heﬂémpéﬂghuaé o SESD CONGECE 198 Eﬂa@ﬁ@n&bwﬂnec&nﬂihﬁffor
ect to be bonded (another adherent) such as

thg% Rohatet &t lpang (H@t@rlaal st®sPPAt éaaraér?ué@%hd%amted

tol 208bbe £ 88 @g)hbgmb@pﬁglﬁfs%ka{bl&h@o §66 Npa - s ot lower,
conposition is applied to any one of the objects to

angempgadat e f@dihens, @Qolgar$rQMzﬁqxﬁthhBV|gﬁﬁtlng the
1O&Q£9uﬂ l@lﬁgs%lé%%égQ§goﬁg glnga%%ﬂ%e%g%ure to fall

radrca neri zable nta
witlesn ntben‘palmﬁe onange cuded k:te@:dnnm)tpdmzﬂo]ae ctined the film

rtron the r i-n co ositl Subse uen
o L P RgR RE LB e it OO ST orr i £ BRgederogeny have an
ex@@lllémﬂn fislcihh s paidpalrkgl.i ne BertiiéoN, Arringeacied for
resin havin%éthe al kal i -sal ubl e group and t he doubl e

Chpapen TROUR sddivéadpyratiatd adi kadh nBa¥s| e et edRrsion

pr@ﬁeyﬂfuéﬁ@l%@ﬂﬂéﬂlﬁﬂﬂynﬁf%h E@%b@cEOQRPQhﬁ'BB eé% %o be
resul a patterned bonding |ayer (a layer forne

bondedr é@dl'met@mr@bsim iaddbfien bei w@bb@)flowablllty

[0056] The film for through-hole filling material can
fill the through-hole 1 provided through the semiconductor
element 100 (the semiconductor substrate 10) by laminating
the film on the semiconductor element 100. Thereafter, by
thermally curing the film for through-hole filling material,
it is possible to obtain a through-hole filling material (a

filling material of the present invention).

[0057] By using such a resin composition, an object to
be bonded (an adherent) such as a semiconductor element and
another object to be bonded (another adherent) such as a
semiconductor part (e.g., a substrate) can be bonded
together as follows. Specifically, the resin composition

is applied to any one of the objects to be bonded, and then

24



is formed on the one object to be bonded (that is, the
sem conduct or el enent or the substrate). Wil e using
the light-cured bonding |ayer as a spacer, the other
object to be bonded (e.g., a glass substrate for
protecting the sem conductor elenment) is placed on
the bondi ng layer, and then the bonding |ayer is
ost-cured usin a thermal treatnment. By doing
1] REEBONALAG FAYEr LHOABOShrOHEEA S B lberfq Hohalh) Gok sresin

hat9nge thended; & B-poREtNEEBNE 4§6H1 £ORAHEL Q,ror{aéaefff‘erﬂ in

and t he gl ass substrate) due to reaction of the
theherambet téampoesi¥r e. i , auredepbry Aesih)licent ai nedred
e Si 0 i.tio Jdat; the obj
popbiala PEoelhEr Poraion b dodilrea bolTs it ar by
tre\lamahg téiencee 4 e tbmpmesettbnngurtesl a devedidped | solleion
' S, hot substantia react even

sulfrel SPTB Rl 18T ROTEIgh: T CARTT b bR oED having the

alBdLfacesubiet Beoubornidgthay&loudy esubhegt HBY disolved by
bondlng | ayer_to press or thermal press, to thereby
H

thepgeka t%c%OWthOtlh%%ﬁf%%Y% an pipeReed BYrptea sty the
rebbg bongbsgrlayer at a temarat W & i ghely tkt@taﬁu% layer

glass transition tenperature of the resin havin
arh@Y%alf®©m§®e¢fzh®¢er@®u®l@ommm@l%ph@t@ftﬁra%¢éng Cured)

is! ML UL DY Lhes | Badiat L ah 8L Wled tEREH!4Y, ¢
resin 1s So tene it can contri
semhcordseton e25mbond|onrg e emgh st beteeen twh&lleonﬂ;m@ the

Fur t her nor e, n unreacte

N
11RYERB0T BOSaPRkPThar, a8 B SR ReER,  Thd T higet to

be ald@atha curee@ eshn feysHg dumstraticalforPopyseELEAREE the
doubl e bond fhoto curabl e resin), to thereby inprove

Se?h%o%%ﬁﬂ?ﬂ@ <teBAgth bétﬂééﬁeghénb6ﬁﬁlﬁ?QQ%R9 lepr, and
théhe ohd edchqBYy satdidiy ast hphekpessrah t{]glggndé NGthermal

layer (filnm to a suitable value, the bonding Iayer
trepgienfed By doing so, the bondlng layer is post-cured
between the objects to be bonded (e.g., between the
semiconductor element and the glass substrate) due to
reaction of the thermosetting resin (e.g., the epoxy resin)
contained in the resin composition so that the objects can
be bonded together through the post-cured bonding layer.
Namely, since the thermosetting resin contained in the
resin composition does not substantially react even after
the patterning step, it can flow out to surfaces of the
bonding layer by subjecting the bonding layer to press or
thepmal press, to thereby make contact with the objects.
Further, by pressing the bonding layer at a temperature
higher than a glass transition temperature of the resin
having the radical-polymerizable double bond (photo-curable
resin) cured by the irradiation of light, the cured resin

is softened so that it can contribute to an increase in
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between the two objects can reliably serve as the
spacer. [0058] Il: Resin conposition having
constitution B This resin conposition contains the
cyclic olefin resin. This nakes it possible to

I nprove heat resistance of a cured product of the
resin conposition in a process of the sem conductor

devi ce 500 or heat resistance reliability of the
boRgnifatt hiPRA ReRfEBRBDCEDP E%O?é@gsb@Yefoﬁsé]t%ﬁo?ﬁé?Cts

FubBREPRBLAST b6 NASIdA AP MRYrPSs&sethgi Pakead frwls 'aﬂs a
conbi nati on with the cyclic olefin resin. Exanples of

pléabhcaZ@hefﬂnpthgtabreééyncunedudespnlyaw1d@ the radical-

pogg#¥§§%£$he g?b%f@;?ﬁg? %hBQ 9H£¥%Egeré$rgﬁptpglgﬁgreby

yet ene terep
impnode thpobyetiheg smkhmg&h mﬁqwﬁdnﬂthﬁihﬂnd&ﬁgnmayer and

g RESCERE60) i S o et | SHCFSREREL Pod 6 TUAAICY ntpver

fihl& aycl be ohefaml & esial deg behysasbridiide 1pkesenbrovided
invention, a known nmethod such as a random
bebeSHEE R af VONCREERBE 7N are bl dRkY poeyHRragathenspacer.
nmet hod can be used. Specific exanples of the cyclic
olefin resin include a (co)polynmer obtained by (co)
[09®BYneri zEhy Beabnbopmeneitype henbnercomstbpet yoerB
obt ai ned by copol yneri zi ng a norbornene type nononer
with 26 another copol ynerizabl e nononer such as
a- ol|Téfiisn, res¢po|gampesnbiahneﬂnﬁxuhydrm@enatynglto olefin

t hese pol y and t These ¢ ic olefjn
ey el ns%%&r? 43 odju%eaosﬁb‘k(ﬁo%ﬁ F}BPfr?é(ﬁy;bﬁaltonreSlStance
of Net betsd i pebagthigo ANt lfgldiés DN cHRDYSEE i gt 1w BESOsss of
and a, ring-opening polynerization mnethod. Anong them
the %%%}%%¢§%%?O%b@%¥h%% B0 i hedh reThit Rty meet baiglity
of L ife NRL NOF AEAEr LY PEMPAOBE Sr PSS ££abdp . used, but

is not particularly limted thereto in the

[0059] Another thermoplastic resin also may be used
instead of or in combination with the cyclic olefin resin.
Examples of such a thermoplastic resin include polyamide,
polyacetal, polycarbonate, polybutylene terephthalate,
polyethylene terephthalate, polyimide, polyamide imide,
polyether sulfone, polyether ether ketone, polyphenylene
sulfone, polymethyl pentene and the like.

[0060] As a polymerization method for producing the
cyclic olefin resin to be used in the present invention, a
known method such as a random polymerization method or a
block polymerization method can be used. Specific examples
of the cyclic olefin resin include a (co)polymer obtained
by (co)polymerizing a norbornene type monomer, a copolymer

obtained by copolymerizing a norbornene type monomer with
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present invention. [0061] Exanples of an addition

pol ynmer of the cyclic olefin resin include a

pol ynor bor nene addi ti on polynmer such as (1) an

addi tion (co)polynmer obtained by addition

(co) pol yneri zing a norbornene type nononer, (2) an

addi tion copol yner obtained by addition

copol yrmeri zi ng a norbornene type nononer wth .
angthgF enesOBPl HNBFaERRALC and™PBYTAR  afdfRi on2€opokyekefin,

Ity c n

o e S S loa 2T shd Soa IS ndfahyRers,
andnéhherd iksnonefheShesect esi pgefan esdobsaiared baispngduced

an wn ' Lon . 2], Exanpl es_of.. a.
oy P SO RSP PEL LfBLof T AELORS . LAPER 2o S dhi Bron
polpeénieani pol ymothed nened r iangrﬁggneﬁegmggﬂepolﬁtiéhiﬂ§tion
4) .a ring-opened (co)pol yner _obtai ne ring- o
me {40 ng LERTS oty 31 roA DRATES Eneet ¢ ypes nionadai t1on
(c@ngoBymé £02 PO Y HBE BBL-BORAENBY tyide NRGASELr is preferably
hydr ogenating the above ring-opened (co)polyner, (5)
usedy i fdopehed poPpFdd cudsraivned 1By tedpl yherpEpPngla  the
prO9LRET PRpELE YHE, monomer with  ethylene or a-olefin and
a copol ynmer obtained by, if needed, hydrogenating the
above ring-opened copol yner, and (6) a ring-opened

I i ned copl Li.zin nor bognene type
10g 808! L FERhELAS] R ATELMIEELBL%.8,d PRETEAG L
ol@ﬁh@nﬁesﬂmdimcb@©®lan@mlyﬁbf&ﬁﬁﬁbﬁ@yaddi?ﬁﬁdqﬂ3%¥?er such
h enati ng the above ring-opened. copo r. ese,
asr)s/igﬁwgg &8n ﬁ‘gd&l’itlgpneo(ct?éipr? Y, kr?&ﬁr?lﬁtﬁvccenéi‘}f z@FdhHe1ion
(cOEbODEEe r AYDRG & hedtbddnedder dslsli hdobnd £0) PP VA®Iaddition

obtai ned by addition (co) polynerizing the norbornene
Co??/:bﬁé“‘%nﬁﬁ%?l%d BYePEFABHPRUSEPO IoiRe 1g it @ norbornene

ty?%;gﬁ?#%ﬁéiy bithtedi APELRLO 18y the PLLBENt and  (3) an
addition copolymer obtained by addition copolymerizing a
norbornene type monomer with a non-conjugated diene and, if
needed, another monomer. These resins can be obtained

using any known polymerization methods.

[0062] Examples of a ring-opened polymer of the cyclic
olefin resin include a polynorbornene ring-opened polymer
such as (4) a ring-opened (co)polymer obtained by ring-
opening (co)polymerizing a norbornene type monomer and a
(co)polymer obtained by, if needed, hydrogenating the above
ring-opened (co)polymer, (5) a ring-opened copolymer
obtained by coplymerizing a norbornene type monomer with
ethylene or a-olefin and a copolymer obtained by, if needed,
hydrogenating the above ring-opened copolymer, and (6) a
ring-opened copolymer obtained by coplymerizing a

norbornene type monomer with a non-conjugated diene or
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[ 0063] Anong these cyclic olefin resins, a cyclic
olefin resin having a functional group is preferably
used. This makes it possible to i nprove an adhesi on
property of the resin conposition to various organic
materials or inorganic materials constituting the
sem conduct or device 500. Exanples of such a

nctional group include an epoxy group, an es
an%&b% m&“l?é‘% eg i ofp, CAWPBYHEF  §PEEH &R bl"hellfl kréeeded

hyd’f@@’@qé@% the £y&dd Crﬂll@—féggbr{@é' Foh Mgl hel‘h@sg@xﬁ’51ns
group is nore preferably used. This makes it possible
can dog Wk rrkngdmioiieg tarey et cppbﬁﬂmnaytmn tihRthedssi n
conposition to the various organic materials or
inorganic materials constituting the sem conduct or
dev@mengSOﬂmmheatheshetaddétmbntheospmﬂgmaduaﬁamined by

cess thereof t he heat resistance .
add BT b 10y PO e S aBan e uPes PeEREEB Sy TABONE is

pref¥rad BP6dded) thotighs triver qyctd ccwl£fiy rasitedadideto in
t he oxy. group. can be general |y obtained by directly
th?xﬁ%ﬁﬁé) iy ePtRfomer cont ai ning the epoxy group in a
nol ecul e thereof, it also can be obtai ned by
i ntroducing the epoxy group into a side-chain of a :
(O3 Yy rer @@Wﬁe@@@ﬁ EW@deMI@anomq@mﬁdmﬁ Suehlic

ol{?f@dfééf %gylﬁgagtkgﬂcgﬁgﬁaz g%%ﬁgra t rea %éﬁiy used.

S Su as a e i ng “an
Thimsmikeat et poseibilecant aimpnyve henepdkysighopropetrtty of

t he _abhove polyner,. a thod of reacting a conpoun
the, R RGN iR oEBunTaLtAiE  ehithbe R Dhal oF
in@rgumpi Si hetetibhe et iRQLIFRY , tlddd samAebRadc®br device

directly epoxidating the above pol ynmer having a

50Qar bon- " carbon doubl e bond in a nol ecul e thereof usi ng
an

Examples of such a functional group include an epoxy
group, an ester group, a ketone group, an ether group and
the like. Among them, the cyclic olefin resin having the
epoxy group 1is more preferably used. This makes it
possible to further improve the adhesion property of the
resin composition to the various organic materials or
inorganic materials constituting the semiconductor device
500, heat resistance of the semiconductor device 500 in
process thereof or the heat resistance reliability of the

manufactured semiconductor device 500.

[0064] Although the <cyclic olefin resin having the
epoxy group can be generally obtained by directly
polymerizing a monomer containing the epoxy group in a
molecule thereof, it also can be obtained by introducing

the epoxy group into a side-chain of a polymer produced via
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epoxi dating agent such as peroxy acid or

hydr oper oxi de. [0065] The addition polyner of the

cyclic olefin resin can be obtained via coordination

pol yneri zation reaction wusing a netal catalyst, or

via radi cal polynerization reaction. In the

coordi nati on pol ynerization reaction, the addition

ol ymer can be obtained b ol yneri zing a, nononer_.i

o Bl Tierenonn rene tBsan il 3 Todnel s Srohorafetioh can
becaia&lm%d(bh%ﬁ CReMRn etmetlhods) 08088 £f Rolmg@iod of

Sci ence: part ymer Physics, Vol. 37,
grs@@srsefﬁemgggp)un@qﬁwﬂaﬂe rmRﬂQHQWuﬁﬁQﬁﬂ%ﬂy%ﬂ tlge pepoxy

bUB! CAl iy USRE agovihepBRiAbrcat 3l yadeddl t £
grcogrdlnatlon ponﬁ%&?zgtlg lerreactlon %s descrfggg lng @
coRGPuIND 9¢b33a198ngnd tlh(e‘T \@m@()/ X2, vExEnpl &s oéactlve
futh?inet cgtal¥ % for ordlnfthgn method of

BS yﬁ% z9tPoR réatt P ﬁc? ©kRow Eatapys?s tch
digec(lol uanedidisi(mer fchuoraxpdn@mylpblrymkel havi{mngt hayl eaepon-
cagbgéggbghug%ggﬁgﬁé1g ﬂégtg: %%% ge)thereof using an
e Bk§ﬁ&€&ﬁ@h¥9éﬁibb§&ﬁeéé|ﬁ@f@ﬁbeQMha Bkckebropbsbet byl

acetate) bi S(perfl uorophenyl ) nickel, bis(di oxane)

bi s(perfl uorophenyl) nickel, and the |ike. [0066] The

cal p i~an 0 9 [

LoD pedis GF BTy heP o Shoa Johe W oy & Gond, 7540
cah3,BbE8ob1888pd [WiG67Eobndgeatiah, ndkymenﬁzaﬂlon reaction
olynerization reactiqgn |s car.ried qut cting._a, .
usiBionBr TH-BL ST Di et ST ¢ ifer 4P0r6201 BOL¢Bo 186 E on
rehBtiba.presepone eboadiadtcah pomymeaieatlgﬁan@hesloﬁ the

the radical initiator includ

2443 5PE( POOBTIEr Gt F19 G (AT Db ehRbyIeHr 3 b, monomer

inl aHrybo1ReLOXi dgn Az HdeSRGAM r¢FH t i | @ransition metal
azobi s(isoleronitrile),
catalyst (NICOLE R. ROVE et al., Journal of Polymer

Science: part B, Polymer Physics, Vol. 37, 3003-3010(1999)).

A nickel or platinum catalyst to be typically used as
the metal -catalyst in the coordination polymerization
reaction 1s described in PCT WO 97/33,198 and PCT WO
00/20,472. Examples of the metal catalyst for the
coordination polymerization reaction include known

catalysts such as (toluene) bis(perfluorophenyl) nickel,

(methylene) bis (perfluorophenyl) nickel, (benzene)
bis (perfluorophenyl) nickel,
- bis(tetrahydro)bis (perfluorophenyl) nickel, bis (ethyl
acetate) bis (perfluorophenyl) nickel, bis (dioxane)

bis(perfluorophenyl) nickel, and the like.

[0066] The radical polymerization reaction is
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t-butyl hydroperoxide, and the |ike. [0068] The

ring-opened (co)polyner of the cyclic olefin resin

can be obtained by ring-opening (co) polynerizing at

| east one kind of the norbornene type nononer in the

presence of a titaniumor tungsten conpound as a

catal yst using known ring-opening (co) polynerization

reaction. |If needed, a carbon car bon doubl e bond of
de?ﬁélb??‘n@“oﬁé‘ﬁé{&lPE’S)jﬁé‘l% NP e I EgFenal R S hgy &
Sofls, COBYensi pnagghydrogenati on nethod In this case, it

is possible to obtain a thernopl astic saturated

norbornene resin. [0069] A solvent suitable for the

nerizati cti : S ;

(0881 Yent of Paloarbaati ¢ saruent s BanHea APy reaction
1shyzarrara@|dbowu’rsobyer1tealatomlgjea hohomare imota pabtlild:u'lbarla;t a

limted to, _p ne, t ane cl ohexane_and
cophBrrFREt Rl 208 L1 Bl ot S ol e i M gea At oal
inbuiaasce. not medrploas ardfy ltihed teddtealbemﬁeﬂeator include
t ol uene, {Iene nesity Iene and the like. Dieth

az%?h%r(lsO]P% Y%\‘Pﬁ?lﬁl?%%ﬁ‘?bn (A1, dReRzey!l @srgrdde, lauryl

pek@ﬁi@@esa25§19@§§®caﬁﬂlg§§t§£§ ?nHXzQ§1§§§goﬁ§r$H§trlle
solvent. These solvents suitab

t- b@tyhehYQE@P%ﬁoxé@%t|®®dnﬁ§ebblb%ed alone 30 or in a
m xture of two or nore. [0070] A nol ecul ar wei ght of
the cyclic olefin resin to be used in the present
[0068ENnt i onThan be ngewipreoldded byo) gmﬂym&ingoé raﬂkn oéyclic
1 Ee i nitiat.or and_the nononer or g djbustlna}h
°*fn*the ﬁ&%ﬁﬁbrlz%??on FEact i 3R afﬂ The *¥a %9e°?%%lng
(cappyeyment gdi ngt ken 1Relsefriz akiod bEacthieomorttsoradid etlype
out, as disclosed in U. S. Pat. No. 6,136,499, the
moﬁ%@%EuFBrtﬁélQﬁ?sééﬁeb@ dth%ﬂQQ%PWﬁﬁ?mF%PQﬁﬁﬁW1Compound

as a catalyst using known ring-opening (co)polymerization

reaction. If needed, a carbon-carbon double bond of the
ring-opened (co)polymer may be hydrogenated wusing a
conventional hydrogenation method. In this case, it 1is

possible to obtain a thermoplastic saturated norbornene

resin.

[0069] A solvent suitable for the polymerization
reaction includes a hydrocarbon solvent or an aromatic
solvent. Examples of the hydrocarbon solvent include, but
are not particularly limited to, pentane, hexane, heptane,
cyclohexane and the like. Examples of the aromatic solvent
include, but are not particularly limited to, benzene,
toluene, xylene, mesitylene and the like. Diethyl ether,
tetrahydrofuran, ethyl acetate, esters, lactones, ketones,
amides also may be used as the solvent. These solvents

suitable for the polymerization reaction may be used alone
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transfer catalyst. In the present invention, a-olefin
such as ethylene, propylene, 1-hexene, 1-decene or
4-met hyl -1- pentene is preferably used in order to
control the nolecular weight. [0071] In the present
i nvention, a weight-average nolecular weight of the
cyclic olefin resinis in the range of 10,000 to
500, OOOi refer b{ in the range of 30,000 to
T 150, HoBLX Hﬂenﬁfe %?e?%r%%?? in the range of 50,000 to
80, 000. The wei ght - average nol ecul ar wei ght can be
nmeasured usin perneati on chromat ography (GPC)
[097Qkd on? smﬁ%’aagmw%r Rénele ncredbrddieL i t hesin
ASIMS35865n 9 f qgﬁgﬂgg t
ko gguse folrn %%Sd%%%§§EFQ§J§§9¥?%*g|§ ?nbge3|n a&%¥%§ by
adjhet Epoxy gredu, oftths pmftelaétblre argl uslke ampoohernene by

. pn . represented t he fO||0MAn f or mul a
aa | {PEs AP BTR nd PRACRRE B g1 e or® O LAY 2 1 che
ca§€ RBeR&\MhHEﬁbb%%?cb&ramMaﬁmenO@dlymaﬂ&Zﬂﬁidﬂ}iﬁaéhlon
"n" _is an |nt§%er of to 5. Each of RL to
is cﬁ§5?88eﬁ““ato%? SGERYPAgrdup? - 3in 5??en§k’gr%ub§6 ﬁ99
th@'KMﬂMéc&Eé&HLwef§h6ﬂ|dﬁn gb@Upcoﬁ@r@ﬂXEdgrQEPn aNy  chain

aral kyl group functional group containing an ester
Crapdipt %@?%h%%?onaln TrowRpr et i I YR Bl Kt okee kg bip, such
as eEH?@Eh@nm ¥ (nﬁjﬂéQéﬁbanleBQSEngrgﬂa4” %thl 1-
functi onal gro contalnlng an epoxy group.

pemoe®r nepe pypéenshbper ssed bénusedder to control the

molecular weight.

[0071] In the present invention, a weight-average
molecular weight of the cyclic olefin resin is in the range
of 10,000 to 500,000, preferably in the range of 30,000 to
100,000, and more preferably in the range of 50,000 to
80,000. The weight-average molecular weight can be
measured using a gel permeation chromatography (GPC) based
on standard polynorbornene (in accordance with ASTMDS3536-
91).

[0072] As a cyclic olefin monomer to be used for
producing the cyclic olefin resin having the epoxy group,
it 1is preferable +to use a norbornene type monomer

represented by the following formula (1).
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for producing the cyclic olefin resin having the epoxy
group, Ris to R4s may be different from each ot her
but at least one of Ris to Rd4s in all the norbornene
type nononers is the functional group containing the
epoxy group. [0074] Specific exanples of the alkyl
group include, but are not particularly limted to, a
net hyl group, an ethyl group, a propyl group, an
[09Z3br opy! LErEUBLla &lbutyl group, a pentyl group, a
hexyl group, a heptyl group, an octyl group, a nonyl
group, a decyl group, a dodecyl group, a cyclopentyl
group, a cy yl group, a cyclooctyl group and the
i ke. Specidt xanpl es of the al kenyl group include,
but are not cularly limted to, a vinyl group,
an allyl grg ] butyhgl group, a cycl ohexenyl group
cific exanpl es of the al kynyl group

and the |ik

i nclude, btt—ar#'mot particularly limted to, an

et hynyl gRgUp, 4 *ﬁ 32 propynyl group, a 2-propynyl
group, a 1-bi!yﬁb| group, a 2- butynyl group and the

i ke. Specific exanples of the aryl group include,

but et Bar t{ eubay! ¥nki 9 &8l tey, aanc@h?&ngf%gﬁa “p#
~a naphthyl group, an anthracenyl group and the’like.
1s Specilhitegdexamfl € bp HBhe HadlkybfgRoupoi Rel dde,a Hydrogen

e t b ly lim , nzyl qr.Qu a
acdhe 2 sRRL Ry A "RV P g Pe B s i By groue,
ancyzlliyl ol @foup noromeratywl begrased far prodlicyng dheup, a
fu§¥cii§ | efin resiq:anIude: the . nmononer haviqglthe

IR 0 95O URC A Sy PR 2 S Tbf Fedy, @ Tanctional
gréuet hybna NOIHGr ngnekeboREOPYrodpOr BOr MRSt iBnal  group

butyl - 2- nor bor nene, 5-pentyl -2-norbornene, 5-hexyl-2-
CoR oY HEn2Y SLARBt JFOPPnBrbér Hemetional group containing

an sty | gouer borpents Rsridne-NBPHNEREY to be used
5-decyl - 2- nor bor nene; the nononer

for producing the cyclic olefin resin having the epoxy

group, Ris to Rys may be different from each other, but at

least one of R;s to Rgs in all the norbornene type monomers

is the functional group containing the epoxy group.

[0074] Specific examples of the alkyl group include,
but are not particularly limited to, a methyl group, an
ethyl group, a propyl group, an isopropyl group,. a butyl
group, a pentyl group, a hexyl group, a heptyl group, an
octyl group, a nonyl group, a decyl group, a dodecyl group,
a cyclopentyl group, a cyclohexyl group, a cyclooctyl group
and the 1like. Specific examples of the alkenyl group
include, but are not particularly limited to, a vinyl group,
an allyl group, a butynyl group, a cyclohexenyl group and
the like. Specific examples of the alkynyl group include,
but are not particularly limited to, an ethynyl group, a 1-
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havi ng the al kenyl group such as 5-allyl-2-norbornene,

5- net hyl i dene- 2- nor bor nene,

5- et hyl i dene- 2- nor bor nene, 5-

i sopropyl i dene- 2-nor bor nene,

5- (2-propenyl)-2-norbor nene,

5- (3 but enyl ) - 2 norbornene 5- (I-nethyl 2-propenyl ) - 2-

or bo I nor bor n
or BB PP hathsie . S nar Ry L nEFBOP neRer Butynyl group, a 2-
buﬁyﬁﬁihgxeﬁp|hna reebarinene, spddific examples of the aryl

net hy| - 1gjntenyl) 2- nor bor nene, 5-(2, 3-di net hyl - 3-
grBHPeﬁvyi Syor BBY eﬁée not particularly limited to, a

hen(? 3-du ne
P 5- %tdlketﬁﬁ h% %E%?engﬁkkg;nJ%Eo?RERgacenyl group and
theg- Ik@eteﬁpﬁp&i;cn@m@g@ﬁgﬁeof the aralkyl group include,
| - Yol nene (

ol BP0 (AP BRI 8 el groue, o
ph5n¢6hglhgteﬁphemenyh¢ Pik@or bornene or

5-(1, 2, 3-trinethyl -4-pentenyl)-2-norbornene; the

nononer havi ng the al kynyl group such as 5-ethynyl -

[00W5 POr NeNExahPee EONOMERHRAVERE1AcS] bV £ O O et a@o be
1,1, 3, 3,5, 5-hexanet hyl -1, 5-di net_hyl

us%@sFF?T(Brﬂ%?%b?%eﬁ%mi C&?}l%tﬁ}@FlPr|§?$b&aﬁ@F1U@ﬁe the
moHBROHE! nhavheg the aryiy ro§ Chs@®h as 5-methyl-2-
- phenyl - 2- ndr bor nene, nap t hyt - 2- norbornene or 3%

norobg@émlmﬂ uor ophehy? = Izonmbmm@neS phepybnomeerihaniene, 5-
bugyf—za£8%§%%5&£8Up Sugg%@ﬁtglpeE%%%?grﬁgﬁﬁornen§5hexyl -2-

phenet nor born uor ophenyl
nonet haemwe 2- ﬁﬂh@ptﬁbﬂ%—n@rb@rn@@@la5+®mmyﬂ#ﬁﬁn@rbornene, 5-

2-nor b 3-_ pent af | h
no D SR e YT ohorel CHAVTHENE B Wik ojernomer
hasihyl tgeou keugh agrsliprestivh biss ((Brne/bar-iR@odnatls, 5-

t hoxy))silane, 5-trimethoxysilyl-2-norbornene, 5-
me’ffeyle%%%&%s%’TwrkzO%?%f nene; etshb(ﬁ 149R%mt HRRGRI NN, 5=

15@%PU¢ 1 2Zde ROLDOK NENSrndrid 2- tr53¥@95ﬂ§¢éﬂxl -2-norbornene,

-2-norbornene, 5-(3- trinethoxysi |

5- p3o®9¢§nzﬂrmﬁtﬁ@rhﬁmﬁe@ﬁ(4.trun%whbwy%tMXQ 2-propenyl)-2-
B T 0L Pl S TR AL Y metry-o-
bueeiel ) -Zandhoxytnene, 5-(5-hexenyl) -2- norbornene, 5-(1-
methyl-4-pentenyl)-2-norbornene, 5-(2,3-dimethyl-3-
butenyl)-2-norbornene, 5-(2-ethyl-3-butenyl)-2-norbornene,
5-(3,4-dimethyl-4-pentenyl)-2-norbornene, 5-(7-octenyl)-2-
norbornene, 5-(2-methyl-6-heptenyl)-2-norbornene, 5-(1,2-
dimethyl-5-hexenyl)-2-norbornene, 5-(5-ethyl-5-hexenyl)-2-
norbornene or 5-(1,2,3-trimethyl-4-pentenyl)-2-norbornene;
the monomer having the alkynyl group such as 5-ethynyl-2-
norbornene; the monomer having a silyl group such as
1,1,3,3,5,5-hexamethyl-1, 5-dimethyl bis((2-(5-norbornene-2-
yl) ethyl) trisiloxane); the monomer having the aryl group

such as 5-phenyl-2-norbornene, 5-naphthyl-2-norbornene or
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ester, acryloyl or nethacryloyl group such as
5- nor bor nene- 2-net hanol and al kyl ether thereof,
acetic acid 5- norbornene-2-nmethyl ester, propionic
acid 5-norbornene-2- nethyl ester, butyric acid
5- nor bor nene- 2-nethyl ester, valeric acid
5- nor bor nene- 2-net hyl ester, caproic acid 5-
nor bor.nene- 2- net ester aprylic acid
s-BOLpSETne: Ziamt iyl sster, oYL 2 ner having the

ar2iRaLbgrpepesdcRehBYb-B8hey1-2L AYFb6rA6hl, 5-phenethyl-2-
5- nor bor nene- 2-net hyl ester, stearic aci d’ 5-

nOﬁbﬁﬁaﬁﬁ@ne52pﬁﬁtﬁ§lu@§@@henblem@tb@n@j —norbornene, 5-(2-
peﬁtQ@i 8t8 H@nglnEthy%thgate@hg r%%&%@h% acid or 5-(3-

5-nor born met hyl
penbaﬁbUQenphényhrpwmpyﬁa -aendrbornene; the monomer having

e TR i E
y1b- n@kh@b&@ﬂ&sﬁl@&bboxyﬂ4Kr£MHﬂhdxjHﬂL&l4£Hﬁﬁrbdinene, 5-

boxy! d i -but
x5SR AP BB hoho- S-NORPERGTE ATl A-FFIMRERGEYEH VI esked]-

noPbBPhBRE Nene-(2- t%@%@@%& gql@@l%ﬂﬂyf¥ibdné¥ﬂa@néﬁger5
5- nor bor nene- 2 carboxyl'ic acid isobonyl ester,

tr5mﬁbh96yﬁehﬁl24@aﬁb@%wawpon§9nme23hyd5ok@ethymethEY$llyl

buBy IPLRORHENG: 2 HE! Ryl -%-ts&@geﬁéyh%la@fe;ﬁ%kwl CSLRL -2~

cinnanic acid orbor nene-
nosbnonboeneaemznnmmhylh@th¢ gahlyoiratkg 1 ,5-et3%r, carboxyl
esQorbornen ar bonate, 5- nor%orn

1 -2-
eFhy PeEV BRI Bt b peRar sy Ve FebPoR - Su5, Bor neherbortene-

2-qeehdparr yhnd aGlky8- nostiwsnenehdrastyl aestek, acid 5-
nmet h)acrylic acjd 5-norbornene-2-ethyl, ester
no%ﬁ%fﬁ%%%r TTERET d 5558 bo? ARl fi- B s@%ﬁbornene —2-

me{ AL h)eftdy] | &1AGIA S5- ReHBOr BEABrBo PnBABPYLMEBHGL. ester,
%neth)acryllc aci d 5-norbornene-2-i-butyl ester;
va

#rBt ) a6 | T nRERP BaterForedhel2- ¢ s pr opy Fapsper, acid 5-
no£ﬂ8£§%ﬁ@£ylm§tﬁ§icjé%ﬂgyﬂbo %%@%1%che§¥£desgeﬁorbornene 2-

methyl ester, capric acid 5-narbornene-2-methyl ester,
lauric acid 5-norbornene-2-methyl ester, stearic acid 5-
norbornene-2-methyl ester, oleic acid 5-norbornene-2-methyl
ester, linolenic acid 5-norbornene-2-methyl ester, 5-
norbornene-2-carboxylic acid, 5-norbornene-2-carboxylic
acid methyl ester, 5-norbornene-2-carboxylic acid ethyl
ester, 5-norbornene-2-carboxylic acid t-butyl ester, 5-
norbornene-2-carboxylic acid i-butyl ester, 5-norbornene-2-
carboxylic acid trimethyl silyl ester, 5-norbornene-2-
carboxylic acid triethyl silyl ester, b5-norbornene-2-
carboxylic acid isobonyl ester, 5-norbornene-2-carboxylic
acid 2-hydroxyethyl ester, 5-norbornene-2-methyl-2-
carboxylic acid methyl ester, cinnamic acid 5-norbornene-2-

methyl ester, 5-norbornene-2-methyl ethyl carbonate, 5-
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(nmeta)acrylic acid 5-norbornene-2-octyl ester or
(meth)acrylic acid 5-norbornene-2-decyl ester; the
nmononer having the epoxy group such as
5-[(2, 3- epoxypropoxy) nethyl]-2-norbornene]; the
nononer conposed of a tetracyclic ring such as
8- nethoxycarbonyl
tetrac 1"10] dodec- 3- ene,

no BB OE RGNS CArBRIY. (aiatycl o [ 7BoBe ey 5 STnofpprnene-2-

me@ﬁ?@c 3- Qn%utgin prq@&B&H&@@yl t sLh8ENEKP-b4nbrBornene,
1'"10 odec- 3-ene, 8-i-propyl carbonyl

m?éh?é@9&lé¢[4 4. @0142 5. 3-napporpdes-2-eakhyl ester,
arbon tetra 4" 10] 4

mgggégefygg - CrlrfeJl t hyl C%?{o%o%(y n4€crger b%ﬁetl%% etracyc ter’

(mgtH) dcOyle 5 ]dbldw dodéenafbnene&e Q}nﬁbuhyﬂ ester,

0X carbon tetra 4.4.0.12, 5. 17, 10]
mgégg ‘¥g§léﬁe SlutOX)C/ry %ﬁnetréet %cr{/é?r&q}ﬁldf _ester,
méehﬁaciylia] dOQ&QL13 ene,ngrbw@h@hexyL@qua@bonyl ester,
o [4.4.0. 12'5. 1''10] dodec-3-ene, 8- (4

tet
Lﬁ? Y lEycloﬁ‘é’%ﬁlloxy) dHFﬁEﬁWeQQQ%?ﬁSRﬁQPXM-4 oester,

(
(m
(mégaﬁacﬁylig] dOdﬁ%lé ene, s §;pIRNetEAarnonul 1 ester,
: tetracyclo [4.4.0. 12'5. 17,10] dodec-3- ene,

(

m%t@éﬁﬁéh%é¢ofLHQﬂ?floxyéa@@@#ﬂrnemérﬁa@V¢Wd [ 4ester or
1...10 ne,
meEnPaR eyl Be e Sl S arbanST e g fReyl SRt hg panoner
haiim@O]tUedeep@xgnegr&M@Ethykﬂﬁ-eﬂEth@xycarbeﬁgbxypropoxy)
meE cgclo% Ornen1 5. 17 10]dodecm% ene, 8- of A
$I-8 e %oxycar onyI P%tracﬁcpo f4 49? Qﬁ?qg
teﬂraapilﬁ@dec 3r13§ ene, s@ciet hyl -&s n- pr opaxyeiss Reaytbonyl
tetracyclo L4. 12! 1"1%] dodec- 3- ene,
te%rﬁ%¥ﬁ¥?[é i%obrop%xydé*ﬁ%ﬁ?]'F%F%acyclo 1ehaxycaeonyl

tebradycld| ld@d@0185epb10]3%dgaJBdgﬂ% N- bug OX YA BETWA rbonyl
tetrac cIo 4.4.0 l@ 1'"10 odec- 3- ene,
tegragy o [ 8- 4 20 mbt Ryl dﬁhﬁbxy)-@ﬁwbonyl8txn9%@@ml@ﬂrbonyl

teLfaéleoﬁg.é.O;ljipI7dQQﬁQRQk%p%me, 8-n-butoxycarbonyl
tetracyclo[4.4.0.125.17J0]dodec—3—ene, 8- (2-methyl

12:5.17'%1dodec-3-ene, 8-

propoxy)carbonyl tetracyclo[4.4.0.
(1-methyl propoxy)carbonyl tetracyclo[4.4.0.1%°.17°dodec-
3-ene, 8-t-butoxycarbonyl tetracyclo[4.4.0.1%°.17'1%dodec-
3-ene, 8-cyclohexyloxycarbonyl
tetracyclo[4.4.0.1%5.17"1% dodec-3~ene, 8- (4’ -t-butyl
cyclohexyloxy) carbonyl tetracyclo[4.4.0.1%°.1"'% dodec-3-
ene, 8-phenoxycarbonyl tetracyclo[4.4.0.1%°%.17"1%dodec-3-
ene, 8-tetrahydrofuranyloxycarbonyl
tetracyclo(4.4.0.1%°,17'1°1-3-dodecene, 8-
tetrahydropyranyloxycarbonyl

tetracyclo[4.4.0.125.17J0]dodec—3—ene, 8-methyl-8-
methoxycarbonyl tetracyclo[4.4.0.125.17J°]dodec—3—ene, 8-
methyl-8-ethoxycarbonyl tetracyclo[4.4.0.1%°.17°]dodec-3-
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nmet hyl - 8- (1- et hyl propoxy) carbonyl

tetracyclo[4.4.0.12'5.17' 10] dodec- 3-ene, 8-nethyl-8-t-

but oxycarbonyl tetracyclo [4.4.0. 12'5. 1''10]

dodec- 3-ene, 8- nethyl -8-cycl ohexyl oxycar bonyl

tetracyclo [ 4.4.0.12" 5. 17' 1 ]dodec- 3-ene,

8-nethyl-8- (4" -t- butyl cyclohexyloxy)carbonyl

tetracyclo [4.4.0. 12'5. 1''1Q] d
©N8s et hyl - 8- phenoxycar bonyl t tPSgggﬁo [n4pﬁoﬁofica§b°nyl
tetfaclchdodeq- 3-ehe, 180 godec-3-ene, 8- methyl 8-

met hyl - 8- tetrah{drofuranyloxycarbon tga&¥clo
lS@?AOBOizcaSbOEY 10]t efddeEy e éyﬁ% ﬁ dodec-3-ene,
8- %g%&g?ygrgpéhggxggé¥g K Qnyl tetracyclo [4 4.0. 12'5.

yl - 8- acetoxytetracyclo

tef4ady@lol2.8.011%70L"d kﬂmﬁéﬁfﬁmenﬁ, 8-mgthyl-8-(2-methyl

carbonyl) tetrac 210 _
Pr%88é¥§-§-§88¥9 SQeBr%?y?¥§L Xycargony y & raéygﬁene’ 8
mekAy4-6- (12mbth¥T' 10] dodec-3- ene, propoxy) carbonyl

8, 9-di (n-pr X
tefSpryEyOlar4 4.1 QHML&%%EQB%E%H%'ene g, §-mgfhyl-8-t-

buEb§9E59886¥Qarb@@ﬂféc&@lé?@Y@'@ 128, #. 01 d-31Enel0] 8-
dodéc- 3- ene, 8, 9-di (n-butoxycarbonyl) tetracyclo

methyd-6-cyglghexyvlogycashenya- ene, 8, 9-di (t-
tngEggxﬁgfgoﬁyb)1tﬂt&aﬂyf &B£?4%4eﬁ 12" S5g_ %th%l-s—(4'-t-

ene , 9- di (cyc oxycarbony
buteﬂracyclo [ 4 4.0.12' 5. 17, Idode&clgheneloxy)carbonyl

9- di x Xycarhe _
te?EFFgE§§qgf% 8 3 1Eaa%ﬁdodecn% ene, 8, o-° methyl-s
ph@hbk9té&b¢dymfumanyb@&yﬂawQOyb)1€étnéd§¢h0d§4 a-@ne, 8-

Mo LD SRy Gy Or R P TRy LIS AIPS ™ YEet r acycl o [ 4. 4. 0.

te%%aéyclg 10}y .dodec- 37 ePpgodecI3-ddyacyclo [4. 4-Rethyl-8-
17 10] dodec- 3- ene, 2,5 17,10
tetrahydropyranyloxycarbonyl tetracyclo[4.4.0.1°°.1 1-3-

dodecene, 8-methyl-8-
acetoxytetracyclo[4.4.0.1%°.17'°]dodec-3-ene, 8,9-
di (methoxycarbonyl) tetracyclo[4.4.0.125.17J°]dodec—3—ene,

8, 9-di (ethoxycarbonyl) tetracyclo[4.4.0.1L5.17J0]dodec—3—
ene, 8, 9-di (n-propoxycarbonyl)
tetracyclo[4.4.0.1%°.1""% dodec-3-ene, 8,9-
di (isopropoxycarbonyl) tetracyclo[4.4.0.125.17J°]dodec—3—
ene, 8, 9-di (n-butoxycarbonyl)
tetracyclo[4.4.0.1%°.1""'%dodec-3-ene, 8,9-di (t-

butoxycarbonyl) tetracyclo{4.4.0.1%°.1""*°1dodec-3-ene, 8,9-
di (cyclohexyloxycarbonyl) tetracyclo[4.4.0.125.17J°]dodec—
3-ene, 8, 9-di (phenoxyloxycarbonyl)
tetracyclo[4.4.0.1%°%.17"*% ) dodec-3-ene, 8,9~
di (tetrahydrofuranyloxycarbonyl)

tetracyclo[4.4.0.1%°.1""%dodec-3-ene, 8,9-
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tetracyclo [4.4.0. 12'5. 17' 10]

dodec- 3-ene-8-carboxylic acid, 8- nethyl tetracyclo
[4.4.0. 12'5. 17'10] dodec- 3-ene-8-carboxylic acid,
8-nmethyl tetracyclo [4.4.0. 12'5. 17'10] dodec- 3-ene,
8- ethyl tetracyclo [4.4.0. 12'5. 17'10] dodec- 3-ene,
8-nethyl tetracyclo [4.4.0. 12'5. 01' 6] dodec- 3-ene,

,?-eth%légene tetracycl o £n4.4.0.12' 5.17" 12

d1{ ot B ENRY T 3R Bt PR Y Fafeeny L)

tetPAEPEYS[ 0[4. 0. 22121 BIYHMHL OB @dodec- 3-ene; and theg g-
Iike. 00761 I n gne;gj, the cyclic olefin resin

LehBas Y@ he- 4 edoky” gk oup doslqwef@ngbl y an addition

tef £RIPOLY[1RT4 OB 2 Dogh By A1 O LGOI BAINIANIZ M 4, 6
t he horbornene type nononer, _as represented by the

metlyl owi hgtirecyula (2. 4L 0017] . LPAP ibde @} 3xeMd{@Icarbaxylic

R R2_.R3 R4 erein_ "X'_is any.ongsof, Qe a
acfp) 3 Mepavl e hRE pavebel oY 8 TS 8l e Sape, -
ethyt egertetrdBytdol®, 800, 1> Eath'Ofdded-B-Rhd,S @ 8-methyl
hydr ogen atona 1, al kyl group, an al kenyl group, an
tebiaG¥yio b ot - B a1yl ARk -2 aryl  gr oupS—@ihylidene

te@F Y10 B NPy . £8-F LT 10RR1e G130 LONT aI NI NG Al + 1951 flene
group, a functiopal group containing a ketone group,

tetracyrelo bhat - r5up- Eont-& hilegdes-Sieae igeadp the d1ke7
functional group containing an epoxy group. In
repeating units of the cyclic olefin resin having the
[0@Deky grolmp, geResaflo Rbe mayclisc doiéfientrebiamheadmg the

ot her, but,at | east ne of t.o Rds in all the .
eo@iehtoRt 18l prERR aRaY Al Aoy, iy Bl toReained
by epadyt@baup.co)polymerizing the norbornene type monomer,

as represented by the following formula 2.

[0077] [Formula 2]

(2)

R
! Rz R:R4

wherein “X” is any one of O, CH, and (CH;),, “n” is an
integer of 0 to 5, and “m” is an integer of 10 to 10,000.
Each of R; to Ry is a hydrogen atom, an alkyl group, an
alkenyl group, an alkynyl group, an allyl group, an aryl
group, an aralkyl group, a functional group containing an
ester group, a functional group containing a ketone group,

a functional group containing an ether group or a
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[0078] As the cyclic olefin resin (A) having the epoxy

group, polyners represented by the follow ng formul as

(3) and (4) are preferably used in view of polymer

properties (e.g., low elastic nodulus, high

el ongation, |ow water absorption) after being cured.

By i ntroduci ng the norbornene nononer having the

ar al kyl groue into the polyner as represented by the
FuRGHhaPal (9FCUPt OGS "SI BPRXY 09FRPPove 1N Tepeating

un$ebubifl itne ofyEhecpehyreh e & POoharin§okwenteUGh §Soup,
cycl opent anone or heptanone which is uSsed as a

Risot@efts fB2Y ppepatiiffg rentegatdwecaghpeotibesl ofiutg at least

ol uti h pol. yne as t.age that .it i
on%asé)y/% t&sbgyﬁanlg"lsed.h}é[ 0%178] t-[klﬁaléc;r ?r:udﬁ\bge%aigk%) U%k?IthR?lsézl the
fulZt R8na CHYr up Gi2vinhegr ehe €acky ofrsuwp. and "n" is an

integer of 1 or nore. Each of RL to R7 is a hydrogen
atom an al kyl group, an alkenyl group, an al kynyl

[00V8UpP, anaal tik @relpc anedivl re38ngdr@UP.haniaf kY| epoxy
roup, a functional group containing_an _ester group,

ITQUP unBPI-YREF SgréEs SEGMt&hiNg BhRefBAe oyiogp fagmuas (3)
anfiungyi nal OW GARE 8idU 95 AN ELHe T (AN QU éf\pro%?é}ies

repeating units of the cyclic olefin resin having
(eepoxy Lt ogpasRis tmoRFEuPRyY thieghli feflongatt ifonem éawh water

abggfﬁ%ioﬁposgktggor%@fﬁgﬂ éé@ed. : By introducing the
norbornene monomer having the aralkyl group into the
polymer as represented by the formula (4), it becomes
possible to improve solubility of the polymer in a polar
solvent such as cyclopentanone or heptanone which is used
as a solvent for preparing a negative type developing
solution. Such a polymer has an advantage that it is easy

to be handled.

[0079] [Formula 3]

(3)

Ry Ry Ry
R, | R Ry
2 Hp Rs Rg
o
\CHZ_L\.

wherein each of “m” and “n” is an integer of 1 or
more. Each of R; to R; is a hydrogen atom, an alkyl group,

an alkenyl group, an alkynyl group, an allyl group, an aryl
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R7 R RR RRo R Rz CHz 3 CHZ gR5136 P C 0 wherein
each of "1", "nmf and "n" is an integer of 1 or nore,
and "p" is an integer of 0 to 5. Each of RL to RI0 is
a hydrogen atom an al kyl group, an al kenyl group, an
al kynyl group, an allyl group, an aryl group, an
aral kyl group, a functional group containing an ester
a f tlonal group contalnlng a ketone group
gr%&lpa PN &S I HroRy cdnfHPARTAGRER SRS FFRiPINHY an
estepeairblg, Ui tsu e £d¥ea1 CyBbiS @bﬁ%bﬁn&ﬁé'%I%%%éﬁbtefoup
epoxy group, Ris to R10Os may be different from each
OF ot erLUMODTIa lAs JrREPcyEPNEABNERDN 2R siqt ey | 19igF Otvipe In
p r d h 0 g
oA TRy Ps BT e B B RO £ Ch A Rl Pl OFhE Pepony
grpap ynRys profest ney bafdéffbebng cuvadeaBi bnheeduci ng
t he norbornene nononer having the decyl group into
the polyner, it is possible to obtain a resin |ayer
[00801 M) hayFagmbow €l astic nmodulus. 39 Further, by
i ntroduci ng the norbornene nononer having the phenyl
ethyl group into the polynmer, it is possible to
I f] [

obt ai n yer _
wat er - abs i pr operity—aat chiem ca
resi stanc sol ubi l'if . [0082]
[ Formul a n (5) f (4)
R
1 RZ R:
CH
8]
ey

r” w ”

wherein each of “1”, “m” and “n” is an integer of 1
or more, and “p” 1is an integer of 0 to 5. Each of R; to Rig
is a hydrogen atom, an alkyl group, an alkenyl group, an
alkynyl group, an allyl group, an aryl group, an aralkyl
group, a functional group containing an ester group, a
functional group containing a ketone group or a functional
group containing an ether group. In repeating units of the

cyclic olefin resin having the epoxy group, Ris to Ryps may

be different from each other.

[0081] As the cyclic olefin resin having the epoxy
group, a polymer represented by the following formula (5)
is more preferably used in view of the polymer properties
after being cured. By introducing the norbornene monomer
having the decyl group into the polymer, it is possible to

obtain a resin layer (film) having low elastic modulus.
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OCHz | '",0 CH2 wherein each of "1", "nf and "n" is
an integer of 1 or nore. [0083] An anpunt of the
nononer havi ng the epoxy group contained in the
copolynmer is determ ned based on whether the

copol ymer can be cross-|linked by exposure and a cross-
[ink density capabl e of resistance to devel oper can be

fai ne unt of the nmopomer having the epox
PP BE B R SR ) e O pBP R ROT P ES: HotRE et §1o sthe
phéRy 95 sl gpbeperially kRet hor@nge, ofi 2044 Op%%sr:[@l%? to
and nore preferably in the range of 30 to 70 nol %
ObfREN caplSTEt laKas ditidimed % di Bs 1O eVaepr- absorblng
pr@ﬁ¥§t§ahnﬁrQ@%@lf3h§ugﬁemféa &@@ﬁ@@%ﬁ%eagﬁaw%éﬁﬁgll1ty
property (<0.3 w%, di el ectric constant
in| avwpdl@f esotvent oss (0.001), and a glass transition
tenperature (170 to 400C). 40 [0084] It is preferred
that a resin layer formed of such a resin conposition
[0082] ng t héFoomslatbii on B can be patterned by
irradiation of light. This nakes it possible to
provide the resin |layer at a necessary portion in a
precise and cost-effective manner. [0085] In order to
enabl & @ p g by the _
irradiay , [ $ition having

t he cons [ B : 5> a  phqtp-acid
gener at it id ¢ nger and” the
i ke. [008 egaci d generator, al
conpounds jKRown as a phgﬁo-acid genéyator can be
used. The nhotob 2

|
CFb_Ai;l

wherein each of “1”, “m” and “n” is an integer of 1

Oor more.

[0083] An amount of the monomer having the epoxy group
contained in the copolymer is determined based on whether
the copolymer can be cross-linked by exposure and a cross-
link density capable of resistance to developer can be
obtained. The amount of the monomer having the epoxy group
contained in the copolymer is in the range of 5 to 95 mol$

preferably in the range of 20 to 80 mol%, and more
preferably in the range of 30 to 70 mol%. The copolymer

thus obtained exhibits excellent physical properties such

o\®

as a low water absorption property (<0.3 wt%), low
dielectric constant (<2.6), low dielectric loss (0.001),

and a glass transition temperature (170 to 400°C).
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acid generator cross-links the epoxy groups and

i ncreases an adhesion property of the resin layer to
a substrate after curing. Preferabl e exanples of the
photo-acid generator include an oniumsalt, a hal ogen
conmpound, a sulfate salt and a m xture thereof.
Exanpl es of the onium salt include a diazoniumsalt,
an anmmonium salt, an iodoniumsalt, a sulfoniumsalt,

a phosphoniumsalt, an arsoniumsalt, an oxonium salt
[oegdjthe |ike.iAspkengrasda tHAPOURNG G PAPEHCEAmed of
counter anion together with the above oniumsalt, the
SUgBuAt &S FTPIROHG1QM N eing othe spestitetippe B can be

S 0f 5 Qunt.er ~ani i-ncl , r :
P e 71 Tt 0 Dar e aei o, T4} oub G Dol g oS eLe
toplpozphals ctlhei desamt | hapeér adi da aegskatry spdttiamdin a
r§a1 boxyliicagi d_apd gl oride sherof . Exampl es of the
P pﬁo?o-aC|d generator conposed of the onium salt
include triphenyl sulfoniumtetrafl uoroborate,
| phenyl _sul foni um hexaf | uoroborate, triphen
[oéékfoniun%?et?ﬁgﬁﬁorBars%ﬂ%? e ﬁﬁetrfﬁﬁéﬂyllﬁ%??onF%n1be
pateérabhuongphospbat e rtddihemyd  sal f oni , the resin
tetrafluorosul fate, 4-thiophenoxydi phen sul foni um
copppfht L obrbdviag etha- ¢ondphenbkedi phersierally opeprins a
L 0 [ ate, 4stdiophenoxydi v
P e e C A F AT or Gar s onat - Fot ne BpReRery i predia” °nd
thgulibai um tetrafl uorophosphate, 4-thi ophenoxydi phenyl
sul foniumtetrafluorosul fonate, 4-t-butyl phenyl
di phenyl sul foniumtetrafl uoroborate, 4-t-butyl
[opdehy! di phenyhe swhiari-amildet rfiarertesyl f adl e, compounds

" 4-t-butyllggeq¥l di$hen | sul foniu h h
NORE AFI GorARLY T cOCHSF2BaE y Faphcify | UEf phenyihe Photo-
acsdl Henkwatbli fdyephesehoiad ee?éxp- Bub¥ibspheiy | increases
di phenyl sulfoniumtrifluorosul fonate, tris(4-nethyl
anpﬁ%#%ﬂﬁlon property of the resin layer to a substrate
after curing. Preferable examples of the photo-acid
generator include an onium salt, a halogen compound, a
sulfate salt and a mixture thereof. Examples of the onium
salt include a diazonium salt, an ammonium salt, an
iodonium salt, a sulfonium salt, a phosphonium salt, an
arsonium salt, an oxonium salt and the like. As long as a
compound can produce a counter anion together with the
above onium salt, the counter anion is not limited to a
specific type. Examples of the counter anion include, but
are not particularly limited to, boric acid, arsonium acid,
phosphoric acid, antimonic acid, a sulfate salt, and
carboxylic acid and chloride thereof. Examples of the
photo-acid generator composed of the onium salt include
triphenyl sulfonium tetrafluoroborate, triphenyl sulfonium

hexafluoroborate, triphenyl sulfonium tetrafluoroarsenate,
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sul foniumtrifluoroborate, tris(4-nethyl phenyl)

sul fonium tetrafl uoroborate, tris(4-nethyl phenyl)
sul foni um hexafl uoroarsenate, tris(4-nmethyl phenyl)
sul foni um hexafl uorophosphate, tris(4-nmethyl phenyl)
sul foni um hexafl uorosul fonate, tris(4-nmethoxyphenyl)
sul foni um tetrafluoroborate tris(4 nmet hyl phenyl)

sul] foni um hexaf | uoroanti non s(4- net hyl
Lr{BReR¥L um T4 ophGShRERALET ﬁiﬁﬂpﬁlaﬁmw PEEEhdny1

suPB8AYlnh sul feaiupr1beibbuorgeyl fonat g thibPREAYkydiphenyl
i odoni um tetrafl uoroborate, trlphenyl i odoni um

suhERREMlor oantiesifdtldlonabogid®y| | odofi biiophenoxydiphenyl
oro | ..odoni

sy gé@%%ﬁorogh (ﬁ%ﬂ%ggﬁg¥ﬁ§%§$ﬁ |odg2FBlOPhenoxydlphenyl

sutfbﬁhumrosLwﬁannnﬁiudidaﬂﬁamanmodlphemythnopbanqnydlphenyl
trafl uoropo i nitrodi phen odoni um

subERhE Mo oahtFEbnbraroBRaTRRATEr b phehyToPBaB A ysPheny]

subexaf Lirorearnrsanaios,o s, 1Fohiatiet, I od+ phieay)li et@mylm diphenyl

Su:Lrlfluorosulfonate 4, 4- d|n|trod|phenyl i gdoni um

CPRAFPUOFEEERALEOTRPRT G RY t r SaTpBaiWL | GRIEHm diphenyl
suh@éﬁihﬂo&Q%E@ﬂﬂya¥d%ur%d%é¥é“tﬁogLﬁﬁﬁﬂY|ﬁH@H%TL@&phenyl

hexaf | uor oar senat e, and 4, 4-di ni t r odi i odoni um
SuhﬁoﬂiﬂmlG@ﬁé@@ﬂﬂ@ﬁéﬁétlmﬁéééeph&F@ﬁQﬂQYkﬁQhﬁQﬁkﬂ@lmﬁgnyl

suggon!ii' rﬁdtaz] 4o lﬂo < Ig%‘r?étt‘ére L tM@t? :?Ee%yl[ 088dheny1

es o a pho genérat or con
Suhﬁbogem atcnnmﬁknqnhsd&ﬂhdﬁuaw s(ttmahlérm&ﬁhbﬂl) phenyl)

sl R b A RBREPRYP Byt s rangy: PhenyT) “Bklfensun

tearaf2u8r5b6r@eaa0||Otﬁxykenmethyl phenyl) sulfonium
he%éié?%g gagﬁgégé?nn ﬁnﬂ%g{ox phenyl) phenyl) 3, 3sulfonium
heﬁfg%ﬁ?gé%ﬁégggagébron@réshmdh@&ﬁpnenykhmnﬂhhane,s@nﬁoﬁhum
hexafluorosulfonate, tris(4-methoxyphenyl) sulfonium
tetrafluoroborate, tris(4-methyl phenyl) sulfonium
hexafluoroantimonate, tris(4-methyl phenyl) sulfonium
hexafluorophosphonate, tris(4-methyl phenyl) sulfonium

trifluorosulfonate, triphenyl iodonium tetrafluoroborate,

triphenyl iodonium hexafluorocantimonate, triphenyl iodonium

hexafluoroarsenate, triphenyl iodonium
hexafluorophosphonate, triphenyl iodonium
trifluorosulfonate, 3,3-dinitrodiphenyl iodonium
tetrafluoroborate, 3,3—dinitrodiphenyl iodonium
hexafluoroantimonate, 3,3-dinitrodiphenyl iodonium
hexafluoroarsenate, 3,3-dinitrodiphenyl iodonium
trifluorosulfonate, 4,4-dinitrodiphenyl iodonium
tetrafluoroborate, 4,4-dinitrodiphenyl iodonium
hexafluoroantimonate, 4,4-dinitrodiphenyl iodonium
hexafluoroarsenate, and 4,4-dinitrodiphenyl iodonium

42



Exanpl es of a sul fonate photo-acid generator include,
but are not particularly limted to, 2-nitrobenzyl
tosyl ate, 2,6-dinitrobenzyl tosylate,

2, 4-di ni trobenzyl tosylate, 2- nitrobenzyl nethyl

sul fonate, 2-nitrobenzyl acetate, 9, 10-

di met hoxyant hr acene- 2-sul fonate, 1, 2, 3-

t i s(met hanesul f onyl benzen 1,2,3-
e O R EB R Lo L R k24T qenerators may be
uskdi s(pnhepanesul honykewybenzene andmbhe.like. [0088]

Pref erabl e exanpl es of the photo-acid generator

i nclude 4,4'-di-t-butyl phenyl iodoniumtriflate,

[0684la4"' Ekhapl =BULY! Phad-slPhanidmddd fEdh€aining a

di phenyl iodoni um tetrakis(pentafluorophenyl) borate,

hai ppphempoms uirfanidem 2 df phehyl s (odbeh legomethyl) triazine,
_ KiySEpet - rate, 4. -.di-t-buty _

2 %Eg¥$Ih(gd%%%@%%#éﬁ?ﬁE?@%%éﬁ?gfIuoroéﬁéﬁ?fgé'borateg’s’a

tribrefibmbthyl phenyl) sslifpheni apw-2, 3,5, 6-hexachloroxylene,

et rakis nt af | uor ophenyl orate, . (4- h
2, GRS 3o LA b Reniyh BIROF s BRERTE - bednd o o 3-
heketrakirskpesahaf | uoLpphenyk) s (Bppatiebrand-a-AyatdkPphenyl)
thereof. [0089] In the present invention, An anmount of
ethppe, 43n8nh3t BIXERESgER8FEPEr contained in the resin
conposition is in the range of 0.1 to 100 parts by
wei ght, and preferably in the range of 0.1 to 10
- par tExamp g ght |2 wwehforaprcphebo-a00d paerer dyoneightude,
f e cl.i j esin. 09Q] TJhe. priLzer
o " S Ry F Brat et hngbh L Eaabrb of Thory et hg FRepiate.
2, phdiniacodegener absylagrd CgrlHoE nidadoeeriaylt heoselsate, 2- .

.conmposition i uch anmount,, that_the ross-Jinkin
01 fERBR ML oot Ry Ly VA A ndh W TV o Teticed Byl0”
difnbehsgpahthzetené-gospdasfabayi ng a maxi mum light 1,2,3-
absorption coefficient corresponding to a wavel ength
tris (methanesulfonyloxy)benzene, 1,2,3-
tris(ethanesulfonyloxy)benzene, 1,2,3-

tris (propanesulfonyloxy)benzene and the like.

[0o088] Preferable examples of the photo-acid generator
include 4,4’-di-t-butyl phenyl iodonium triflate, 4,4’,4"-
tris(t-butyl phenyl) sulphonium triflate, diphenyl iodonium
tetrakis(pentafluorophenyl) borate, triphenyl sulfonium
diphenyl iodonium tetrakis(pentafluorophenyl) borate, 4,4’-
di-t-butyl phenyl iodonium tetrakis(pentafluorophenyl)
borate, tris(t-butyl phenyl) sulphonium
tetrakis(pentafluorophenyl) borate, (4-methyl phenyl-4-(1-
methyl ethyl) phenyl iodonium tetrakis(pentafluorophenyl)

borate, and a mixture thereof.

[0089] In the present invention, An amount of the
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of a used light source and capable of efficiently
transferring absorbed energy to the photo-acid
generator can be used as a photo-sensitizer. The
sensitizer for the photo-acid generator is a cyclic
aromati ¢ conpound such as anthracene, pyrene or
parylene Exanpl es thereof include

|sog pyl - 9Ht hi oxant hen- 9- ene, 4-i sopropyl -9
PhPEPoQ ﬁ?h@ﬁngréﬁér FORLRIPES 41;5‘rot§’tﬁ<y¥ gka ‘Prﬁfé‘h%ltlon is
inPkgBothhgzl B 0and & NMod WerddhesLofei M Anpyat pebrebsbly
phot o-aci d generator contained in the resin
incghposanigen oitn 0 .thd prids @rrishvant ool iwithereapget to
f ta,1 y a f y in the
109 pdzts; By JepahE oly pnlpboOLicTRECPLE, FLERNY 1 to
100 parts by melght of the cyclic olefin resin.
case ere_t he, ht sour ce n1ts ht _havi ng a
10D 8L aevel BRgt FEatkn S0 0 SO0 FrEERRIR Hiye l&ﬁ&t?}n Fange
caphblei b€ G365 vam)ingt hdesemsidd-zeyid Sgeﬁfefleiﬁdr\/e drod can be
activating the photo-acid generator. [0091] The acid

ad@%ﬁvéﬁgé@ﬁnﬁ?%%ﬂa%ﬁ@%ﬁﬁl%ﬁo%nh%néPﬁB aPh SMREYY uthdh the
creésthﬁnk%gn réyeeiberned afnd hed1§sidr 6aNPASHLiI @frectly
he aci d sCavenger absorbs acids diffused to
lnﬁhéﬁp@@@dbwofﬂbleoﬁ;@n@l}ltllﬁ@ra pHot&aMeatch| haeieg | dnmaximum
1%&1:'%8@8& %18f1 c‘ie%ccaVc%lgfédsgo% %té’“& @£9e5_‘85gth
articula n1te t0, a secondary or ‘tertiary am ne
ofsueh taquyrlmmte Buurdeneanphemmudalbda nepf efficiently

[4f0) y r _triethyl
erphtE SR PLREY AR Dornbata B o BFko st Xdnhceforpator
cahSbenukked QQHQEFmbﬂbébénsﬂiﬂﬂér[ﬁﬂﬂhblBENEﬂ&ﬁﬁermiéh the
respect to 100 parts by ME|%ht of the cyclic olefin
phPE@l ﬁClFOQQQFrP OFhéSplaescé’ LG\AdrNadr C tFRIMRREIG Ssuch as

anEHF@@éhé'O@yrQ%%|Qﬂ:tﬁ§r§£€ﬁ%|tlﬂﬂi@&pﬁe@aﬁjﬁ§ﬁgéﬂrhnclude
addi tives such as a

2-isopropyl-9H-thioxanthen-9-ene, 4-isopropyl-9H-
thioxanthen-9-one, l-chloro-4-propoxythioxanthene,
phenothiazine, and a mixture thereof. An amount of the

photo-acid generator contained in the resin composition in
the present invention is in the range of 0.1 to 10 parts by
weight, and preferably in the range of 0.2 to 5 parts by
weight, with respect to 100 parts by weight of the cyclic
olefin resin. In the case where the light source emits
light having a long wavelength such as a “g” line (436 nm)

A\

and an “i” line (365 nm), the sensitizer is effective for

activating the photo-acid generator.

[0091] The acid scavenger has the effect of enhancing
the resolution of the resin layer formed of the resin
composition. The acid scavenger absorbs acids diffused to

unexposed portions during a photochemical reaction.
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| evel i ng agent, an antioxidant, a fire retardant, a

pl asticizer and a silane coupling agent, if needed.

[ 0093] Using such a resin composition having the
constitution B, a filmfor through-hole filling
material can be produced in the sane manner as the
resin conposition having the constitution A The film
for.throu mat er i al

ExpRba SN Hel eChe o 30t Hea S REbEER t AEChalP contitfr opre  mot

paetesenhrl90] (septaondychosecshbstyabe 410rtbi¥ry amine such
lam nating the filmon the sem conductor elenent 100.
asTR¥FeafPer, 1By okBenePP§RetRi RGLRRe FFERMTBFOPYL amine or

trEBEﬁyghaHQEE fi lply %%dﬂﬂﬁ”ﬂfﬂthétaé?dp§§§$@$§e£ocontalned
obtain a through-hole filling materi al

inmather i a¢s bt ph@posnésentuanmﬂntbﬁ)rangah@f Otﬁeto 0.05
t titut
pag’eg?’ggﬁéi €°”199§h l:QE%QéfY'PQ iBﬁ g%??é b%; w{eﬁ@hé 8 the

varni s
cysémtcomdﬁmnoreehenent 100 (sem conductor substrate
10) provided with the through-hole 1, and then cured,

t hereby obtaining a through-hole filling material (a

[0bbbli ng maherhal galeddne prRaRHidd)Veaitd 0RdsittS5chRP84] tion
Hereinafter, an insulating layer will be described.
haﬁénghéﬁﬁ|QQWQW3th1thé3dHEVeCPPFﬁFFoﬁdFHFéﬂﬁﬁIﬁHQ? as a

1e©éhhhag ABERE) @l ahS AHtaehedahe th%.sgthQndH§E§fdant a
substfate” 10'so as to fill the through-hole 1 and

plesverizhe sndfaceilane opppsing agenhe fflinceededl

surface 101 thereof, and then cured. In this way, it

is possible to forman insulating |ayer (through-hole
[00BB]i ng nﬁséngalﬁubhcladimysﬂnlznampaﬂmnmnhirhaﬁrmgngthe

coRGFEEQD: 3y Brovided on Lhe . RPROShLRGPH A8 102 A0S Aia)
can be produced in the same manner as the resin composition
having the constitution A. The film for through-hole
filling material can £fill the through-hole 1 provided
through the semiconductor element 100 (semiconductor
substrate 10) by laminating the film on the semiconductor
element 100. Thereafter, by thermally curing the film for
through-hole filling material, it is possible to obtain a

through-hole filling material (a filling material of the

present invention).

Further, the above resin composition having the
constitution A or B also may be applied in a varnish state
to the semiconductor element 100 (semiconductor substrate
10) provided with the through-hole 1, and then cured,
thereby obtaining a through-hole filling material (a

filling material of the present invention).
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integrally with the insulating portion 3 and filling
the through-hole 1. By form ng such an insul ating

| ayer, it is 'possible to protect the conductive
material 11 provided in the through-hole 1 while
protecting a rerouting circuit provided on the
surface 102 opposite to the functional surface 101 of

sem c bstrate [ her i n.the
[OEBE mherggggghngﬁgfor %}hrégsﬁlgg?%hfll ernaﬁ%%&al be
dessribeded of the above resin conposition mhlch can be
patterned by the irradiation of I|ight (e.g., the

resin conposition having the constitution A whichis

Conweﬁl&ﬁn the presi e havh@gabBeer @16l for through-hole
ymeri zabl e doubl e bond; the thernosetting resin;

fi ghang Heatessah havehgaehed at Rathe seembrendoter apdosheate
10daybl gl%yu@l }?gizthgéﬁg QSlQaﬁt%r LR A N8 e s?gface

|rra|at|ono ore, In IS case, It
10pospngisd tteo tor raha gfu@@ti@mabuﬁmrﬁammerhohnth@mﬁof and

i esi s al patternin fllm
th%ﬁr gcglg% ol e :[l W‘ﬁ{génaaé% a %t o3 po?se fl?er § mited form an

inpaldeingbehoee heh&@u@hFﬁdleF@hHmﬁﬂﬁﬂmhteﬁﬂﬁﬂbtinluding
filmfor th%ﬁugh hoLe fllllqg naterlgj sel |ver
@ | LPKOF aTREPTR L HLF O E LAY olgRE & Bhot . mekeVAFRT 480
oppagwe cus@bt £cé esiop coghal ngd £1110eyr 85b P LOAPOSI tf@ﬂned
constituting the irradi ated portion thereof is

inppdrdl bvir 84th ther dimsiel 2ty Heper bpping3f hent 1T Xlgmg the
th%@u@Hgﬁofglf f'ﬁ"ﬁ&fﬂf@éeéﬁ@ﬂ &AtPnQTP§¥fA pi£§br, it is

solution (e.g., an a aqueous solution” or an
pO@$g©h$ctsopvehe¢tathercweﬁmgtlwera@m&ue@hmkﬂ1nﬁﬂylded in

t r_.hei ng _expase h.t | i ght
ehg S H ot I BIP TRESEE GRS AP arBET By trigruit
pr@WidEmn dmelngedeME&fﬁnﬁi\MOQh bbﬁodfﬂ@lOﬂjngheSOfmﬁ¢tanal

sut PELEDYo PrEF! Sl Yo BRI ST D8, T &I D) fe Tiim

[0095] Further, in the <case where the film for
through-hole filling material 1is formed of the above resin
composition which can be patterned by the irradiation of
light (e.g., the resin composition having the constitution
A which 1is composed of: the resin having the radical-
polymerizable double bond; the thermosetting resin; and the
resin having the alkali-soluble group and the double bond),
the film can be patterned by the irradiation of 1light.
Therefore, in this case, it is possible to form a given
circuit pattern without wusing a resist material by
patterning the film for through-hole filling material to a
predetermined pattern before being cured. For example,
when the film for through-hole filling material is
selectively irradiated with light through a photo-mask, the
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for through-hole filling material in a desired shape.

In this way, in the resulting insulating |layer, an

opening 31' as shown in FIG 3 can be fornmed. [0096]

A thickness of the insulating portion 3" is not
particularly limted to a specific value, but is
preferably in the range of 10 to 60 pm and nore
preferably in the range of 15 to g%ﬁ pm g settin

phPﬁ@ FRFERABSSTBFIEhecOT RIS i g p of €§1nt oCpEppPsition

cowsthiAtt g aheverkanggtelingorseBhcondusber igl gABAEL-&00ed.
exhi bits particularly excellent rellab|I|t% In a
e

Thepefatkl, cPyl devedordinda thef | ot eBe5t Blaseughelple filling
makQQQZh Fﬁﬁghnagteﬁev@ﬁggghgongUigegogev'@e Of tQﬁ alkali

present 1 nvention wl escri First, a fir
aqe&budlnenﬂumﬁonhecsenunonmwganideV$@bvem¢ thefpeeseheing

nven n crlbe 009 FIG 3 is .
SrGEFERER SEET oR 01 o SHow R a: g i opRgSel with the
11§aﬁn¢oﬂdudb0@dksmhme(ﬁotf&méiﬁsénbﬁboﬂénmmght fPP98}ated

As shown in FIG 3, in the s$nic nduct or devi ce 47

POEEAONT he' I s et HomdueeBrePEfent? amtf a developing

so&ﬁ@ﬂ%ﬁar%HE:e%Bbﬁkééﬁgeﬁ apgtbepderqgt egehBenihhy OUEE 8ilm
A mcrolens 60 is nounted on a

spacer 5
foéeﬁﬂlrrmugm&‘pll@n figflirie mafeREidhalnsar Geed redh YfaRse In
thﬁgnkggndﬁﬁteﬁe ?HQ%EE?BQ }Qsh28£99§ %gekhean gpening 31’
0. "The m¢ro

sem conduct or el ement ns 60 recelve
asl| sghwnemner §¥Gpadsednt heofighmetie transparent substrate

4 and transmts the energy to the sem conductor

el enent 100. A protective film21 is forned on a
[opesqion Oh tthe ckmeetsi @faltsurirane atlihgpfpddeion 3’7 is not

sen1c r substrate 10 ofher than a portion on
pajfLERLSENE TiELbPanso60 FReptoyFaualte, bat 18"pPezerably

in the range of 10 to 60 um, and more preferably in the
range of 15 to 55 um. By setting the thickness of the
insulating portion 3’ to fall within the above range, the
semiconductor element 100 exhibits particularly excellent
reliability in a thermal cycle test or a reflow resistance

test.

[0097] Hereinafter, a semiconductor device of the

present invention will be described.

First, a first embodiment of the semiconductor device

of the present invention will be described.

[0098] FIG. 3 1is a vertical section view showing a

part of the semiconductor device of the first embodiment.

[0099] As shown in FIG. 3, in the semiconductor device
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[0101] Since the sem conductor elenent 100 and the

transparent substrate 4 are bonded together through
the spacer 5 along outer circunferential portions

thereof, a space (cavity) 8 is forned at an upper

side (transparent substrate side) of the mcrol ens
60. This nmakes it possible to prevent dust from

dhering to the nmicrolens 60 . in process of
50fanGhc g TS CCHE Lo iy (0 5008 Agtransparent
sudesebtbed abeveontibe c6gteRBAUEhObugHDSt Ephee05. has
the through-hole 1 in ich the conductive material 11

is provided. Acircuit wiring 12 is provided on the

[o§ggi ace 102 0pposide téy the funatianalh siréacerdPlp8ttion

sem conductor substrate 10. Further, an I nner
ofci rdwent efentti iadnaslur f agefdedi nilAg t g t htlvdighsboliegotductor

nd the rf.ac 02 of the sem duct bstrate 1
BRErLDE, T SRES,A0R Ol MBS ILAPRIELELBURSILALS, 1000,
Than mikSidlahisorns0 coackivesn foghtheneaggugdssedratieroadh the

11 and the circuit wring, 12. Exanpl es of such an
trARSARAENAG SIRIGHRES ah TRI dGFRBATL F Batiint SBFEGY to the

sefgkeahreby @tkfkakndobhe surdaoeafivA8eine 21 is formed
sen conductor substrate 10 such as a thernmal treatnent

ongr agn POXFGOR plofs e eairsiitonak r edipedte of L9 br nphg the
se@@cohBEHgéé“E%ﬂ§®€§£éM1@ @gﬁ%%'% eé'g%r%§on on which
escri be elow on a second enbodi nent of the present
thenméntidrnsanll theprpivkdedf 0102] Inside of the
conductive material 11 is filled wth the filling
portion 3. Further, the circuit wiring 12 is covered
[owotllh t he Isayeer- shapedseémscbadudigopordlicmerdy  1f0@r medd the
i nt egral

ly with the fillin ortion 3. In thi
CraRGBAT BT , SRR TASul i | BYRreBonke STt fough the
sphikki Y aPehyi FutIrandi tbgnidseheidNgppetivd8 Xhereof, a
space (cavity) 8 is formed at an upper side (transparent
substrate side) of the microlens 60. This makes it

possible to prevent dust from adhering to the microlens 60

in process of manufacturing the semiconductor device 500.

As described above, the semiconductor substrate 10
has the through-hole 1 in which the conductive material 11
is provided. A circuit wiring 12 1is provided on the
surface 102 opposite to the functional surface 101 of the
semiconductor substrate 10. Further, an inner
circumferential surface defining the through-hole 1 and the
surface 102 of the semiconductor substrate 10 are subjected
to an insulating in order to maintain an insulation
condition for the conductive material 11 and the circuit
wiring 12. Examples of such an insulating include: an

oxidation treatment of selectively oxidizing the surface of
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[0103] In this regard, it is to be noted that the
insul ating |ayer may consist of the filling portion 3
which fills the through-hole 1 alone by, if needed,
omtting the insulating portion 3" in the present

invention. In this case, the filling portion 3
becones the filling material of the present
thé”¥8ﬁ£§88duL?894L Lstfhté g%bggﬂﬂpq% ﬁ%fhtggatment
ayer | ormed using t

ortbhowmydﬁﬂEpiakhangreﬁﬁmEhtaleiotﬂéﬂt@énthefahﬁmaung an

n.conposi tion ich can be patterned
inl G Pa B BRVBE TG & reoLBaAEEEAA DS (ARSI RRS e Lov
onaaphddrid hegbaaive et Bed.t NanplysehheihivbAtibat and the
through-hole filling material is patterned before

likeing cured, as a result of which an opening 31' is
f or med through the insulating portion 3 of the
insulating layer. A circuit wiring 12 is provided in
[0102] openi Ags3de aﬁdtdmeacosmm¢emeeomatheiahsaﬂaﬁkngfilled

.|l ay o] t he em uctor, substrate 10,
Wl%%lggT ?Pffd%?téortl%% ?nsu ?%g 1ayer SIS ?urtﬂlng 12
is pramriedesi Ogllahl ovkée Sl?}%]ﬂ-fsﬂé'rﬁedtl rl@iﬂtila\M1ﬁﬂgngpa>2\t;\;on 37

side.in FIG. 3 an opening in [
fog“‘%%eéértler%al&)’npwaﬂhl Ihs ogﬁggangs HYr %r ougﬂnt h&lls

embd§ &4 t N thay efnsdlat Il 08L yEYr IRMIMIS S£7 @%leN filling
conposrtlon constituting the spacer 5 may be the sane

Popkior 3idrdrent invwtahend ReRti®nposition

constituting the insulating |ayer (the filling

portion 3 and the insulating portion 3'), but they are
[0D023F er abl Int Hhisaneegdnids nhkeéfittposbétﬂn9UQm that the

e nce o r of -1 nduct r
inSUERLERS | RSEL A0 AL YET 80 01 c LIy SETLEATEUE Shunscn
fitbasthéuthpgughehole 1 alone by, if needed, omlttlng the
insulating portion 3’ in the present invention. In this
case, the filling portion 3 becomes the filling material of

the present invention.

[0104] In this embodiment, since such an insulating
layer is formed using the film for through-hole filling
material formed of the above resin composition which can be
patterned by the irradiation of 1light, an opening can be
formed using a photolithography method. Namely, the film
for through-hole filling material is patterned before being
cured, as a result of which an opening 31’ 1is formed
through the insulating portion 3’ of the insulating layer.
A circuit wiring 12 is provided in the opening 31’ and on a
surface of the insulating layer opposite to the

semiconductor substrate 10.

49




spacer 5 preferably includes: the above resin
conposition having the constitution A which is
conposed of the resin having the

radi cal - pol yneri zabl e doubl e bond, the thernbpsetting
resin, and the resin which differs fromthe resin
havi ng the radical - pol yneri zabl e doubl e bond and has

al kal i_-sol upl e rou and the doubl.e bon
wiEgJ/ redPn a@éf}ﬁd-ﬂ d%l halPRG2 Ehed c dAYERL %11 ohs pfurther
pr¥hi8Bdi &n @NPesEd @Edteh%fcy@hé ccokehiip nWasiifig or2 t heower
m xture thereof. [0108] Further, the insulating |ayer

side in &T6o 3pref ErHBINEForatePRAN IR Fanghielia soldering
buﬁgnﬁQSUs,' %'}o@%.dtelae :Lsabfbvr(?nercﬁsﬂlﬂf s }?{Qf?%%tlng layer

nstituting the insulating |ayer
31lportion 3 and the insulating portion 3'"), but is not
limted thereto. This nakes it possible to form an
openi ng through the insulating |layer 31 using the
[opbeéjol i t hegrapbymaeehoda [ HempoBaktien, acsecdbdting
enbodi nent of the 50 seniconductor device of the

they SBRRET] nvBAYi BR WiPI SBES @esef| BefierfRr 4rp@ ghe resin

coMBbbi€abnSeehken t¥keWgShoW NG s RANhPf1ad¥e (the filling
sem conduct or device of the second enbodinent. [0110]

porhiene ¥ oRnewi e désenilptins dtoxhion sehilcorklet ghey are
pr%?%%gﬁlgc%%rméghéo t%%lée%ﬁ¥£§”P9d§%%%ﬁbl to su?press

erences thereof fromthe sem conductor device
octherefcestvfewbodagentfwihé pemieomiiycdescdebhicde anmdl-
simlar portions will be suitably omtted. [0111] As
shown in FIG 4, the sem conductor device 500
[OTOmpri sesTRusgNi Cloaduniim eloempiats itAGn nebugdtnguaing the

sof LTt ar. Subet ate 40, o Lronsearent substiste . o,
hap[ﬁyl@%@ Sbnstitution A which is composed of the resin
having the radical-polymerizable double bond, the
thermosetting resin, and the resin which differs from the
resin having the radical-polymerizable double bond and has
the alkali-soluble group and the double bond; the above
resin composition having the constitution B which is

composed of the cyclic olefin resin; or the mixture thereof.

[0108] Further, the insulating layer 31 1is also
preferably formed of the same resin composition as the
above resin composition constituting the insulating layer
(the filling portion 3 and the insulating portion 3’), but
is not limited thereto. This makes it possible to form an
opening through the insulating layer 31 using the
photolithography method.

[0109] Hereinafter, a second embodiment of the
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as to forma space (cavity) 8 between the

sem conduct or substrate 10 and the transparent
substrate 4. A through-hole 1 is fornmed so as to
extend through the sem conductor substrate 10 in a
t hi ckness direction thereof, and a penetrating

el ectrode (conductive portion) 6 is provided in the

t hrough-hole 1. [0112]_T enetrating.el ectrode 6.i
sell GOPHRaD aBe 0 pats (S Dud SR oy ERHIAG, Padin be
dekayepedl forned so as to cover an inner surface

defined by the through-hole 1 forned through the
sem conduct or substrate 10 and one surface 102

(oppesd L et 9sa f upotd nal sakef 868 304k, sBlind! SO Sart of

second resin layer 32 applied to the first resin
theagemigondrgkoheflevife péneheaseagnédl epsbeddwenti s

el ectrically connected to a termnal 2 of a wiring

pattern 51 provided on the functional surface (the
{oath@r surflace) tid offofilewiei condestoipsiubst r ated 10. the

0113 th th hand iri tt 7.1 red
selgcaniirTate i 1he. aceshardsin Pl 'Eitl o ErpghTene,
diflierehtest vRSidbf ayeem3thel ovetii seid@etot NdEkGeced)of the

and electrically connected to_the penetrating .
figpictemrdbrentyrtiddr  b§ tAR LY eGP F ARG ( sGnder Similar

pok€Sbak u§X§r%e3§u&§abigr8ﬁﬂt§edas to cover the
penetrating el ectrode and the wring pattern 7. A

sol dering bunp 71 is formed on a portion of the

LLiLNg patter 0.as pass t u . ' .
10835019, o8 bR TEERS LORSATr et evice
500nsabmpriges ayer seaoitsirshsctofr t kd efmargt A€9i nihayeding a

31, the second.resin layer 32 and the third resin
sefisapd9sEoF 0P Er ERe e diri Hod HUORATTHe TIVSE T EG) folass
sub8¥ehtd] 4§ and a spacer (frame material) 5 provided so
as to form a space (cavity) 8 between the semiconductor

substrate 10 and the transparent substrate 4.

A through-hole 1 is formed so as to extend through
the semiconductor substrate 10 in a thickness direction
thereof, and a penetrating electrode (conductive portion) 6

is provided in the through-hole 1.

[0112] The penetrating electrode 6 1is provided so as
to pass through not only a first resin layer 31 formed so
as to cover an inner surface defined by the through-hole 1
formed through the semiconductor substrate 10 and one
surface 102 (opposite to a functional surface 101), but
also a second resin layer 32 applied to the first resin
layer 31. Further, the penetrating electrode 6 1is

electrically connected to a terminal 2 of a wiring pattern
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formed so as to cover the inner surface defining the

t hrough-hole 1 and the one surface 102 of the

sem conductor substrate 10 (Il ower surface in FIG 4).
Further, the second resin layer 32 is provided so as
to be applied to the first resin layer 31. [0116] This
sem conduct or device 500 of the present invention is

characteri din that an el astic ulus of the_first
PrPEaRS) SPer 181 TEGRNRS L RHF ATHR DS Hot BEEoRE LS n102
ofl ayer sdrRicdhbscoBkesubttpassi bbe for the first resin

|l ayer 31 to relieve stress which would be generated

when the second resin layer 32 is cured, thereby

ressi C Uik . :
048R g rt‘ﬁ% lé.rth%'}c%a‘?*rds‘é\’aa{ %ﬁ%r‘fﬁrhgge%ern_7 is formed

sem conduct o evi ce 500. astic
onmedfursfagfe tdfe the ssecesfnreayer 1@yern Shotpposite to the

particularly,limted,to speci fic.value, but._}.s
e B3L L FABRD SlekTrpalor RORBE. RBFELErer BPabFICs, obh and
elbPararalllgwetonaadtedentsmprichepr gfeercahlayt iiny t béecangee 6.
of 1,000 tg . 1,800 MPa.. By sefti t he el asti.c nodul .
FugEhEhe f ratird cPRiPayaresl (S 1ST RPERCE tRYSIhove is
fokABge sot s fid StovéLStRel ek t3hteal RAR ABRXCR!I 4 At the
function of absorbing the stress which would be

wigéper REdsten’the Secoleesih Duaper 782 iiss Eprred on a
] ~EhefJ r.st. 1 esi 1.1S SRr r
po%ggggrﬁgd %ﬁiﬁ%ﬂ%lat %%@%§ﬁl?gﬁ?,a%uﬁﬁf na% T?ﬁ?%%% the
thiihdr seeinThagenmakeés it possible to provide the first
resin layer 31 at a necessary portion in a precise
and cost- effective manner. [0119] Further, the
[oaha3tic nodul ushd t eeboeldmetit,r esthiel ayiersudadisignot layer

articularly linted to a.specific _value, but is ,
cofReFbratiy $0800F M oF Shitgnel 2Ysior 1, the second resin

layer 32 and the third resin layer 33.

[0115] As described above, the first resin layer 31 is
formed so as to cover the inner surface defining the
through-hole 1 and the one surface 102 of the semiconductor

substrate 10 (lower surface in FIG. 4).

Further, the second resin layer 32 is provided so as

to be applied to the first resin layer 31.

[0116] This semiconductor device 500 of the present
invention 1is characterized in that an elastic modulus of
the first resin layer 31 is lower than that of the second
resin layer 32. This makes it possible for the first resin
layer 31 to relieve stress which would be generated when
the second resin layer 32 1is cured, thereby suppressing

occurrence of warpage of the semiconductor device 500.
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preferably 4,000 MPa or higher, and even nore
preferably in the range of 4,500 to 5,500 MPa. By
setting the elastic nodulus of the second resin | ayer
32 to fall within the above range, it is possible to
obtain a sem conductor device 500 having a high

insul ating property and excellent reliability. This

i s because since the second resin layer 32 having the
el asti c nodul us of the above range has need to be

[oiovied of TRer eshBthavimdgua ulsowcaald i it wfsiherapér 31
expansi on and high heat resistance, it is possible to

isy sffceratrbgelably dit@dhad Rf AnisRPE fif olighufel uth is
pr§§99§5§y9§,§@énmg9 bhe1 bREPUGhs POl Sl POL1 @S8T o6 hdba or

., It is possible to inpart [aser processabifity to
lovae, seodneve8 mese npiraferaBly. 01203 Fanghewof al, 000 to
ffigcient _of ther.nmal ansion .of _t second resinp,
1, 98 MPEL D BY Slau T SR RaR e B B B O BR f Prs
resenpangeur 81 stamotfapar idhliar [thd | abbed trange,spacd ffLrst

val ue, but _is preferably 100 m or Jess,, nore )
re3 Por ShuBry 280 Bomor g e Sl IR HOISE isel oF aBP3OTRIng
théhetreaBgdemfc?Ad P $0OPFENBYasEl! WRGNt heLoffdd fd epLsin
of thermal expansion of the second resin |ayer 32 at

laype 3fass CeFafsition tenperature or |ower tenperature
to fall within the above range, it is possible to
decrease expansion and contraction of the second

[0128]1n | ayBhe32 fusstt 0 estini n lepeh prilcesdsof preferably

[ . ' t [ 50Q.. Thi o
oa (EREAET, ) L B TR R e Pl f Py 3R 7 cllganst i ced

thandtcont TAcC i makbet ieepos Htb sent s optloei ¢ StwbstIade dédsin
the second resin Iagﬁr 32, thereby further

and
La¥Gbprdssthg @ hRSCORIUTY eRO& T3P hiP war pRERC TS t RRd cost-
o f 568t Coadushosr device 500. In addition, it is also

possi ble to obtain a sem conduct or
[0119] Further, the elastic modulus of the second
resin layer 32 1is not particularly limited to a specific
value, but is preferably 3,500 MPa or higher, more
preferably 4,000 MPa or higher, and even more preferably in
the range of 4,500 to 5,500 MPa. By setting the elastic
modulus of the second resin layer 32 to fall within the
above range, it 1is possible to obtain a semiconductor
device 500 having a high insulating property and excellent
reliability. This is because since the second resin layer
32 having the elastic modulus of the above range has need
to be formed of a resin having a low coefficient of thermal
expansion and high heat resistance, it 1is possible to
reduce damage to a sidewall defining a through-hole 1in
process of forming the through-hole using laser (that is,

it is possible to impart laser processability to the second
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devi ce 500 having high reliability while inproving a
yield in the subsequent processes. [0121] In the case
where the elastic nodulus of the first resin layer 31
is defined as "A" and the elastic nodulus of the
second resin layer 32 is defined as "B", a ratio of
the el astic noduluses (A/B) is not particularly
ied to 8 specific value, but is preferably in the
re?éﬂg aY8F &b to 0.8, and nore preferably in the range
of 0.2 to OS. By setting the ratio of the elastic
nmodul uses to fall wthin the above range, IS
[033Q%i bl e FHELPRRE, secoFrPTiektent agér télgrfr@lhaeei@answn of

th@XQSEEEHtré@khapéyéEVB@hékeaS€PQ§§S§£Q851Eb§n temperature
occurrence of the war page of he sem conduct or devi ce

or500owen a;mnanmunsa nge th@tsmm’@lcnebamly a}lemu&@dcaho a
v xcellen Iaser ab ty s .also
D S oURal 118 Soh S of Clediitb 850 Ttvngroe
prhfghabeyl abi bptay or [1@E27] alﬂ@(tevdrhendﬁer s@rerﬁarabl;ayﬂn the
ond reS|n | ayer 32 and the third resin

raigb el 190 bED ity | beHY | ASEaFHer (it SOPTHiGTERE OF

théanéﬁtekgéhglbﬁysf Bl dJbeohdrsésigsia m%éﬁygz 34 tBe glass
formed of a first resin _conposition ich is the sane

traasi heORbbPBPEEILHI e cOFpISEToEemaeRatiige thfe faki nwithin
théOEBQ%b“thggﬂ”f@ ige oggﬂﬁiét%g'@%d%égg |E§55n51on and

conposed of the resin having t
conadacanopolﬁrretrhq ableeocidu me§1bnnbayehe 3ghetumsedt iegt in

d er
cafBpRaceRn o LfirhETAReHOhEY, Chtl S5Bicordiebin’ Ekre o00-
Thibemakbalut @@b&hb&egWﬁﬂﬁéﬁhbdéﬁédkﬁﬁﬂﬁbﬂnﬁuﬁntﬁﬁpan51on

resin conposition havi the constitution B which
g Lt S A T M LR 1 R

théheeedhd resin layer 32, thereby further suppressing the
occurrence of the warpage of the semiconductor device 500.
In addition, it is also possible to obtain a semiconductor
device 500 having high reliability while improving a yield

in the subsequent processes.

[0121] In the case where the elastic modulus of the
first resin layer 31 1s defined as “A” and the elastic
modulus of the second resin layer 32 is defined as “B”, a
ratio of the elastic moduluses (A/B) is not particularly
limited to a specific value, but is preferably in the range
of 0.2 to 0.8, and more preferably in the range of 0.2 to
0.5. By setting the ratio of the elastic moduluses to fall
within the above range, it is possible for the second resin
layer 32 to have excellent reliability while suppressing
the occurrence of the warpage of the semiconductor device

500. In addition, since the second resin layer 32 can have
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[0124] The inner surface defining the through-hole 1
and the one surface of the sem conductor substrate 10
can be covered with the above first resin conposition
usi ng one of nethods such as 1) a nethod of applying
the first resin conposition in a varnish state
thereto and drying the sane, and 2) a nethod of

the first nposi. tion in a fi
exgE TR Fddl i eli L 33Pr Rkl (O] A PosBipns o
obtaygra3demnscsptigtetbreliyviesoyed HsDgahigh reliability.
phot ol i t hography nethod or the |like, to thereby expose

the termnal 2 fromthe first resin layer 31. [0125]

[oiﬁzih' s rREged, tRe TEisicresidid ayelyedl iy, 5§hf30r§§90nd
a material having | ow heat reS|stance as conpared

rewmh ldvexecthd angsi theayehisd wesinwildyare descritbéd be
degSLQ%édg?Me¥8£5hék”&Stébf phot ol i t hography nethod can
e use I N Oor

t 0 expose the terminal 2, the first
resin layer 31 does not need to be heated like the

0 Ln | aser processing. Therefore, it is
[ogggilble ?glgﬁﬁn5855n ﬁV?ro?T?he first resin layer 31
Wi thout causing alteration and deterioration of the

first resin layer 31 near the L exposed term nal 2.
[ 01281 (BEedhdreesnnlrager 32)1hecsBednLr &sihiyslyeFesin

co§§o§§tigﬁ”e%h9%h fQﬂseXEHglesan% SQ%Qndtﬁgs'%bove resin
conposition conprising a curable resin, a curing

compgeni t apd, t Hehat kes,Exahpl esevin { IRempEEslion ebpNing  the
cohE%HHQ?iloﬁﬁ hl s 24 %Eo%%dm”%”Qﬁet¥8§1%h$%%1ng the

resin (e.g., novol resin, cresol "novo
radéshh pblymhenmhbﬁendbwbhk besdn)tbe thesobséyping resin,

henol resi.,n (e, Hgﬁg? fle reso heno
anf i arEecd | BalFh pHBTIE T b oA ORodt P och it uigohe, the
radical-polymerizable double bond and has the alkali-
soluble group and the double bond; the resin composition
having the constitution B which is composed of the cyclic

olefin resin; or the mixture thereof.

[0124] The inner surface defining the through-hole 1
and the one surface of the semiconductor substrate 10 can
be covered with the above first resin composition using one
of methods such as 1) a method of applying the first resin
composition in a varnish state thereto and drying the same,
and 2) a method of laminating the first resin composition
in a film state thereon. Thereafter, a part of the first
resin layer 31 is selectively removed using a
photolithography method or the like, to thereby expose the

terminal 2 from the first resin layer 31.

[0125] In this regard, the first resin layer 31 is
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linseed oil or walnut oil); epoxy resin such as

bi sphenol type epoxy resin (e.g., bisphenol A type
epoxy resin, bisphenol F type epoxy resin, bispheno
S type epoxy resin, bisphenol E type epoxy resin,

bi sphenol M type epoxy resin, bisphenol P type epoxy
resin, bisphenol Z type epoxy resin) novol ak type

fofﬁ@éy £e§|£ al f@Non @ 1 §P §S&£h ared
? e epox % ?%¥yp &i

cresol  novor resin
witlesithe bspbengtl raersadrky[taygzpe b%)owyucesmulhr le descrlbed

oefad] e HoRE aceritas pe epBRg P eaT OO EAR N p ol can be

us€POXY r@sddy tdi @ugprentiadi esemtype eZJ,Othéeillﬁ:,st resin
nor bor nene type e poxy 56 resin, adamantane type epoxy.

layesi Al oflopp uBPENBSRHpECepox e atest ik ddiq ¢isp of using
labtt %treeefslsag?wm@héwﬁof@& Resuch %éss{@i@"tee remove a

resin; unsaturated pO yester resin; i smal el m de
paresth; thel furet hemeinesayver di bl Wythcplht hed g Eng ezl peration

an&'Hé%%Piof%%ﬂ&qbgFZQS%92E9§s£' éﬁH“%ES%?gz%Psh%ar the

ate resin m de resin; el mde resin;

exb@ﬂ@@cyetmbmiEnz resin; and the I|ke These resins nmay
be wused alone or in a mxture of two or nore having
different weight-average nol ecul ar wei ghts. Further,

[0DP€] OF ND{SechBS8i ASsTRY1REe Al 3B W th prepol yners
t hereof. Anbng them the cyanate resin (including a
prepolynmer of the cyanate resin) is nore preferably

Usethh By MNP rddieh CYRPSE €35 e3EN folrineldS JIOSSHdH Getsple,
further | ower the coefticient of thernal expanS|on of

a pskeondcombirestompayétriol2 comprtilsdng thecscebhd resiim, a
a xcel l ent electrical property
cu%ggg ad Qa%n@f%§? D &’

ric constant, low dielectric
tangent) and the like. [0127] For exanpl e, the cyanate

resf;amp es opt%hge%urable resin include: phenol resin
such as novolak type phenol resin (e.g., phenol novolak
resin, cresol novolak resin, bisphenol A nobolak resin) or
resol type phenol resin (e.g., unmodified resol phenol
resin, oil-modified resol phenol resin modified by tung oil,
linseed o0il or walnut oil); epoxy resin such as bisphenol
type epoxy resin (e.g., bisphenol A type epoxy resin,
bisphenol F type epoxy resin, bisphenol S type epoxy resin,
bisphenol E type epoxy resin, bisphenol M type epoxy resin,
bisphenol P type epoxy resin, bisphenol Z type epoxy resin),
novolak type epoxy resin (e.g., phenol novolak type epoxy
resin, cresol novolak type epoxy resin), biphenyl type
epoxy resin, Dbiphenyl aralkyl type epoxy resin, aryl
alkylene type epoxy resin, naphthalene type epoxy resin,
anthracene type epoxy resin, phenoxy type epoxy resin,

dicyclopentadiene type epoxy resin, norbornene type epoxy
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by reacting a hal ogenated cyan conpound wi th phenol to
produce a reactant, and then, if needed,
pre-polymerizing the reactant using a thernal
treatnment or the like. Specific exanples of the
cyanate resin include novol ak type cyanate resin,

bi sphenol type cyanate resin such as bisphenol A type

cyanat e resin, bisphenol E type,cyanat resin or
re LR aRGERFR BSOS TP el EyhRats radidr Sind- YR heSPOxY
rebike. vA@ANG-ddieMm £ hEa ADYVS! akngypenenanahg Mesiih iSuch as
Ereferably_used. This nmakes it possible to inprove. =
mehaginer gSisditdncen At Rt @ cBRd YRESPR |8 32PdERat gimide
gL ea s-hakhng densiiy; of dhe akresin;
retgype C)ﬁ?l%%r%eﬁr%g gﬁg ;no idn%r%veyfl an%%rlgbiapﬁﬁ%l of resn
sitheosecoadinesbanzoapagingoning7cantathengi kesifhi syagate

reR8RaUSe they nquolak {ype.eyanate LAl LAUIA - recin;

ri‘azi ne 'ri er being clred. ernore,” this
behebtguddbtibehe besaugeanhe thevdlide .t ypkheymnad€ing esay be

has high ratio of, a benzene ring in a chem cal
usgg, 8¢PHP6 Fhafedt T URE 19kaTHP t9F HEO e BohBggdi Eferent

weMgheoHQ9Erag8Veibldbdng casegnhere therseeenNd £881 Br more
layer 32 is formed so as to_have a thin thickness of

regngningy Pessixed vithppsepplyressi kpareCexcel | ent
rigidity to the second resin layer 32. Particularly,
since the second resin layer 32 has excellent
ri gifdiang evem whgre beyanp heatesini { icahudexdi di prepolymer
e [ eliability.iLn C t i ri :
o AR MR  EPral {451 S e cirr e £ | ASeH 5o By using
the01l28naAs= t heshayoliak tigpepcyatiale rtesi urthers lower the
for exanpl e,

sible to_use one_represented by, t he
coPSRREUPRG Pr IFATES) CHEGLIGPT oY il HCTe TRek Laver
32N$C. Further, the second resin layer 32 can have an
excellent electrical property (e.qg., low dielectric

constant, low dielectric tangent) and the like.

[0127] For example, the cyanate resin can be obtained
by reacting a halogenated cyan compound with phenol to
produce a reactant, and then, if needed, pre-polymerizing
the reactant using a thermal treatment or the 1like.
Specific examples of the cyanate resin include novolak type
cyanate resin, bisphenol type <cyanate resin such as
bisphenol A type cyanate resin, bisphenol E type cyanate
resin or tetramethyl bisphenol F type cyanate resin, and
the like. Among them, the novolak type cyanate resin is
preferably used. This makes it possible to improve heat
resistance of the second resin layer 32 due to increase of
a cross-linking density of the novolak type cyanate resin,

and to improve flammability of the second resin composition
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0000 CH2 -CH2 5 (s) n when "n" is an optiona
integer. [0130] An average repeating unit nunber "n
of the novolak type cyanate resin represented by the
above formula (6) is not particularly limted to a
specific value, but is preferably in the range of 1
to 10, and nore preferably in the range of 2 to 7. If

t,he.average repeating _unit nunber. "n" _i ess than
anfn SR L PHE, T OB (o o Pebgi¥i othe  BovbiakE 3t MBvpnate
reginaserimbah beahzirsi singcefoért beingvolakdt ypEurthermore,

cganat e resin i s |owered, ther ebé/ r enovi T%hor

thydpord PahieYsdh Wi git REFEEGFest el B8P lakef Mife CYyanate

reS€RO0MAY €8l hilgyeraB b¥ heabedzeRd thiht DAr haBHemical
if the average repeating unit nunber "n" exceeds the

stgpperrei Fhereafuendf ishelkpbyetorhpgearbpeteefs aMensever,

ev%gsg?i%%Qe%%ggsw%gg%i%%é éé&JﬁHr?eéﬁ?éﬁﬁﬁ%{?3fefénformed

due to excessive Increase o

soviascosd t pagk techethowolthk ckppescyahaBle nesior [6881] A is

wel ght - aver.age | ecul ight.of the cyante resin .
poP§LRTE BT LR S Ll PR aflpuctr) ¢t SRl (resin
1a'ysr]pr3ef.girabhytiﬁumelpang?nafe ﬁﬂﬂat@eéoﬁﬂo%reaﬁﬁ Mm{yeer 32

refera in the range of 600 to 3,000. If the , '

ha%ei%’h?e-“a r ade TS ERUI SV SRei YREDT LTS DAt Ste 1t can
exh®¥Bt bkbbliil¥atuee19bptinetgbave thrRNG sd hehd & "Bk wiring

second_resin layers 32 becone tacky. For this reason,
pPathere Vsia Easeefhhe the seeebAdreesinlevgerd2a2

adhere to each other or the second resin conposition

constituting one of the second resin |ayers 32 is
[0128hsferrad t shehenotvideksedomrd r esiandt@yerreS2inmwhet  is

pogg§glgak§oCO£g§Kﬁoggtl}é%%?%é%%EQH bgn t?%rOtQQEmﬂﬁgq’ the
following formula (6).
[0129] [Formula 6]
Na N2 Nsg
C“O C‘O o
X P N
| CH, . )_CH d (6)
n
when “n” is an optional integer.

[0130] An average repeating unit number “n” of the

novolak type cyanate resin represented by the above formula
(6) is not particularly limited to a specific value, but is
preferably in the range of 1 to 10, and more preferably in
the range of 2 to 7. 1If the average repeating unit number

“*n” is less than the lower limit value of the above range,
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i f the wei ght-average nol ecul ar wei ght exceeds the
upper |imt value of the above range, there is a case
that formation failure of the second resin |ayer 32
occurs or interlayer peel strength thereof is |owered
in a process of manufacturing the sem conductor
el ement 100, due to excessive increase of a reaction
rate .of the cyanate resin. The wei ght-average
thiiPeddl 6 GATGhE GF (1 oyERal SLaPGR| AlcdRpenovolak type
cyHBasHr ethsifror i examplededysi fige Pel9f! reRBRBAY WY vaporizing
chromat ogr aphy (pol ystyrene standards). [0132] The
loyyupagBtr BOLASUARS géeegeé WheRetBe PRCANASDERiRt fpger 32
is0Thd MR LI Mne fYayi Bendif it Yei ghk- aua! repeating
nol ecul ar wei ghts. Further, one or nore cyanate resins
unirgy nupberri Xad wixdeeise pdiey mpre 1t hiereildf . vabwevef , théeabove
use of .the cyanate resins is_npt particularly . linmte
ralff8 orh e o] S AR SR o I bof TE hEeEREP e g Heal § Form
theostegioneld resin hbageeold rdasi NntcoOrROBEBILOA iisidi@élase of a
rthuIarLy Iiniged to.a specific value, but is
me R eV EFSBRY Y nOF hERF aRGEobRKSEVE® SHRURCS, FaRin mor e
preferably in the range of 20 to 40 wt o, based on a

total anmount of the second resin conposition. |If the
[04&dlint of At Welohéraysergiendolesivd ars walsiht el e cyante

gl it fy A41R ' e
ok ol AL it e bt 0 $4856cls 26800 nuc

is| ayesf@zebiy irhetbeheramamd,ofi f 500 ekeeedssGthe appermore
prokdllyyal yg gl the,  aboye range. thegesis g case that
S of t d

reng € seco resin |layer i s lI"owered.
avpPagd| mbliethdar whegseconadlessi hheonpbsilower limit value

er abl contains a ingrganic filler. In thi case,
& he&©

r ef )
Ofgv £ i AXNE ch2B9%her B ofBoeEdr e hent2¥66s 32
bet8me MaWkagCt Ureshr Sehas trealRavwg a-Hdvd thi gkrese ofhdk Sthe

seggkgrresin layers 32 adhere to each other or the second
resin composition constituting one of the second resin
layers 32 is transferred to the other second resin layer 32
when they make contact with each other. On the other hand,
if the weight-average molecular weight exceeds the upper
limit value of the above range, there 1is a case that
formation failure of the second resin layer 32 occurs or
interlayer peel strength thereof is lowered in a process of

manufacturing the semiconductor element 100, due to

excessive increase of a reaction rate of the cyanate resin.
The weight-average molecular weight of the cyanate
resin can be measured, for example, using a gel permeation

chromatography (polystyrene standards).

[0132] The cyanate resins may be used alone or in a

59



| ess, it can have excellent strength. Furthernore, in

this case, it is also possible to inprove a | ow

thermal expansion property of the seni conductor

el ement 100. Exanples of the inorganic filler include:

silicates such as talc, calcined clay, uncal cined

clay, mca and ¢l ass; oxides such as titani um oxi de,
m na S|I|ca and fus ar bonat es, such_as

s BE R I aBhars, TATC) (R MR nBA GaraRs hoiohC adSrage

mobydudial séight By dr Pl €8Sy SUSHe aSr ahdfe NBPANAYEr Xs s may
magnesi um hydr oxi de and cal ci um hydroxi de; sulfates
be gRIXef V1 eR RERROAXTSES | LAFEEPE at elo¥@Y@Tuntheguse of the

cy§H£€ét £eands cakchym %é‘hf,i&@lapﬂ} at £7i SMG-RSr&t HC

borate, barium netaborate, al umm num borate, cal cium
borate and sodium borate; nitrides such as al um num

[Og%%i!de’ Rr% ou%!tn$9ethglkh%9%o EE § and Carb%ﬁta%Ped

i de; ‘and |tanates such as''s ron ana
inbahéuae¢omana¢alnThempOSLUDo@ah$CnétIp&rslnmyabbyusemhted
one or_in a

h h
tolp P PRadl €18, S lhdn bl cta PherdteRly fr i errings of ' o

50( et i enbamores pherisalbifsead shéi eahgbSofMIe to 40 wts,
referably used. This is because the addition of such
bazgdi R g"‘an’?‘&tﬂl PBPURS tIfe SRR 0AECPBE FeSdfpodPpRition.

IfnﬁK@Sambhn@o%%l%ﬁ%t@héf%@@étipﬁétggéﬂﬁl1§Xﬁ%%%'%%an the
property to the second resin [ayer 32. A shape of the

loger| l:amh’abeéueppéf éhgblepoaecmasiyed $teye drs @ case that
S I v t e ere S
£ SPLELhER! g B B rm il tHE SRS ded S3p.
1 requ(lgred ?ﬁa?{)?ﬁe M?t Vlr%COS?t C($ ]f dEFGSI n On
theonpberthandisiEod&redceadsrdae tuppens Urieni tf oratats 1o ff ythe
t her eof rical,silica is re ef er abl ysed.
ab?\%‘?‘relr?ngF tﬁfﬁee of S t Re SPREr dtg?ﬂtc %??%‘?&lsxgelt}& eifcond
redlepensy g ®n ps operéies. of the second resin
conposition to be inparted.
[0134] Further, the second resin composition
preferably contains an inorganic filler. In this case,
even in the case where the semiconductor element 100 is
manufactured so as to have a thin thickness of 0.5 mm or
less, it can have excellent strength. Furthermore, in this
case, it 1is also possible to improve a low thermal

expansion property of the semiconductor element 100.

Examples of the inorganic filler include: silicates
such as talc, calcined clay, uncalcined clay, mica and
glass; oxides such as titanium oxide, alumina, silica and
fused silica; carbonates such as calcium carbonate, calcium
magnesium and hydrotalsite; hydroxides such as aluminum
hydroxide, magnesium hydroxide and calcium hydroxide;

sulfates or sulfites such as barium sulfate, calcium
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[0135] An average particle size of particles of the
inorganic filler is not particularly limted to a
specific value, but is preferably in the range of
0.01 to 5.0 pm and nore preferably in the range of
0.1 to 2.0 pm If the particle size of the particles
of the inorganic filler is smaller than the | ower

k] u f..t he ove ra there |s_a case that
Su%%?t%b%ﬁ?t§aﬁﬁqﬁia%ﬁ%é%ﬁ%bﬂ§§¥a¥ e Sggéoﬁ (el borate,
batayer mPtalsortaver echldue tum | borease otadcivmscoskayeofand

.varni sh containing the second resin, conpqgsition. On
So%ﬁ%mo€¥&ﬁaqﬁdnd?lFFlg?sei%%ghsa?héiﬂﬂﬁgPﬂnI'&FF19§Pueb°r°n
niofidde sboveorangeribBerAdi CadpoASQilthdlde; and titanates .

precipitation or the like of the inorganic filler in

su¢he as51Sphrephi bl Viaktra s ©celds . bahbuny dridganaidrt i cl Bhese
i nSk n S dy, by parti.cl i:ze J
e O T Chona by LORPEARLER®) B Sl e ot two
Oor amorhe i Mgryeni thém} | ahe ailiiner ghmi prefelrbbd yhazseny aand
Lsper. article size distributio r n_ ... .
th?ﬁggggﬁi%ﬁﬁ% ex{é%%ﬁ%ﬁf%?ﬁ%ﬁy%?%%%%%%fngfF§|é%&%ﬁg) 15
moxk sprébetdloly neyede UBels Frddesuss egha hlhdci\ﬁtilﬁres@mtsuch
i nvention, the_inorganic filler having the .
an OHGAPERLT s LBt 0] €-RT 26°GPRRs FBGt o BPagiéion makes
itiposgani e 46 | dfaavid thdwandol S SPeI S¢ PASEd S to the
size distribution may be used alone or in a mxture
Se%@n@meérlnrm%@yefo@%-] Fuht vkt e fsphies | cdilisid imay be
préPAFp Cpl Arbyusspheshspl bisgd sphlelG@h 1C YRR 8—towever,
particl’es having an average particle size of 5.0 pm
in grhenead$ervhergridf erabtgquinsstl, thatd tYpherd ldalvissedity of .
Y o] d icle ving .an_average
B R OBt 85 Do e el o Selar i e
fowrssnll 1 ity s thekesfit qudsstitael t eilpaoOViess amore preferably
used. Namely, the type of the inorganic filler is selected
depending on properties of the second resin composition to

be imparted.

[0135] An average particle size of particles of the
inorganic filler is not particularly limited to a specific
value, but is preferably in the range of 0.01 to 5.0 pm,
and more preferably in the range of 0.1 to 2.0 um. If the
particle size of the particles of the inorganic filler is
smaller than the lower 1limit value of the above range,
there is a case that workability in the formation of the
second resin layer 32 1s lowered due to increase of a
viscosity of a varnish containing the second resin
composition. On the other hand, if it exceeds the upper
limit value of the above range, there is a case that

precipitation or the like of the inorganic filler in the
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filling property (dispersibility) of the inorganic
filler in the second resin layer 32. [0138] An anount
of the inorganic filler contained in the second resin
conposition is not particularly limted to a specific
value, but is preferably in the range of 20 to 80 w
o, and nore preferably in the range of 30 to 70 wt o,
based on the gotal amount of the second resin
pr@BﬁﬁSQlYﬁBﬂls BY<SBtPrng the anount of the inorganic
filler to fall wthin the above range, it is possible
to inmpart low thermal expansion and | ow water
absoMp | GV a3 Iehe Pogdarrd © r 63ia¢ | &p&r B2, B2appIsd] bW a

pa%?cﬁés§1‘£@eéﬁaig§e9y?“ﬁkesb68' Bro&@éé&' ﬁg' A6RYBA Ltd.).

novol ak type cyanate resrn I's used
t hernosetting resin, IS preferred that an epoxy

in (cantaining sub ant|aII en ato
(0SB o' CBOEBPREC Y With LREZEVRNG: d MaSin. Hakprbganic
fioflethtaepayy a memddnspénskapdrﬁmﬂmymﬂliqpelepﬁxyutlon or
resin such a%,gis henol, A type Xy resin, bispheno
anp ¥R IApdky fted }bﬁ"élp‘h%né‘l %f%bnép%ﬁ%‘%y paggilcle size
d1§t§@i36€%n5ﬂa¥§peb§p0t¥é’ecﬂ esi npubtapbRBOE, Mi y@_@leepgfé!sent
resin, bisphenol P type ep ox¥ resin or bispheno
e

an?Eél@BoxwﬂﬁesHﬂor@@@épakfi9 reﬁE%VJKESﬁﬁesu@ﬁnoéésperse
paPbepeL nqual thyeny QY EESERLOT r?% 1J‘°f’PiPé<rtM991ng

epoxy resin; type epoxy resi xyl ene type
thepmlydnespemsar phralikykensizgpeispamiputésnn saghbes used
lonB enyI aralk¥l epo§ytre3|n mnaghthalene type epoxy
resi AF “Anfhifacehe®t Ype €poxy Festn; phenoxy type
epoxy resin; dicyclopentadi ene type epoxy resin;

ornene type epoxy resin;, adamantane type epox
[04335) n; fl EBF}éE@rF‘%@'ep erketh: &idiChe IrR%Et’r%‘é%%rly

spBB@X¥al esfulfedByibecHeShP¥¥ed of particles having an
average particle size of 5.0 pm or smaller is preferably
used, and spherical fused silica composed of particles
having an average particle size of 0.01 to 2.0 um is more
preferably used. This makes it possible to improve a
filling property (dispersibility) of the inorganic filler

in the second resin layer 32.

[0138] An amount of the inorganic filler contained in
the second resin composition is not particularly limited to
a specific value, but is preferably in the range of 20 to
80 wt%, and more preferably in the range of 30 to 70 wtg,
based on the total amount of the second resin composition.
By setting the amount of the inorganic filler to fall
within the above range, it 1is possible to impart low
thermal expansion and low water absorption to the second

resin layer 32.

62



or in a mxture of two or nore having different

wei ght - average nol ecul ar wei ghts. Further, one or

nore epoxy resins may be m xed with prepol yners

thereof. Anong these epoxy resins, the aryl alkyl ene

type epoxy resin is nore preferably used. This makes

it possible to inprove soldering heat resistance

after noisture absorption and flammbility of the

second resin layer 32. [0140] As used herein, the
[0188In "arylnal kyhene topse epdwre esitife r efeysndtoe an resin

n havin | east one _ ar ylene u
(oEREREUI RGN, [ BpeRirhg R TR P85 Dl dfpsecps the
-thébﬁo@étitlﬂbk)ﬂe%ﬁ% type epoprdfesired nehadeanXWig, resin
e epoxy resin, biphenyl dinethylene type epoxy

(cpbbainang tFePF et 1abhng themakdgerpi geRy| is used in
coﬁgI £9¥{>§n§ltf1y|9ﬁee% Yok 8Sifedi$ . Pr &f,ef, 'é’sb%@dthghgpoxy

p eny di met hyl ene type epoxy resin
repeprésehudd; Pposphenahptepe byroke f-@#si@vxmghf@ara nipf gphenol

A é%éi % §§§ 5%§g?nuﬁfs§%?§%g repgg? %%gu% % nunbe fienol

E D?péhepobypheﬂyh dbﬂephghenestyppee@pdxyr96$nn bisphenol
$resented by t ove for

SRt oty 197 B0 PRSPEl f o FVRPuetDBHY | Eesin or

bl@bl@éﬁb@bZYtyﬁetQﬁok?nﬁésﬂxﬁ 1né@oi1.9k effle NBFExy resin such
preferably in the range of 2 to 5. If the average
asr@ﬁé&?#n@Qﬁﬂ%@ﬁuﬁﬁRﬂ ePOXY STPEEE PﬁaﬁqﬂﬁQH(ﬂ&ﬁo4ﬁﬁn¥YPe

ep¥al ueeafint e ;ahRvs é%@x?'@@gﬂﬁl diyTRHRY 18R epoxy
type epoxy resin ten to be crystalflzed so that
regphubidivly alkedeor |‘¢1yfae geroxal pesposeswyl vest blphenyl

aerﬁngSéﬁgfyivfégikpw'naphthalene type epoxy resin;
anthracene type epoxy resin; phenoxy type epoxy resin;
dicyclopentadiene type epoxy resin; norbornene type epoxy
resin; adamantane type epoxy resin; fluorine type epoxy
resin; and the like. These epoxy resins may be used alone
or in a mixture of two or more having different weight-
average molecular weights. Further, one or more epoxy

resins may be mixed with prepolymers thereof.

Among these epoxy resins, the aryl alkylene type
epoxy resin 1s more preferably used. This makes it
possible to improve soldering heat resistance after
moisture absorption and flammability of the second resin

layer 32.
[0140] As used herein, the term “aryl alkylene type

epoxy resin” refers to an epoxy resin having at least one

aryl alkylene group in a single repeating unit thereof.
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For this reason, there is a case that it becones
difficult that the biphenyl dinethylene type epoxy
resin is easily handled. On the other hand, if the
average repeating unit nunber "n" exceeds the upper
limt value of the above described range, there is a
case that formation failure or the like of the second

res n Ia 2 occ wering of flowabilit
EXBFBLAS DY phalpl i bt Hy ISR pEYDBdR T b s 101 kaf Lude
xyaen@mwypeC%p@hy eRexXYy:,l esiph&ont adnpdthRlthe thhe epoxy

second resin conposition is not part|cularly limted
regpngangpddis | ¥l ki ueAmpng ﬁ@q&uﬁiﬂ%uﬁﬁp|?PY%edF%ﬁbﬁylene
.tygé 1eb8x95 e, and My Refanablysdd, the fﬁ@geb%hgnyl

0 w % based on the total anount of the second
dimeéhmlenﬁposypeonepoﬂy t hesanounanof beherepogyenesiln for

' ss,.th t ] a of the above
ex%%ﬁggf # gﬂelgggigggégtﬁg¥$?%%c Jylgl of the epoxy

resin wth the cyanate resin or nnlsture resi stance

f_the resylting sem conductor device (product) 100
[ogglﬁomerezgoﬁﬁugﬁegglher hand, if it exceeds the upper

limt value of the above range, there is a case that

t he egd ,resistance of t $ﬁcond resin | ayer §

| owdr et [0144] A wei ghff r ge nmol ecul ar wei gh f

th CHr, n F&/ﬁb)t\ VA 3
speciAic val®_égj efer bl y{;}—@ranf 560

to 20,000y and nore preferabl nin the range of 800 to
15,000. If the weight- average nol ecul ar wei ght of the
epoxy resin is less than the lower linmt value of the
[02B2Ve range, dherages r&p@aeta'ngt hahithenssisond ‘er!’si pf the
| ayer 32 bec s tack On the other hand, if
o1pB¥Ehs LG ISR | nke v APBE o THE® abRUEeSFaRGE, Bt the

abbSel fposel Bl €71 0isUAbL Cheptl yusappyylihets€conda specific

value, but is preferably in the range of 1 to 10, and more
preferably in the range of 2 to 5. If the average
repeating unit number “n” is less than the lower 1limit
value of the above range, the biphenyl dimethylene type
epoxy resin tends to be crystallized so that solubility
thereof in a general purpose solvent becomes relatively low.
For this reason, there 1is a case that it becomes difficult
that the biphenyl dimethylene type epoxy resin is easily
handled. On the other hand, if the average repeating unit
number “n” exceeds the upper 1limit value of the above
described range, there is a case that formation failure or
the 1like of the second resin layer 32 occurs due to
lowering of flowability of the biphenyl dimethylene type

epoxy resin.

[0143] An amount of the epoxy resin contained in the
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resin conposition into the through-hole 1 during the
formati on of the second resin |ayer 32. For this
reason, there is a case that honobgeneous

sem conduct or devices (products) 100 cannot be
obt ai ned. The wei ght-average nol ecul ar wei ght of the
epoxy resin can be neasured using, for exanple, a ge

er atlon chromatq raph C 014 n th e
seFale PbReR . RHER T Y (AOT  Bar Sy TR YoraR gk o 2
speyaﬂaéevamen) bus Usetmsfdrtulw5i henaosaht;en@fr dsitg 55

phenol resin iLs preferabl used in _c nbin ion Wth
Wt?hea%?zalﬁ%’f% Plé%?%rg@-‘énb? e’éﬁ/%fr%%e p‘ﬂ%ngl ‘géu‘ﬁtw based

onl r&ﬁleuck%ﬂaqvoakr@&uﬁﬁ/psfpf&%réolsé&%w r&888l cbwpeshhenal. 1f
resin, aryl alkylene type phenol resin and the |ike

therh@@@unbh@ﬁolthiae§iPﬁ§Yrr&’)¢Sb@ dsed efioriast Ghe al pHeE ukEmit
he %’oﬁfehaf/ér%e dl{}flgfgngsmgl gUétseav :Pgereactlv1ty

nn?ecular wel ‘ther, one or nore phenol resins
of meyhebe epioxgd mm$hn pneﬂolyherscym@¢tﬁﬁ reﬁmmngorhelesture

rebuSrfidh 88 nthBe S Sl s Tl NS vt

10beds Ieséséanceomfties SOhSt Uigend AbSOr Pt i ©@xce©éds hehe upper
sen conduct or elenent 100. [0146] Exanples of the ar
1llak§/| YREUBy B pHORPPERI ﬁanhﬁu Lﬂa@ e?t {HEp the

heaﬁswm@t@ﬁ@@%f dinBthyisne typen P&‘ﬁé‘@' 3% ess m &ngrddpe

i ke. The bi phenyl dinethyl ene type " phenol resin can
be represented by, for exanple, the follow ng formula

[O%E%i E014Z]wbE%ﬁ%u%%egbggHﬁgiégﬁléF}@eIgﬁ%Qof fhéjgioxy
resin is not particularly limited to a specific value, but
is preferably in the range of 500 to 20,000, and more
preferably in the range of 800 to 15,000. If the weight-
average molecular weight of the epoxy resin is less than
the lower limit value of the above range, there is a case
that the second resin layer 32 becomes tacky. On the other
hand, if it exceeds the upper limit value of the above
range, it is impossible to sufficiently supply the second
resin composition into the through-hole 1 during the
formation of the second resin layer 32. For this reason,
there 1is a case that homogeneous semiconductor devices

(products) 100 cannot be obtained.

The weight-average molecular weight of the epoxy
resin can be measured using, for example, a gel permeation
chromatography (GPC).

[0145] In the case where the cyanate resin

(particularly, novolak type cyanate resin) 1s used as the
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[0148] An average repeating unit nunmber "n" of the

bi phenyl di net hyl ene type phenol resin represented by

the above formula (8) is not particularly limted to

a specific value, but is preferably in the range of 1
to 12, and nore preferably in the range of 2 to 8. If
the average repeating unit nunber "n" is |ess than

ue of the above, ran
engaBasPhEE NG BeRay 9 GRS ot s e ek g st in
cohByg&t 838ni 8itBWER&€dcy&Nat Bere §6n 0t hekahignds &f the phenol
exceeds _the upper limt value of the above range,

regbipalFhrApt 9Otfﬁéeéoftynet Pheedr 4&ssims F&s0} oWéH’%dPhenOl

rekPh, AL lrgﬁﬁ?[‘enéhﬂ}ﬁe'ﬁh@n@?sf?egbﬁtah& @ﬁ@oﬂ?ﬁe These
difficult th the biphenyl dinethylene type pheno

phergi nresdneagilyy deantieet. a]l@1el9pr Byncenbilxdtineg athetwo or
mofe a%%&lrﬁ?es'c[}héﬂ%axf feul |g¥1’t a%%‘{»%'g%k &XRECBXQQZ“ Weights.

al' Kyl*ene ty phenol resi
Fuctbss IerQngndemSEEy phehbe seeﬁnﬁsrmayﬂ beomagetli omith

an, be con oIIe and_the reactivity of the econd
P e Ra e bR COREEG - oanPBEnE a1 ot OPFEY. JU0SEeneArtyPe
ph@ABUnte8int he phenstakbesi Asegnt aTHﬁQ kb e £ SgE88tble to
resin conposition is not particularly limted to a

imgpe¥efi Eheal §eldsaings pedfter AASLITRENGRe raheRr ofmaigure

abéér}at%r{o o BNEhEDEEMPESAGRAPLY &Dehder rEfge of 5 to 40
based on the total anount of the second resin

conposition. If the amount of the phenol resin is
t han u e v ange, :
[o%ﬁéfe is g%%ﬁ g %ﬁat the h%%?i gégﬁgbgng %f%¥Le resin
1n3b00edxybsh@ tpyerpﬁénos rosen edbifietne dihdrehyhame, type
t _exceeds t er i |.ue of .th
ohpinh e rEEREr Gnc Khd bEEKT nat TP SRS iy Thne type
phéhell oved her redn ewniie@ﬁ:e%fentﬂé@ Sb{s‘{QndbeSI 8xh@YyeE, 32the

|1 S
following formula (8).

[0147] [Formula 8]

OH )C: OH
RS CH2\A =\/CH2\ 1 = CH2\</‘:>—< /CHZ\G
Ei; <;>_%&47 ue% ")

[0148] An average repeating unit number “n” of the
biphenyl dimethylene type phenol resin represented by the
above formula (8) is not particularly limited to a specific
value, but is preferably in the range of 1 to 12, and more
preferably in the range of 2 to 8. If the average
repeating unit number “n” 1is less than the lower limit
value of the above range, there is a case that the heat

resistance of the second resin layexr 32 is lowered. On the
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deteriorated. [0151] A wei ght-average nol ecul ar wei ght
of the phenol resinis not particularly limted to a
specific value, but is preferably in the range of 400
to 18,000, and nore preferably in the range of 500 to
15,000. If the weight- average nol ecul ar wei ght of the
phenol resin is less than the lower |imt value of
he above range, there i.s a case that the second
othgE; FAnkyer 89 HecBRESHachie OPPRE JCfE  E9iHER@E the
abblel traxfeedsombatipper thi Nite Mad le wak ht her@dpVaesins is
range, it is inpossible to sufficiently supply the
loygesdd Fesi Fhdsnpesisonen tihere tife a eIRYhthwt ellt becomes
a1 fEEERget Bea el QHIRLL PN Of v 1 N1 SEEANThES Iy JRYHerdP resi
lFor t%is rgason, tﬁg?e ¥s alcaseptﬁat hgﬁ%bé%%%us resth
isseadtomdbendiedevi ces (products) 100 cannot be
obt ai ned. The wei ght-average nol ecul ar wei ght of the
phenol resin can be neasured using, for exanple, a
[omeb] per neayi epmbdhaarmabographyy {rEE . r¢dib2|particularly,
Furt hernore, in the case where the second resin_ |ayer
nog8L ¢ (R UCHETADS LT Inal Lo GF18 hat Eh i 158 ntvpe
phéRBILt keYiAl | Yhene¥Okak1 i MRENGYABAL Bt €ShM he PHEBGRd resin
resin (e.g., aryl alkylene type phenol resin,
copmpPEiElParIGAN  BFpirairdilfst hyheénd ey peephiehdl ty esifn) the
seBBf4t P@s?ﬁoz%m{)gé?;@ioﬁecgﬁ’ &l dasd ?yéﬁﬁ‘@r&/i’@d Epoxy
resin, particularly, biphenyl dinethylene type epoxy
resin), it is possible to obtain a second resin layer
rof8of2Vi ndagxagldent i mensi gnalo, stall ity LALRY fhecne
Second resi'n conpositlion may contain~-a coupling agent
seadddt iresdhl yombues icdepl i g agenpacadcuilaplovdimited to a
spBBLER0T LAY Mt o1 a0 BELYEPTs L e LNELTOsetling o o5
wt%, and more preferably in the range of 5 to 40 wt%, based
on the total amount of the second resin composition. If
the amount of the phenol resin is less than the lower limit
value of the above range, there is a case that the heat
resistance of the second resin layer 32 is lowered. On the
other hand, if it exceeds the upper limit value of the
above range, there is a case that the properties such as
the low thermal expansion of the second resin layer 32 1is

deteriorated.

[0151] A weight-average molecular weight of the phenol
resin is not particularly limited to a specific wvalue, but
is preferably in the range of 400 to 18,000, and more
preferably in the range of 500 to 15,000. If the weight-
average molecular weight of the phenol resin is less than
the lower limit wvalue of the above range, there is a case

that the second resin layer 32 becomes tacky. On the other

67



resin and the particles of the inorganic filler. For
this reason, it is possible to uniformy distribute
the thernosetting resin and the inorganic filler in
the resulting second resin layer 32, thus inproving
the heat resistance, particularly, the heat
resi stance after noisture absorption of the second
sin dayer t c i.ng t, c d
nah80' B EEG Sl | Sfig M PLEREE, o REDURE sabove
raagea daupld ngnpogentble Specistifdalcligntdy tshpplgupthegsecond

agent, at |least one sel ected romith rou .
refSfinr FoRgS SAIBBoxynERI ahBScobpFPRAPageRE b EuFLBR cthe
fosihh8NEnCOUPItHRY AgeiHd P&s il Nysk| 3ne cayy ifgis reason,

agent, a titanate based coupling agent and a silicone,
thgfp 1§pe c6apri nghagelonadgiiadst asepigesgductiirs devices

i Ssi tQ.e - he wettability in the

‘p?§§§§F§2e%@@b§?§E§E ?ﬁeg?ﬁggﬁggétting resin and the

particles of the inorganic filler, thereby further

I Mpr-avi ng, t: h. resi t he. 0 resin

IayQ?K%Z%eﬁg%§4%%kﬁag%0uﬁ%ﬁggs%%g 8@%% i%gngeﬁﬁe phenol
resont abnetbel meatslieresleanyithg,esfiar caggsid, on gsl npgrmeation
h artgcularkg I%g% ed to a specific value depending on
ChLOUAERPFRRNE u “area of the particles of the

inorganic filler, but is preferably in the range of

0.05 to 3 parts by weight, and nore preferably in_the .
[013R4e of BUILPBTBOBGyt dNhyIReicHie WHIHE ridshetecerd resin
12380 parts by MehohLiRg Lheckhpongapbs 6kl LRE- cLiniPE resin

anmount of the coupling agent is | ess than the | ower
(pRERLcukak g, ofnoudi@kabbyper @vpeaticherpai i el ghegfolt heesin

I gor gapi.gfi nn e Lcie co |
<efﬁé’co§%?%ngéggg%?g?n 9%%% sé%%%%freg%%¥?éy2é§g5¥&ﬁg?rly’
biphesytedsmathyyhene tgpa pbaselt hasibhearfif ebeé epoxy resin

(eEG?fovégglth%lﬁ%ﬁ%n%esEﬂﬁg““éégxy resin, ©particularly,

biphenyl dimethylene type epoxy resin), it is possible to

obtain a second resin layer 32 having excellent dimensional

stability.
[0153] The second resin composition may contain a
coupling agent additionally. The coupling agent can

improve wettability in interfaces between the thermosetting
resin and the particles of the inorganic filler. For this
reason, it is possible to uniformly distribute the
thermosetting resin and the inorganic filler in the
resulting second resin layer 32, thus improving the heat
resistance, particularly, the heat resistance after

moisture absorption of the second resin layer 32.

As the coupling agent, any compound may be used as
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the second resin layer 32 is |lowered. On the other
hand, if it exceeds the upper limt value of the
above range, there is a case that the coupling agent
i nfluences the reaction of the second resin
conposition, to thereby |ower bending strength and
the like of the second resin layer 32. [0155] The

secand resi.n co eeded con a
Lofd, i&vg 4 agcéiergggyenk§opﬁgﬁghr?% a8fel Br 6P lné?nyagent
SpkﬁDﬁDc@UIyngaéctﬁb8b@h@ﬂ1ﬁ@ya@%n%%e%ﬂ'1éd§t¥%ﬁ§e§élected
69 | hventi on. anpl es of the curing accel erat or
fr?rﬁcmﬂegrowgﬁwerh%%%g 33| $RO%YIcH %nem%uplmg agent, a
cabaphiberatignec p ateyn thAi RSt Wiatse C
ogfglatg ?gba%%ﬂﬁllm?bgggggfyﬁngcé@atg ﬁh %gﬁ%flng
agemti) at ﬁulsté@@ttw haa@@tdarm@llm@raganyaandeg mdmame oil

[ n d zabi
eyt SRR et baad cbr SRR RERT0, wl T Cpes it
possilbe ol =y kﬂﬂdﬂde4¢ﬂkhyhetmaﬁaidhq, 2npheng|-ﬁﬁterfaces
net hyl zol e enyl - 4: nmet hyl ydr ox daza
oo RN o B AT U 5557 H da0d) ShohBRer L EbRpodidethe
instginds phenel, bispkeny! /ﬁiuam@he&onwmpqlwi@ll AN Keat
aci ds such_as acetic acid, ben20|c aci d, sallcyllc
restFPRERI Oharf of e T DH? L3, 3%and a m xture
thereof. These curing accel erat or s may be used al one
or in a mxture of two or nore, and derivatives
[03%%) eof nAy @Inmrﬁe afedhel opeupdingn ageritxt upeteﬁnem in

thO' s 0L d}é’l . égﬁ%@%%&r%g f tIl;]Oet {llg:lﬁca? er 1tn(1)1rted to

cont al ne reSI n co .
a paetnfmbawbﬁdarﬂ&pﬁhdrngaoﬁpeml§pébiﬁdmesubﬂQCESarea of

A X N R L
thé atalganefing . of ﬁdne3 RO B Sidl FANPasid inikre ;!xfeﬂen%bly
inagggniag;etg% %qﬁln%)éfcggfggtg; bglgﬁis &2%% ge%pect to
100 parts by weight of the inorganic filler. If the amount
of the coupling agent is less than the lower limit value of
the above range, the particles of the inorganic filler
cannot be sufficiently coated with the coupling agent in
the second resin layer 32. For this reason, there is a
case that the effect of improving the heat resistance of
the second resin layer 32 is lowered. On the other hand,
if it exceeds the upper limit value of the above range,
there is a case that the coupling agent influences the

reaction of the second resin composition, to thereby lower

bending strength and the like of the second resin layer 32.
[0155] The second resin composition may, if needed,

contain a curing accelerator. As the curing accelerator,

any known curing accelerator may be used in the present
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lower Iimt value of the above range, there is a case
that the effect of accelerating the curing of the
second resin conposition cannot be sufficiently
obtained. On the other hand, if it exceeds the upper
limt value of the above range, there is a case that
storage stability of the second resin layer 32 is
; . [O T 0 re compasi tion
1nt§ﬁ§£§ﬂ. %%%%%}ggtﬁgﬁrggﬁnéﬁgﬁh ascﬁﬁgﬁ5§§oFes%?FlUde
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resin, polyet
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ol yam de- based t her mopl asti c el ast onmer an
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but adi e
e Y o Do B Py e s Ryt neBRa RV S ArrpLg and
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ph éye bls@)gleg‘oam%ﬁn agent y&i Rheae I'| Qg 928Gt acddgvsuch as
acaﬂxuanamp@gentbeﬁzb@anlngc1@gentséqhéyleX|dgggd a8 and

fIa retar ant. and an ion catcher in addition to the

par% CEPEHERtS. $0188] aBy applyidtginchethboeefsecoftiese
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1) a nmethod of applying the second resin conposi
tWo RTampgen §hdsdgrd vasd vebethedepifngayhelsanmbeons2i alone

t ho ating.th cond resin conposition in
°r g%fF %ﬁggg{gnb?hghgeggng ?23|n conposition can fil

the through-hole 1 and cover the one
[0156] An amount of the curing accelerator contained
in the second resin compound is not particularly limited to
a specific value, but is preferably in the range of 0.05 to
5 wt%, and more preferably in the range of 0.2 to 2 wts,
based on the total amount of the second resin composition.
If the amount of the curing accelerator is less than the
lower limit value of the above range, there is a case that
the effect of accelerating the curing of the second resin
composition cannot be sufficiently obtained. On the other
hand, if it exceeds the upper limit value of the above
range, there is a case that storage stability of the second

resin layer 32 is lowered.
[0157] The second resin composition may contain

thermoplastic resins such as phenoxy resin, polyimide resin,

polyamide imide resin, polyphenylene oxide resin, polyether
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surface 102 of the sem conductor substrate 10.
Thereafter, a part of the second resin layer 32 is
sel ectively renoved by, for exanple, |aser processing
or the like, to thereby expose the termnal 2 from
the second resin layer 32. [0159] In this enbodi nent,
in a state that the termnal 2 is exposed fromthe

suiﬁ&% resl laé)%lé%]staesr desqr begoaggmég% PALL; Rl ang

e secon selecti've to expose
polhetyeemmruﬂre%zagalnthehmeplebtacnlr@ﬂdd&nm&&&nndsmeﬁln as
case on to bhe renove

oot F¥ET st -tatds b it Bes 6 oLt Conet dBcna.y Sby Fine-

butayeend2. Scagelihersecondtasine-ilsyent? i S EOFSEfmer),
of a nmaterial having excellent heat reS|stance it is

Pofeke bl R B8 iHRTRIRHARHC { RAasEEBRA, rRR}YAMgRTPased
thégm&gﬁésw@ %&eg%%ﬁke&eremanabo2y§ﬁe&bshged.aﬁlta%g§q}eﬁgd or

deteriorated, even in the case ere t _
digreop@ise@si ﬁllaayi@mezg |§'~r<2=h‘mvéd bypalydutaskene, epoxy-

mo@f?f@ S'yewy%é¥%%¥eﬁénﬂ &qs %d&%é%r 3§$1§E8tégﬁége and

resin | S préferab résin
met@mpnyl%momlﬂbe@hpmsybmmaduﬂm&aas t he above resin
conposition, that is, the resin conposition having
the constitution A which is conposed of the resin

havimg theie rad Gl ez admpaioitbln hengd, theneeded,

thernosetting resin, and the resin which differs from
CORFRIR e SR IfAVERg SHHE REdi%aPiBBEYher itzaBY® déupiefoaming

ag&%d and has {ihe &l | - asewublies group, andehbe %o%ﬁnlng
ond; the resin conposition having the constitution
ag@mtchan sarohposdantol a helane|fetapiatti mereésim;ion Ctawtecher

lnn%]rougﬁ %hféqu?cﬁggé r ud%lpﬁgpSSIble for the

[0158] By applying the above second resin composition
to the first resin layer 31 using 1) a method of applying
the second resin composition in a varnish state and then
drying the same or 2) a method of laminating the second
resin composition in a film state, the second resin
composition can fill the through-hole 1 and cover the one
surface 102 of the semiconductor substrate 10. Thereafter,
a part of the second resin layer 32 is selectively removed
by, for example, laser processing or the like, to thereby

expose the terminal 2 from the second resin layer 32.

[0159] In this embodiment, in a state that the
terminal 2 is exposed from the first resin layer 31 as
described above, the part of the second layer 32 is
selectively removed to expose the terminal 2 again, thus

obtaining the second resin 1layer 32. In this case, a
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sem conduct or substrate 10 to be reliably and
sufficiently filled with the third resin |ayer 33,
whil e precisely suppressing the occurrence of the
war page of the sem conductor substrate 10. [0161]
Further, the third resin layer 33 may be fornmed in
the sane manner as described in the first resin |ayer
[0162] As descgégaﬁ %gove in the sem conduct.or
POBE%PBe tB08° of R © d “8ftb ot Tt PrPﬁ8SFﬁP8ugeﬁ‘ler'15e in
onlyf amedseddnd hi-eggh the,sensgondusi Oée suhst red@nkd k8sin
fllled with the first resin layer 31 and the second
layesi P94 ajér B2gd cRf hav@adierfiedenhagiagt jqxcellent heat
re8RdULYSES. Ih'l% mksSihie pe§S' Qllgabt19 FHRRIERS ¢H8 second
occurrence of the warpage of thé seniconductor
resuhstkaer 132 Spesifitda | gxplopeldor henginade i fgom being
eS| lLayer ravi.ded on the, si of ._t he
s%rrﬁecon tct dc()e?c Ui rtartadg 10Usi 1y gﬁfeeéﬁaﬁehavl}enrge |y part
ofelasd | ceawndu| nesint Tayehad? aibuncémovedf el it@e NQaser
stress which would occur in the sem conductor
Pretigsfrife 10. On the other hand, since the second
resin layer 32, which is provided so as to be applied
to the first resin layer 31 _and has an elastic
[0%BRYI us hil§hérdt RaRiphapYeF BRAe first resin layer 31,
is formed of a resin having a |low coefficient of
t hermal expansi on and high heat resistance, it is
possilig ethordedesd ndarmger t 83a isi devef¢raely nfngmad of a
L hr.o ol in [0Gess for _fo n e
th?E?o&%%;qblgo% °S%?ﬁ§ I&géfjttﬁat %@g %fngé %%sgﬁgleabove
resmnimmmpodﬂryan ptlogesdabi [tiHey testhecﬁmpuniﬂuuﬂrmaving
Iay EXAVPLE 0163] Hereinafte resent
Fn\?é’ﬁltsut&ﬁ%llop de W%& rulﬁeoc‘?I?PCife%‘{a 3 tﬁ“ Selrrbn%%"l“g

theO X BSHANFherizable double bond, the thermosetting
resin, and the resin which differs from the resin having
the radical-polymerizable double bond and has the alkali-
soluble group and the double bond; the resin composition
having the constitution B which is composed of the cyclic
olefin resin; or the mixture thereof. This makes it
possible for the through-hole 1 formed through the
semiconductor substrate 10 to be reliably and sufficiently
filled with the third resin layer 33, while precisely
suppressing the occurrence of the warpage of the

semiconductor substrate 10.

[0161] Further, the third resin layer 33 may be formed

in the same manner as described in the first resin layer 31.

- [0162] As described above, in the semiconductor device

500 of the second embodiment, the through-hole 1 formed
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Conparative Exanples, but is not Iimted thereto.
(Exanple 1A) 1. Synthesis of resin having

al kal i -sol ubl e group and double bond (resin curable
by both Iight and heat), that is, nethacryl-nodified
bi sphenol A type novolak resin (MPN) 500 g of a MEK
sol ution (having a solid content of 73 60%

chEQhLA g | ALY, esin ("Phenoljte
ngﬁg hgpfbga %%@c Bélﬁggﬁon qﬁ eﬁchgéled with the
fimtorrpenat ddlye ma3l aeldad tihet csecchd. Feask, 15y2rgd 3 which

' talyst and Q.15 g of
el GROGLERERE S o8 61 SRS PhRFbReORsucite Bewstble

totOsprrNEK SQﬂﬂiloﬁcc@BQeﬁbén bire saie  ¥asp Qg@te%fto the
100C. 1 180.9 {CId yl methacryl ate was
SeT+ﬁ9$ﬁ¥?%%¥u?P€ﬁt59 fir 39s ovepegdI htalles, bandomtiewy the

fitde sageimassikhrediat 10AG {of ours.to_react the
blsphenof A tyge novol ak resin mnt%ﬁthgﬁe Sl§% é1 the
sew%gﬁ@f Substrafies L@WSszg Imcrq/ﬂkrrrdda\flreﬂ low elastic

en ot novo ak resin
me rmﬁgl‘P%]l cgjtcl on rétgslg 095" el ngta gﬁ@éﬁ%&?l IS¢ TES St evftich
wowﬁd7¢@&wms.nbtaﬂmedsemﬂdﬁéduatoPrem@%&&b&@ oforesion the
rnhsh 31. 74 wt % qof the nethacrgl-nndlfled bi spheno

Ot@?ﬁype FovetAkSr dSth ERERdast &S +RsitRYRtvi ARG, anwhich is

praaticdd -sol ubl @0 BOUZpPNHded @@UMHelEHEEt r§§1%ﬁg%gg 31
(%qu|d acrylic resin_nononmer ("NK Ester 3G' produ d
an NE&@Re oM kes hEshpsr shieon)thes aof the flrst

resﬁh’pt Q.c’ﬁ@ﬂ’”@l' zable erﬁln{e-d 19,84 wt l@ %fé‘é]' bthaQ}'lenm od b)}Low

e novol ak epoxy resin Eplcron prod
CO Hﬁﬁﬁ]Qﬁktmﬁﬁmﬁba¢spamﬂc@mp@ndtbdﬁhaﬁeat resistance,

ttpg +es, 63 Wt % of SI|ICO e epoxy resin

1 Yggég%gigprodd%%auﬁa %%ma%%rﬁln %iﬁ §8ﬁénlng a
thngmgh hictlg: ﬂ.asuaatpeouesstfongfbe&uﬁg ah@ 3 rohgt-Hoak 1
usfﬂ IIEaser (that 1is, it is possible to impart laser

processability to the second resin layer 32).
EXAMPLES
[0163] Hereinafter, the present invention will be
described in detail with reference to Examples and
Comparative Examples, but is not limited thereto.

(Example 1A)

1. Synthesis of resin having alkali-soluble group and
double bond (resin curable by both light and heat), that is,

methacryl-modified bisphenol A type novolak resin (MPN)

500 g of a MEK solution (having a solid content of
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havi ng an average particle size of 0.5 pmand a

maxi mum particle size of 2 pm ("SO E2" produced by
Admat echs Co., Ltd.) as a particulate filler were
wei ghed, and then nethyl ethyl ketone (MEK; produced
by Dai shin Chem cal Co., Ltd.) was added to these
resin conponents to prepare a mxture so that a

concentrati.on of. the resi.n conponents_contai ned.i .
S0F o PP ot BB BEse 7 1oRP ot Bare b e e e i EPgpatite
LFwag7174psbdnced bpt DhihhppbhsphencheAitype, noMebakorated)

epoxy. resin (N- 865) was dissolved into the m xture.
wago INEREO the? st itd@Skas i3 p@r9éd trtd tvde aRbRQUrEs 2@
ca¥aipgra LHrpds, msl 1y (Bead, 8lonef09s P béfg‘ﬁg?ﬂﬁation

speed: 6 g/s, 5 passes).” [0166] In addition, 1.25 w%
inpfibjtesnyprezedded" t RGACBREEE5301pt bdncedndytitepathe same

) Coal s | . q
SRR LN0eR S NG e 02 HLIR 2R Ry O e
addedr rter bhadMEEt sibiitripm foy Hrogasr .ovén BRI sniwaytess and

respp _varni sh_was, obt ained. 1671 3. _Preparation of
ey ER PR By BagnShOTECH T R0 Hat8Fi 8l PORESapdyEeact the
bikpBEfAoYar m shtyps appbvethi o pelsyest efifh | mehavi §oyaidyl
thi ckness of 25 pm ("T100G' produced by M tsubish
mepRRGEEL BFCFi | MPCHPOT At Yon )i 2 X2 Shifisbript prienol A
tyget eRbRb1ARI NSk £ONIRGRANLSL  dRdiFeRtdnedrat 189C 503)
or 10 mnutes. In this way, a filmfor through-hole
havingi agnonuapkatralehaonhgnh ohi ¢khewss 0pbEaipadwas
obt ai ned. [0168] 4. Manufacture of sem conductor
devi ce A sem conductor el enment having a through-hole
[02Ad]la pl ati Agepayetibor nEdreaithearnieh
circunferential surface defining the through-hole by
a plating treatnent was
31.74 wt% of the methacryl-modified bisphenol A type

novolak resin (MPN) as a resin having an alkali-soluble
group and a double bond, 9.83 wt% of liquid acrylic resin
monomer (“NK Ester 3G” produced by Shin-Nakamura Chemical
Corporation) as a photo-polymerizable resin, 19.84 wt% of
bisphenol A type novolak epoxy resin (“Epicron N-865”"
produced by Dainippon Ink Chemicals, Incorporated) as a
thermosetting resin, 3.63 wt% of silicone epoxy resin
("BY16-115” produced by Dow Corning Toray Silicone Co.,
Ltd.) as a thermosetting resin, and 33.71 wt% of silica
having an average particle size of 0.5 pum and a maximum
particle size of 2 um (“SO-E2” produced by Admatechs Co.,
Ltd.) as a particulate filler were weighed, and then methyl
ethyl ketone (MEK; produced by Daishin Chemical Co., Ltd.)
was added to these resin components to prepare a mixture so
that a concentration of the resin components contained in

the mixture would become 71%. Thereafter, the mixture was
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prepared. In this sem conductor elenent, a functiona
surface and a back surface of a sem conduct or
substrate included in the sem conductor el enment had
been el ectrically connected together through the
plating |layer. Thereafter, 75 the above filmfor
t hrough-hole filling material provided on the
S F i lxam ; -
= o T B e R o it 7y 5ot
8660Cwas| dishosvedyinthethdroighuhel e was filled with
the filmfor through-hole filling material and a
t hi ckness of the film |ocated on the back surface
[0868¢ Of tRexsenmttendudtita wssdisder yes SHetot bh&8O0mpRture
[0169] Next, the filmfaor through-hole fiIIing
usihgepri RPadfaBléxpsteadnyipPraarat O BF | FERECRPPR &Reed:
6 §¥ROSHrgaageunt of 200 m)/cn2 and a wavel ength of 365
Am f hrough a mask having a predeterni ne shape.
Thereafter, the irradiated filmwas devel oped using a
%-TMAH at._a s ssur 5 VP or ,120 .y
[oggglnds tgnfor§§§¥tg%§hingftﬁireﬂﬁ%bug%ff Ngxt,s?ﬁgltlzer
(“MIRGACUBE ®hidughrdiolced idy iGidoaredeedtd 1 wasCloemedalpyInc. )

subjecting a thermal treatment theretg,at 150 or, 90
2 Gs T nOPRE WAy, SR oUght Rl B FEhg Ths erhslr the
safiengbkastngrbayeithi ackudirrgrapibbki ag pootkpm fokl Lngour.

the through-hole and a, l ayer-shaped insul ating
InpgpiPola¥over FR§INt HRTBAER %7 feRa bRet he

sem conduct or substrate was obtained. Subsequently, a

sol dering ball was nounted on the back surface_ of the,
[036/il conduét oPremesertara Wit Hiinlm heor operPagh-halehfilling
ma%%¥ia§ sem conduct or device was obtained. [0170] In

this regard, it is to be noted that a mninmm nelt

viscosity at roomtenperature to 180C of the filmfor

thrQH%Q_gggééfiééiﬁgngﬁféﬁa&agﬂgng%egafg'polyester film
having a thickness of 25 um (“T100G” produced by Mitsubishi
Polyester Film Corporation) which was a support base
material using a comma coater, and then dried at 80°C for
10 minutes. In this way, a film for through-hole filling

material having a thickness of 50 um was obtained.
[0168] 4. Manufacture of semiconductor device

A semiconductor element having a through-hole and a
plating layer formed on the inner circumferential surface
defining the through-hole by a plating treatment was
prepared. In this semiconductor element, a functional
surface and a back surface of a semiconductor substrate
included in the semiconductor element had been electrically

connected together through the plating layer. Thereafter,
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[0171] (Exanple 2A) A sem conductor device was

manuf actured in the sane manner as Exanple 1A, except
that the resin varnish was 76 prepared as follows so
as to increase the anmbunt of inorganic filler

contai ned therein. [0172] 23.94 wt % of the above

nmet hacryl -nodi fi ed bisphenol A type novol ak resin

MP as resin havin k sol ubl e
en ebbad i 101 Rpsndehine ek tavd iR Jifi St AP 8PSy fdea
onMORGREr KeDyestet he flingui dvsd at @aatium-0an heapar atdﬂe the

("NK Ester 3G produced by Shi n- Nakamura Chem c
Se@%?%@?ﬁ?F%ﬁ)%%?%F&%mtéeﬁéF9ﬁ€PF£8Heﬁ?Qﬁﬁ?ﬁt%4 eﬁ 60°C.

InWEBG of whle %*B%V@ch*}‘o%gﬁl QJleAwta%D@fﬂq\é%i %ht%PoeWerPf'irH for
("Epi cron N-865" produced by Daini ppon I nk Chem cal s,

thrﬂu@hpboéeed}lésna medresdt tamd) aeshackRe?s wifotdfe film

ab i e sin (0B "
10%€€E%M/ 'ﬁheq 8$g§ay8§§¥?%§néﬁ%% %%fd%}Q 9£8988§8uctor
subhErabeewaSngeteeon50 and 50. 00 mﬁ@bof t he above

silica having the average particle size of 0.5 pm and

the maxi num particle size of 2 pm ("SO E2" produced

[obagz\dmat eRbst Cothel Edln @erath@@ﬁtghcebeeefﬁuhﬁg MefErial
i ghed, and then nethyl eth ket one (MEK; produced

waeyefepeﬁ@nbzheﬁfee+aEbon eﬁdY}gnbswleﬁdee ¢ PP Hese amount

of I ©9jgn R BFEMS 1O WP R th NhXt Wee Sty EH%u@h a mask
concentration of the resin conponents contained’in

hav heg max t P edewper i e cshePr?l% Thereafter, tthe nixradeated

f1¥\@§wa§t 'ﬂ_erv%gg;&%td' us I}%Sga} \S/lg‘ge'ﬁq H rﬁ)e/%an txaye%%;i%e of

O.BEMPatﬂm;sl?@caewa&delsnerﬁeﬂnlahodﬁnmuﬁgdthemeust@@gh.
Negt8?2325¥Bg§3%bea%ﬁ¥3ﬁnﬁ ole(¥%filngr£§¥é¥¥gl asdcured
by subjecting a thermal treatment thereto at 150°C for 90
minutes. In this way, a through-hole filling material
(insulating layer) including a filling portion filling the
through-hole and a layer-shaped insulating portion covering
the back surface of the semiconductor substrate was
obtained. Subsequently, a soldering ball was mounted on
the back surface of the semiconductor substrate within the

opening. In this way, a semiconductor device was obtained.
[0170] In this regard, it 1is to be noted that a
minimum melt viscosity at room temperature to 180°C of the
film for through-hole filling material was 801 Par‘s.

[0171] (Example 2A)

A semiconductor device was manufactured in the same

manner as Example 1A, except that the resin varnish was
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[0174] In addition, 0.94 wt % of the above sensitizer
("1 RGACURE 651" produced by Ci ba Specialty Chem cals
Inc.) as a curing agent was added to the m xture, and
then the 77 sane was stirred with a stirrer bl ade at
450 rpmfor 1 hour. |In this way, a resin varnish was
obtai ned. [0175] In this regard, it is to be noted

m ni It viscosity at. roomte rature to

t hat | nme
PT$BEESHr Fhe LPI1WT orST hritugh hol@FdASeng it eFTGRIE  of

in¥@§aRi&06iPass. cohPd7htd(Crapaiative Examol e 1A) A
sem conduct or device was manufactured in the same

manner as Exanpl e 1A, except that the resin varnish

[OE@§] prepared as fial | oys wiihout ysing &Qg ég?gi‘grg%g_ified

the” "al'kali -'sol ubl e group and the
blﬁgméﬁlpllA 4@ pat Mcofoltdte whove AMPY) i esresinresionomeying an

i qui d state at, r t ratyure (" NK
alE ?érsgépgfs 63: ced by A5/ n ?éﬁg%uggggheﬁfﬁgk wEE of the
abEoepercatylon ﬁésﬁnphﬂh@mqﬂﬂk@@ﬂi1&N&hé€$hﬁu189dféte at
w % of t he above hi_sphenol Y ovo e ox
roph R HBgs oS ERE by ARG K Chohriakemura
chbREGEROEBLBHY aBS0A) t BT HDBRLELD olgﬁékﬂzaélézrééf§0f14 97
t he above silicone epoxy resin 115" produced

Wt%y Tow thsr nrRgVForalsEi¢nebné Chype LtV lek aePOXY resin
§§5985etthg5nes PodfBda49 §8 E@f%?%p%ﬂe ﬁggvecﬁéﬁigéls,

ving the averag particle Size o pm and
Inpaxpouategartasl| e smzes:rr@fsethamq "8 ER; @r.0ducedsbyf the
Adnat ec Ltd ) .a I Pl ler were
above dflco%ﬁt ﬁ%tﬁy ﬁ§ Yﬁgtg%g (ﬁgﬁ>uce bgd Dow
Cobnlﬁal$bt9yCh£ﬂhcaheCDo,,Lde) MaSaaﬂdeﬂmb@ethEﬁ@ resin,
resj nponents to prepare a mxture so . that
anéon%@n@&

at'f'oh 6F t hBSre ?ﬂv%oﬁﬁbH%ﬁishéaﬁpginEBelnaverage
pathecmeXxtirze weulbd sbagonmmd/t%e Thelealt fartherdn sk eor 2

pmmai“SO—EZ” produced by Admatechs Co., Ltd.) as a
particulate filler were weighed, and then methyl ethyl
ketone (MEK; produced by Daishin Chemical Co., Ltd.) was
added to these resin components to prepare a mixture so
that a concentration of the resin components contained in
the mixture would become 71%. Thereafter, the mixture was
stirred until the bisphenol A type novolak epoxy resin (N-

865) was dissolved into the mixture.

[0173] Next, the silica was dispersed into the mixture
using a beads mill (bead diameter: 400 um, treatment speed:

6 g/s, 5 passes).
[0174] In addition, 0.94 wt% of the above sensitizer

("IRGACURE 651”7 produced by Ciba Specialty Chemicals Inc.)

as a curing agent was added to the mixture, and then the
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stirred until the bisphenol A type novol ak epoxy resin
(N- 865) was dissolved into the mxture. 78 [0178]
Next, the silica was dispersed into the m xture using
a beads m |l (bead dianmeter: 400 pm treatnent speed:
6 g/s, 5 passes). [0179] In addition, 1.83 wt% of the
above sensitizer ("IREACURE 651" produced by G ba

S ecialt I nc

fre RLithed “ZRB enohirrer Bapdcual 295 en pfhighour.

InsthﬁgeWapl ageré§1ﬂ50afﬁﬂbfl%a§- MOtEinedn this vvay, a
resin varnish was obtained. [0180] Afilmfor

through-hole filling material was prepared using the

[o2hgye obt @?”f hiESI PeyRLH] Sy DUl _""Jci:cf%‘i Cf %‘E‘eﬁg that a

property o e resin varni sh was insu i ent
mlbemamsaedtaNKSCOSQmwr@¢|nwdmuxémpemaﬁﬁrettmsl@@é@owf the

.the_. follo u ns cou d no be c d_out on
e ear oreeh AR AL O oRr Rl of e nd PP rBS TS
t hrough-hole filling naterlal and the sem conduct or
[ ces obtained in Exa Conpar ati ve Exanpl e
[ogZé evalu2%88p3§aF6VFo§é E@aﬁﬁgtlon items are shown
together with evaluation contents. The obtai ned

results are shown in Table 1. 1. Through-hole filling
proﬁ%r%?mq%@n@%@EPﬁedeﬁﬂpmfWﬂStM@@@éﬁCh@r%df#PHﬁﬁf same

naflP A, oiESplomant e SERCHbCLE A oo
preparednt 6plélom$enw1tla¢>u160®asimg hahet hees i obgivilngl ethe
SRR BRI NSLEN Doy TherBali et phle 1L mnes
amount of 200 mJ/cnR, and then cured at 79

[0177] 14.40 wt% of the above acrylic resin monomer
kept in the liquid state at room temperature (“NK Ester 3G”
produced by Shin-Nakamura Chemical Corporation) as a photo-
polymerizable resin, 29.07 wt% of the above bisphenol A
type novolak epoxy resin (“Epicron N-865” produced by
Dainippon Ink Chemicals, Incorporated) as a thermosetting
resin, 5.32 wt% of the above silicone epoxy resin (“BY16-
115” produced by Dow Corning Toray Silicone Co., Ltd.) as a
thermosetting resin, and 49.38 wt% of the above silica
having the average particle size of 0.5 pm and the maximum
particle size of 2 um (“SO-E2” produced by Admatechs Co.,
Ltd.) as a particulate filler were weighed, and then methyl
ethyl ketone (MEK; produced by Daishin Chemical Co., Ltd.)
was added to these resin components to prepare a mixture so
that a concentration of the resin components contained in
the mixture would become 71%. Thereafter, the mixture was
stirred until the bisphenol A type novolak epoxy resin (N-

865) was dissolved into the mixture.

78



150C for 90 m nutes. Next, the sem conductor el enent

was cut, and then a cross-section of a portion

i ncluding the through-hole thereof was polished and

buf fed. The cross- section of the sem conductor

el ement was checked using a mcroscope, and a hei ght

of a region of the through-hole filled with the

t hrough-hole filling nmaterial was neasured and

eval uated based on the followng criteria. [0182] A
[0938F or nDRextegichn 6filtike throuphsguddemntd ith€dnixture

with the through-hole filling material. [0183] B: 80%
uSERTnr BEBUE Tedt (RERIOUIGTEREEn OPOrHE, tRPOHERDRosRSEd:
6 §,f5|%§gsgg h the through-hole filling material.

0184] T 50% or nore but |ess than 80%regi on of the
t hrough-hole was filled with the through-hole filling

rial. ;[0 D Onl ss,. tLh 50%.r egi 0 e .
[ogﬁégugh-hg%eéﬁggéz f?le%'%?t%tfhgpﬁh?é%gﬁgﬁgﬁ% %?+$}%bzer
(“PREBRCVRE. 6p0186oB2uchdv dlyogalia i3pechcalaal Uagreicals Inc.)

devel opability of the obtajned filmfo t hr ough- hol e
as( B [GHg et BIVEY . Y8 Ro A0 Wes Ui ppBEEFHES: a 27506 CHgRH the
sahé ev& anet hyteaMaDoh U Sy dr et deladdé 206G 56 Nrphero£asenhour.

where the resin was dissolved into the TMMH within 3

Inpihife¥a¥o 2 na%Sit WERHOR WahediFdete pol yest er
film which was the support base material, it was
determined to be "devel opable", whereas in the case
[OWBRl e t herrelsilm feomrni hedowahthelpol §igstiarg f mekpriiel was

rdps dgt gL e?néo kEc?v S%EQPEéQGE’Sé a{)éf"' %acﬂi\i\t a fil

P gé@n%oﬁ mgﬂluga 65 The TolT ow ng con?rgn : rijS_L 71 A tem
fodeved opatdperty of the resin varnish was insufficient, .
because cracks occurred in the film. For this reason, the
following evaluations could not be carried out on

Comparative Example 1A.

[0181] Each of the films for through-hole filling
material and the semiconductor devices obtained in Examples
and Comparative Example was evaluated as follows.
Evaluation items are shown together with evaluation

contents. The obtained results are shown in Table 1.
1. Through-hole filling property

The obtained film for through-hole filling material
was laminated on a semiconductor substrate having a
through-hole which was included in a semiconductor element
at 60°C so that the through-hole was filled therewith.
Thereafter, the film was exposed by irradiation of light

with an exposure amount of 200 mJ/cm?, and then cured at
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B: non-devel opable. [0188] 3. Resolution (open area
rati o) Resolution of the filmfor through-hole filling
mat eri al was eval uated based on an open area ratio as
follows. [0189] The obtained filmfor through-hole
filling material was |lam nated on a polyimde film at
60C, and then patterned by irradiation of light with

n.exposure .ampunt of. 2Q0 [cn?_and a vel engt h of
158 0c “hRRY PR miABER | e T e RS T e fater®t was
cubpeanindg treatd ng arodeaﬁeteﬁﬁafcﬂﬂoapgbeﬁwbd h&gﬂp&ﬁgﬂg the
through the film [0190] Thereafter, irradi ate
thf??ﬁ?ﬁggiﬁe$g96ﬁ83 WESi RPE Y% h@@ﬁagugfgﬁraylr € Cross-

seBt €88UILE Ofhd. deNPachalicOOr waceres w8 ERERkaA using a
_openi ng di aneter of the patterned openln% (test hole)

mighesSFeRSur 88dbya ahedaltr Phg ani e¢dsedpet pepughelole
- ;0 cuyl a rdi t, 1.0
£ LETPIRR Bl BBl A R Mae NG measurea
andi aveleat¢pnPpaséd nes ktlopehe hjodi mpret ek t@00a ( pn) x 100
81 [0191] [Table 1] Table 1 Ex. 1A Ex. 2A Com Ex. 1A
Resi n having Methacryl -nodified alkali- bisphenol A
[018PF sol ult e Grour nayokak d@sinn (HPNhe3lthibgh-Hb1®: was

[ 0
fiffgddgyphetégwf%rough—hole filling material.

[0183] B: 80% or more but less than 95% region of the
through-hole was filled with the through-hole filling

material.

[0184] C: 50% or more but less than 80% region of the
through-hole was filled with the through-hole filling

material.

[0185] D: Only less than 50% region of the through-hole
was filled with the through-hole filling material.

[0186] 2. Developability

To evaluate developability of the obtained film for
through-hole filling material, the film was dipped into a
3% TMAH (tetramethyl ammonium hydroxide) at 25°C. In the
case where the resin was dissolved into the TMAH within 3
minutes so that it. did not remain on the polyester film
which was the support base material, it was determined to
be “developable”, whereas in the case where the resin

remained on the polyester film, it was determined to be
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bond Acrylic resin Photo- nononmer (triethylene

pol yneri zabl e glycol 9.83 7.41 14.40 di nethacryl ate;
resin product nane: NK Ester 3G (wto) Conposition
Bi sphenol A type novol ak epoxy resin 19.84 14.97 29.07
Thernosetting (product name: Epicron N-865) (W%
resin Silicone epoxy resin (product nanme: BY16-

3.63
w.2.74 5,32 5), (Wm?9 ensitizer (produyct i ng_.agent .
nRandeve 651 BecBe avahds SR LGS thel oaRPEShing
codtéhea (product 33.71 50.00 49.38 filler name: SO E2)
(wt% Filling property A A - Evaluation Devel opability
A A - Resolution 99 95 [0192] As is evident from

roighye 1, hbheqthroyghphele filling materials of
Exanpl es 1A and 2A showed excellent properties for

filling the through hole. [0193] The filnms for

t hr eugh- hol il 1] mat eri al of Exanples 1A and 2A
Yt 1

|
had ‘excell ent ¢ é&?ﬁopdbility and resol ution.

[0188] 3. Resolution (open area ratio)

Resolution of the film for through-hole filling

material was evaluated based on an open area ratio as

follows.

[0189] The obtained film for through-hole filling
material was laminated on a polyimide film at 60°C, and
then patterned by irradiation of 1light with an exposure
amount of 200 mJ/cm® and a wavelength of 365 nm via a
negative-type film mask by which an opening having a

diameter of 200 um could be opened through the film.

[0190] Thereafter, the irradiated film was developed
using a 3% TMAH at a spray pressure of 0.1 MPa for 90
seconds, and then an opening diameter of the patterned
opening (test hole) was measured by a measuring microscope.
The open area ratio was calculated according to the

following equation.

Open area ratio (%) = measured opening diameter (um)

/ mask opening diameter 200 (um) x 100
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82 [0194] (Exanple
varni.sh for form ng
ol efin resin having

a terpolynmer of decyl

nor bornene / phenet

used. The terpolynmer was prepared in the
devices were dried at 60C at
t he gl ass devices were
acetate (917 ),

r Easil

[°$gg efor ig Eours

placed in a glove b

1B) 1.
first
a photoreactive
nor bor nene /
nor bor nene

31

hyl

Ther eaf t er,
ox. Nexbleethyl

Preparation of first
resin layer As a cyclic
functi onal

gl yci dyl

/ 30
f ol

resin

met hyl
/39 was
| ow ng
0.1

group,

cyclohexane (917 ) decyl norbornerie (73 g, Q.31
nmol ), glycidyl methyl ethernorbornene |ELk77:90] 0. 3Q| Com-
phenethyl norhornene (77 2 gl 0 39 1) wefs. 1A
added |nt§e%”‘Pé&Hﬂ' nMgh@@kylﬁgglfﬁgctlon fl ask was
t aken ou Vep ending lution in the
fl ask wals §é%§%6u% Iuﬁggg{ﬁgsﬂ1%ﬁ§§oceﬁldés *Ardugh ©
t he solum|8ﬂ fin nut es. (wtNext, in|the gl pve box,
9.36 ¢ (LU 5 HHUI) of b bl%]ucnclg fl'ufOphC|yI
ni ckel as a catal yst y {mgéfw_ ilnto 15[ nmL of
tol uene fto prrepare ajto en ution, and then the
t ol uene SRR lYPEDIFaRES ad@ggeghripyladth mL9s§% i hge,4l | 14.40
taken out of réfe gl oye bu.candnthaix added to| the
solution in the reactiomrstdask, [Ghereaflter, the
cOSOLPt'on In the flask wasspsbhdr @de@le 2QC Tor hour s
P85 r'84ct the above NREBELS epbi reanh |of her 2o o7
peracetlcThero S0l uti on(fr8dbeumiehy: wag addéd t6-the **-
sol ution, and.then 1 hepisamenyiss) stviter ed for {18 hours.
After belng s?lrred dilieactéronysalsutilon was
separated into an aquégusmbay@meaﬁwlé- sél&®nt 21.ayern, 5.32
and then_the aqueous|layerlll@dhswtéhoved| To the
remai ni ng sol vent | ayefensitizepf (nficde¢ lled water was
Curing agent name: IRGACURE 651) 1.25 0.94 1.83
(Wt %)
Inorganic Silica (product
fifaer name: SO—éZ) (Wt %) 33.71 50.00 49.38
Filling property A A -
Evaluation Developability A A -
Resolution 99 95 -
[0192] As 1is evident from Table 1, the through-hole

filling materials of Examples 1A and 2A showed excellent

properties for filling the through hole.

[0193]

Examples

The films for through-hole filling material of

1A and 2A had excellent

resolution.
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added, the solvent layer was stirred for 20 m nutes,

and 83 then an aqueous | ayer separated fromthe

sol vent | ayer was renoved. This washing process was

repeated three times. The washed reaction sol ution

was added to nethanol, and a produced precipitate was

collected by filtration, washed sufficiently with

r and then dri in a vacuum After being dried,

[Oﬁggfg (a §F§P@p f gg@@ of the terpol ymer was

coll ected. A nolecular weight date of the obtained

terpol ymer were Mv = 71,000, M1 = 32,000 and MM Mnh =

2.2, -asPrapagatéanpyiopEinsir t Repint Heanskybl yREr HREming
£1Rs€OPPYSht19Per0f 31 nol % decyl norbornene, 30 mol %

epoxynor bornene and 39 nol % phenet hyl norbornene, as

anal yzed by HNMR In this regard, it is to be noted

t hat fir resin _.l r .ne sing a first resin.
var f5n onY St AT g L RELanbue Bot A HROTt cf pot YREr FigFLve
fuaot ebast i cgnodp) usaof térb60ymdPa afid decoif fheriedtnefie /

~ _th | i f 140 10Q to 2Q0Q). [0195]. 2,
TLE SR dEF o b SRR SRR RS ST Teh RO TS econt / 30
/ BB wdyelsed) par trheby teepshymel nEYel akréyReegyangt ethe

resin having a weight-average nol ecul ar wei ght of 700
Lot Loy MASEANNET. 3081 pr Gdaeed Iy 1c6sz )P res dridphrmdt £0°C at
0.1esbpr £3rPaBt $ioh s.Weﬁ%E&éQEHEﬂﬂ“FHQ\gﬂa&%'&%&%g%; were

type epoxy resin having an epoxy equivalent o
plapeld a iei ght gheee agenwl eciéar, veilght efce2a@@0 (917 g),

oy ARG mioae DPRRLIRINL G, i) 30 an)
glpepiehyimetpoxly reedierranddirgplendll73 egexyoL 88i mol) and
onfBYLRR SRORYALOUDS ol o gl ead Chereol 2] dne
redC%B100H3Q". proicedadyid@P@Nask was taken out of the
glove box, and a solution in the flask was degassed by
- passing a nitrogen gas through the solution for 30 minutes.
Next, in the glove Dbox, 9.36 g (19.5 mmol) of
bistolueneperfluorophenyl nickel . as a catalyst was
. dissolved into 15 mL of toluene to prepare a toluene
solution, and then the toluene solution was added into a 25
mL syringe, taken out of the glove box, and then added to
the solution 1in the reaction flask. Thereafter, the
solution in the flask was stirred at 20°C for 5 hours to
react the above monomers with each other, peracetic acid
solution (975 mmol) was added to the solution, and then the
same was stirred for 18 hours. After being stirred, a
reaction solution was separated into an aqueous layer and a
solvent layer, and then the aqueous layer was removed. To
the remaining solvent layer, 1 L of distilled water was

added, the solvent layer was stirred for 20 minutes, and
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Epoxy Resins Co., Ltd.) as a phenoxy resin, and 0.1
parts 84 by weight of an im dazol e conmpound ("Curezo
1B2PZ (1- benzyl - 2-phenyl i m dazole)" produced by

Shi koku Chem cals Corporation) as a curing catalyst
were dissolved and dispersed into nethyl ethyl ketone
to obtain a nixture In addition 40 parts by wei ght

of spheri cal sed silica an._ave article
endh, R OB s EVEE SERR LSRRIl B ARG Epver was
rembdeed as Enis NREERNhE fddRissanghs OrdpBattks b:\hrV&';% Obimes.

an_epoxy sil ane coupllng agent ("A- 187" produced

TH%y“ﬂ?Bﬁénﬁ&%Qﬁ%OWZFO YWiHiPn) was aaddegl tRg meddemolnerand a
p r@QQSQd t @ Ahg Jlivsl W ey and fihe sane Mas fﬁtl't&fa%q onl'fS | Dshed

eed stirrer for 10 mnutes.”" In t
Suééé@h@nF£$|ﬂthrwﬁ§ﬁrhamdngh§ns@wu@dcomtentv&ﬁu&m)vaﬁter

ar seco resi g,y rnlsh th S obt i ned
185 GBLERNSHs ThoPorenth 581 YRR iU LRSS e
colkeephd hal at®) mélamuhawln@eagmhlo&mees @f ZEhQHWdBtJ&hed

i ed._i d t, 160 C
e fp P Rt S I D 5 3200BAAePaSHR/ MR 2.2, as
med ssed aby NGPE | | Mumt hdir | henPEle Fbd THHE@S h LDt A &&ﬁ’poéf‘tlon

this regard, a thickness of_ the second resin fil
of ot dFObBi %Ckﬂ% i RRF R AR pr |mplﬁn%pq>@ga?-@bomem€s and 39

hat usi ng the
moPe Mok edk R Aty A aGRIHL 1 Eggh.g%ﬁ%?&é@i@%%

above second resin varnis t1 ¢ nodul us of
4,000 MPa and a coefficient of thermal expansion of

30 R} tl’ll%lg.[% a%d Malnéjflagtyéebgf ngg C%ﬁ%lﬁcgorfldresvtl Cree31n
The above first reésih Varnish Vial
1a$em1obndmnedrusmbgtﬁateLhaw!ﬂgsapdvaﬁﬁteh @fon@ ad@A Mt he
abﬁgslaatthhggn%%§pg y%gg @@d'ng%fgsgiéhkggggugo%% 1,500
MPa and a coefficient of thermal expansion of 140 ppm (100

to 200°C).

[0195] 2. Preparation of second resin film for forming

second resin layer

30 parts by weight of novolak type cyanate resin
having a weight-average molecular weight of 700 (“PRIMASET
PT-30” produced by Lonza) as a cyanate resin, 15 parts by
weight of biphenyl dimethylene type epoxy resin having an
epoxy equivalent of 275 and a weight-average molecular
weight of 2,000 (“NC-3000” produced by Nippon Kayaku Co.,
Ltd.) as an epoxy resin, 15 parts by weight of a copolymer
of biphenyl epoxy resin and bisphenol S epoxy resin having
epoxy groups at terminal ends thereof and a weight-average
molecular weight of 30,000 (“YX-8100H30” produced by Japan

Epoxy Resins Co., Ltd.) as a phenoxy resin, and 0.1 parts
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85 dianeter of T 100 pm extended through the

sem conductor substrate in a thickness direction
thereof, and then dried. In this way, a first resin
| ayer having a thickness of 40 pm filling the

t hrough- hol e and covering a | ower side of the

sem conduct or substrate was obtai ned. Next, the first

resi.n.l.ayer. was pat.terned using a general exposure (i
Y| 99T 48T el Bpneft 454G ssc%g?HﬁF‘ i{1 ‘E%%?)ﬁne&%ﬁ’lzy (1-
beony b-Repkssal y ipothzonedl tdwodavel Byd&rifkokdhechemicals
sem copductor substrate and an |nner circunference
COBRPFALLOQES i AP ng?t heUFHrBugfe hdl ¥Shf YaES sedt eonbived orand

dispdsséat entdheeehpleec i RELLRENES 5EE§Inr§S$Dx£ﬁ¥ST In
was cured in an oven at 160C for 1 hour. Next, the
addiebrldl r &) nPREEM ViR Wadglin | @fri renttert iorel t eskidr ssilica
in laye t ver the first-resin |ayer  and ..,
ha??ﬁ? t%@ t%¥%ﬁ% “hdTe ?%§¥%rn§%§%ec%%d ?égiﬂl ay rgl(51d25H
Produted by thinknesiss ofo 40 Tomd. A &l &n wasofgamed 2il1Ber and

entral part of rtion of the second resin |ayer
O'%o %E@%on&iH8198gtﬁg £Rr GEGRYhS1 -0 (GRVRL NG 3Rt (YA~
18Tayeirodugiedg By Napponhamiinga vaygl engt.h ofs385 #Wlpling

and then the second resin |ayer was cuied in an oven
agtt J¥BES gAdeds by the Miiursmyand &BRi SaMGuMas stirred

usfieyi genvgs 9ptadngdi rFOL9¥br (E¥aRRLEtEB). ATn this way, a
sem conductor device was nanufactured in the sane
SeerifheFeasn EXanpleh1Bavdkgest 3hkidt hrentenpositt iSon wifs was
rdferedirst resin varnish constituting the first resin
P I'ayer was changed as follows. A terpolyner of the
above decyl norbornene / the 86 above glycidyl nethyl
norqggn%%%okdtQ%s%%o%%r%Q%%e%mﬂs obtained was applied to
one surface of a PET (polyethylene terephthalate) film
having a thickness of 25 um using a comma coater, and then
dried in a dryer at 160°C for 10 minutes. In this way, a
second resin film (insulating film) with the PET film was
obtained. 1In this regard, a thickness of the second resin

film after being dried was 40 pm.

In this regard, it is to be noted that a second resin
layer obtained using the above second resin varnish had an
elastic modulus of 4,000 MPa and a coefficient of thermal

expansion of 30 ppm.
[0196] 3. Manufacture of semiconductor device
The above first resin varnish was applied to a

semiconductor substrate having a diameter of ® 200 mm and a

thickness of 150 pm in which a through-hole having a

85



norbornene = 45/ 30 / 25 was prepared in the sane

" manner as Exanple 1B, except that 106 g (0.45 nol) of
the decyl norbornene, 177 g (0.30 nol) of the
gl ycidyl nethyl norbornene and 49.5 g (0.25 nol) of
t he phenethyl norbornene were used, respectively. 319
g (a yield of 959 of the terpolyner was coll ected by

. ri zation,.~ reprecipitation and drying. A
dl%@%%%%léﬁgm%igc¥)dé eegﬁepﬁgd'dg?ﬁ?%%% %&Fpo?ﬁ%ﬁ$°QQH%F°r
subdbt 22 68, 0002 Ml ckdds 081 Bac: M Mihe Fe@f 2, aid$ RS Udelkd.

by GPC. Further, the terpolyner had a conposition of
In4ﬁhﬂrﬁ| Yodec drPorehe! 33Y&bl VEVepExPndtHcHREss Hfd 40

um 295 £ Ya RferRShWh RAIPAHRARE, 288 808t YE8dabY HFNVR i dd of
this regard, it is to be noted that a first resin

the ayemieobrdieledr wiaf zatfe s radisinedni sh cont ai ni ng

the above obtai ned copol yner had an el astic nodul us

of 900 MPa and a coefficient of thermal expansion of

200 Ngpr, ( 100et £1r200Cref 0098laExanpbe B3B)tekrned using a
egng ogdugtor d?viie mgs ngfﬁcture in the sane b it
I ahhier SR ANpl'é 1BIC xégg? EREPUERE BSRGESSt iSeh et 1
rehditne§e60DY bASIaN nEddE Sy canstiiad | 69 the 3eeerd side of

was changed as follows. 40 parts by

resin | ayer g _
th%iwlﬁn Y Ao PePIoFEItak 8)fe 8Nyahater rekjspmference

suPfYEdg deﬂ?id’ﬁc%htt'kévert?l%u%l—%%lilearof’ei gl Berf0%nductor
(" PRI MASET PT-30" produced by Lonza) as a cyanate

supgigte 20 Tharesoby, wehghpasterhedalfdrstbigssdmyllayer was
i y. :ﬁﬂ9%¥ i hayl ng the epoxy
Cu%&éﬁ%ﬂ]%ﬁ?§%l¥§g% and H%§§ég ME|%ht-average nol ecul ar
wei ght of 2,000 ("NC-3000" produced by N ppon Kayaku

CO'Ne%E?'%ﬂ%? ggcgggx¥e%?%lqﬁj%9 was vacuum-laminated on

the first resin layer so as to cover the first resin layer
and fill the through-hole to form a second resin layer
having a thickness of 40 um. A hole was formed at a
central part of a portion of the second resin layer
corresponding to the through-hole of the first resin layer
using UV laser having a wavelength of 355 nm, and then the
second resin layer was cuied in an oven at 200°C for 1.5 hr.

In this way, a semiconductor device was obtained.
[0197] (Example 2B)

A semiconductor device was manufactured in the same
manner as Example 1B, except that the composition of the
first resin varnish constituting the first resin layer was

changed as follows.

A terpolymer of the above decyl norbornene / the
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parts by weight of the above copol yner of the biphenyl
epoxy resin and the bisphenol S epoxy resin having the
epoxy groups at the term nal ends thereof and the
wei ght - average nol ecul ar wei ght of 30, 000
("YX-8100H30" produced by Japan Epoxy Resins Co.,
Ltd ) as a phenoxy resin, and 0.1 parts by wei ght of
dazol.e .conpo 1B2PZ
bl 3opve; 11 03201 comound. ( Qo eagl. 1202 | epgnetny)
noeberheaks =Carpor a3 on)2 RSwas Ci-kpgreat dlnysthaves&me manner
di ssol ved and di spersed into nethyl ethyl ketone to

asoftamplea B xt axesPT nthadi ti®h, 9 200paprt 08y & gHite oflecyl
noEBSrﬁgﬁge §pherbca|Of@§edm§ﬂ|'céfha¥h@g bﬁ?c@&?ﬁagﬁethyl

particle size of . ("SC>2 5H" producéd
noadruneshs @@d lﬁ&i$ as arf0. QEOrg@dlc'mﬂle#h@ndpbezethyl
rts b ht of the_above e oxy Ian coupli;n
noB Bk ief eE 9 b a e atRs LR BROn AT el Tl LBLpady 95

ofas theoupkrpglagent werse addeniett:etihe o) 1] tiDEymeamdatlon,
speed stl

the sane was stirred using
rehPRai oL Lof opnrRay Y Bt e o R o Paeh et ar Rt Gh st Rgoh the
ob$8k hddCeBteBl yRErShewYMmwas 99?D@o¢dMnThe3§e@@@daﬁ@SMﬁ/Mn
varni sh thus obtai ned was applied to one surface of a
= PE?/ (BS y@anp stk l%ér%Eﬂ%t haf&?é}‘eﬁfvl rAhehARp ymer had a
cohBbekpgss 0fo25 AW UShigs ORbRSordlie themy ol
led 1n a dryer at 160C for n1nutes in this way,

epaxysecbﬂaneesu namnd m4d nsmpétu gty Iwi thotlherrRER,  as

[ ned. In this regard, a thickness of the
anég% §BE¥S Aok ilmafter being dried was 40 pm |In

this regard, it is to be noted that a second resin

| ayer of alned usi ng,the above secgnd r |n vagni sh
had Hh b SeteeR Rddul s 151 08, PGS d D380 resin

lageef Hgiaamedofudiiry nal £188t expans a;raxeﬁs412 #PpMaining the
above obtained copolymer had an elastic modulus of 900 MPa
and a coefficient of thermal expansion of 200 ppm (100 to

200°C) .
[0198] (Example 3B)

A semiconductor device was manufactured in the same
manner as Example 1B, except that the composition of the
second resin varnish constituting the second resin layer

was changed as follows.

40 parts by weight of the above novolak type cyanate
resin having the weight-average molecular weight of 700
(“WPRIMASET PT-30” produced by Lonza) as a cyanate resin, 20
parts by weight of the above biphenyl dimethylene type

epoxy resin having the epoxy equivalent of 275 and the
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[0199] (Exanple 4B) A sem conductor device was

manuf actured in the sane manner as Exanple 1B, except
that the first resin layer was forned using pol yam de
resin (nylon 12) prepared by dehydration and

pol ycondensati on of 12-am nododecanoic acid. In this

regard it isto be noted that the first resin |ayer

wel é IQ% %Ing $§%§E&§ﬁn1%% In gﬁd (ﬁ#ﬁStIGNC 30007

rascd a and a co i ci ent o
prexlpaasu oy N(ifppib& KayaklOCd.q 200QC)). 4H200]epéxpnpeein, 20

sem ¢onduct evi ce was manuf actured i t he,
pagbhe DhmARGA ks Thatdie S50 ox B ARE (RE the  Biphenyl
epbRPOSESiON a0l tHee FAGPHENASI N epoHyShreonst lrtamlm;g the
the second resin |ayer was changed as fol |l ows.
epp&lt 99pPReiathtthe hoyBiarlt ?Béispﬁémﬂeorfesqw hla%| ngight-
av@egggxxdol%eﬂ re%lvak@%fofsol%o( BRzﬁFsﬁoommgeseuced

um tono Bakelite Co., Ltd.) as a phenol resin,
prdhmﬁdnEN@%ghReainbl§bhen&¢¢1ky®% ép@bﬁHQ%Mrﬁ¢ﬁwmngand
0 equi val.ent . of 175, ("83 "
0. gﬂl 5p§§n gVnk Eﬁgh$ca § F%%orgb§v?ed?gg§8289¥ Qﬁmpound
(“reserpl2Q 2@zt S( bervmilgiit- gﬁeﬁykxﬂmmuﬂzdﬂetﬂsphe@w¢e& by

e HERaC RO S0 JENLDG SBOIY oS 2L el nd

diBkedyead aby Jﬁ@,@ér%wnn%%slrﬁ@thﬁo euhﬁ dkeﬂo@é flo obtain
phenoxy resin, and 0. 1 parts ght of

o Piiais ¢ cBAmaRRACE ot EbiooRlE b2 BREAVE. Bl the above
spﬁ'egxgéqxwfﬁ%telay|51'1Tc%a4%]ve¢)n" rrRAuce- Dye Shhkekdle size of

Chem cal s Corporation) ‘as a curing catal yst were
0. élsngWéQOaaaH"mpﬂmﬂuﬂ&ﬂ|hYoA@@ﬁWﬂCmﬂrﬁ¢ kelléde)t @s an

in%%éghncafnhfégrghdle ggEEEOBy égleﬁEt8fb¥h@eéggbeogpoxy
t above spherical

silane coupling agent (“A-187” produced by Nippon Unicar
Co., Ltd.) as a coupling agent were added to the mixture,
and the same was stirred using a high speed stirrer for 10
minutes. In this way, a second resin varnish having a

solid content of 50 wt% was prepared.

The second resin varnish thus obtained was applied to
one surface of a PET (polyethylene terephthalate) film
having a thickness of 25 um using a comma coater, and then
dried in a dryer at 160°C for 10 minutes. In this way, a
second resin film (insulating film) with the PET film was
obtained. 1In this regard, a thickness of the second resin

film after being dried was 40 upm.
In this regard, it is to be noted that a second resin

layer obtained using the above second resin varnish had an

elastic modulus of 3,500 MPa and a coefficient of thermal
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silica having the average particle size of 0.5 pm
("SO 25H" produced by Admatechs Co., Ltd.) as an
inorganic filler and 0.2 parts by weight of the above
epoxy silane coupling agent ("A-187" produced by

Ni ppon Unicar Co., Ltd.) as a coupling agent were
added to the m xture, and the sane was stirred using

a hi%h sggeg stirrer for 10 mnutes. In this way, a
SXRRRSAA"r 8Si A2vBPRF sh having a solid content of 50 wt%

mas prepared The second resin varnish thus obtained
plied to _one surface of a PET (pol yethyl ene
[oigPéphthalﬁﬁéTPﬂPIﬁB havi ng a thi ckness of 25 pm using
a conmma coater, and then dried in a dryer at 160C for
10 mnutes. In this way, a second resin film
(inghla@mhgomdmﬂvomﬁthﬂhe PEEB fnamifastundd aiined:hd nsame

mabbE, SEOPhg aTP o et aoPbrt TR TRFS t EQRr HooT 1aVER was

fobmedotedlhbatpbh@am&d@ﬂdre@&&In fiyrar( sexond pespired by
obt ai g3|n t he above rfgln varni sh had, an

aehPdEr T LORn At LoDy AT BOSRBLOR Al Z55BT AP P anaapic acid.

Int heriral reypadsi ok of s 4Qope hO2A4] dHaenat iMM& st resin
Exanpl e 1B) A sem conductor_device was nmanufactured in

Layhe Skl nshnes ng EognppPel 1@Nidecems ithapadhen elastic
hol f h
mo&ﬂi@gggf P! §g¥ealipa é%%eg ?Géfffﬁignﬁ fs€ﬁgﬂg%fg%§%3T51on

t%er wi t hout usi ng Irst resin [ayer
of (Conpematile Exa?PPECPB) A semi conductor device was
manuf actured in the sane manner as Exanple 1B, except
that the conposition of the first resin varnish
[0200Ft i t ut (Agampeef bBSt resin | ayer was changed as
follows and the first resin |ayer was forned
A semiconductor device was manufactured in the same
manner as Example 1B, except that the composition of the
second resin varnish constituting the second resin layer

was changed as follows.

15 parts by weight of novolak type phenyl resin
having a hydroxyl group equivalent of 105 (“PR-HF-3”
produced by Sumitomo Bakelite Co., Ltd.) as a phenol resin,
25 parts by weight of bisphenol F type epoxy resin having
an epoxy equivalent of 175 (“830-S” produced by Dainippon
Ink Chemicals, Incorporated) as an epoxy resin, 20 parts by
weight of a polymer of bisphenol F type epoxy resin having
epoxy groups at terminal ends thereof and an epoxy
equivalent of 4,400 (“4010P” produced by Japan Epoxy Resins
Co., Ltd.) as a phenoxy resin, and 0.1 parts by weight of
an imidazole compound (“Curezol 2PHZ (2-phenyl-4,5-
dihydroxymethyl imidazole)” produced by Shikoku Chemicals
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using a |lam nating process instead of the applying
process. 20 parts by weight of novol ak type cyanate
resin having a wei ght-average nol ecul ar wei ght of 700
("PRI MASET PT-30" produced by Lonza) as a cyanate
resin, 10 parts by weight of biphenyl dinethylene
type epoxy resin having an epoxy equival ent of 275

and_a ht ;average nol ecul gh 2
Cofpﬁﬁ9§6859 produgedc5§lﬁ|ppS%Eﬁa?§E %bgg E?ggflggda and
diepexgetesnnp matpqﬂtstbylm&egbheotoaob&pahymem1x¢hre In
bi. phenyl resin and bisp oxy resin
2RAHIRG: dbRAGroURE HFLE EPhal i AO0T T oFShhaah fused
si%eahhadys agﬁe EQE%ﬁgbabaB@hng g&zaoo@oe 5 pm (“SO-25H”
("YX-8100 produced by Japan Epoxy Resins Co.

prQﬁQCPda§YaA§Wéﬁ6QVSr§§|m Lifdd) 0as Ear#§0r59n&é|§h@lﬁf and
zal e n ezf 2
0. %eﬁég%g% ?)en§€fyﬁydggglg§é pro&éﬁ ggg Shﬂﬁgﬁﬁa coupling
ag@hem (C‘auslsx':orpm@uc@cﬂm) bas I\apcnsnn n@nmal got  néitgl.) as a
sol ved and spe |nt t hy e e
R S D R S I R e
st&@héﬁl@&hnbusedlghlspaedhavungeanfayenagmlpatéscleIn this

size of 0.5 p SO 25H', pr.oduced by Adnmatech
wayydd SRCaRd| ﬁSéQHmV@rﬂHSIher haing oaysai sfxﬁé]tgh?f >0

wt6f w9k ggegggéa.5|lane coupling agent (" Av187
produced by Ni ppon Unicar Co., Ltd.) as a coupling

agent were added to. the m xture, and the sanme was

ft'rfﬁ@ sHSLRY ?eQiﬁhvéPﬁfghS%hﬁﬁegbéginéﬁ UEEUBSElléa to

hi s"way, a second resin varnish having a sol
oneonsenfacé 5O wia% RET pp@*mn@nwl@ne'Hﬁgnaphﬂhaiayad film

varni sh .t hus obt ai S | e ce
haﬁé?g( oﬁ%@f%yegﬁé qig%%a éf ?%?8%a$8%££§ aHE Ehen
driilidc kimess dﬁyéﬁ » UsdAQ aocon@anammkeﬁ aﬁﬂuth@ns way, a

dried in er at 160C for n In
segond resin f Rnsu?ating %1lm Ut%% thetgﬁf Pﬁ¥m was
obtained. In this regard, a thickness of the second resin

film after being dried was 40 um.

In this regard, it is to be noted that the second
resin film (second resin layer) obtained using the above
resin varnish had an elastic modulus of 4,800 MPa and a

coefficient of thermal expansion of 40 ppm.
[0201] (Comparative Example 1B)

A semiconductor device was manufactured in the same
manner as Example 1B, except that the through-hole was

filled only with the second resin layer without using the

first resin layer.
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first resin film(insulating film wth the PET film
was obtained. In this regard, a thickness of the
first resin filmafter being dried was 40 pm In this
regard, it is to be noted that a first resin |ayer
obt ai ned using the above first resin varnish had an

el astic nodul us of 5,500 MPa and a coefficient of

(g B7) ConaudtBFPasa iee BBPAPIBA PN  Exanpl cs and.

Conpar ati ve Exanples was eval uated as fol | ows.
Eval uation itenms were shown together w th eval uation
conten? ¥ gPredeBERF nEGVAESUIMES arendhethured Tapl &he same

makne ¥aRaGE, I Rages of e&%%tp%ergf%dyﬁéOEO% BisG8 1WAS of the

~evaluated wusing a contact type warpage asuring
fizpparasis. vROR04h Zonmglitalsiiniot yhFo favdtuatesin layer was

Labilit e m.cond evi.ce, , _whet her

Chéﬁé{eﬁi ﬁagSI a%%fé%‘é%]i ﬁg’%oftcl?{e%fﬂégircn%ensJtrhelayer wés formed

us$Bgi gohduchat idgvprecessuinyasaévat uahedapbl etnd herocess.
sem conduct or device was subjected to a thernal

treatment at 180C for 5 hrs and 10 tines IR refl ow at

260Q0 TpaRty semwoghict of deyi6eski tgrRChcQhnate resin

Exanpl es and Conparative 92 Exanples were eval uated.
haghes dywBdPhtnavesees e ecudatowsightomient00 A(YEREMASET
prS¥6H| bRg4ARAAPeS! i of) the 4 e8iindPeNbseRCUn o igh G b

to Zobsenicondugior dedices ano%gnzoesenisconductégi Y
weglght ced. E:pHEmy 1swhind iy lame peabe ngrokyt esriesiawdag an

epgg%igg ﬁgﬁ%%ﬂ438%$0%1§S%ﬂk?o%du%gg&hgggbg§gggnqgglé%hlar
weight of 2,000 (“NC-3000” produced by Nippon Kayaku Co.,
Ltd.) as an epoxy resin, 10 parts by weight of a copolymer
of biphenyl epoxy resin and bisphenol S epoxy resin having
epoxy groups at terminal ends thereof and a weight-average
molecular weight of 30,000 (“YX-8100H30” produced by Japan
Epoxy Resins Co., Ltd.) as a phenoxy resin, and 0.1 parts
by weight of an imidazole compound (“Curezol 1B2PZ (1-
benzyl-2-phenyl imidazole)” produced by Shikoku Chemicals
Corporation) as a curing catalyst were dissolved and
dispersed into methyl ethyl ketone to obtain a mixture. 1In
addition, 60 parts by weight of spherical fused silica
having an average particle size of 0.5 wum (“SO-25H”
produced by Admatechs Co;, Ltd.) as an inorganic filler and
0.2 parts by weight of of an epoxy silane coupling agent
("A-187"” produced by Nippon Unicar Co., Ltd.) as a coupling
agent were added to the mixture, and the same was stirred
using a high speed stirrer for 10 minutes. 1In this way, a
second resin varnish having a solid content of 50 wt$% was

prepared.
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C. The swelling and peeling of the resin do not occur
in 13 to 15 sem conductor devices anong 20

sem conductor devices. In other words, those occur in
sone semni conductor devices. Di The swelling and
peeling of the resin do not occur in 1 to 12

sem conduct or devi ces anong 20 sem conductor devi ces.
In other words, those occur in many sem conduct or

devi ces. [0205] 3. Laser processability In the case

whermnd hei el eravesn f oapREsAt thile odttaialed RS éﬁpif@ﬁ to
portion of the second reS|n | ayer correspondin

On?hesttlfﬁ%ﬁﬁgh ol 8 ofET he prqerﬁtWYelsq% | &¢EEPOHEhA attﬁé URA 1m

hal- 886" a h@MhBQnEQ§ W@VQBeﬂQF gséﬁtﬂﬂhmJQ§§£ter, and then
rocessabl ity of th e second resin | ayer

dre@@lmatéddﬂﬁﬁﬂwaﬁnﬁﬁﬂ Cuﬁ@rcé@emlnheesm|(im:nr1s way, a
d f
FAERELERy e T FLOGHELL 020000 16 YOhE BB £l o

obteiredot §homhls93d@aﬂﬂmwathblekdemalbfwm&aﬂﬁmxy£dres1n
. yzed, the. oxidatjon and/or carbonization were
£ify ﬂﬁgefo%%i‘g[%b?‘g T%@l%“z Com Com E Ex. Ex.
Ex. Ex. Ex. Ex. 1B 28 3B 4B 5B 1B 2B El asti ¢ nodul us

1500 900 1500 1080 1500 - 5500 First (MPa)
Coefifi diterit ©¥92%5%si ht | &§ekot Rer RRECG40 1200 a1 40t nst 1@esin

layegoobtalned using the above first resin varnish had an
elastic modulus of 5,500 MPa and a coefficient of thermal

expansion of 20 ppm.

[0203] Each of the semiconductor devices obtained in
Examples and Comparative Examples was evaluated as follows.
Evaluation items were shown together with evaluation

contents. The obtained results are shown in Table 2.
1. Warpage

Warpage of the semiconductor device was evaluated

using a contact type warpage measuring apparatus.
[0204] 2. Reliability

To evaluate reliability of the semiconductor device,
whether 'swelling and ©peeling of the resin in the
semiconductor device occur was evaluated after the
semiconductor device was subjected to a thermal treatment
at 180°C for 5 hrs and 10 times IR reflow at 260°C. Twenty

semiconductor devices in each of Examples and Comparative
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expansion (ppm El astic nodul us 4000 4000 3500 4000

4800 4000 4000 Second (MPa) Coefficient of resin

| ayer thermal 30 30 42 30 40 30 30 expansion (ppm

War page (pm 220 190 210 200 230 450 580 Reliability

A A AABDDLaser processability AAAAAAA

[0207] As is evident from Table 2, warpage anounts of

t he. sem conduct or .devi ces obtained in amples, 1B to
EX$EPLGRr ¢ PeaucEd > BaF Ehler , L AE Com DOTRRIct ol UEA RS the
fobbdai nedcomtemxanpl es 1B to 5B particularly showed

excellent reliability. 1In addition, the second resin

| ayers in Exanples 1B to 5B al so showed excel | ent

| asey: piecesaahiilnd Yand WASHR Ao AR GABI A T Hot occur

[0208] The present” i nvention can provide a resin
incddpdst t £6n sehiiclkondasteosl i ddvicemdanahpi lenseni¢onduetor
de3£5€ygh-hole formed through a seni conductor substrate

ITe suppressing occurrence of warpage of the

sem conductor substrate. [0209] Further, according to

the present invention,,it .S possihle to obtain

serriBgo ctor° é\ﬂgcé?‘%ipcer?h&irporfstg%e & 3511 |‘ﬂ% hét occur
inmakeri@l 1ang el dorsaidModé ayess earbngCRIPos&ti @dndbetor

apove resin conposition and has reduced
devices.

C: The swelling and peeling of the resin do not occur
in 13 to 15 semiconductor devices among 20 semiconductor
devices. 1In other words, those occur in some semiconductor

devices.

D: The swelling and peeling of the resin do not occur

in 1 to 12 semiconductor devices among 20 semiconductor

devices. In other words, those occur in many semiconductor
devices.
[0205] 3. Laser processability

In the case where the hole was formed at the central
part of the portion of the second resin layer corresponding
to the through-hole of the first resin layer using the UV
laser having the wavelength of 355 nm, laser processability
of the second resin layer was evaluated. Each symbol

indicates the following content.

A: When sidewall defining the hole was observed and

analyzed, oxidation and/or carbonization were not shown.
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war page anmount. This sem conductor device becones

smal | - sized and can have excellent properties. [0210]

In addition, a specific second resin |ayer can have

particularly inproved | aser processability. Therefore,

the present invention is industrially applicable. 95

CLAIMS WHAT IS CLAIMED IS: 1. Aresin conposition

used for formng a filling material which fills at

| east a through-hole of a sem conductor substrate,

t he B hrehgh- hblee sddearediingwdsir obghrvehe sseim aoanbyicddy the

substrate in a thickness direction_ thereof and having
0x3dabAaRcRPIEChor R FBANE ARt PR, WeHRer B W R he resin

conposition is conposed of: a resin having a

radi cal - pol yneri zabl e doubl e bond, a thernosetting
[0RE&In and [3aPdsi Blwhi ch differs fromthe resin having

the radical-pol ynerizabl e double bond and has an

al kal i -soluble group and a double bond; or a cyclic

olefin resin. 2. The resTabéenposition as clainmed in

ctarm I, —wherernm—the—senjconductor :ubbtlite‘hﬂbcgm. Com.
functional surface anéxa | sin.f gc&xopposkte|texthe Ex.
functional surface, |an® whekBin t#e resi®fnh codBositign| -,

'S used b0 LoklMag[an i psulati ng ayer which (i11sS
the fhroughrphel e and E%Wers9OQhelg%bcs}%@ sUPPacle of | 2500

FirRe Semi&QROLUGEOLs sUbstirafe. 3.| The fesin compos| tion
33" c| ai meghdhac! ai m1, wherein | the seni copnduct ofr
lay6hst r at exhasion f undt Léha] & fladé%and 2 sutthce

- 20

f
opposite t@phe fungtional surflace, and wherein the
resi N KeRApos mbddsi $ 45%%d Qgéofo g@dm; nsubat ,Bg | 1000
bugh- h the

) . 0
Seég%pr whi chveRb I | s the thr oFe and covers

QPPOSi teeSurfaceodf |t he sem conduct o substrate,
thermal

layer . 30 30 42 30 40 30 30
expansion
(ppm)
Warpage (um) 220 130 210 200 230 450 580
Reliability A A A A B D D
Laser processability A A A A A A A
[0207] As 1is evident from Table 2, warpage amounts of

the semiconductor devices obtained in Examples 1B to 5B

were reduced.

Further, the semiconductor devices obtained 1in

Examples 1B to 5B particularly showed excellent reliability.

In addition, the second resin layers 1in Examples 1B

to 5B also showed excellent laser processability.

INDUSTRIAL APPLICABILITY
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wherein the resin conposition has such a property that

an opening can be forned through the insulating |ayer

using a photolithography nmethod. 96 4. A filling

material used for filling at |east a through-hole of

a sem conductor substrate, the through-hole extending

t hrough the sem conductor substrate in a thickness
[0?25 ctlon hereofsang ha VI% a conductlve(p .

ein, 8 f PEPSRY et &V 10y méd Tof B Tr ed s resin
compodﬂﬁioﬂf whieh r esinn Q@M@BM/I oimndefgured diyerdd1ai mFlll a
An insul ating er to be provided on a

thg%ﬂ?%ohah%tB?rmsabE%F%?%hh%v?%@l%@nﬁgsg@rasubstrate while
suﬁﬁf@ggbn§0|5béﬁ%fgﬁgéml5ﬂ"“W£¥ﬁag%heo%entﬁ@nd§&&9£onductor

substrate in a thickness directiion thereof and having
sulgsepabi@cti ve portion therein, a functional surface

and a surface opposite to the functional surface, the

insulating |ayer conprising: a |ayer-shaped insulating
[02091i on pFovibed, oacthedioppasi tuhes yrfeemtofinfention, it

en_congduct or, sub trate; and a filling, port

157 nPRGPAPLS 1 G M L e FRTERAy Ber | (B igRy vhich
coptisag bhEﬂﬂﬂﬂﬂgﬂméﬁéﬁaaMmgﬁﬁlantﬁﬁédIﬂﬂﬁﬂd'MhQé%“%ach

is formed of a cured product of the resin conposition
CoOpRPFRdd Py EPEI APPVSe. SRS sRiCHRAT IO der¢ehas  reduced
wafgg@él aBdnthe fidinosomt ephahctdef 4RYd BY Rl @&iMBA srfal1-

A sem conductor device conprising the insulating

sireyerndetrmelth by exet St eropeemednduct or device

conprising: a sem conductor substrate having at |east

a through- hol e extending through the sem conduct or
[ozh@BtrateIhnaddlthbnknessspb¢t£i¢oaethndembsianﬂayuﬂ can
havgrgggglggiép lmproved laser processability. Therefore,

the present invention is industrially applicable.
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t hr ough- hol e and one surface on which the through-hole
is opened; 97 an insulating layer including a first
resin layer forned so as to cover the inner surface
defining the through-hole and the one surface of the
sem conductor substrate, and a second resin |ayer
applied to the first resin layer; and a conductive
portion provided in the I -hole so as to pass
through the first resin Eﬁﬁgiggnd the second resin
| ayer, wherein an elastic nodulus of the first resin
| ayer is_ lower than that of the second resin |ayer.
WHRT ™ TR CLARYERNLEREt or device as claimed in claim8,
wherein the elastic nodulus of the first resin | ayer
is 2,500 MPa or |ower. 10. The sem conductor device
l.as & ainmsdn n aimpgaigiomhersgch tfer fifetminsgi | afekling
maﬁérIQiUEQhQEha r%% pkﬂgucie Q{ aaflE%Eoﬁg%L%ole of a
conposi tion, an ereih the TTFst resin ¢ nposition
semscendposed sfibsaratresi phéavhngugh-hole extending through
r adi_cal - pol rizabl oubl e hond,_ a _.thernosettin
the oo PR ARERAE S n SR HEFT end { Fom HEISTER n FhgrRigion
théheof agh&aha pohy NBI t3adhet Deelbberbpnd amerdas, an
al kal i -sol ubl e group and a doubl e bond; or a cyclic

ol efMNF LAY Fhel Ee s GRRITIRT orS MRS ¢ i drekpsin

habﬁn&léiP&&P@almegiﬁﬁgrlQ§b9¥0é$&b9%eg&ﬁdfe§i@hermosetting
conpri ses a norbornene resin having an epoxy group.
regdn JAd Seresdmdudtiorh dévfterasfcpmi vbe inesdinaimgng the

ra&@@gflﬁoi§ﬁééiégﬁléQ§é@bi@y§gn&agngeh£§léﬁrgfﬁgfﬁtsoluble

group and a double bond; or a cyclic olefin resin.

2. The resin composition as claimed in claim 1, wherein
the semiconductor substrate has a functional surface and a
surface opposite to the functional surface, and

wherein the resin composition is used for forming an
insulating layer which fills the through-hole and covers

the opposite surface of the semiconductor substrate.

3. The resin composition as claimed in claim 1, wherein
the semiconductor substrate has a functional surface and a
surface opposite to the functional surface, and

wherein the resin composition is used for forming an
insulating layer which £fills the through~hole and covers
the opposite surface of the semiconductor substrate,
wherein the resin composition has such a property that an
opening can be formed through the insulating layer using a

photolithography method.
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irradiation of light. 98 13. The sem conductor device

as claimed in claim8, wherein the elastic nodul us of

the second resin layer is 3,500 MPa or higher. 14.

The sem conductor device as clained in claim8,

wherein a coefficient of thermal expansion of the

sec?nd resin layer at a glass transition tenperature

or wer. ;4 erat IS mgy.. | RankD. jThe
4'semé:)on%lu%]t%50dér\%é(§erei§!sl clﬁl%e?éd fl%ﬁ: c?é“ﬁr%léj?; F?Jt-rt%S?St 2
theenphi-abig afwar segipahtechotosnbdtoata, sthéatbrofigh-hole

the second resin |ayer opposite to the first resin .
exfcﬁi}glmgandt}?ﬂ%‘bqr}?i cﬁﬁ?y c%r{?fecccf% T he58§ﬁ868 Fve 1% @
thBekhie@B. difecthensenkeendushar hdevhgeaasostaciedel portion

claim15, wherein the insulating |ayer further
thegelndes g thilddndesateniglerf iP5 ? aufed cByefuct of -

thbh%eQQHd%ehgggiEggh;eeféggdaby Legast, a part of the

W ring pattern an ormed of a third resin
conposition, and wherein the third resin conposition

is cpnposed, of i n_hayin , _
5.1 ad A0 Loon Yaert S bt B hon e e phrdvided, R3, Bosemieggauctor
subgsirateanthaw imesiat vilbadt da f flersughemoideextesdnnpavhmgugh

t he radi cal - pol ymeri zahl e doub) e bond,_and, h , _
thg) k ASTUSHIGBIE B oL 3 o e Bontl 1P 5 8ychgection

thelr@bitn rasd n.hdvindheasempenducher drcioras cheteed, a
in claim8, further conprising a wiring pattern ,
fupgitieadn saréarrag@dof SURE2SENPEBRGGEFOIOs GBSt Fapetional

sueRRes! t @ hio ihRe1hRsHLAnLREr LaxpridRdgel ectrically
connected to the conductive portion. ~99
a layer-shaped insulating portion provided on the
opposite surface of the semiconductor substrate; and
a filling portion 1integrally formed with the
insulating portion and filling the through-hole,
wherein the insulating layer is formed of a cured

product of the resin composition defined by claim 1.

6. A semiconductor device comprising the filing material

defined by claim 4.

7. A semiconductor device comprising the insulating

layer defined by claim 5.

8. A semiconductor device comprising:

a semiconductor substrate having at least a through-
hole extending through the semiconductor substrate in a
thickness direction thereof, an inner surface defining the
through-hole and one surface on which the through-hole is

opened;
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an insulating layer including a first resin layer
formed so as to cover the inner surface defining the
through-hole and the one surface of the semiconductor
substrate, and a second resin layer applied to the first
resin layer; and

a conductive portion provided in the through-hole so
as to pass through the first resin layer and the second
resin layer,

wherein an elastic modulus of the first resin layer

is lower than that of the second resin layer.

9. The semiconductor device as claimed in claim 8,
wherein the elastic modulus of the first resin layer is

2,500 MPa or lower.

10. The semiconductor device as claimed 1in claim 8,
wherein the first resin layer is formed of a cured product
of a first resin composition, and

wherein the first resin composition is composed of: a
resin having a radical-polymerizable double Dbond, a
thermosetting resin and a resin which differs from the
resin having the radical-polymerizable double bond and has
an alkali-soluble group and a double bond; or a cyclic

olefin resin.

11. The semiconductor device as claimed in c¢laim 10,
wherein the cyclic olefin resin comprises a norbornene

resin having an epoxy group.
12. The semiconductor device as claimed in claim 8,

wherein the first resin layer can Dbe patterned by

irradiation of light.

98



13. The semiconductor device as claimed in c¢laim 8,
wherein the elastic modulus of the second resin layer is

3,500 MPa or higher.

14. The semiconductor device as claimed in c¢laim 8,
wherein a coefficient of thermal expansion of the second
resin layer at a glass transition temperature or lower

temperature is 50 ppm or lower.

15. The semiconductor device as c¢laimed in claim 8,
further comprising a wiring pattern formed on a surface of
the second resin layer opposite to the first resin layer

and electrically connected to the conductive portion.

16. The semiconductor device as claimed in claim 15,
wherein the insulating layer further includes a third resin
layer formed so as to cover the conductive portion and at
least a part of the wiring pattern and formed of a third
resin composition, and

wherein the third resin composition is composed of: a
resin having a radical-polymerizable double bond, a
thermosetting resin and a resin which differs from the
resin having the radical-polymerizable double bond and has
an alkali-soluble group and a double bond; or a cyclic

olefin resin.

17. The semiconductor device as claimed in <c¢laim 8,
further comprising a wiring pattern formed on a surface of
the semiconductor substrate opposite to the insulating

layer and electrically connected to the conductive portion.
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