1 SPECI FI CATI ON SEM CONDUCTOR DEVI CE 5 TECHNI CAL FI ELD [0001] The
present invention relates to a sem conductor device where a

sem conductor chip is mounted on a substtate. 10 BACKGROUND ART

[ 0002] Wien a sem conductor chip is face-down nmounted on a
substrate, a gap is fornmed between the substrate and the chip, so
that the gap mnust be filled wth an insulating material called an
underfill. A 15 comonly used undegﬁ&hkmgﬁﬁﬁpeen conventionally a
thernosetting resin represented by an epoxy resin (Patent Docunent
1). Patent Docunent 1: Japanese Lai d-open Patent Publication No.
11-233571 DI SCLOSURE OF THE | NVENTI ON 20 [ 0003] A sem conduct or
device in which a sem conduct or sghi¢goiwceTbacesgawn nount ed has the
foll owi ng problens. [0004] A linear expansion coefficient is
generally different between 25 a substrate and a sem conductor chip.
A substrate is nade of a material containing an organic resin, which
has a ¥ ar g&fFCHN{(@éarlEBRpansi on coefficient than a seni conductor chip.
Therefore, when a sem conductor 2 device having a structure that a
seni conduct®?C%hip is nounted on a substrate is subjected to heat

history, a differepce in a_ljnear ,expansion
y eﬁie present 1nventlonpre ates to a semiconductor device where

a semiconductor chip is mounted on a substrate.

10 BACKGROUND ART
[0002]
When a semiconductor chip is face-down mounted on a substrate,
a gap is formed between the substrate and the chip, so that the gap
mist be filled with an insulating material called an underfill. A
15 commonly used underfill has been conventionally a thermosetting resin
represented by an epoxy resin (Patent Document 1).

Patent Document 1: Japanese Laid-open Patent Publication No. 11-233571

PISCLOSURE OF THE INVENTION
Y.t [0003]
A semiconducter device in which a semiconductor chip is
face-down mounted has the following problems.
[0004]
A linear expansion coefficient is generally different between
% a substrate and a semiconductor chip. A substrate ismade of a material
containing an organic resin, which has a larger linear expansion

coefficient thana semiconductorchip. Therefore, whenasemiconductor



coefficient between them causes war page of the substrate. It is known
that in a conventional sem conductor device, such warpage nmay cause 5
cracks or damage in, for exanple, a senmpconductor chip, an interface
bet ween a sem conductor chip and a bunp, or an interface between a
bunmp and a substrate. In addition, warpage of a package in which a
sem conductor chip is nounted on a substrate causes not only the
damage descri bed 10 above but also difficulty in nounting a package
on a substdstiee having a therafugeethaeededni contuticpt zeh\pari pagaidfed be a
package. [0005] There have been recently utilized materials different
from thoseséaeentr 6ral pGadied and Ta sE6R% P AL ERreRRIcEN Sl LHegx egpansion

sem conductor__,15 chip or a terial for a bu connecting a._chjp. to
a subst rat%’,efgﬁﬂl?‘%be?:‘f’e%’ég%ééﬁuﬁ%%ﬂéﬂpi“ﬁa ngﬁl&r?“&sﬁé% ndértrﬁp known

suitable o[ these co%%tfeg{:ﬁ%c?ljfaﬁi SEQ! %@%‘Béﬁ;c&é\ﬁc"’é,S?&ﬁ%@gggéés”maaﬁzhhé’use

a low dieléectric ~cons m'ca as "been us

I nsul ati ng 4@ SRIGREEL 1 £ORSE IdUkbNG, 3N bRl E5RARABEILARD, | AY GhtePrste

a filmcan be used to 21 prevent crosstal k between interconnections
and thus tgegieenidlseri cERMcEONAUEHUNLBIGE, Whi LN Eadrthicghdat weehiablip
operate at a high speed. Furthernore, |lead-free materials are
becom ng dorl mastibaisratsbunp material in the Iight of environnental
har mony. [0006] T) The above damage such as cracks beconmes nore

prom nent when udhngddltiow kviznasie of a PadEfr e vgulchepr . seniceRdRetor
| ayer generally has insufficient nechanical strength. Even an

i nsi gni i CANP SPrRATEA PR & SERPprRffe “PYSSF dioteRBMPI Ele RaFpagSesrribed
paCka%e rna&&%%uggtqgf%%kaifficulty in mounting a package on a substrate. It
is, therefore, needed to minimize warpage of the package.

[0005]
There have been recently utilized materials different from
those conventionally used as a constituent material for a semiconductor
B chip or a material for & bump connecting a chip to a substrate, and
thus it has been needed to design a new underfill suitable for these
mzterials. For example, in a semiconductor chip, a low dielectric
constant £ilm called low-k has been used as an insulating film material
constituting an interconnection layer. Such a f£ilm can be used to
Al prevant crosstalk between interconnections and thus to provide a
seniconductor device which can highly reliably operate at a high speed.
Furthermore, iead-free materials are becoming dominant as a bump
material in the light of environmental harmony. |
[0006]
Y] The above damage such as cracks becomes more prominent when

using a Low-k layer or a lead-free solder. A Low-k layer generally

has insufficient mechanical strength. Even an insignificant stress




in a Lowk | ayer. Furthernore, a |ead-free solder has inadequate
toughness so that cracks tend to be generated in an interface
'between a bunmp and a chip or between a bunp and a substrate. 5
[00071 For preventing both danages in a sem conductor chip and in a
;perlpheral area of a bunp, it is inportant to optimally design an
under-fill froma per spective different fromthe conventional
technique while optim zing a substrate configuration. The present
invention Rés2 clgrbéen tachiey ekafpdin tWigPapei i aoPasiasR. mfmmfewcks
ipresent inyenti on ﬁﬁrgé‘l des a_ sem conduct or device, cQnpri sSi n

‘substrate, 5250 nabict J\Wréﬁﬁﬁmﬂ%ntae&eéﬂ“ﬁ?ﬁ SGhSET dtae 1 a%‘ﬂf’bate

etnoen { e UaRRRE: B ERa e 02 Rl OB B B B SR iR PR

bet ween the s rdteé”an

filling theg B&h%Qﬂﬁf% eﬂlﬁhﬁ:Q%%Qee%hﬁ%?m%haﬂgr s@ggﬁgen the

substrate and t'he sem conductor chip, ereint unp is

corrprl sed ghoa7] ead-free solder, the underfill is conprised of a

resin naterial with an elastic nodulus of 150 MPa to 3000 MPa both

i ncl usi ve, the undesf idrkevhasiray lHonbadamanshon sagicbhatienir e¢hidOand in
ppmi C 25 or less, the substrate has a |inear expansion coefficient

of | ess thanpedihslGier @f Rnbpwitanédtdis eatooghanf tchepsimstlvatesiamdn

4
underfill from a perspective different from the conventional technique

while optimizing a substrate configuration. The present inventionhas
0 been achieved from that point of view.
[0008]
The present invention provides a semiconductor device,
comprising
a substrate,
15 a semiconductor chip mounted on the substrate,
a bump connecting the substrate and the semiconductor chip,
which is formed between the substrate and the semiconductor chip, and
an underfill £illing the periphery of the bump, which is formed
between the substrate and the semiceonductor chip,
gl : wherein
the bump is comprised of a lead-free solder,
the underfill is comprised of a resinmaterial with an elastic
modulus of 150 MPa to 3000 MPa both inclusive,
the under£fill has a linear expansion coefficient of 40 ppm/°C
> or less,
the substrate has a linear expansion cocefficient of less than

14 ppm/°C in an in-plane direction of the substrate, and



the substrate has a |linear expansion coefficient of |ess than 30
ppm C in a thickness direction of the substrate. [0009] According to
the present invention, an underfill is yade of 5 a resin materi al
having a high elastic nodulus, so that the periphery of a bunp is so
firmy fixed to prevent cracks in the periphery of the bunp. In
addition, since the substrate has a |inear expansion coefficient of

| ess than 14 ppniC in an in-plane direction of the substrate and of

| ess than 30 ppn thé gubstirtckineses Udircect ¢xpansgfion meefdigidygt phtless than
warpage in the substrate is prevented, so that danage in a

sem conducPoPPBhi D ian Belemesst fiesst isme PEntaRl SUPSEERE? nor €,
reduction %f ﬁ?rpage in the substrate can result in avoiding
difficult% op nounting a sen conductor device on the substrate.

Herein, an elasti l.ys, of ,th rti i.S...as r.oi . 7
under an at rmspheg%%grgﬁfgSt%.th%péﬁ%%?lga%%n#iJt%ni’ salggﬁkgﬁgg?gg lfsgjgan?e an
initial slopesiNndcst{ASHaPidPLM N Y8 Obiahneth Y BBASHESRNbe HEIHRG
Tensilon testing machine at” a rate of 1 nmimn under an at nobsphere o#
125 C. M BRI EbukESCREBT iGN1 Fr ikHde DRAVEMSS: drB019)i nThies @eanghaiher the
objectives as well as features and advantages w |l be further

appr eci at édumpi t i efdeilebore, tsdnchetlbali sudsteatatodi rehiseadesprnbenh
bel ow and the acconpanying drawi ngs. 25 [0011] FIG 1 shows a
structure C@fefﬁl%@ﬁtc@ﬁd&%%%rt@@vﬂgepﬁ@/c&r dnng® iroraanendodcraan. o5 the

substrate and of less than 30 ppm/°C in a thickness direction of the
10 substrate, warpage in the substrate is prevented, so that damage in
a semiconductor chip can be effectively prevented. Furthermore,
reduction of warpage in the substrate can result in avoiding difficulty
in mounting a semiconductor device on the substrate.
Herein, an elastic modulus of the underfill is as determined
15 under an atmosphere of 125 °C. Specifically, it is calculated from
an initial slope in a stress—strain curve obtained by measurement using
Tensilon testing machine at a rate of 1 mm/min under an atmosphere of

125 °C.

QD BRIEF DESCRIPTION OF THE DRAWINGS
(0010}

These and other cbhjectives as well as features and advantages
will be further appreciated with reference to the suitable embodiments
described below and the accompanying drawings.

5 [0011]
FIG. 1 shows a structure of a semiconductor device according

to an embodiment.




FIG 2 shows a structure of a sem conductor device according to an
enbodiment. FIG 3 shows a partial structure of a sem conduct or
device according to an enbodinent. 5 Fl4& 4 shows the conposition of

the underfill materials used in Exanples. FIG 5 shows the
conponents of the substrates used in Exanples. FIG 6 shows the
eval uation results of Exanples. FIG 7 illustrates the conponents of

the sem conductor devices 10 used in Exanples. FIG 8 shows the

eval uati on resul t sF6¥. Exsrises .strBELBir9 ofhawsrt hendwdlarati¢oite esabiding
of Exanples. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON 15 [0012] The
present i nF&€ndF oW BERE: to a semi conduct or device where a

sem conductor chip_is ted on a supstrate. A substrate which can
be used is a subst?% rgonﬁﬂ?l‘l’%&‘ Bart LohdUc6F Ehi Y SuSRMLOnusEar device

substrate @”55%‘%% ggpg%tdmgﬁubstrate nounted on a printed

circuit boa ch™a sémconductor chip is nounted, or a

printeg circuit bogfd. 5 dHdRs *&Lhé%}ﬁfioélﬁ%egﬁtéh% &%ff&‘iﬁ%é&fh‘aﬁs%ed

exanpl e of a sem conductor device 100 according to the present
i nvention. ikl &xampleshows a schematic configuration of another
exanple. FIG 3 is an enlarged viewof FIG 1. There wll be
descri bed the exanpi@® Shbwms tBe conpéhéatslof {00 33bs e semiebiviBrégsles.
device 100 has a BGA substrate 110, a 6
FIG. © shows the evaluation results of Examples.
FIG. 7 illustrates the components of the semiconductor devices
10 used in Examples.
FIG. 8 shows the evaluation results of Examples.

FIG. 9 shows the evaluation results of Examples.

BEST MODE FOR CARRYING QUT THE INVENTICN
15 [0012]
The present invention relates to a semiconductor device where
a semiconductor chip is mounted on a substrate. A substrate which can
be used is a substrate mounted semiconductor chip such as a2 BGA substrate
which is a supporting substrate mounted on a printed circuit board on
D which a semiconductor chip is mounted, or a printed circuit board.
FIG. 1 shows a schematic configuration of an example of a
semiconductor device 100 according to the present invention. TFIG. 2
shows a schematic configuration of another example. FIG. 3 is an
enlarged view of FIG. 1. There will be described the example shown
5 in FIG. 1.
[0013]

The semiconductor device 100 has a BGA substrate 110, a



sem conductor chip 101 nounted thereon, a bunp 106 between them which
connects the BGA substrate 110 to the sem conductor chip 101, and an
underfill 108 filling the periphery of ghe bunp 106. [0014] 5 The
sem conductor chip 101 has a structure where on the main surface of
a silicon substrate 102 are sequentially deposited an interlayer
dielectric 104 including a copper interconnection 105, and a
protective film 107. In an opening of the protective film 107 is
fornmed a ampceéffyctdr cugh Léhirctinthd Sereconduoty LOhigeti@énithen which
connected 10 to the BGA substrate 110. The interlayer dielectric 104

i s a multigoRperts rihenPCivrvertrake dd8sta thewseiigloadieter coaBt HHy ARd mn
with a specific, _dielectric constant of 3.3 or |less. The bunp 106 is
made of a YEEGH+be V% AR4E11S THE BREETSIN 108" LUTRAEYDBf a resin

mat eri al hﬁ%ﬁﬂ? an elastic nodulus of 150 MPa to 3000 MPa both
inclusive, " preferably 150 MPa to 15 800 MPa both inclusive. A linear

expangi on coeffi crfllscfli LAGEGR cSHDPIbI AL 110 4 2+80e IHRLAE the main

direction of the substrate Is less than 14 ppmC, and a difference

bet ween a durteae EXRARSILOAE CRidsiceheat 1 arbheedindRifill i dQdsaned aan
| i near expansion coefficient of the BGA substrate 110 i1n an in-plane

di recti on iofcetrheysubstatteriicsl@0 ipphtdingr a lcepper 2ht Enedhercnboe,10&, and
| i near expansion coefficient of the underfill 108 is 40 ppm C or ‘
| ess, and ZaPirPhesiivexpahsi gl -.coéhfarciopaning athshe poRteghsve atidm 107 iys

a thickness direction of the substrate is |less_ than 3%h£§ﬂtc. (0015
25 As showPTRAE P L 0§ heh ughdBHEI DG ST vrReuay ¢t fR3FONREE

SOy R B P oCL PRty D0 1) Lo B aee
film, which includes a low dielectric constant £ilm with a specific
dielectric constant of 3.3 or less. Thebump 106 is made of a lead-free
solder. Theunderfill 108 ismade of a resinmaterial havinganelastic
modulus of 150 MPa to 3000 MPa both inclusive, preferably 150 MPa to

15 800 MPa both inclusive. A linear expansion coefficient of the BGA
substrate 110 in an in-plane direction of the substrate is less than
14 ppm/°C, and a difference between a linear expansion coefficient of
theunderfill 108 and a linear expansion coefficient of the BGA substrate
110 in an in-plane direction of the substrate is 20 ppm/°C or less.

p:f| Furthermore, a linear expansion coefficient of the underfill
108 is 40 ppm/°C or less, and a linear expansion coefficient of the
BGA substrate 110 in a thickness direction of the substrate is less
than 30 ppm/°C.
(0015]

) As shown in FIG. 1, the semiconductor device 100 is mounted

via a solder ball 114 on a printed circuilt board 116.

Therewill bedescribedtheeffectsof this semiconductordevice




7 100. [0016] Damages to the interconnection |ayer 104 containing a
Low-k |ayer are caused by a thermal stress due to a difference in a
| inear 5 expansion coefficient between the sem conductor chip 101
and the BGA substrate 110. The damages can be effectively prevented
by reducing a thermal stress generating between the sem conductor
chip 101 and the BGA substrate 110. In this light, it is preferable
that the underfill 108 has a |low elastic nmodulus. 10 [0017] Cracks
in an interl0&e between the bunp 106 and the sem conductor chip 101
are formed by deform ng of the bunp 106 caused by a thermal strain
due to a dlpﬁéﬁénce in a Ilnear expan5|on coeff|0|ent bet ween the
sem conduct or chip

101 t.h bst |
15 stress to the |%?%¥F%2go ewé% 'ﬁ#@gﬁé e Yﬁﬁdﬁ?ﬂggggﬁPEﬁﬁH%r

bunp 106 170K Borng 0EToried. “TaTER 21T ?Eéf%%c%';ylﬁfr% & ﬁ%”%*hf-{hear

the upder fikbhnd & Eé@rﬁm&he&"& sé%énctﬁ@%wéomﬁ&%%] cﬂog Efptarfa;gtﬁg BGA
'solve these problens only by designing the underf 8 wo

requi re cortubatiLicOtyopr aper Hhx%get&céﬂﬂ%euéﬂﬁé&ﬂlhlelylgﬁ&sveﬂﬂaé ,byt héSucing
enbodi ment uses the underfill 108 with a high elastic nodulus as
descri bed abBvemahidteasedismiengtand bréueerxparsimdncudeftfdcelein 10bhntihhe
BGA substrate 110 in an_in-plane direction of the substrate, ffi to

| prevent thEGPiveeEsARRALPon TafeEs 1690ty i ePhef eratdgedhat the eRdegi 11
the underfllb 108 a d th BGA su gi&ate 110 havi ng

has a ow e astlic mo
0 [0017]

Cracksinaninterfacebetween the bump 106 and the semiconductor
chip 101 are formed by deforming of the bump 106 caused by a thermal
strain due to a difference in a linear expansion coefficient between
the semiconductor chip 101 and the BGA substrate 110, leading to a large

15 stress to the interxface between the bump 106 and the semiconductor chip
101. For preventing the cracks, it is effective to prevent the bump
106 from being deformed. In this light, it is preferable that the
underfill 108 has a high elastic modulus.
[0018]

Pt} Attempting to solve these problems only by designing the
underfill 108 would require contradictory properties to the underfill
108. Thus, this embodiment uses the underfill 108 with a high elastic
modulus as described above while reducing a linear expansion coefficient
of the BGA substrate 110 in an in-plane direction of the substrate,

5 to prevent the interconnection layer 104 from being damaged.

Although the underfill 108 and the BGA substrate 110 having

such properties can be prepared by various methods, an elastic modulus




such properties can be prepared by various nethods, an elastic

modulus 8 1is herein inproved by, for exanple, densely filling the
underfill 108 wth silica while reducigg a |inear expansion
coefficientby, for exanple, wusing a cyanate resin as the BGA
substrate 110. [0019] 5 The sem conductor device 100 according to
this enbodi mrent can effectively prevent (i)danmages in an

i nterconnection |ayer 104 containing a Lowk |layer and (ii) crack
gener at i ons hetdig imperfeacey, ferweampihe denspl $ (08 landg tihe underfill 108
sem conductor chip 101, when being exposed to thermal history. The
sen1condudﬂépfﬂévpé@h&hﬂr%ﬁ%ﬁﬁmﬁ@ﬂj“@ér@ﬁpénqxpﬁﬁﬁﬁﬁﬁlﬁéﬁ@t%ﬁpﬁ%@%xamﬂ%ef

the underfill 108, a resin materi al haV|n gﬂ@ el asti ¢ nodul us
range of I%G7fPA CEFEEOTRBL Bt AR kTS étraEﬁ rably 150 MPa to

800 MPa bq&@ chlu3|ve Thus, the periphery of the bunp 106 is
firmy fix prevent def ormation and thus to prevent cracks from

genergting in theTﬁ@%@ﬁi@&?@&%h%xEQ%O@%&%@nﬁ% 106 dmbodiment can

sem conductor chip 101. Furthernore, damages in the interconnection

| ayer 104 goateiwng #ﬁeh@fd\t kiiyapehgean benpi evenieacbyi sontsiekl ing a
| i near expansi on coe ci ent of the BGA substrate 110 to | ess than 14

ppm C i n amntpiplane dowectliagarodnd He i ulastakateneRaritanc ih arley intarface
this enbodi ment, danages in the interconnection |ayer 104 are
reliably X®tpeenéheduipyl Kot he ispgleoriudteraive Yt weken heinhesposed
expansion coefficient of the sem conductor ChIE 101 and a || near
expansi on tocERFFTRY SAFTOFY ¢ héthﬁﬁr@&SEFP‘é‘f%r PEFLER WY PRCPTERG to this

directiion o the substrate to i 0020 n
en‘nodilbrnsntmﬁDO ?%@ér gip%nsiont%%e C|en Q&%’t reSl éerla EEVlng a

higher elastic medulus range of 150 MPa to 3000 MPa both inclusive,
preferably 150 MPa to 800 MPs both inclusive. Thus, The periphery of
the bump 106 is firmly fixed to prevent deformation and thus to prevent
cracks from generating in the interface between the bump 106 and the

15 semiconcductor chip 101. Furthermore, damages in the interconnecticn
layer 104 containing a Low-k layer can be prevented by controlling a
linear expansion coefficient of the BGA substrate 110 to less than i4
ppm/°C in an in-plane direction of the substrate. Particularly, in
this embodiment, damages in the interconnection layer 104 are reliably

D prevented by controlling a difference between a linear expansion
coefficient of the semiconductor chip 101 and a linear expansion
coefficient of the BGA substrate 110 in an in-plane direction of the
substrate to 20 ppm or less.
[0020]

pa] In this embodiment, a linear expansion coefficient of the
underfill 108 isadjustedtobe largerthana linearexpansioncoefficient

of the BGA substrate 110 in an in-plane direction of the substrate and




underfill 108 is adjusted to be larger than a |inear expansion
coefficient of the BGA substrate 110 in an in-plane direction of the
substrate and 9 snmaller than a |inear expansion coefficient of the
bunp 106. Furthernore, a difference in a |inear expansion
coefficient between the underfill 108 and the bunp 106 is controlled
to be 10 ppmor less, to further inprove reliability to the

sem conductor device 100. As 5 described for the related art,

conmbi nat i osmel lar [téad- hr keneal éepansibn @oséfil cianductotheymo A6budi ng
a Lowk layer tends to lead to damages in the Lowk |ayer. Although
t he reasonsvaFerTmsiree| eadifignenet e 3¥TE%?§OR§P@WQ§1 Eéefﬁélﬁ@étb%wn
a | ead- free sol der has _a hi her el astic_ nodulus_th

| ead- cont aiAP ifo&8Eder 1 0h3R F8e Hamw) §G§1éﬁo%?nt§f?€ll?ﬁ1§é’i P2 101PrREstess,

t he present i pv. t|on sui t abl q? ns._a Jmterial heunderflh
108 to reducegae%'efrf slRnce irﬁ}(laa J?lnegrt%préenS?n&ﬁc%noe I'Ci ent 55 é\%enp’s

the bugp 19@5@?ﬂaichgoy'}ﬂ%riélajtegioétsUE&gﬂ@thngntcﬂ"aatl‘é%»—fl‘ e I5B4UEE And

thermal stress /thernmal strain generated in the I'nterface between

them  andat goplcRventt S2FREES idl ubhBg lOV6k-k a¥eer tbddE0 1kad ReS @amages
wi |l be described a configuration of each conponent in the

sem conductiar tigevicee k108ydm delahdugl @B22fcasSubssratret 2)edihe ocBEA0E the
substrate 110 is a substrate supporting the sem conductor chip 101. A
| i near exp#rssors govldibei e faft tthet BGAcadulbrster a@Jedemba‘ﬁ ﬁi laighem eleﬁteic
direction of the substrate is referablé%ﬁless than 14

pr ef er abl ymﬁub‘b’?ﬁ@r&)iﬂ lpgdsconiainpag ol Hatohs chlel PEF%?E "’“ESGF1 ffﬁ%lle
BC- A SHbSt&gus %%0 in a.thickness di

=S present invention sui aebcly c?es ignsamaterial for theunderfill
108 to reduce a difference in a linear expansion coefficient between
the bump 106 and the underfill 108 surrounding the bump, to reduce a
thermal stress/thermal strain generated in the interface between them,
and to prevent damages in the Low-k layer.
1] [0021]
There will be described a configuraticn of each compeonent in
the semiconductor device 100 in detail.
[0022]
Substrate
2 The BGA substrate 110 is a substrate supporting the
semiconductor chip 101. A linear expansion coefficient of the BGA
substrate 110 in an in-plane direction of the substrate is preferably
less than 14 ppm/°C, more preferably 12 ppm/°C or less. A linear
expansion coefficient of the BGA substrate 110 in a thickness direction
il of the substrate is preferably less than 30 ppm/°C. Furthermore, a
linear expansion coefficient of the BGA substrate 110 in a thickness

direction of the substrate is more preferably 20 ppm/°C or less. A



Z of the substrate is preferably less than 30 ppmi C. Furthernore, a

| i near expansion coefficient of the BGA substrate 110 in a thickness
direction of the substrate is nore prefgrably 20 ppmiC or less. A {
10 Ilinear expansion coefficient of the BGA substrate 110 within the
above range allows damages in a Lowk |layer to be prevented while
preventing danmages in the periphery of the bunp. The BGA substrate
110 preferably has a high glass-transition 5 tenperature.

Speci fi calliyieat txpsngircef esaifiy1220 & tre htghabstratellpretrtabhy a230e
C or higher. Thus, there is provided a sem conductor device

exhi bi ti ngange @llews damages ésisLanck lamer tel babrevanted @023 pRwerBGAY
substrate 110 is_pregared.b i npregnati ng abase nmaterial 10 such as
a gl ass cHBPAISH t1R & ?H@Fﬁﬁ%@?yiﬂﬁ*#E%PH@P[0024] Exanpl es of the base

reLerL a1l v Bl ests et chess oL L ELR At B3Rl A8 e
a1 55 TROECEH BT 10003, 8 28, 0A0RC, A [ BAP) oSS, £

nmats nade et roBi AR 236 °§'~!§xhhﬁ?hé§?.t alrnfis Pehs e Gar fdebes Semdhductor
m neral fibers. These base materials can be used alone or in

conbi nat i daviddE2hlivi 2Ihd gl eanofheantt hes tdseidel QI esiRbEMPtegnat ed
in the base material include epoxy resins, BT resins and cyanate
resins, wipPéh3kcan be used alone or in conbination of two or nore. In
thi s enbodi nment,

The BGA substrate 110 ispreparedby impregnatingabasematerial

0 such as a glass cloth with a thermosetting resin.

[0024]

Examples of the base material include glass-fiber base
materials such as glass woven fabrics, glass unwoven fabrics and glass
papers; woven and unwoven fabrics made of organic fibers such as paper

15 (pulp), aramids, pelyestersand fluororesins: andwoven fabrics, unwoven
fabrics and mats made of materials such as metal fibers, carbon fibers
and mineral fibers. These base materials can be used alone or in
combination.

[0025]

D Examples of a thermosetting resin impregnated in the base
material include epoxy resins, BT resins and cyanate resins, which can
be used alone or in combination of two or more. In this embodiment,
novolac type cyanate resin is used. A novolac type cyanate resin is,
for example, that represented by formula (I), in which n represents

s a positive number.

10026]




novol ac type cyanate resin is used. A novolac type cyanate resin is,
for exanple, that represented by formula (1), in which n represents
25 a positive nunber. [0026] 11 N=C, Q4N=CEO N=C,0 CH2 CH2 n

[0027] Thus, a linear expansion coefficient of the substrate can be
effectively reduced and warpage in the substrate can be prevented. A
5 plurality of the novolac type cyanate resins with |arger and
smal l er nol ecul ar wei ghts can used in conbination. [0028] In

addi tion toyi&hg above cyanat g Mesiqs, the therhddettdng resin

i npregnated in théDbase matefi al may ®e an epoxy resin @r novolac 10

moi sture resistas an be ipproved e maint properties
of a low linear ahsi oM Ta i i glh—e nodul us
[0029] The resi ppri si g trate* 110 can“gogtain a

curing 15 catalys uring catjl yst include organic
netal salts such as zinc naphthenate, cobalt naphthenate, tin
octylate and cobalt octylate; tertiary am nes such as triethyl am ne,
tributyl amspezand di azabicycl o[ 2,2, 2] octane; i m dazol es such as
2- phenyl - 4-net hyl i m dazol e, 2-ethyl-4-nethylimdazole, 27
2- phenyl - 4, 5- di hydftoxeynetihyleiam etamolsécanbefficient of the substrate can be
effectively reduced and warpage in the substrate can be prevented. A
5 plurality of the novolac type cyanate resins with larger and smaller
molecular weights can used in combination.
[0028]
In addition tc the above cvanate resins, the thermosetting
resin impregnated in the base material may be an epoxy resin or novolac
1 resin having a biphenylalkylene skeleton. Thus, flame resistance and
meisture resistance can be improved while maintaining the properties
of a low linesar expansion ceoefficient and a high elastic modulus.
[0029]
The resin comprising the BGA substrate 110 can contain a curing
1B catalyst. Examples of the curing catalyst include organic metal salis
such as zinc naphthenate, cobalt naphthenate, tin octylate and cobalt
octylate; tertiary amines such as triethylamine, tributylamine and
diazabicyclo[2,2,2}octane; imidazoles such as
Z2-phenyl-4-methylimidazole, 2-ethyl-4-methylimidazole,
D 2-phenyl-4, b-dihydroxymethylimidazole and
2-phenyl-4-methyl-5-hydroxymethylimidazole; phenol compounds such as

phenol, bisphenol A and nonylphenol; phenel resins and organic acids.

These can be used alone or in combination. Among these, phenol resins



2- phenyl - 4- net hyl - 5- hydr oxynet hyl i mi dazol e; phenol conpounds such as
phenol , bi sphenol A and nonyl phenol ; phenol resins and organi c acids.
These can be used al one or in conbinatiq@n. Among these, phenol resins
12 (particularly, phenol novolac resins) can be used. [0030] A
resin conposition conprising the BGA substrate 110 contains a
filler. Exanples of a filler include silicates such as talc, clay, 5
m ca and gl asses; oxides such as alum na and silica; carbonates such
as cal ci unfpeak bonkd €l vangdhamghesivoiac ardsdmat ecamriek lmgddoxi des such as
al um num hydr oxi de and nagnesi um hydr oxi de. Anong these, silica is

pr ef er abl e%oﬁﬁﬂls, a linear expansion coefficient of the BGA substrate
110 can be reduced while increasing its elastic nodulus. A content 10
of silica is pref S5ty FIPIFbYLHns TR HHPeEnBFk SpPetertsnl 10 68795 Hp

et L G ST B T
coef fizci ent. her . i N st md - b
furt hgr i E[](E:lrc ggés}é%%a%g%%’l]%%ég%%%%g éél\ér.'e lﬁg%ga%n?ic% %r&?eg%#?cnt%?%ﬁs%c&

a filler, RutaididiScai¥RheEabldynRANAe ¥ cR¥ohh el ardmi, nARIWEEE Yuch as
inorganic filler can be wused. Thus, flowability of the resin

conposi ti Glueanubervidioikhes ancionidoddiech hidird-ielnor fyordy pheps £Gitaoa hies

changed nore | ow expansion. [0032] The silica is preferably fused

silica. |tsredhapeld.s Fhefepabinparsspenstar copasl rishltiafathmRébstbisrate

increased, resin flowability is reduced, |eading to deterioration in

manuf act UriiigoRR 419 FREYCR WRaS MIBeRPAPS. 1T asost1e Mednipor t AnEopent

i ncreﬁse %fSis:lLifc% (J;.gn};gree er\é\%igiéﬂb % by mass or more, more preferably 65 % by
mass or more on the basis of the total amount of the resin composition
for the BGA substrate 110. Thus, a linear expansion coefficient can
be further reduced while an elastic modulus can be further increased.
[0031]

15 There are no particular restrictions to 2 filler, but it is
preferably powdery; particularly, a powdery inorganic filler can be
used. Thus, flowability of the resin composition can be further
controlled. Furthermcre, a prepreg canbe changedmore low—expansion.
[0032]

) The silicaispreferably fusedsilica. Itsshapeispreferably
spherical. As a silica content is increased, resin flowablility is
reduced, leading to detericration in manufacturing stability of the
substrate. Thus, it is important to increase a silica content within
the range where resin flowability is satisfactorily maintained, and

i) the above shape allows a silica content to increase, resulting in

reduction in a linear expansion coefficient of the BGA substrate 110.

[0033]




the range where resin flowability is satisfactorily nmaintai ned, and 3
t he above shape allows a silica content to increase, resulting in
reduction in a |inear expansion coefficﬁﬁnt of the BGA substrate 110.
[0033] 13 An average particle size of the above filler is preferably
2 mor less, particularly preferably 0. 2 to 1 pm An average

particle size of the filler wwthin the range allows a filling rate

to be increased. The silica nay be surface-treated wth asil ane
coupling agent. 5 Moxanptase gharthelsidiare ofotipd iahgvageitldmdbugesferably
various silanes such as epoxysilanes, am nosilanes and vinyl

si | anes. Sacm1@r$em$ape£tiqﬂﬂaadypﬁeﬁbcabbﬁﬁ Deaollsed. t GArf avddegre particle
inprove a silica content. [0034] Sem conductor chip 10 A

seni conducfb?e ehitpe f@il%§l i ghe F%‘%@@Ja%‘fs %Pe]r]éé{qrqad:e topabnergased -

L k | AL th f di el ect
constant of 3.3 o e R FEvR e u e %h%@%%éfp&ﬁégfﬁ%m
fi1ms sucheos, 00 e VRO Limavlsigsesayiquanc, and, benzacyel g £, o

and |norgan|c such ‘as oxysiI'sesqui oxane

Films whi chohans 1haes, MRS POTLIS arfPi R SiidRklY S'1§@r§ia 5[1199354 thBted
seni conductor chip 101 has an interconnection |ayer of

above- ment soniath law ke layer tonfarSidd deprsvdd rsauecalctomylthave 2)
various functions such as, but not limted to, |ogic devices, nenory
devi ces andO@¥hibi nati on thereof. [0036]

Semiconductor chip

10 A semiconductor chip 101 has, as an interlayer dielectric,
a so-called Low-k layer. A Low-k layer means a film with a specific
dielectric constant of 3.3 or less. Examples of a Low-k layer include
organic films such as S10C, MSQ (methylsilsesguioxane) and
benzocyclobutene; and inorganic films such as HSQ

15 (hydroxysilsesquioxane), and these films which have been made porous
can be suitably used.

[0035]
The semiconductor chip 101 has an interconnection layer of
the above-mentioned Low-k layer on a silicon substrate. It may have

2 various functions such as, but not limited to, logic devices, memory

devices and combination thereof.

[0036]
Bump
The bump 106 is made of a lead-free solder. This embodiment
5 employs & tin-silver solder. Acomponent for the bump 106 isnot Limited

to it and may be, for example, a tin-bismuth or tin-zinc series. The

bump 106 may have, for example, a linear expansion coefficient of 10



Bunp The bunp 106 is nade of a | ead-free solder. This enbodi nent Zi
enploys a tin-silver solder. A conmponent for the bunp 106 is not
limted to it and may be, for example, @ tin-bisnuth or tin-zinc
series. The bunp 106 may have, for exanple, a |inear expansion
coefficient of 10 14 ppm Cto 25 ppni C both inclusive. [0037]
Underfill A conponent material for the underfill 108 may be a liquid
5 thernosetting resin or filmthernosetting resin. Anong these, a
l'iquid thesgrsSet tonep sl ACisofr eheradiwe: because it can efficiently
fill a gap between the substrate and the chip. In this enbodi nent,
the underfOG3[7] 108 is nmade of a high el astic-nodulus material .
Specifically, it has an elastic nodulus of 150 MPa or nore, further
pref er abl YWEBatibl MPa or nore. There are no particular restrictions
to the upper limt of an elastic gggulus, but s, for exanpl

3000 MPa or |ess,? PYEARERE| Y2 EI0-2PAGT V&é{ndﬁirﬁ%je{s}i A ORelaY (95 ahﬁiﬁw

o1 ecti vel 3 PEyere i e R G AONR R B 5 e Pd Phoey adi

ef fectively preven aroun np an €l as

nodul us Oftﬂe&ﬁoggﬁi‘@fﬁd Lbs 198 d Erl el eiingdoa ider an, %tfg;!?épé}%l% gill a

125 C. Specifically, 1t is calculated from an initial slope i
St ress- st r@ip beth¥en ableakiesk Mt TBAS UFIRITRIMNI pUSI 1Y thienskbeNineast | fige

machine at a rate of 1 mMi m n under an atnosphere of 125 C. 2)
[ 0038] Theuuwedéril i08 id08de of phagiedlastiz-gapubeimeeribhe Bkcifically,
substrate it has an elastic modulus of 150 MPa or more, further preferably 200

10 MPa or more. There are no particular restrictions to the upper limit
of an elastic modulus, but it is, for example, 3000 MPa or less,
preferably 800MPaor less. Aresinmaterialhaving anelasticmodulus
within the above range can be used to more effectively prevent cracks
around the bump 106.

18 Here, an elastic modulus of the underfill 108 is determined
under an atmosphere of 125 °C. Specifically, it is calculated from
an initial slope in a stress-strain curve obtained by measurement using
Tensilon testing machine at a rate of 1 mm/min under an atmosphere of
125 °C.

pA| [0038]

The undexrfill 108 is placed in a gap between the BGA substrate
110 and the semiceonductor chip 101. The underfill 108 can be formed
by various methods such as curing a liquid adhesive injected into a
gap, curing a sheet adhesive placed in a gap.

35 [0039]

A resin material used for the underfill 108 may be selected

from various materials. For example, epoxy resins, BT resins and




110 and the sem conductor chip 101. The underfill 108 can be forned
by various nmethods such as curing a |liquid adhesive injected into a
gap, curing a sheet adhesive placed in gggap. 2 [0039] A resin
material used for the underfill 108 rmay be sel ected from various
materials. For exanple, epoxy resins, BT resins and 15 cyanate
resins can be used. As a cyanate resin, the novolac type cyanate
resin as described for the substrate material can be suitably used. A

resi n mat eicyahatofPsirs digh bdesendenkid dyabR8epielial ahk Moveid B @yanate
mul tifunctional epoxy resin. It allows a cured resin to have 5 an

i nproved cresshiatk ddensited dod shdisghetrateastierhaldanspe [O04sp] Thesed.
underfill 108 may contain an inorganic filler such as silica
particles. It alldwsresdn eatecidly somedimiriconnef undeninddr 1ek paesesably
coefficient and further effectivye reduction of damages in the 10

sen1conducFBP“%H?ﬁ“TéIlg?nﬁ%¥W€éﬁFPﬁ¥Jﬁﬁﬁpcoﬁﬁhé%%ﬁw%ﬁFﬁrT@feéﬁﬂtPH@Ve
BGA trate,110. [0042 derfill 108 t |
agent 1t SFTSUE- U Of REVOUSHER ST R o8 DRREEe Sor Fe ISR 106 or

the inorganipgsfjller 15 to the underfill 108, and reduction of a
| i near expan5|on coefficient and nore effective reduction of damages

in the sem conduct®e @tHdrri01 108maleioneenn bhe nseh e ONAUCT sifdh 4 40k ca
and the BGA substrate 110. Exanples of a coupling agent which can be

used i ncl ugersidlase coupdilngs ageriffesttte asdepoxysidfanekirat expansion

am nosil anes; and titanate coupling 31 agents. These can be used in
conbi nat i ofceThecicaiphhdgliedwr myedialve reduction of damages in the

10 semiconductor chip 101 or between the semiconductor chip 101 and the
BGA substrate 110.
[0042]
The underfill 108 may contain a coupling agent. It allows
for improvement in adhesiveness of the bump 106 or the inorganic filier
15 toc the underfill 108, and reduction of a linear expansion coefficient
and more effective reduction of damages in the semiconductor chip 101
or between the semiconductor chip 101 and the BGA substrate 110.
Examples of & coupling agent which can be used include silane coupling
agents such as epoxysilanes and aminosilanes; and titanate coupling
D agents. These can be used in combination. The coupling agent may be
used in a style that it is dispersed in a binder site in the underfill
108 or that it adheres to the surface cof an inorganic filler such as
silica particlies. Alternatively, these styles may be combined. For
example, when silica particles are added, the silica surface can be
5 pre-treated with a coupling agent.
[0043]

A linear expansion coefficient of the underfill 108 is



used in a style that it is dispersed in a binder site in the
underfill 108 or that it adheres to the surface of an inorganic
filler such as silica particles. AlteQ%ativer, t hese styles may be
conbi ned. For exanple, when silica particles are added, the silica
surface can be 25 pre-treated with a coupling agent. [0043] A |linear
expansion coefficient of the underfill 108 is 16 preferably 40 ppnm C
or less, nore preferably 30 ppmiC or less. A |inear expansion

coeffici epregbritg, BGASHOSS bat tedlsl Ombké Rk reRgbapAepphATg@raléans a
damages to be nore effectively prevented in the Low k ?ayer and in

t he peri phianganfexpheshemnpoebfidlichoughthd@CBGAbsubsts ate witBin shessdbve
as a substrate for a sem conductor device in this enbodi nent, the
subst r at e nragelsd lavpreaneges tebeavire Gidartivaly meevemeed inthE Igw-X layer
Exanple 1 [0044 10 The present invention will be detailed with

ref erence @ ERarfi ESTARMCORFalhEi RE Exanpl es, but the present

i nvention i s not iimted to em, [.0045].First, an underf.il

mat erlssal used in ‘%‘Lﬁhsoué]' abiF & F'Ilb%)tera%ﬁﬂd:%s]tsr PBEd A ERampIE g for @
Prepar at i i [ 3ol g Iy HC P r I nt
bi sphenol %I%m%%gddecg%f;heﬁgs%igg%(gﬁ%wx?/ eqﬁ&gﬁétﬁ??%gg%%fn% }pagrat %rjbny =d
wei ght of circuit board 116 as shown in FIG. 2.

Example 1
[0044]

10 The present invention will be detailed with reference to
Examples and Comparative Examples, but the present invention is not
limited to them.

[0045]
First, an underfill material used in this example will be

B described.

Example 1-1

Preparation of a resin composition: 13.5 parts by weight of
bisphenoi-F type epoxy resin {epoxy equivalent: 165}, 13.5 parts by
weight of

.| N~—[2~methyl-4- (oxiranylmethoxy)phenyl] -N- {oxiranylmethyl) oxiraneme
thanamine (Sumitomo Chemical Co., Ltd., ELM-100}, 13 parts by weight
of 4,4'-methylenebis-(2-ethylaniline) (Nippon Kayaku Co., Ltd.,
KAYAHARD RA), 1 part by weight of v-glycidylpropyltriethoxysilane and
65 parts by welght of spherical fused silica S0-25R (Admatechs Co.,

% Ltd.) were weighed and kneaded by a three-roll mill, to prepare a iiquid
resin composition after degassing in vacuo.

[0046]



20 N [2-nethyl -4- (oxiranyl net hoxy) phenyl] -N

(oxi ranyl nmet hyl ) oxi ranene thanam ne (Sum tono Chem cal Co., Ltd.,

ELM 100), 13 parts by weight of 4,4"- nqt7hyl enebi s- (2-ethyl ani |l i ne)

(Ni ppon Kayaku Co., Ltd., KAYAHARD AA), 1 part by weight of

y-gl ycidyl propyltriethoxysilane and 65 parts by wei ght of spherical
fused silica SO 25R (Admatechs Co., 25 Ltd.) were wei ghed and kneaded
by a three-roll mll, to prepare a liquid resin conposition after
degassi ng iegaMpCal.-2 0046] 17 Exanple 1-2 A procedure was conducted
as described in Exanple 1-1, except that the following resin
conposition was usk@grofbdird sas wenducsetai8lespaibsd Ay Evenght bfl, except
bi sphenol - F type epoxy resin (epoxy equivalent: 165), 5 6 parts by
wei ght of NhafZheefpldowng(pdinanyiprstitogy)vashesgd ] TRat is, were used 18
(oxi ranyl net hyl L oxiranene . thanam ne (Sum tono Chemical Co.,_ Ltd.,
ELM 100) aﬁérgﬁ pAPLENboT R SERENC BT WRP SRAYHGA Sdfb| SRR ST R I Y He) -
(Ni ppop Kayaku_Co., Ltd. I%AYAHARD‘AA). 10 [0047] Conparative

Exanpl e 1- B\aﬁtf‘%c?é’dl‘ffég%so conducted as described in Exanple 1-1,

except that (sh l_owi, ng: b L Wwas T j

used 30 pgr t[gnﬁeygh% ght( g%#fa@?%g‘ﬁgﬁ%%?%gg] \g%o(xoga ?gg?/ %\%ﬁ%ﬁ?xmn%me
equi val ent th3Rirkbd (ansk thoRBetE c8Y cwel Akl OfELM-100) and 10 parts by weight
4, 4" -met hyl enebi s- (2-ethylaniline) (N ppon Kayaku Co., Ltd.,

KAYAHARD AAX w4 hamt: h efhi2iareChykhdianiddneanyll imidnoxeyapheryl, | Led,
(oxiranyl methyl) oxiranenme thanam ne (Sum tono Chem cal Co., Ltd.,
ELM 100). KAYAHARD RA).

10 [0047]

Comparative Example 1-1

A procedure was conducted as described in Example 1-1, except

that the following resin compesition was used. That is, were used 30

parts by weight of bisphenol-F type epoxy resin {epoxy equivalent: 165)
15 and 10 parts by weight of 4,4'-methylenebis-(2-ethylaniline} (Nippon

Kayaku Co., Ltd., KAYAHARD AA) without

N-[2~methyl~4~ {oxiranylmethoxy)phenyl]-N- (oxiranylmethyl)oxiraneme

thanamine {Sumitomo Chemical Co., Ltd., ELM-100).

[0048]

D Comparative Example 1-2

A procedure was conducted as described in Example 1-1, except
that the following resin composition was used. That is, were used 20
parts by weight of bisphenol-F type epoxry resin (epoxy equivalent: 165),

20 parts by welght of
35 N~ [2-methyl-4- (oxiranylmethoxy)phenyl] -N- (oxiranylmethyl)oxiraneme
thanamine (Sumitomo Chemical Co., Ltd., ELM-100), 19 parts by weight

of 4,4"'-methylenbis-(2-ethylaniline) (Nippon Kayaku Co., Ltd.,



[0048] 20 Conparative Exanple 1-2 A procedure was conducted as
described in Exanple 1-1, except that the follow ng resin
conposition was used. That is, were us 20 parts by weight of

bi sphenol -F type epoxy resin (epoxy equivalent: 165), 20 parts by
wei ght of 25

N[ 2- net hyl - 4- (oxi ranyl net hoxy) phenyl ] - N- (oxi ranyl met hyl ) oxi r anemne

t hanam ne (Sum tono Chem cal Co., Ltd., ELM 100), 19 parts by wei ght

of 4, 4" - metdvwkenbings ( 2 §&fwbﬁméa. @)of(‘N- d§§¥§$¢&l@%leth&£&v91l&§e and
KAYAHARD AA), 1 part by weight of y-glycidyl propyltriethoxysilane and

40 parts b0 weirghtoyoie s@ite rdfc abhdtised swée&aﬁ%i&@—@éﬂn&z&@ﬁwscﬁa Go.,
Ltd.) . [0049] 5 The resin conpositions prepared by the above
exanpl es dnfd-)econparative exanpl es were eval uated as fol |l ows.
Eval uat ed g)r operties are shown together with the eval uati on nethods.
The resul t9%P¢ shown in FIG 4. [0050] 10 Elastic nodulus: a paste
was formed into a test sanple with a size of i dt h) x about
150 i (Fenat) T A R on S R RSP HOTE CHPED TR Lag0eee
oven for it | ast,i

ol Ogg'al at Stréehgﬂ shwere &1hGte g%o‘ﬁ Q@bycﬁlacl%%ngr%gﬂi%

initial S-straln curve tal ne neasur e Nt~ usi n
Tensi |l on tgst émn@@ut&%fa&l & 4! &vfuatiod BVhELS. URGRS rAM13EMRSPHesS

of 125 C. [0051] G ass-transition tenperature and thermal expansion
in FIG. 4.
[(0050]

10 Elastic modulus: a paste was formed into a test sample with
a size of 10 mm {width) x about 150 mm {(length) x 4 mm (thickness},
which was then cured in a 200 °C oven for 30 min, and then its elastic
modulus was calculated from an initial siope in a stress-strain curve
obtained by measurement using Tensilon testing machine at a rate of

15 1 mm/min under an atmosphere of 125 °C.

[0051]

Glass-transition temperature and thermal expansion
coefficient: a capillary underfill material was cured at 150 °C for
120 min and cut into a 5x5x10 mm test piece. The sample was used to

D determine this property using Seiko TMA/SS120 under the conditions of
a compressive load of 5 g and a temperature increase rate of 10 °C/min
within a temperature range of -100 °C to 300 °C. This measuring method
also provided a thermal expansion coefficient (linear expansion
coefficient).

3 [0052]

Resins and so forth in FIG. 4 will be specifically described.

ELM100




coefficient: a capillary underfill material was cured at 150 C for
120 mn and cut into a 5x5x10 mmtest piece. The sanple was used to
27 determne this property using Seiko TQ/N SS120 under the conditions
of a conpressive load of 5 g and a tenperature increase rate of 10
Cmn wthin a tenperature range of -100 Cto 300 C. This measuring
met hod al so provided a thermal expansion coefficient (linear
expansi on coefficient). 2 [0052] Resins and so forth in FIG 4 w |
be specifi galfy-mie L@e(lb:m ﬁh?’lﬁ@tﬁ&(y @Neni:]?]'—ﬂ@-t Byek ré'nylmethyl)oxmranem
(oxi ranyl net hoxy) p enyl] - oxi ranyl net hyl ) oxiranem ethanamni ne):
Sum t ono Chehaganingo.;, Stttk gmoKANARARD AA., Lid.

(4, 4" -met hyl enebi s-(2-et hylaniline)): N ppon Kayaku Co., Ltd., 5
KBE403 (y-glyci dyl F@ppROr Met Hoxy sietinelensbSht (2-Eitdylehehindl) : Toppon
Ltd. SO 25R (spherical fused silica, average particle size: 0.5 pm:
Adrat echs &3Y3KLt&-[B883] 10 A doubl e-sided copper-clad | aninate

was prepared as fao reparation of a var.ni sh:
20 par? S by wei gmé%rﬂ@ (5T A e BB L e S Lo Bapayertical
Ltd., Prinpget PT:60) , 6 parts by weight of a biphenyldimet hyI ene
t e epoxy resi nd(Nl on Kayaku Co., Ltd., 15 NC-3000P) , 4 parts b
yp poxy pp y p y

wei ght of a bi phenyd —@5&9%%@1‘1%413/9@5&&‘%1%(:5e%&éra@%é@u@l@%i@e 0.5
| ndustries Ltd., MeEH 785 ) and parts by wei
pm) : Admatechs Co., Ltd.
[0053]
g A double-sided copper-clad laminate was prepared as follows.

Example 2-1

Preparation of a resin varnish: 20 parts by weight of a novolac
type cyanate resin (Lonza Japan Ltd., Primaset PT-60), 6 parts by weight
of a biphenyldimethylene type epoxy resin (Nippon Kayaku Co., Ltd.,

15 NC-3000P), 4 parts by welght of a biphenyldimethylene type phenol resin
{(Meiwa Plastic Industries Ltd., MEH-7851-5) and (.3 parts by weight
of anepoxysilane type coupling agent (NipponUnicar Company Ltd., 2-187)
were dissolved in methylethyl ketone at room temperature, and to the
mixture were added 60 parts by weight of spherical fused silica SC~-25R

D (Admatechs Co., Ltd.) and 10 parts by weight of SFP-10X {averageparticle
size: 0.3 um; Denki Kagaku Kogyo Kabushiki Kaisha), and then the mixture
was stirred for 10 min using a high-speed stirrer to prepare a resin
varnish.
[0054]

] Preparation of a prepreg: the above-mentiocned resin varnish
was impregnated in a glass woven fabric (thickness: 200 pm, Nitto Boseki

Co., Ltd., WEA-7628), which was dried in a furnace at 120 °C for 2 min,



of an epoxysilane type coupling agent (N ppon Unicar Conpany Ltd.,
A-187) were dissolved in nethylethyl ketone at roomtenperature, and
to the mxture were added 60 parts byzgeight of spherical fused
silica SO 25R 2) (Admatechs Co., Ltd.) "and | O parts by wei ght of

SFP- 10X (average particle size: 0.3 pm Denki Kagaku Kogyo Kabushi k
Kai sha) , and then the m xture was stirred for 10 mn using a

hi gh-speed stirrer to prepare a resin varnish. [0054] 25

Preparati @a peparpl£pt&fked hevahoverimit tonedchesdt VapRopBrt MASof the
i npregnated in a glass woven fabric (thickness: 200 pm N tto Bosek
Co., Ltd. re¥BA-aGR8)1iwnkiich thaspdepmed)i nfaabairnd®ezat 120 C for 2
mn, 20 to prepare a prepreg having varnish solid content (a
proportiod08b5the resin and silica in the prepreg) of about 50 %

[ 0055] Preparation of a |am nation: A given nunber of _the above
prepregs 5 were Pighedahnen 282 parERpper Aolivennmerec APt SEnaBO TP HRIFIS
sides, and the  product was nol ded under heatin nd pressjng at
presstre &F*3 ANPEY AHLE ek tF %Veﬁﬁ@téa?]g‘?‘?fof%ﬁ&?l‘??f'p?’é‘%ﬁ‘@

a doubl e- sj - ' 5 - =
o ocedur o pag B Ao e o s R PR oy o Bles g R T pEeeindipr 4 e
resin varghghs haghdeharhisd [anag e@mnpasict hehrs, ThR phepaMere dueste-skled
parts by wei ght of a biphenyl di net hyl ene type epoxy resin (N ppon
Kayaku CocpphéthclaNCianlOR)e. 9 parts by weight of a

bi phenyl di mret hyl ene 15 type phenol resin (Meiwa Plastic Industries
Ltd., MEH{P854}S) and 60

10 Example 2-2

A procedure was conducted as described in Example 2-1, except

that a resin varnish had the following composition. That is, were used

11 parts by weight of a biphenyldimethylene type epoxy resin (Nippon
Kayaku Co., Ltd., NC~-3000P), 9 parts by weight of a biphenyldimethylene

%5 type phenol resin (Meiwa Plastic Industries Litd., MEH-7851-5) and 60

parts by weight of S0-25R (Admatechs Co., Ltd.) as a spherical fused

silica.
[0057]
Example 2-3
D A procedure was cenducted as described in Example 2-1, except

that a resin varnish had the following composition. A novolac type
cyanate resin was 30 parts by weight of Primaset PT-60 {(Lonza Japan
Ltd.) and 10 parts by weight of Primaset PT-30 (weight average molecular
weight: about 700). An epoxy resin was 8 parts by weight of a

y biphenyldimethylene tType epoxy resin. A phenol resin was 5 parts by
weight of a biphenyldimethylene type phenol novolac resin and 2 parts

by welght of a phenol novolac resin (PR-51714, hydroxyl equivalent:




parts by weight of SO 25R (Admatechs Co., Ltd.) as a spherical fused
silica. [0057] Exanple 2-3 D A procedure was conducted as descri bed
in Exanple 2-1, except that a resin vaspish had the follow ng
conposition. A novolac type cyanate resin was 30 parts by wei ght of
Pri maset PT-60 (Lonza Japan Ltd.) and 10 parts by wei ght of Prinaset
PT-30 (wei ght average nol ecul ar weight: about 700). An epoxy resin
was 8 parts by weight of a zi biphenyldi nethylene type epoxy resin. A
phenol resid3nwasumipeand Sakylitvecght rall. p. bizphemytghintet iyl iererdsy p@ parts
phenol novolac resin and 2 parts by weight of a phenol novol ac resin
(PR- 51714, bhytrigkyl obquenimimel Rised081iQuUAPHemd Bakehiye @agsicle size:
Ltd.). An |norgan|c filler was 40 parts by melght of a spheri cal

fused siliéad wzﬁw(%vé%@@mamltq efsFERL0X (EverATeandr G Gdar 62y 03

wei ght of SFP—lOX ( partjcle size O 3. pm Denki Kagaku Kogyo
Kabushi ki ¥&f Sif) g %F %Bi§l§l4K cedure was conducted as
described E Egﬁanple -1, except that a resin varnish had the
followmng co sition. That is, were used 11 parts by weight of a

blphenyldlggg lepestype epoxy resin (N ppon 10 Kayaku Co. , Ltd.
NC- 3000P) T‘éﬁ%érrg”by wei ght of a bi phenyl di net hyl ene type phenol

novol ac resin ( Meimpr&tasideCud Ndosdudies 44 descMidd/ 85 ExShpland 15&xcept
parts by wei ght of SO 25R (Admatechs Co., Ltd.) as a spherical fused
silica. [00B%} a resin varnish had the following composition. That is, were used
11 parts by weight of a biphenyldimethylene type epoxy resin (Nippon
10 Kayaku Co., Ltd., NC-3000P}, 9 parts by weight of a biphenyldimethylene
type phenol novolac resin (Meiwa Plastic Industries Ltd., MEH-7851-5)
and 50 parts by weight of S0-25R (Admatechs Co., Ltd.) as a spherical
fused silica.

[0059]

15 Example 2-5

A procedure was conducted as described in Example 2-1, except
that a resin varnish had the following compositicon. That is, were used
8 parts by weight of a biphenyldimethylene type epoxy resin (Nippon
Kayaku Co., Ltd., NC-3000P), 7 parts by weight of a biphenyldimethylene
pA] type phenol resin (Meiwa Plastic Industries Ltd., MEH-7851-3) and 45
parts by weight of S0-25R {Admatechs Co., Ltd.) as a spherical fused
silica.
[C060]

Comparative Example 2-1

i A procedure was conducted as described in Example 2-1, except
that a resin varnish had the following composition without a cyanate

resin. That is, the procedure in Example 2-1 was conducted, except



15 Exanple 2-5 A procedure was conducted as described in Exanple 2-1
except that a resin varnish had the foll ow ng conposition. That is,
were used 8 parts by weight of a biph %yldinethylene type epoxy
resin (N ppon Kayaku Co., Ltd., NC30002), 7 parts by weight of a

bi phenyl di met hyl ene 27 type phenol resin (Meiwa Plastic Industries
Ltd., MEH 7851-S) and 45 parts by weight of SO 25R (Admat echs Co.
Ltd.) as a spherical fused silica. [0060] Conparative Exanple 2-1
25 A procediihg avasmssdiducheskt as. desets Redvd yhitxamalie pRedyl €Xogphe type
that a resin varnish had the follow ng conposition w thout a cyanate
resin. Thatpoxg reshe pFOCOIGPdepnxFrauiNael el Aas NdppduEe peku exceptd.22
using a conposition of 22. 5 parts by wei ght of a biphenyl al kyl ene
type epoxy -PeBiFENEYIVVUMY epokPipganyitismthyrene Wpﬁpﬁ%eﬂ@yél%ﬁiwl}d

Ltd.), 17,5 parts by weight of _a hi phenyl di nethyl ene type phenql
fesi n’ and S00RR T B4 VBN PO GP- AP REEITIRRL eake- 5S4 PPty Ry gused
sphericals£ﬂggg 5 silica. [0061] Conparative Exanple 2-2 A

proceaure Was “conduct ed as described in Exanple 2-1, except that a
resin varniggigihad the follow ng conposition. That is, were used 10
20 parts by weight of a biphenyldinmethyl ene type epoxy resin (N ppon
Kayaku Co.combhdatiMNCEIQRPR) A3 parts by weight of a

bi phenyl dimethyl'ene type phenol resin (Meiwa Plastic Industries

Ltd., MEH 7851-S)Agndc@8urpant sdayveeed bt dfsc8ba%Rn(Hdmatlechsl,Caxgept

Ltd.) as a spherical fused
that a resin varnish had the following composition. That is, wexre used

10 20 parts by weight of a biphenyldimethylene type epoxy resin (Nippon
KayakuCo., Ltd., NC~-3000P), 15 parts by weight of a biphenyldimethylene
type phenol resin (Meiwa Plastic Industries Ltd., MEH-7851-3) and 25
parts by weight of S0-25R (Admatechs Co., Ltd.} as a spherical fused
silica.

% [0062]

Comparative Example 2-3

A procedure was conducted as described in Example 2-1, except
that a resin varnish was as described in FiIG. 5 without a spherical
fused silica. That is, the procedure in Exeample 2-1 was conducted,

o] except using a composition of 50 parts by weight of a novolac type cyanate
resin, 28 parts by weight of a biphenyldimethylene type epoxy resin
and 22 parts by welght of a biphenyldimethylene type phenol resin.
[0063]

The laminations prepared by the above examples and comparative

5 examples were evaluated as follows. Evaluated properties are shown
together with the evaluation methods. The results are shown in FIG.

5.




silica. 15 [0062] Conparative Exanple 2-3 A procedure was conducted

as described in Exanple 2-1, except that a resin varnish was as
described in FIG 5 w thout a spherical,,fused silica. That is, the
procedure in Exanple 2-1 was conduct ed, %7 except using a conposition
of 50 parts by weight of a novolac type cyanate resin, 28 parts by
wei ght of a bi phenyl di net hyl ene type epoxy resin and 22 parts by

wei ght of a bi phenyl di net hyl ene type phenol resin. [0063] The

| am nati ongsopsgpar ed by the above exanpl es and conparative 25
exanpl es were evaluated as follows. Evaluated properties are shown
toget her with the @valirstaroaxpestdiodscodifd ciestl tia dre fshown kriffed to
5. 23 [0064] (i) Linear expansion coefficient (in the figure,

referred tas as thermpbrerganepansiificéentikient”) Linear expansion
coefficients in an in-plane and a thickness 5 directions

direction and Z dllrléléﬁFo‘%%PaPéé%%&cie\%F%e‘%‘v‘e“r én(fé’té?rﬁjr?@(? a%‘? 35“33‘/%“1?85
usi ng TMA ut froma |l.am

pr epared b§l%?/°atrléﬁnr°’ &t éﬁ‘rﬁa“l?” a“‘g Shres %PerdrescP&ﬁé: "e?@ TR sgned
wth a th(Lﬂ(‘; n n uglx‘éegm 90a6 é] %0% t)esg e[?fescteLE@@s”lﬁ&la%nlamlnaftlon
t enper at ur e 516~ 8] copper -cl ad T am nat tArcknes
266 nm wa@r@g&l@je&i by 84chad dQndhye kn hanbNatdiend cbhpat VWi £ A h@t B Xh
a thickness of 1.2 mm.
[0065]
10 {ii) Glass-transition temperature
A double-sided copper-clad laminate with a thickness of 0.6
mm was overall etched to give a lamination, from which a 10 mm x 60
mm test piece was cut, and the test piece was heated at 3 °C/min using
a dynamic viscoelasticity measuring device DMA983 (TA Instruments Co.,
15 Ltd,), to determine a peak position of tan &, which was defined as a
glass-transition temperature.
[0066]
The resins and so forth in FIG. 5 will be detailed.
Primaset PT-60 (a novolac type cyanate resin, weight average
A molecular weight: about 2600}): Lonza Japan Ltd.,
Primaset PT-30 (a novolac type cyanate resin, weight average
molecular weight: about 700}: Lonza Japan Ltd.,
MEH-7851-5 (a biphenylalkylene type novolac resin, hydroxyl
equivalent: 203): Meiwa Plastic Industries Ltd.,
5 PR-51714 (a novclac resgin, hydroxyl equivalent: 103, weight

average molecular weilght: about 1600} : Sumitomo Bakelite Co., ILtd.,

S0-25R (a spherical fused silica, average particle size: 0.5



nm test piece was cut, and the test piece was heated at 3 C/ mn using
a dynam c viscoel asticity nmeasuring device DVA983 (TA Instrunments
Co., 15 Ltd,), to determ ne a peak pos?hl on of tan 6, which was
defined as a glass-transition tenperature. [0066] The resins and so
forth in FIG 5 will be detailed. Primaset PT-60 (a novol ac type
cyanate resin, weight average 23 nolecular weight: about 2600):
Lonza Japan Ltd., Prinaset PT-30 (a novol ac type cyanate resin,

wei ght avg;nageAdrﬁgﬂee;q;lgI@é Weitght : about 700): Lonza Japan Ltd.,
VEH- 7851 (a bi phenyl al kyl ene type novol ac resin, hydroxyl

equi val ent: 203) :sieia Rl ashéri daidiisdad 81 ddag. avélxjagERaaﬁ:’tlﬂ:éle(Ea'ze: 0.3

novol ac resin, hydroxyl equivalent: 103, weight average nol ecul ar

wei ght: about Be00) KaBaln tirayoBERBR$ikiCBaishad. , SO 25R (a

spherical fused silica, average particle size: 0.5 24 pm: Admatechs

Co. , Lt d SFP- 10%¢& giﬂ'h%??}@éﬁllﬂ}%§dp§|qOPE’éln‘é€§?1&@e %%HHQDCLPIE-@FZ@
nki Kagaku Kogyo Kabushi k| Kai sha, A-187 (an epoxysil ane

type oupI g agent): Nippon Unicar Co., 5 Ltd. The present

'E;‘VG”“ on wll %r@&%@éé% %{l%f er%? tﬁ%rta%%%w& Jbe:f'&éﬁrge (‘581, but
anpl es and Conparative i ng oubl e-si
copper - cl agd¢l a{ﬂt{@ae%opr@%pﬁ@sl Bnd 1bnip4aBBL €S #ealph8s2-5 and
Conparative Exanples 2-1 to 2-3, were prepared printed circuit
boards forfoegat uati on, in which a bunp el ectrode had
Using the double-sided copper—clad laminates prepared in
10 Examples Z2-1 to 2~5 and Comparative Examples 2-1 to 2-3, were prepared
printed circuit boards for evaluation, in which a bump electrode had
been preliminarily formed. The printed circuit board thus prepared
was temporarily attached to a semiconducior chip having an interlayer
dielectric made of a low-dielectric constant material (an Si0C film
15 formed by CVD, specific dielectric constant = 2.2} while positioning
a lead-free solder (composition: Sn-3.5Ag, melting point: 221 °C,
coefficient of thermal expansion': 22 ppm/°C, elastic modulus: 44 GPa)
using & flip chip bonder, and was then passed through a reflow furnace
(reflow conditions: the highest temperature of 260 °C, the lowest
1] temperature of 183 °C and IR reflow of 60 sec) to be firmly attached
to the solder bump.
[0G68]
Since a linear expansiocn coefficient of the semiconductor chip
is 3 ppm/°C, values of (a linear expansion coefficient in X-Y direction
) of the printed circuit board for evaluation) - {(a linear expansion

coefficient of the semiconductor chip) are 6, 7, 8, 9, 9, 11, 12 and

13ppm/°C forExamples2-1, 2-2, 2-3, 2-2and 2-5, andComparative Examples



been prelimnarily formed. The printed circuit board thus prepared
was tenporarily attached to a sem conductor chip having an interl ayer
dielectric nmade of a lowdielectric congtant material (an SiOC film
15 formed by CVD, specific dielectric constant = 2.2) while
positioning a |lead-free solder (conposition: Sn-3.5Ag, nelting
point: 221 C, coefficient of thermal expansion: 22 ppm C, elastic
nodul us: 44 GPa) wusing a flip chip bonder, and was then passed

through a pef) owsf unhpages, (HeebkowiOndi tions: the highest tenperature
of 260 C, the |owest 31 tenperature of 183 C and IR refl ow of 60 sec)

to be firmy attadhedhetwotdie vadheerofbyaplind@6S8jpBisice codfifiigarnt in 2
expansi on coefficient of the sem conductor chip is 3 ppm C, val ues

of (a |inediresipamspdnthe afitfingpdntiiquiX- voard detri enalgstiginit hela linear
printed circuit board for evaluation) - (a |inear expansion

coef fi ci enBXANtIE Sedf Hisiguét of B?mla‘i’%‘d@fjt?,r @i age 49 111213nd3-

13ppm C fo gx I 2-]5} i-z 2:3, 2-4and2-5, an “go )€ agi_ e Ia< npl es
RS I of Lt o D R R R e
expansi on E&gé] Ja4i At Fké}n eHbLeCtd On Qfy Ebfﬁ Rl ESQ%&é];%F.U't board

for eval uati - (a l'rnear = expansi on coefflcient of the

sem conduct@geghi p) are 9, 11, 13, 15, 5 17, 27, 32 and 47 ppm C for
Exanmples 2-1, 2-2, 2-3, 2-4 and 2-5, and Conparative Exanples 2-1,
2-2 and 2-3, respeginiceetye J0A69]bimimaeastdaisehterxphuspohasoe® flichedr of
expansi on coefficient of 22 ppniC, values of (a |linear expansion
coef fi ci ent2 pbmy he, wadeesidfl ja Ligear eapinficar cesdiadedeoh cfoeld hpfeniill)
of the solder bunp) are 3, 4, 4 and .

10 - (a linear expansion coefficient of the solder bump) are 3, 4, 4 and
23 ppm/°C for Exzamples 1-1 and 1-2, and Comparative Examples 1-1 and
1-2, respectively. A difference of a linear expansion coefficient is
small between Examples 1-1 and 1-2.

[0070]

15 Then, the resin composition prepared in Example 1-1, 1-2, 2-1
or 2-2 was injected to prepare a £1ip chip package for evaluation. The
flip-chipmounted semiconductor chipisalogicdevicehavinga structure
where a multilayver copper interconnection is formed on a silicon
substrate. The interlayer dielectric containigthe multilayer copper

Py interconnection includes the porous S5i0C film (dielectric constant:
2.5 or less) formed by plasma CVD.

[0071]
The flip chip packages for evaluation thus prepared were
subjected to a thermal cycle test to compare/evaluate protective
sl performance of the lead-£free solder bump and of the interlayerdielectric

made of a low-dilelectric constant material. These packages for

evaluation were processed by a thermal cycle (1000 cycles of cooling



23 ppm C for Exanples 1-1 and 1-2, and Conparative Exanples 1-1 and
1-2, respectively. A difference of a |linear expansion coefficient is
smal | between Exanples 1-1 and 1-2. [09%0] 15 Then, the resin
conposition prepared in Exanple 1-1, 1-2, 2-1 or 2-2 was injected to
prepare a flip chip package for evaluation. The flip-chip nounted
sem conductor chip is a logic device having a structure where a

mul til ayer copper interconnection is fornmed on a silicon substrate.

The inter laayess dicehaathdaiggni@i iy *theamlthien| ayeleceeppef a2ronduction
i nterconnection includes the porous SiOC film (dielectric constant:
2.5 or | essptivberedhbye pldsahl s pOOW¢orthetfré pechcpuparkagescdnired
eval uation thus prepared were subjected to a thermal cycle test to
conpar e/ ewackages pr dil€eth shwows2Ehg o fopFeHCet Tt $3eplesaand Flee copfiurdrion
bunmp and of the interlayerdielectric made of _a |lowdielectric,
constant HF&EErFHAULEPhesH G aeRAYSS I oFeSoFEFUALT GROVRIRFSSPEE SRS AP &
thermal cycle (1000 czcles qj Cc0Q

| | in at -55 C.and heating_at 125
O “and t niRSHbTect SATTE o CORIILETE O B2F uheRES AR ek ik Br flotioR
bunps bei ng.6Q iye yeL g Gaunted as accepted packages. FIG 6
shows the list of the test gﬁnples and the conduction test results.

The conduction tesicr@suhéss &f &a2%Rr €5SRM 1UAENY, cx@Bn8ion MRATWLGiedt of
rati o of the nunber of passed sanples w thout defective conduction

to 10 samhesunddEill SMOWs aa Vailnsaroéxgandionease®Xpdratom an in-plane
coefficient of the underfill 108) - (a linear expansion coefficient
in an in-glaaetie pédthieosniuftrane wlubke paieted ciheuigr bated) Eprcach test
board) for each test

sample.

FiG. 8 shows a list of the test samples and the results of
crack generation in an interlayer dielectric. A package after thermal
cycle treatment was cut and observed forcrackgenerationinaninterlayer
insulating layer within the semiconductor chip.

15 Apackage forevaluationwasused todetermine a package warpage
after each manufacturing step and thermal cycles. FIG. 9 shows a list
of the test samples and the warpage results. A warpage was determined
by three-dimensional shape measurement (Keyence Corporatiomn,
EMS20028D~3D). The unit in FIG. 9 is um.

D [0072]

As shown in FIG. 6, defective conduction was not observed in
a flip chip package prepared using the resin composition of Example
1-1 or 1-2 in combination with all the printed circuit boards for
evaluation. Incontrast, defectiveconductionwas observedintheflip

5 chip package prepared by the resin composition of Comparative Example

1-1 or 1-2 in combination with any of the printed circuit boards for

evaluation. When the solder bump connection at the site of defective



10 sanple. FIG 8 shows a list of the test sanples and the results of
crack generation in an interlayer dielectric. A package after thernal
cycle treatment was cut and observed fokscrack generation in an
interlayer insulating layer within the sem conductor chip. 15 A
package for evaluation was used to determ ne a package warpage after
each manufacturing step and thermal cycles. FIG 9 shows a list of
the test sanples and the warpage results. A warpage was determ ned

by t hree- dicorastional wabape: FRaStii€erobsKeyaricn o pafaalbdsd, cracks were
EMS2002AD-3D). The unit in FIG 9 is 1.un. 9) [0072] As shown in

FIG 6, defobseived dontdhe spddendsmpotorpisséivedin arveny fdeifpcthig cpadhaigen
prepared using the resin conposition of Exanple 1-1 or 1-2 in _
combi nat i ofiket h B9 rediel ify inderte Fodhi & Behr 9 Ftoic meddiugagndsy heating
contrast, defectiv nduction was observed in the flip 25 ¢

C hi p
package pr épdrad By e FFEEFRT CONPORALEIAT BT CGnpRFHIGy BX BRI eP e epn

or 1-2.in cqnbi ion wth.a f e _pr.inted circuit_boards for
cval uati on LT HEor AN EBPEa o RSt Ha B Fo of REF Bt T

27  conduct-Qp. Y@, gf:a@flad 1h &1 055 SR6t é&@eﬂaﬁwoﬁa{f d, i AeKSeycle

were observed int sol der bunp connection In” every defective

conducti ontestt e.1cThadi €stdd shindiatantdals anhir8hselashi €14mdu MSdulus
under heating and a snmall difference in a coefficient of thernal

expansi on betieednabirddiec beaderitr @éefsmladéon afidthieleade $irae sohg@mshbimmoaused
are inportant for preventing cracks in the |ead-free solder junction
in a thernBl &pErainigeserated digi tatediffrrengpoint aneeeigficinnt edsthermal
an elastic nodul us under heating to prevent deformation of the

| ead- 7 ee §6Pﬂ%§l%h%t"@§lﬁjsgbe semiconductor chip and the printed circuit board

and of making a coefficient of thermal expansion of the resin composition
close to a coefficient of thermal expansion of the lead-free solder
bump.

[0073]

1 As shown in FIG. 8, in a flip chip package prepared using the
printed circult board of Example 2-1, 2-2, 2-3, 2-4 or 2-5, cracks were
not generated in an interlayer dielectric after a thermal cycle process
incombinationwith all resin composition for evaluation. Incontrast,
in a flip chip package prepared using the printed circuit boards of

D Comparative Example 2-1, 2-2 or 2-3, cracks were generated in an
interlayer dielectric in combination with all the resin compositions.
The results indicate the importance of using a double-sided copper-clad
laminate with small thermal expansion coefficients in XY direction and
Z direction and a high glass-transition temperature as aprinted circuit

3 board for preventing cracks in the interlayerdielectric. It indicates
that a stress generated in a semiconductor chip by a difference in a

coefficient of thermal expansion between the semiconductor chip and



by a strain generated due to a difference in a coefficient of therna
10 expansi on between the sem conductor chip and the printed circuit
board and of making a coefficient of ermal expansion of the resin
conposition close to a coefficient of ermal expansi on of the

| ead-free solder bunp. [0073] 15 As shown in FIG 8, in a flip chip
package prepared using the printed circuit board of Exanple 2-1

2-2, 2-3, 2-4 or 2-5, cracks were not generated in an interlayer

di el ectri G:nf p it d feFdBl K9P PIaess11dd1he q@euaﬁﬁ# @.He%&i‘ e@tbbnsion
resin conposition for evaluation. In contrast, in aflip chip
package prepdtediarsiangnt He {idertc@dncCaid b tdib@aﬂiiiﬁ'l ahd2nGonpdmnhat ave
Exanple 2-1, 2-2 or 2-3, cracks were generated in an interlayer

di el ectri gliasscorisidticokenpeha e artet nesicpoorpbsirecbnsn anTheerlayer
results indicate the inportance of using _a doubl e-sided copper-clad

| ani nat e WSH13REY ‘AWernBrdeqfads o CedrrtEl e stankwaiardédi on

and direction nd a hi s-trans tlo tenperature as rint d
T cuft 11 boar i GHOBReTb AP e oA AEL 1 Pk oRkapP deragp I Burp)

|t indi catgy o Lhat 8,58 bess, gensLALed| 9 @hssmfgamg SLAECENLP: PYaBage

difference’in a Co icre rmal expan5|on
sem conduGi9baglikh Anfhs@Bved NG RblBLSLk G 64 k1 Poad éorﬁg%glrt(ibl‘@df@y
reduci ng thermal expansion coefficients in XY direction and
di rect i on eandubdtseashigrad 1ol aeortinanaict ko i iermer et w@a&aﬁlﬁ@samme
prevent cracks in an interlayer insulating |ayer made of a
| ow di el ecti.c Tonstemmiltrairticalte Bhdsinglvowance & @sifg & raubflei-pided
Chlp ackage prepared using the printed circuit board of Exanple

Ehe eOoPREL ™ %ﬁa?éaﬂé@¥%hwﬂﬁhﬁﬁ@kéd@ﬁEWQﬁﬁ§§@nﬁa§ndﬁ@@ﬁ?éae@?ﬁ3I1XY

i nati f al I n itigns f
Conb at Cc’:ﬂr%ct:?on an%s dl%%ngggn tangi g hl% glass—transition temperature as

a printed circuit board for reducing package warpage.



eval uation, conpared to the printed circuit board of Conparative
Exanple 2-2. The results indicate the inportance of using a

doubl e-si ded 10 copper-clad lamnate with small thermal expansion
coefficients in XY direction and Z direction and a high

gl ass-transition tenperature as a prin@@d circuit board for reducing
package warpage. 29 CLAIM5S 1. A sem conductor device, conprising a
substrate, 5 a sem conductor chip nounted on said substrate, a bunp
connecting said substrate and sai d sem conductor chip, which is

f or med betmﬁiﬂ\ﬁ id substrate and said sem conductor chip, and an
underfill f i t he periphery of said bunp, which is fornmed 10

bet ween sai d substrate and said sem conductor chip wherein said bunp
is conprised of a | ead-free solder, said underfill is conprised of a
resin material with an elastic¢c nodulus of 150 MPa to 3000 MPa both
inclusive, 15 saPPEIMARPFHFIPT HRYCS JOMMIENExpansi on coefficient of 40
ppntoe C or | ess, jsghdirsidbstrate has a Iinear expansion coefficient of
|l ess than 14 ppntoC in an in-plane direction of the substrate, said
subst bat e has a hiseedcordysdorsiiom nunettéd oheaid sfibdteds, t han 30 20 ppnto

Ci t hi ck i ti f the substrate, ,and,a di.fference hetween
& 1 noar expare: BrPUCES coPBegind SeioCstival, SbATeaY Sefpicamuasshis

expansi on c@pfdh &l RAheal béidle@nbsdI® dubsh8tePBABOSRI® semiconductor chip,
and
an underfill filling the periphery of said bump, which is formed
10 between said substrate and said semiconductor chip
wherein
said bump is comprised of a lead-free solder,
said underfill is comprised of a resin material with an elastic
modulus of 150 MPa to 3000 MPa both inclusive,
15 said underfill has a linear expansion coefficient of 40 ppm/’C or
less,
said substrate has a linear expansion coefficient of less than 14
ppm/ C in an in-plane direction of the substrate,
said substrate has a linear expansion coefficient of less than 30
20 ppm/ C in a thickness direction of the substrate, and
a difference between a linear expansion coefficient of said
underfill and a linear expansion coefficient of said bump is 10 ppm/’C or

less.

25
2. The semiconductor device as claimed in Claim 1, wherein said

underfill is comprised of a resin material having an elastic modulus of
150 MPa to 800 MPa both inclusive.

30



| ess. 25 2. The sem conductor device as clained in Claim1l, wherein
said wunderfill is conprised of a resin material having an elastic
nodul us of 150 MPa to 800 MPa both inclusive. 30 30 3. The

sem conductor device as claimed in Caim2, wherein said substrate
has a glass-transition tenperature of 280 'C or higher. 5 4. The
sem conductor device as claimed in Claim2, wherein said

senm conduct,or qJ es, adél ] icon ubst rat&,811| an.interl ayer

di el ectric® cont Qf%n 08“56%0& VEE 7% Gaé@ﬁgt'gn M| 4 WESTSYY S51d

specific d's@b@@ét'é'f?as &@%&Qﬁnsﬁfon&e%rﬁra@?@ﬁ?ﬁb §2of hijhlet.con
substrate; and an interconnection fornmed in said interlayer

dielectric. 10 5. The sem conductor device as clainmed in Caim 2,
wherein a linear expansion coefficient of said underfill is |arger
than a |linear expansion coefficient of said substrate in an in-plane

direction af thahsugshicoheudde devizel decldifan if Clalfaz, WKERNS isar
coefficient of sajd bunp. 15 6. The sem conduct or device as cl ai med

in daim 28600&@@%@%9*@ cempyee e Silicemiubstate; apyaiesager dislestricz. The
sem conducl,gp (e %C§ 18w 8|e@é&ﬁ?ﬁdﬁs@vﬁ ﬁ}w‘? %Q@'@ﬂdosgpr@m Al §iERLRRCe

between a |1 near expansi on coe cléen até in an
i n-pl ane dcoestanbof 813 thiess wssaidtsdicandsubstrates andexp amsiconnection

coefficien 0 em conductor chip is 20 ppnto C or |ess. 8.

The sem co&RfU?ﬁdo‘P S@é@‘l’g‘%ﬁ%r QPHER in Caim 2, wherein said

| eadyf ree sol der conprises tin and silver.
5. The semiconductor device as claimed in Claim 2, wherein a linear
expansion coefficient of said underfill is larger than a linear expansion
coefficient of said substrate in an in-plane direction of the substrate and

smaller than a linear expansion coefficient of said bump.

15 6. The semiconductor device as claimed in Claim 2, wherein said

substrate comprises a cyanate resin.

7. The semiconductor device as claimed in Claim 2, wherein a
difference between a linear expansion coefficient of said substrate in an
in-plane direction of the substrate and a linear expansion coefficient of

20 said semiconductor chip is 20 ppm/C or less.

8. The semiconductor device as claimed in Claim 2, wherein said

lead-free solder comprises tin and silver.



31 9. The sem conductor device as claimed in Caim4, wherein said
| ow dielectric constant filmconprises Si, 0 and C. 10. The

sem conductor device as clained in Caim4, wherein said | ow
dielectric constant filmis a porous fi I3r1n

g, The semiconductor device as claimed in Claim 4, wherein said

low dielectric constant film comprises Si, O and C.

10. The semiconductor device as claimed in Claim 4, wherein said

low dielectric constant film is a porous film.





