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

sem conductor chip is nounted on a substrate. 10 BACKGROUND ART

[ 0002] Wien a sem conductor chip is face-down nmounted on a
substrate, a gap is forned between the substrate and the chip, so
that the gap mnust be filled wth an insulating material called an
underfill. A 15 commonly used und&FEFIHICKHSENbeen 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 23 [0003] A sem conduct or
devi ce in which a sem conduct oPEERFPNPETR EY 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 sqpstrﬁgg?ﬁﬁmﬂggﬁipf a material containing an organic resin, which
has a | a I expansi on coefficient than a sem conductor chip.
ThereforﬁO &@?n a sem conductor 2 device having a structure that a
sem cond cPor chip is nounted on a substrate is subjected to heat

history, a diff e’i‘ﬁ@%ﬁ‘eis%n% iﬁ\;‘é%io%xpgfgﬂégjto 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
must 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 Dccument 1).

Patent Document 1: Japanese Laid-open Patent Publication Ne. 11-233571

DISCLOSURE OF THE INVENTION
X [(0003]
A semiconductor device in which a semiconductor chip is
face-down mounted has the following problems.
[0004]
A linear expansion coefficient is generally different between
5 a substrate and a semiconductor chip. 2 substrate ismade of amaterial
containing an organic resin, which has a larger linear expansion

cecefficient thanasemiconductorchip. Therefore, whenasemiconductor



coefficient between them causes war page of the substrate. It is known
that in a conventional sem conductor dew ce, such warpage may cause 5
cracks or damage in, for exanple, a sem conductor 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 degGriedavifgaove-Piturdl sRadi 4 dGildonduptBPUBL1 NG ARaskadeon a
on a substrate. It s, therefore, needed to m nimze warpage of the

package. §0005]acEhey Sudpune dremdacenidorytd di Zed-drieerd al snehf Egp&Md ion

from those conventionally used as a constituent material for a

sem condugderf i ciznehbgtwferat RBE ebaks fWdirpa geusp taennigcitiragea chi @ st onown
a substrate, and thus it has been needed to design a new underfil
sui t abl e flort tikesecomaderical=. sEolcexanple; daviaesenuclondugiagr chiypcause
a lowdielectric constant filmcalled | owk has been used as an

i nsubat i ngedddsmomatiara@d incoAst idxniplg  aa santiercoréol omip ayer inSuchace
a filmcan be used to 20 prevent crosstal k between interconnections

and t hus berysreovi dend cogdnictondidpornd e whik chn tabehfapd peredémlsl yurnp
operate at a high speed. Furthernore, |lead-free materials are

beconi ng &vhicnansgsagebunp naterial in the |ight of environmental

har mrony. [0006] 25 The above damage such as cracks becones nore

proni nent when Ul Y4 CEER kKRERGC G @ Pagdarr el SHgdY 2 Aemd@erductor
| ayer generally has insufficient nmechanical strength. Even an ,

i nsi gni fiCaR 1St FESET8Y P % SehPhrabe TUISFomCexaRpY et Pt pigE gesgribed

pack&ge qﬁ&n&?%ﬁ&.% ggkgifficulty 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
5 chip or a material for a bump connecting a chip to a substrate, and
thus it has been needed to design a new underfill suitable for these
materials. For example, in a semiconductor chip, a low dielectric
constant film called low-k has been used as an insulating filmmaterial
ceonstituting an interconnection layer. Such a& film can be used to
2 prevent crosstalk between interconnections and thus to provide a
semiconductor device which can highly reliably operate at a high speed.
Furthermore, lead-free materials are beccoming dominant as a bump
material in the light of environmental harmony.
[0006]
5 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 layer. Furthernore, a |ead-free solder has inadequate

t oughness, so that cracks tend to be gengrated in an interface
between a bunp and a chip or between a bunp and a substrate. 5

[ 0007] For preventing both damages in a sem conductor chip and in a
peri pheral area of a bunp, it is inportant to optimally design an
underfill froma perspective different fromthe conventi onal

t echni que;n which@poflid Moz ﬁgraeﬁé!ﬁﬂté',ahﬁrﬁg@é!c%l%aﬁ)h@ﬁagg%apbg’é@@tcracks
invention has 10 been achi eved fromthat point of view 008] The
present inventlicrkprayedes RuSEECIEICHOLdEVi €8 sCRRRI hSkNgn&dequate
substrate, 15 a sem conductor chip nounted on the substrate, a bunp
connect i nghudimeshsis ahe tanchd e t saditeondusineratbip,n anhircdedifackoserteen
bet ween the substrate and the sem conductor chip, and an underfil
filling tdheymer iaphernycbiptde trimeenval bhmpsahdrarethbdistaween t he
substrate and the sem conductor chip, 2 wherein the bunp is conprised

of a’dl eadtdd&d sol der, the underfill is conprised of a resin nateri al
with an elastic nodulus of 150 MPa to 3000 MPa both inclusive, the
underfill has a |Fate@regrphhBy opodbafdiagiesninod 4@ugmdoct2s ghipesrd in
t he substrate has a_linear expansion coefficient of |less than 14

pprd C i n APSmPiraad areecl énPoPy het sifbsipgréanhnee ptimally design an

underfill from a perspective different from the conventional technique
while optimizing a substrate configuration. The present invention has
10 been achieved from that point of view.
[0008]
The present invention provides a semiconductor device,
comprising
a substrate,
15 a semiconducter chip mounted on the substrate,
a bump connecting the substrate and the semiconductor chip,
which is fecrmed between the substrate and the semiconductor chip, and
an underfill £illing the periphery of the bump, which is formed
between the substrate and the semiconductor chip,
.y : wherein
the bump is comprised of a lead-free sclder,
the underfill is comprised of a resin material with an elastic
modulus of 150 MPa to 3000 MPa both inclusive,
the underfill has a linear expansion coefficient of 40 ppm/°C
5 or less,
the substrate has a linear expansion coefficient 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 made 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

less than 14 ppnliGel Bugdt ddtPhabe difest idpabhbibleocTulish bt & @NdsOfthan
| ess than 30 ppniC in a thickness direction of the 10 substrate,

war page 130 the/subshrateniSaiyeventedrisn dhathsanmgerbe.a

sem conductor chip can be effectively prevented. Furthernore,

reducti onomfoapar page in the substrate can result in avoiding

difficulty 1in nmounting a sem conductor device on the substrate.

Herein, an el ast izcamedihystoftiHeherandet fidtentsicas detwrdanfedl 15 made of
under an atnosphere of 125 C. Specifically, it is calculated from an
inithal s opeinmatestimdskagingianhtoh e aoiftiai medubys meastiraimshe et ighery
Tensilon testing nachine at a rate of 1 mm m n under an at nosphere of
125 C. 2|o1BRIFEFUDESCRY FHroNyOF J#4E tDRAVENGE: Cre018]1iThasecanidhsizyept the
obj ectives as well as features and advantages w |l be further .

appr eci atteE e t Anr 8feE by tde LG FHBPEI 2Dt hentd negEs exphRon
bel ow and t he acconpanyi ng drawi ngs. 25,[0011] FIG 1 shows a |,

st ruct ur €GHE T CdERE cBRItRT DIV ilde PRECoF dERA™ 1) dH 38Rh Bd i ighton 5oL 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 semicenductor 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.

p.i] BRIEE 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
enbodi nent. FIG 3 shows a partial strugture of a sem conductor
device according to an enbodinent. 5 FIG 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 conduct Olp1@eVh CaRws1Q sisRE-dureEXamnplsess cbh&ucSos 'Hé%c%heﬁccordmg
eval uation results of Exanples. FIG 9 shows the evaluation results

of Exanplies.an BESTiMaBE: FOR CARRYI NG OUT THE | NVENTI ON 15 [0012] The
present invention relates to a sem conductor device where a

sem conduct or chifxd.s 3meHBLedh Qhhnid iSUbStrateurd StbstdcatieonwhiehoEadevice
be used is a substrate nmounted sem conductor chip such as a BGA

subst r at eacodricihgl socaasuafiesdimgtsubstrate nounted on a printed

circuit board on 20 which a sem conductor chip is nounted, or a

printed circuit bU&.d4 siw@ theshowms sd tsohenfitihe codérfllataarroblanised
exanpl e of a sem conductor device 100 according to the present

i nventi onn Flx@mp2esshows a schenatic configuration of another

exanple. FIG 3 is an enlarged viewof FIG 1. There wll be

described t he exdms-e5 showa thes-gnpanegtsict 09 B8P sThateemisedriduetarples.

device 100 has a BGA substrate 110, a 6
FIG. 6 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. ¢ shows the evaluation results cof Examples.

BEST MODE FOR CARRYING OUT THE INVENTICN
15 [0012]
The present invention relates to a semiconductor device where
& semiconductor chip is mounted on a substrate. A substrate which can
be used is a substrate mounted semiconductor chip such as & BGA substrate
which is a supporting substrate mounted on a printed circuit bhoard 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. FIG. 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 sgm conductor chip 101, and an
underfill 108 filling the periphery of the 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

protect i virfiidomali@for | dhidn 1 0Re e of thEL=dt Obeshy @ ofsl bt ldbh ikfem which
formed a bunp 106, through which the sem conductor chip 101 is

connect ed:ckhelc® st Bee BGA substrate M0 £oThge i Sdngidoayiattdi-edteied niog , 184d an
is anultilayer film which includes a |low dielectric constant film

W th a spegidrfdlldieBe€irltngansd aririphedy3odrtiessumpln@sbunp 106 is
made of a |lead-free solder. The underfill 108 is made of a resin

mat eri al [tadi4ng an el astic nodulus of 150 MPa to 3000 MPa bot h
inclusive, preferably 150 MPa to 15 800 MPa both inclusive. A linear
expafsi on coef fi dhensenfcomdudBEyx chibsi(latesldctimcimrienvipbamen the main
direction of the substrate is less than 14 ppmiC, and a difference

bet ween asuifiear oéxpansi bpor onffdtaiagnt 168 ardesemumtfialllyldepandted an

| i near expansi on coefficient of the BGA substrate 110 in an in-plane

di r ect i ooy esubist kerteiics1 90 inshrding 4 e98re3DEGLEABRABE 0N 405, and
| i near expansi on coefficient of the underfill 108 is 40 ppnl C, or ,

| ess, and® 2YAFEEEVEXPAHE | BH -codff PRI WPR1IGIY ChetRBAEN Shfsdtivar 140010 H 18

S ML ckness AT el on o Lhe subsLlal eul o o3eal 020, 30, ROTLC [O04SL .
50U Dol AR BRI S oL L et d, 148, Ther £, ML 0% murcitayer
film, which includes a low dielectric constant film with a specific
dielectric constant of 3.3 or less. Thebump 106 ismade 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
1 800 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.
ol 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 directicn of the substrate is less
than 30 ppm/°C.
(0015}
P As shown in FIG. 1, the semiconductor device 100 is mounted
via a sclder ball 114 on a printed circuit board 116.

Therewill bedescribedtheeffects of this semiconductordevice



7 100. [0016] Dammges to the interconnection |ayer 104 containing a
Low-k layer 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 upderfill 108 has a | ow el astic nodulus. 10 [0017] Cracks

in an interface between the bunp 106 and the sem conductor chip 101
are formethdnysidef orm ng of the bunp 106 caused by a thermal strain

due to a difference in a |inear expansion coefficient between the

sem conduct or chigank@ktsapd tie iBGArsuhsetaien N1ter eadi aghti=0 rdnkas geow-k
15 stress to the interface between the bunp 106 and t he sem conduct or
chip 10llafr apeeventdedidpyt hetloe ankls stiresksded fect defforaievdnt at henear
bunp 106 from being deformed. In this light, it is preferable that

t he Sundexfpdrisib@8chasiacivrgh beltasenctimdehusonf@Oidt chdp M1 empt Lhg BGA

to solve these problens only by designing the wunderf ill 108 woul d
require comstaditet 619. propeceineses ccathecuntierdiivelylp8evamnird biyhfeducing
enbodi ment uses the underfill 108 with a high elastic nodulus as

descri bed? &b6VEahHi Ute SeedRIG TRY- 1@ bﬁ@éﬁe@%barﬁﬁwoeééﬂwél%ﬁ{p lQﬁ aﬂﬁeth@
BGA substrate 110 in an in- ?Iane direction of the substrate,

prevent tBed SHPEEERRRAAD on iR g 1o r 6in Jo?epﬁ@f%%%%&hatﬂ&ft%u%rflll

t he under{délhégpg %gg g gsgﬁ%géi)LﬁFrate 110 havi ng

10 [0017]

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

1% stress to the interface 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 medulus.
[0018]

] 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 abovewhile reducinga linear expansioncoefficient
of the BGA substrate 110 in an in-plane direction of the substrate,

il 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 is herein inproved by, for exanple, densely filling the
underfill 108 wth silica while reducing a |inear expansion
coefficient by, for exanple, using 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 nt er connechipl: | a¥pho¥a4 HEorbal didghia Levnke1a¥en 12nd Hid hnakaekil 108
generation in the interface between the bunp 106 and fhe

sem condugiersiahida W le MiriiBeit reeRosgthndiontheriralkiBhs 19l rorhemple,
sem conductor device 100 according to this 10 enbodi nent enpl oys, as

the undenfsihy 408yanatestdrimnter itAk bBaxi Mg rdieghan.el astic nodul us
range of 150 MPa to 3000 MPa both inclusive, preferably 150 MPa to
800 MPa Hathsiincl usi ve. Thus, the periphery of the bunp 106 is
firmy fixed to prevent deformation and thus to prevent cracks from
genefati ng i n t h&hentanfaoelubtébwatryitdrel Blimoct@8ingdd heid Bmbodiment can
sem conductor chip 101. Furthernore, danmeges in the interconnection
| ayer 104&fdeptaivalrgreetow kil apergeanibeaprievemahniygtéont tay¢r ngd
| i near expansion coefficient of the BGA substrate 110 to |ess than 14
ppni C i n c@mtipanphane Idivwectlipgarofnd he iIdubseest esnfaaticuliar £he imterface
this enbodi ment, damages in the interconnection |ayer 104 are .
rel i abl y HtesRe/EhPeEP By 6ciitt B ISoHG CaNaPFTeF hd® Het weBan deingexmposed
expansion coefficient of the sem conductor chig,lOl nd a |inear hi
expansi ort® CHEFTPEi Bt Y t hePBECBIUHSIT A€ 719871 7 alll AopPAHeNY to this
direction of the subsirate to %0 or. .l.e [0020]. 25.In.this _ .
ermbali ot Lod FEREaP X BaTS N SBeT e Gt ap% g revin FaceRisl! feving o
higher elastic modulus range of 150 MPa to 3000 MPa both inclusive,
preferably 150 MPa to 800 MPa both inclusive. Thus, the periphery of
the bump 106 is firmly fixed to prevent deformation and thus tc prevent
cracks from generating in the interface between the bump 106 and the
15 semiconductor chip 101. Furthermore, damages in the interconnecticn
layer 104 containing a Low-X layer can be prevented by controlling a
linear expansion coefficient of the BGA substrate 110 to less than 14
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 contrelling 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.
(00201
] 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 adjustedtobe |argerthana |inear expansion
coefficient of the BGA substrate 110 i an in-plane direction of the
substrate and 9 snaller 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 condggqr{aquec}e\ﬁ%.lgg 100 ndSr 2.488600LRCHEPE LN &lAtk8d Blkp 106.

conbination of a |lead-free solder and a sem conductor chip I ncluding

a Lowk |EQMQ:'hetrﬁ16§§,tQ d e A cdaAMROLS! 4 e i QQp&@g\i& | yarrs cALhhosEveen
the reasons are not clear, one of the reasons would be the fact that

a | ead-f reps sahderihas o Bhghele Bhastices isneiiui®ltiBaANt@be 10 ppm or less,
| ead- contai ning solder, that is, it is harder and fragile. 10 Thus,

t he preseqd fiurvanki Ofpsuid akily abdesi gpst@ et eenatofdictdre dendeef 100. As
108 to reduce a difference in a linear expansion coefficient between

t he bunp d&rahect her uhderéldted 88t s uraruimditngntdie ablere]- firee edlider a and
thermal stress/thernmal strain generated in the interface between

them ardseoipeedentodaimgesndiudirgy oK dpger ENd=0021}eakhé&recamages
wi |l be described a configuration of each conponent in the

sem conduigt dthedéeick l1@genn détapugh] Do 2easquisserateot 23 €piye BOA of the
substrate 110 is a substrate supporting the sem conductor chip 101, A

| i near expraRsInGnvesdd Piecieatfast Tt paeadubsie apdan Gasna A dherpphatic
direction of the substrate is preferabl | ess than 14 ppni C, nore

pr ef er abI§PABRYSpHAT %lleP€§§99WWH€a$Ol%&7a%%hs c oA k@q@pﬁr Yt throile.

BGA substrate 110 in a thickness directio . .
% Thus, € epresentihventionsuitgglydgsignsanmterlalfortheunderflll

108 to reduce a difference in a linear expansion coefficient between
the bump 106 and the underfill 108 surrocunding the bump, to reduce a
thermal stress/thermal strain generated in the interface between them,
and to prevent damages in the Low-k layer.

15 [0021]

There will be described a configuration of each component in

the semiconductor device 100 in detail.
{0022]
Substrate

D The BGA substrate 110 is a substrate supporting the
semiconductor chip 101L. 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

5 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



25 of the substrate is preferably less than 30 ppmi C. Furthernore, a
| i near expansion coefficient of the B ubstrate 110 in a thickness
direction of the substrate is nore preferably 20 ppmiC or less. A 10
| i near expansi on coefficient of the BGA substrate 110 within the
above range allows damages in a Lowk |layer to be prevented while
preventing damages in the periphery of the bunp. The BGA substrate

110 pref ﬁ%é)ﬁ él&%r%l%g&éﬂbﬁy etrlrta@ﬁ'tth'eofﬂbﬁéuff)gm?ﬂ@tllibggzth the gpove

Speci fica is prefera 220 C or highe nore prefera

C or hi gfi% eTemsawst BEh& e S 1Rr OMiHed BapeMteONdUGERENt 88 VihEEe reventlng
exhi biting excel ent hea? resistance and reliability. [0023] 'F

substrat@a%égegsiﬁr@m@@ggugmér@pbggegé|@@mgbase naterlal 10 such as
a glass cloth with a thernosetting resin. [0024] Exanples of the base

mat erial includergkassa subekrbase 10maertahis el ahighagsaywvieransition
fabrics, glass unwoven fabrics and glass papers; woven and unwoven
fabrécs nmdecobtorgani Ipddidaraisychiasi paperfetrbbly 220 °C or higher, more
(pul p), aram ds, pol yesters and fl uororesi ns; and woven fabrics, unwoven
fabrics gnéfrabslpeh® d€ amheghats sluls,ashaetals prberded easdoiconductor
fibers and mneral fibers. These base materials can be used al one or
in  conbideaticenexh00R5ing BEediphéshoht arehistrogst pndgreésapllity.
|npregnated in the base material include epoxy resins, BT resins and
cyanat e rlé9iZzds, which can be used alone or in conbination of two or

nore. In this enbodlnent novol ac type cyanate resin is used. A
novol ac type Cyaﬁgpgq&§§h§qQ§te1101spreparedby1mpregnat1ngabasematerlal

10 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 (puip), aramids, polyestersand 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 inciude 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

P} a positive number.

{002¢6]



for exanple, that represented by formula (1), in which n represents
25 a positive nunber. [0026] 11 N=GCG,40 NG~ 0N CO CH2 CH2 n
[0027] Thus, a |inear 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 | er
addition to the above cyanateg
inpregnat@d_i *%Ep base nmat
resin having a bijphenyl al ky}fene skel . Thus,

of alowlinea
[ 0029] The res
curing

net al

15 cat ahys g NG»
salts such as zinc naphthenate,
octylate and cobalt octyl at

nmol ecul ar wei ghts can used in conbination. [0028] In

resi.ns, the therno g;;éng resin

al e an epoxy resin™gy novolac 10
flame resistance and
Al Ni properties

er

ng cat de organic
cobalt napht henate, tin
; tertiary am nes”such as triethylam ne,

tributylam ne and diazabicyclo[2,2,2]octane; imdazoles such as

2- phenyl - @WG¥etlhyl i m dazol e, 2-ethyl-4-nmethylim dazole, 23

2- phenyl - 4, 5-di hydr oxynet hyl i m dazol e and o

2- phenyl - 4- met hy | TISshydrloiaset BPAmS Bz slref fpRéndlr Toipeuridesisiadie agn be

10

1

effectively reduced and warpage in the substrate can be prevented. A
plurality of the novolac type cyanate resins with larger and smaller
molecular weights can used in ccmbination.

[0028]

In addition to the above cyanate resins, the thermosetting
resin impregnated in the base material may be an epoxy resin or novolac
resin having a biphenylalkylene skeleton. Thus, flame resistance and
moisture resistance can be improved while maintaining the properties
of a low linear expansion coefficient and a high elastic medulus.
[0029]

The resin comprising the BGA substrate 110 can contain a curing
catalyst. Examples of the curing catalyst include organicmetal salts
such as zinc naphthenate, cobalt naphthenate, tin octylate and cobalt
octylate; tertiary amines such as triethylamine, tributylamine and
diazabicycleoiZ,2,2lcctane; imidazoles such as
2-phenyl-4-methylimidazole, 2-ethyl-4-methylimidazole,
2-phenyl-4, 5-dihydroxymethylimidazole and
2-phenyl-4-methyl-5-hydroxymethylimidazole; phenol compounds such as
phenol, bisphenol A and nonylphenol; phenol resins and organic acids.

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



phenol , bi sphenol A and nonyl phenol ; phenol resins and organi c acids.
These can be used alone or in conbinatipn. Anmong these, phenol resins
12 (particularly, phenol novol ac resins? can be used. [0030] A
resin conmposition 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 alumna and silica; carbonates such

as cal ci upgarhonat-e,ang, SRINeRlWD-carBenat ¢; - ang,ydiexi des such as
al um num hydr oxi de and nagnesi um hydr oxi de. Anbng these, silica is

preferabl gosbhus, a linear expansion coefficient of the BGA substrate
110 can be reduced while increasing its elastic nodulus. A content 10

of silica is preferably GRpUsby: SRESNQL i ADAG tHDBER RLBEEEabl V1 1855 tins
mass or nore on the basis of the total anount of the resin

CO”p0$iFhQ@il&@f.thﬁxé%gié%JB§hi&H&lé%O@ndﬂUﬁ% s@li&é@éﬁ SeXPARSIRNC, clay.
coefficient can be further reduced while an el astic nodul us can be

further imicreeasddglagfdl]pxiBedhmrch aseahanjpear tandubat icestaarbbhansstoich
a filler, but it is preferably powdery; particularly, a powdery

i nor gani a chleiugamarbenausethd Mhgses flrowabbbngye pf artbhydsomides such as
conposition can be further controlled. Furthernore, a prepreg can be
changed rorainow bxpassiém.and 0882%s 2ym Trivsirsixidea | Snprefidreas, ystlsed 1is
silica. Its shape is preferably spherical. As a silica content is

i ncr eased®retESiER 1Ll owgbilﬁ gyl inean e¥Rpiet.on eadt by e tdef &rpdiGh Fepsirpte
manuf acturing stability of the substrate. Thus, it is inportant to

i ncr ease ‘a&iAncRe chpiEHtd Oﬁqlﬁﬁnln?%?%é%@;%s?%%i‘??cl“%lél\ﬁabi fii ggntent

s 81%1Iti SfoafCts(J)_FLlj_lcg {Ts?ipqcte .e@gglyagéj % by mass or more, more preferably 65 % by
mass or more cn 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 medulus can be further increased.
[0031]

15 There are no particular restrictions to a filler, but it is
preferably powdery; particularly, a powdery inorganic filler can be
used. Thus, flowability of the resin composition can be further
controlled. Furthermore, a prepreg can be changad more low—expansion.
(00323

ot} The silica ispreferably fusedsilica. Itsshapeispreferably
spherical. As a silica content is increased, resin flowability is
reduced, leading to deterioration in manufacturing stability of the
substratae. Thus, it is important to increase a silica ceontent within
the range where resin flowability is satisfactorily maintained, and

5 the above shape allows a silica content to increase, resulting in
reduction in a linear expansion coefficient of the BGA substrate 110.

[0033]



25 the above shape allows a silica content to increase, resulting in
reduction in a |linear expansion coeffici nt of the BGA substrate 110.

[ 0033] 13 An average particle size of e above filler is preferably

2 mor less, particularly preferably 0. 2 to 1 pm An average

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

to be increased. The silica may be surface-treated with a sil ane
coupling agent. 5,Pxguples of-dih8 Skhaacoroupl 16, A088E 1E0CL Hdereferanly

vari ous sil anes s epoxysi | anes, am nosi | anes and vi ny

si | anes. Zﬁ'ﬂff%rale%g,f ?gﬁfé\f,g%%g{] p?n féf&ﬁol&ﬁﬁ ?%oufﬁ?lbt i%ﬁ%rvteligfge particle

i nprove a ‘silica content. em conductor ¢

sem conductQro Chh P ri0lehascnas a8 daMerd 1ayels A el Boid bote t8 kROrtatd2ed.
Lowk layer. A Lowk layer neans a filmwith a specitfic dielectric
constant of 3.3 @hel3S cabxaipt esrohce-tovkted ayel aisidhudeo@ngasisyent.
films such as Si OC, MsSQ (nethyl sil sesqui oxane) and benzocycl obut ene;

and §nor ganripl k| 5B thacdi BsndHSQuA D1 hdn\edfcoxy hd besguhaxane)s i land st hese as
films which have been made porous can be suitably used. [0035] The

sem condugtoayscéhaped 0 irhassahanat endonmedt $ Orerewy.er Sof-h & herface-treated
above-nentioned Lowk |ayer on a silicon substrate. It may have 2)

vari ous faiddcronsnsiehiss] dutfurdheli mipedve ¢ didgice deviers; nenory

devi ces and conbi nati on thereof. [0036] Bunp
[0034]

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
crganic films such as SiCC, MSQ (methylsilsescquioxane) 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

D 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 atin-silver solder. Acomponent for thebump 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



The bunp 106 is made of a | ead-free solder. This enbodi mrent 3 enpl oys
a tin-silver solder. A conponent for thf4bunp 106 is not limted to
it and may be, for exanple, a tin-bisnuth or tin-zinc series. The
bunmp 106 nmay have, for exanple, a l|linear expansion coefficient of 10
14 ppmCto 25 ppm C both inclusive. [0037] Underfill A conponent
material for the underfill 108 may be a liquid 5 thernosetting resin

or fiIn1%gﬁbng§géf%gggﬁﬁﬁddLbd%qpqgcﬁpg§ge.a |l iquid thernosetting

resin is prefer cause 1t can efficiently fill a gap between

t he substgﬁ@g]and the chip. In this enbodiment, the wunderf ill 108
is made of a high elastic-nodulus material. Specifically, it has an
el astic np@igdys10f 150 MPa or nore, further preferably 200 10 MPa or
nore. There are no particular restrictions to the upper limt of an

el astic nmodul us, Mubmpbnése hdfexaAMELe, tBO0GNMIAON 1188Smay be a liquid
preferably 800 MPa or less. Aresin material having an el astic

nmodubus dMdrtioR et henaheyenantiel icatte it tsad nigoramire ebheagitheby, a liguid
prevent cracks around the bunp 106. 15 Here, an el astic nodul us of
t he underifhdrmok@8tiagdeterminegdrefndes] @matammephereaofeff25i€ntly £ill a
Specifically, it is calculated from an initial slope in a
stress- stgag wetcwees bbbt aswed tateneasiutbaeahipsi nip themsembadiwsni ng-he
machine at a rate of 1 mimn under an atnosphere of 125 C. 2D
[ 0038] ThedardedflilioB ix0gdesopt heeldel as bl gapedetussmtatia IBGASsabsfieald v,
110 and the sem conduct or chif 101. The underfill 108 can be forned

it has an elastic modulus of 150 MPa or meore, 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. Aresinmaterial having anelasticmodulus
within the above range can be used to more effectively prevent cracks
around the bump 106.

15 Bere, 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 cbtained by measurement using
Tensilon testing machine at a rate of 1 mm/min under an atmosphere cof
125 °C.

D {0038]

The underf£ill 108 is placed in a gap between the BGA substrate
110 and the semiconductor 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.

5 [0039]

A resin material used for the underfill 108 may be selected

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



by various nmethods such as curing a |iquid adhesive injected into a
gap, curing a sheet adhesive placed in Aasgap. 25 [0039] A resin
material used for the underfill 108 may %e 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

resin meteral amising,s heounderd bl 108 RLet ot AbkoABAl byanate

nultlfunctlonal epoxy resin ows“a cured resin to have

i mproved ;g a$shiknkedepsidy pdcfe hémra%@ﬁbk@r@ﬁ%é{@ be[ 044l The:sed.

underfill 108 may contain an inorganic filler such as silica

particles. It allpowesfiarmgtéiecdi verpdushyornef ugdd Hnear 1@8p§@§E@Bably
coefficient and further effective reduction of danages in the

sem condugdmziehd Rullirefncbiingespdhe rseih conotiat DbwE A @Jﬁé)ﬂr@@ﬂn thehave

BGA substrate 110. [0042] The underfill 108 may contain a coupling
agent. | taralimpwsvetlotrb 8Pl ovierdmiisiity adbesi Nefgess «fastthe budpld®6 or
the inorganic filler 15 to the underfill 108, and reduction of a

| i near exfgarsilon coefficient and nore effective reduction of damages

in the sem conductor chip 101 or between the sem conductor chip 101
and t he BGA substhiratenderf il 1Bt esontain goupbirpgnagéat Lahisgirheans blelca
used include silane coupling agents such as epoxysilanes and

am nosi | aresicarg -t i Thmat kowodpri ﬁéf%th‘g@megiucth@@@@am ljacgyegxpansion

conbi nati on. The coupllng %ﬁ?t ma used in a s%yle that it is
di sper sedFqaf 4 cBengerndi Ferhen id Wé?’?l ppduction 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 filler
1 to 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.
BExamples of a 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 combinaticn. 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 particles. 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



108 or that it adheres to the surface of an inorganic filler such as
silica particles. Alternatively, these styles may be combined. For
exanpl e, 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 ppmiC or |ess,
nore preferably 30 ppmiC or less. A |inear expansion coefficient of

the BGA 3;%@3@514@ I}éﬂrﬁﬁ@ otrhgeégpvrﬁ?(r§ 32k 3%3@%51%9@& bp BS&ss. A

nore effectivel revented I n the Low ayer and in the periphery

of the bunies3 &tdough therBGA sibstratepddQubstuaed a9 i snhsthatMove

for a sem conductor device in this enbodi ment, the substrate may be
a print edrar@d £ dwPORMELdL Bode BBt FacH ol Zor&@id®id thEARAAK layer

10 The present invention will be detailed with reference to Exanpl es
and Conpadrat iive thxappk eshebptoft hhepoment invention is not Ilimted
to them [0045] First, an underfill material used in this exanple
w |l s5be 15 descrilhedughxanplEsA shbBtepasatl®n solisadr&sia substrate for a
conposition: 13.5 parts by weight of bisphenol-F type epoxy resin
(epoxy empemiglcentictd65)vitd. It phis smbpdinenght-hefs 28 tdatpZrapbhy prdinted
(oxi ranyl met hoxy) phenyl] -N- (oxiranyl met hyl ) oxiranemne

circuit board 116 as shown in FIG. 2.

Example 1
{0044]

10 The present invention will be detalled 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

15 described.

Example 1-~1

Preparation of a resin composition: 13.5 parts by weight of
bisphenci~F type epoxy resin (epoxy egquivalent: 165), 13.5 parts by
weight of

D N-[2-methyl-4- (oxiranylmethoxy)phenyl] -N- (oxiranylmethyl)oxiraneme
thanamine (Sumitomo Chemical Co., Ltd., EIM-100), 13 parts by weight
of 4,4'-methylenebis-(2-ethylaniline) (Nippon Kayaku Cc., Ltd.,
KAYAHARD AR), 1 part by weight of y~glycidylpropyltriethoxysilane and
65 parts by weight of spherical fused silica S0-25R {(Admatechs Co.,

5 Ltd.) were weighed and kneaded by a three-rollmill, to prepare a liquid
resin composition after degassing in vacuo.

[0046]



t hanam ne (Sum tono Chemical Co., Ltd., ELM 100), 13 parts by weight
of 4,4'-nethyl enebis-(2-ethylaniline) (N,ppon Kayaku Co., Ltd.,
KAYAHARD AA), 1 part by weight of y-glycldylpropyltriethoxysilane and
65 parts by wei ght of spherical fused silica SO 25R (Admat echs Co. ,
25 Ltd.) were wei ghed and kneaded by a three-roll mll, to prepare a
liquid resin conposition after degassing in vacuo. [0046] 17

Exanpl e %;g éggrgcgdure was conducted as described in Exanple 1-1,
t

except |l owi ng resin conposition was used. That is, were

used 18 parts by, weighk,of wgbmte'é éé’%s‘%&@%¥dr§§l~jgaﬁ§@)§¥1 except
equivalent: 165), "5 6 parts by weight of

N-[ 2- met hyl 4+ 0@ Byl iRt hoxy) @Bﬁgxgltbb& Qe A8yh Metihdy) 91 rv@él%msed 18
t hanam ne (Sum tono Chem'cal Co , ELM 100) and 10 parts

wei ght arbsAoy Wel gyt enhiisrhenet by hapkldgusl, £Npp W5 &ent: 165},
Ltd., YAHARD AA). 10 [0047] Conpa?gtlve Exanpleg%x%%ﬁ@grocedure

was eondugted-tas bgeselibhedof n Exanple 1-1, except that the follow ng
resin conmposition was used. That is, were used 30 parts by wei ght of

bi sphenolnN-H 2-ypehepery (oestin(lepahy xgphealy 2hti - (G66)rakylardhi0) pal tsreme
by wei ght of 4,4'-nethyl enebis-(2-ethylaniline) (N ppon Kayaku Co.,
Ltd., KAYAHARDIAAR) (SvrtiHooto Chemical Co., Ltd., ELM-100) and 10 parts by weight
N-[ 2- et hyl - 4- (oxi ranyl et hoxy) phenyl ] - N- (oxi ranyl met hyl ) oxi ranene

t hanam neof Surfi'towbhghenbtat (CoethvlegilibeM 1WOYrof ¢B4glku Co., Ltd.,

KAYAHARD 2AA).
10 [0047]

Comparative Example 1-1

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

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

parts by weight of bisphenol-F type epoxy resin (epeoxy equivalent: 165)
15 and 10 parts by weight of 4,4'-methylenebis~(Z2-ethylaniline) (Nippon

Kayaku Co., Ltd., KAYAHARD AA) withcut

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

thanamine {Sumitomo Chemical Co., Ltd., ELM=-10C0}.

[0048]

2 Comparative Example 1-2

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

20 parts by weight of
% 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.,



27 Conparative Exanple 1-2 A procedure was conducted as described in
Example 1-1, except that the follow ng éesin conposi tion was used.
That is, were used 20 parts by weight of bisphenol-F type epoxy
resin (epoxy equivalent: 165), 20 parts by weight of 25

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

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

&]CAYiHiRDq‘]\/i,qt&l)}xxlA part(gy&mﬁyb mé g@let) y_%ggigpggyélﬁ&?ﬁ%oxy asr&lga%%dand

40 parts m%&%&ghfﬁéqffteﬁﬁﬁer 'fcgbhéf'f@gl %us'e@ias:r‘::‘%gé%d-%@at gefﬁtg@hs Co.,

Ltd.). [004 e resin conpositions prepared by the above
exanpl es @ndy conparative exanples were eval uated as foll ows.

Eval uat ed propertles are shown together with the eval uati on nethods.
The resul tgane shown in FIG 4. [0050] 10 Elastic nodulus: a paste
was fornmed into a test sanple with a size of 10 nm (w dth) x about

150 sm (I ength) Xhé mesihhbekpess)ionsmiirepared bhethe wetd rxamp08s Gind
oven for 30 min, and then its elastic nodulus was cal cul ated from an
initial Sicﬁ@ﬁnaml&EﬁX‘&@estWEﬂia’le‘@MMecbbt dgionédwby nEeslueiehpruserigies
Tensilon testing machine at a rate of 15 1 nm m n under an atnosphere

of 125 C.ard 606d} tGoasbet nardi thopvhénperat meehadd. t HBraraksexpanpgieorhown

coefficient: a capillary underfill material was cured at 150 C for
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 slope 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.
[00511
Glass-transition temperature and thermal expansion
coefficient: a capillary underfill material was cured at 150 °C for
120 min and cut intoc a 5x5x10 mm test piece. The sample was used to
4 determine this property using Seiko TMA/SS120 under the conditiocns 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).
5 [0052]
Resins and so forth in FIG. 4 will be specifically described.

ELM100



120 min and cut into a 5x5x10 mmtest piece. The sanple was used to

23 determne this property using Seiko SS120 under the conditions

of a conpressive load of 5 g and a terrg rature 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

expansion coefficient). 25 [0052] Resins and so forth in FIG 4 wll

be specifj II rpb

(N-T2- rret%f/ﬁ %{Sggﬁa%yfﬁxejt%o y %%gg%%y p]Rl?r(lY)H ranyl rtaﬁyﬂsnggﬁ}zan%xn%ranem

et hanam o I td,, KAYAHARD AA

(4,4 - r%‘t)q ene E Sm. %rgd;\ll r}gr%[e’ca!i %?ppon Kayaku Co., Ltd., 5

KBE403 (y- gI ycid t Rk et hoxy. t@@@)e L ) R

Ltd. SO 25R (sph%gfgkfbué%dkgl%(lﬁﬁaé avepggggpg%ﬁ%eﬁgﬁ?eﬁ@& 5 p%)?n

Admat echsgfRi kbd, £0953] 10 A doubl e-sided copper-clad |aninate

was prepared as foflows Exanple 2-1 Preparation of a resin varnish:

20 parts by wei 9mBEQfOBa{M&Qb@@yl;ﬁﬁ@gﬁy%@tﬂq@xyeiﬂﬂnéLpﬂﬁﬁnw]@mfthemlcal

Ltd., Prinaset PT-60) , 6 parts by weight of a biphenyl dinethyl ene

type epoxyb.regical.(Ni ppon Kayaku Co., Ltd., 15 NC-3000P) , 4 parts by

wei ght of a bi phenyl di net hyl ene type phenol resin (Meiwa Plastic

| ndustries Ltd., WEHSR8%ipSrracal KB auastidiby, wetgtdge glarancle size: 0.5

epoxysi |l ane type coupling agent (N ppon Uni car Conpany Ltd., A-187)
pm) : Admatechs Co., Ltd.

—_)

[0053]
10 A double-sided copper-clad laminate was prepared as follows.

Example 2-1

Preparation of a resin varnish: 20 parts by weight of a noveolac
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 weight of a biphenyldimethylene type phenol resin
{(Meiwa Plastic Industries Ltd., MEH-7851-S} and 0.3 parts by weight
of anepoxysilane type couplingagent (NipponUnicar CompanyLtd., A-187)
were dissolved in methylethyl ketone at room temperature, and to the
mixture were added 60 parts by weight of spherical fused silica SO-25R

D (Admatechs Co., Ltd.) and 10 parts by weight of SFP-10X (average particle
size: 0.3 pm; 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]

5 Preparation of a prepreg: the above-mentioned resin varnish
was impregnated in a glass woven fabric (thickness: 200 ym, Nitto Boseki

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



wer e dissolved in nethylethyl ketone at roomtenperature, and to the
m xture were added 60 parts by weight spherical fused silica

SO 25R 2D (Admatechs Co. , Ltd.) and 10 parts by wei ght of SFP-10X
(average particle size: 0.3 pm Denki Kagaku Kogyo Kabushi ki 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 Preparation of a

prepreg: 2 : ; -

Gl 55 movSr TP & I oo h 0 R o oty 8D DR o of ehe
VEA- 7628) o iWNERE W05 N i36d il gréggeapeo@tab%@& Gofer, 2 min, 20 to
prepare a prepreg having varnish solid content (a proportion of the
resin andggiskica in the prepreg) of about 50 % [0055] Preparation of

a lam nation: A given nunber of the above prepregs 5 were piled and

18 m copper foil $repreadidached ak@nhel bnshdesenangdbbhe dhetidtie pMpregs
nol ded under heating and pressing at a pressure of 4 MPa and a

t enper at Wee 0pi POP abdfl 08 1 HopSr Lo 1BRDA 6t dadRedlter BbeiEGides, and the
copper-clad |am nate. [0056] 10 Exanple 2-2 A procedure was

conduct eghrasiudeses s bed den Exaaplle2-ihg exdgptesdimat ad & gsigssvaenc§ MPa
had the follow ng conposition. That is, were used 11 parts by wei ght

of a bi phenykdimpbhydianes tofp&08pogy frest nm¢hippow pkapake @odoubletsided
NC- 3000P), 9 parts by wei ght of a bi phenyl di net hyl ene 15 type phenol
resin (Msiompeprasadclamdetaies Ltd., MEH7851-S) and 60 parts by

wei ght o%e%%%%SR (Admat echs Co., Ltd.) as a spherical fused

10 Example 2-2

A procedure was conducted as described in Exampie 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

15 type phenol resin (Meiwa Plastic Industries Ltd., MEH-7851-5) and €0

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

silica.
[0057]
Example 2-3
D L procedure was conducted as described in Example Z-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

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

by weilght of a phenol novolac resin (PR-51714, hydrcoxyl equivalent:



silica. [0057] Exanple 2-3 2J A procedure was conducted as descri bed
in Exanple 2-1, except that a resin vaipi sh 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 25 bi phenyl di net hyl ene type epoxy resin. A
Ol 13T wRin D AR WY MRl Lok B biBhenyl IR ) 02 [PRO parts
phenol novol'ac resin an parts "by weil ght of a phenol novol ac reg)l n
(PR-51714,, hudroxyle eaubyal ooty sAleql0B): SUBLLOBR BakalddLoloricts di)e:
. An inorganic filler was 40 parts by weight of a spherical fused
silica SQ Z5Rn(aufd 30@aPaLthFhRighEesor Skb1PR) (AREryddr% iBY eVl ght 0.3
of SFP-10X (average particle sizé: 0.3 pm Denki Kagaku Kogyo
Kabushi kipnKaipsha) - k8gd B9S8]gycExamnkai R 4kA g-0cedure was conducted as
described in Exanple 2-1, except that a resin varnish had the
fol | pw ngogemposi tion. That is, were used 11 parts by weight of a
bi phenyl di met hyl ene type epoxy resin (N ppon 10 Kayaku Co., Ltd.,
NC- 3000PExzar®lpabts by wei ght of a bi phenyl di net hyl ene type phenol
novol ac resin (Meiwa Plastic Industries Ltd., MEH 7851-S) and 50
parts by wei ght éf pS@&&5R ¢ AdaatechstEd. 35 bedeyilagd dnsphand ball-1f usagpt
silica. [0059] 15 Exanple 2-5

that 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-7851-8)

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 compositicn. 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
D type phenol resin (Meiwa Plastic Industries Ltd., MEH-~7851-S) and 45
parts by weight of SO-25R {Admatechs Co., Ltd.) as a spherical fused
silica.
[C060]

Comparative Example 2-1

il 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



A procedure was conducted as described in Exanple 2-1, except that a
resin varnish had the foll ow ng conposigbon. That is, were used 8
parts by wei ght of a bi phenyl di net hyl ene”type epoxy resin (N ppon
Kayaku Co., Ltd., NC-3000P), 7 parts by weight of a

bi phenyl di met hyl ene 23 type phenol resin (Meiwa Plastic Industries

Ltd., MEH 7851-S) and 45 parts by weight of SO 25R (Admat echs Co.

Ltd.) as a.. rical f Lhi : t VM I -

A pr bcedureTng CoRasaT e A GsariBeT TR Eian 2 3 AT S Rne e
resin varg Aad 1 hed i [ Wbt RO W esi

That is, tc%HbrocéguSg ?Pbggg%%P§9z-€ k%gggﬁh E?fggféggce tkgékad§$ﬁéd'
a conposifi, 2 i Y a Ve fqidhelp! ! l#R@CIYPEsin and
epoxy regykqﬁégggéogy?gg§¥§§égﬁ?&g}%§ﬁ§§¥§%?sQa?E%g%A%?%i%ﬁﬁzb.,

Ltd.), 140 paPests hyiywi ghtsefzsk baphensdrdl o8t hykene 4¥pes Qal fused
resin and 0 parts by weight of SO 25R (Admatechs Co., Ltd. ) as a
sphesi calsfused 5 silica. [0061] Conparative Exanple 2-2 A

procedure was conducted as described in Exanple 2-1, except that a
resin varpp®ilhad the follow ng conposition. That is, were used 10

20 parts by weight of a biphenyl dinmethyl ene type epoxy resin (N ppon
Kayaku ColgmdarhtivNCE3O00R, 215 parts by weight of a

bi phenyl di met hyl ene type phenol resin (Meiwa Plastic Industries

Ltd., MEH 7851- S)A mhdcedurpaesschyduioghes oles8OL28R (rABrareth s -Co. except

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

10 20 parts by weight of a biphenyldimethylene type epoxy resin (Nippon
Kayaku Co., Ltd., NC-3000P), 15 parts by weight of a biphenyldimethylene
type phenol resin (Meiwa Plastic Industries Ltd., MEH-7851-8) and 25
parts by weight of SO-25R (Admatechs Co., Ltd.) as a spherical fused
silica.

5 [0062]

Comparative Example 2-3

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

D except using a composition of 50 parts by weight of anovolac type cyanate
resin, 28 parts by weight of a biphenyldimethylene type epoxy resin
and 22 parts by weight 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.



15 [0062] Conparative Exanple 2-3 A procedure was conducted as
described in Exanple 2-1, except that §3re5|n varni sh was as
described in FIG 5 mﬁthout a spherical™ fused silica. That is, the
procedure in Exanple 2-1 was conducted, 2) 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 6b6giphenyldinethylene type phenol resin. [0063] The
IaninatiJﬁs pgepared by the above exanples and conparative 25

exanpl es were evalyat ot 45 LobhoWen FAIHALEALPI APRLL SRadie SBRMEreq to

together wth the eval uation net e resul s are shown 'in

5. 23 [QQ5$]"@h&rhhﬂeéﬁpéﬁgﬁﬁ§kﬁ%f@@@i&h@*?nt (|n the figure,
referred to as a "thermal expansion coefficient") Linear expansion

coefficients in apneRrpdansh AR dobthicknass ip £H nechians {nfYa thickness
direction and Z direction, respectively) were determined at 5 Cmn

usi ng TMAiifr@cta o s XY 2 d8Pibasinddl a€ec€tiiof F 68%Ped@itdlal)i ke determined
prepared by overall etching of a doubl e-sided copper-clad | am nate

with a tdd ekgss rohising ™M £46:0862kmm 1Q funi esd pSScé IAASEEHOA lamination
tenperature A doubl e-sided copper-clad |lam nate with a thickness of
0.6 mMm wasreveddy oedchiddet ohigiyefa damimatdiced domrmmwuleh lariGatrmw th
60 mmtest piece was cut, and the test piece was heated at 3 Cnin
usi ng a thickness of 1.2 mm.
[0065]
10 {ii) Glass-transition temperaturse
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 &0
mn 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~transiticn temperature.
[0066]
The resins and so forth in FIG. 5 will be detailed.
Primaset PT-60 (a novolac type cyanate resin, weight average
Py 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-S (a biphenylalkylene type novolac resin, hydroxyl
equivalent: 203): Meiwa Plastic Industries Ltd.,
5 PR-51714 (a novolac resin, hydroxyl equivalent: 103, weight

average molecular weight: about 1600): Sumitomo Bakelite Co., Ltd.,

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



a dynam c viscoel asticity nmeasuring device DVA983 (TA Instrunments

Co. ,

15 Ltd,), to determ ne a peak position of tan 6, which was

defined as a glass-transition tenperattre. [0066] The resins and so
forth in FIG 5 will be detailed. Primaset PT-60 (a novol ac type
cyanate resin, weight average 27 nolecul ar weight: about 2600):
Lonza Japan Ltd., Prinmaset PT-30 (a novol ac type cyanate resin,

wei ght a
MVEH- 7851

ﬁ%ﬁ?gigﬁgﬁggﬁggﬁiquhgpt: about 700): Lonza Japan Ltd.,

eny 1 ene t'ype novol ac resin, hydroxyl

equi val ent: 203) 33%1%\9? Eléﬁhiafiéé‘ﬁ'f%éh%%ﬂi%wa@éréﬂ% g&?%ﬂci@size: 0.3

novol ac resin, hy
wei ght : ahout pLERY) kaSHlh tsm, PalkehishekCoxai g, . SO 25R (a

spheri cal

equivalent: 103, weight average nol ecul ar

fused silica, average particle size: 0.5 24 pn): Adnatechs

Co., Ltd., SFP-1GX1ka shhepbepdi fdiseeh sé Ebﬁﬁlil@@{% age) paribbeharsicaeico. ,

0.3 pm: Denki Kagaku Kogyo Kabushi ki Kai s

a, A-187 (an epoxysil ane

typescouplddng agent) : Ni ppon Unicar Co., 5 Ltd. The present

invention will be detailed with reference to, but not limted to,
Exanpl es and Conmaueaptaecrbixanpeesioh 0067]bdsicng:tba wdiablefstaed: to, but
copper-clad | am nates prepared in 10 Exanples 2-1 to 2-5 and
Conpar at inee EXadpkdst2; 1Etan<d aner €oppepatede Hyampled.circuit

boards for evaluation, in which a bunp el ectrode had been
prelimnardd47if ormed. The printed circuit board thus prepared

10

15

Using the double-sided copper-clad laminates prepared in
Examples 2-1 to 2-5 and Comparative Examples Z2-1 to Z2-3, 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 semiconductor chip having an interlayer
dieslectric made of a low-dielectric constant material {an Si0OC film
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 a flip chip bonder, and was then passed through a reflow furnace
(reflow conditions: the highest temperature of 260 °C, the lowest
temperature of 183 °C and IR reflow of 60 sec) to be firmly attached
te the solder bump.

[0068]

Since a linear expansion 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 evaluaticn) - {a linear expansion
coefficient of the semiconductor chip) are 6, 7, 8, 9, 9, 11, 12 and

13ppm/°CforExamples2-1, 2-2, 2-3, 2-4and 2-5, andComparative Examples



was tenporarily attached to a sem conductor chip having an interlayer
dielectric made of a |lowdielectric congfant material (an SiCC film
15 fornmed by CVD, specific dielectric constant = 2.2) while
positioning a |lead-free solder (conmposition: 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

t hrough a_ref bo gF:Te w.cQupdi tions: the highest tenperature
of 260 C? t'eblggé§§ %3§Téﬁ%§%%%Ure gf 183 C and IR refl ow of 60 sec)

to be firmy attachederhlrt N S0ldebrOuD: i fQQ68kpSh 866 > JJF8BRent in 2
expansion coefficient of the sem conductor chip 1s 3 ppmiC, val ues

of (a |ingakcexBanskomeast fitdent reniX- Noshd efdd @va122t9bnf he (a linear
printed circuit board for evaluation) - (a |linear expansion

coef fi Ci effpapkibhecsert LONCIIT tBBI Pmid@ Bctébr 8nif) e Bl, 112 awmd 15,
13ppnmI C for Exanples 2-1, 2-2, 2-3, 2-4and2-5, and Conparative

Exanpl es 25 22; 132 2md andoidn/3.C fespecinplelsy 2-Furdder oese, 2valaneis2eb, and
(a linear expansion coefficient in Z direction of the printed

circuit huampdrhodvevBkampien)2-1,(2-Li aedr 2-gxparsicarticeéffi ci ent of

t he sem conductor chip) are 9, 11, 13, 15, 5 17, 27, 32 and 47 ppm C
for Exanmpl®@$92-1, 2-2, 2-3, 2-4 and 2-5, and Conparative Exanples

2-1, 2-2 and 2-3, respectively. [0069] Since the solder bunp has a

| i near expansi on S66eEf Fo¢esnldsfr oppprppad @ ldakassewpaqsiaqn gegifficient of
expansion coeffjcient of the underfill) 10 - (a_linear expansion

coef fi ci et PBY t fre VadLgEroh AP inges gxransiprgfge DB HiFHTCOf dhepanprest 1)

1-1 and 1-2, and Conparative Exaqyles 1-1 _and
10 - {(a linear expansion cos

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

[G070]

15 Then, the resin composition prepared in Example 1-1i, 1-2, 2-1
or 2-2 was injected to prepare a fl1ip chip package for evaluation. The
flip-chipmounted semiconductorchipisalogicdevicehavinga structure
where a multilayer copper interconnection is formed on a silicon
substrate. The interlayer dielectric containig themultilayer copper

p.A| interconnection includes the porcous SiCC film {(dislectric 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

5 performance of the lead-free sclder bumpandof the interlayerdielectric

made of a low-dielectric constant materiazl. These packages for

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



1-2, respectively. A difference of a | i near expansion coefficient is
smal | between Exanples 1-1 and 1-2. Q%Q] 15 Then, the resin
conposition prepared in Exanple 1-1, 1 or 2-2 was injected to
prepare a flip chip package for eval uation. The flip-chip nounted
sem conductor chip is a logic device having a structure where a

nmul tilayer copper interconnection is formed on a silicon substrate.

The interlayee diel (t?e aﬁlﬁgnéé'ﬁQ e, : ffhéf?ﬁfﬁﬂi 1RRRREM 3l a conduction

i nt erconnection inc st por ous SlOC ectric constant:

2.5 or | 3s) JruBd\due P asa 11;?% ngﬁé]coyaﬁc{:ib@w@?é%o&%@géﬁ%sad(&bted

eval uation thus prepared were jected to a thermal cycle test to

conpar e/ %\é%'khl%é@ pProteckistpwsLbndankersmape t@fstt figndeadahd e@esdd®iction
bunmp and of the interlayer dielectric nade of a lowdielectric

const ant teRteréahltsthegecpackagesidiokesevabiiali DA reesopENeRssedndy & a
thermal cycle (1000 cycles of cooling 26 at -55 C and heating at 125
C) and t henssub] eat ealbi® of aotrducinben of esdswdersanihesewnthdualdefective
bunps bei ng conductive were counted as accepted packages. FIG 6

shows t hedndst-tobnt be testargdrpl.es and the conduction test results.
The conduction test results are expressed using, as a 5 neasure, a
rati o of the nunbéf.of passed sadplcesiwi(ehbinedefereingdonconetittdiomt of
to 10 sanples. FIG 7 shows a value of (a |linear expansion

coef fici éhe ghderhelund®)f il [(2108)ear (ExOANAean igmtcdBf &7 citerilane

in an in-plane direction of the substrate of the printed circuit
board) f irggEpCchaxh thggs%ﬁ;]a@_e of the printed circuit board) for each test

10 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.

B Apackage forevaluation was used 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 Corporation,
EMS2002AD-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 bcards for
evaiuation. Incontrast, defective conductionwas cobservedinthe £lip

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



FIG 8 shows a list of the test sanples and the results of crack
generation in an interlayer dielectric.,fA package after thernal

cycle treatnent was cut and observed for crack 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 c%ﬁm&lc%ﬁoﬁ L4 he aRaghe ' &M d Sechi WA PRYEWIBS AeHET PLRCES were

by three-di nensi onal shape neasurenent (Keyence Corporation,

EM52002AR:3(Q)-vedNen Wd sbNa&t Bund bénftctMd Q07 2L A fhawriivB &iG@udion

defective conduction was not observed in a flip chip package

prepar ed digleNg rhe Fesiin CoARNsitd eRaefa BXaAP Bastli-clmefule? unfBer heating
conbination with all the printed circuit boards for evaluation. In

cont r ast ,ardeteahd Ve datduehton was cobset yesht Bt brefhap 2patBipn between
package prepared by the resin conposition of Conparative Exanple 1-1
or 152 i nheonkihdatirea woideamndfhkeheepinntadoes riciwit areaidsotoant for
eval uati on. Wen the sol der bunp connection at the site of defective

27 conductaventwag crHckandntttee dredsisecticduawaiunvalwratiedy theawks cycle
were observed in the solder bunp connection in every defective

conduct i drestsi t ét Ihéieaimd tthe hdpertanachatt anhrghsenasii ¢lastirusodulus
under heating and a small difference in a coefficient of thernal
expansi ortrisEE ViRt 1B1a Hrerredgnt febosptHan ahd heHeadedirrecspssituysgrcaused
are inportant for preventing cracks in the |ead-free solder junction
in a thef¥aP eyed oeesrated Jurdieat €4 ffRESrrpott dneeebfiiifttleasi Heprmal

an el astic noduylu under heating t revent deformation of the |
[ ead? r e EBTASP LR SERLRE Sy Sty 6T CRET R B QlianE 04 Fouit board

differ encaencj cl;lf ranaﬁggtfz; gic%ie%%ticgfen g%rtrﬂaelrmal expansiocon of the resin composition
close to a coefficient of thermal expansion of the lead-free scolder
bump.
[0073]

0 As shown in FIG. 8, in a fiip chip package prepared using the
printed circuit 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
in combinationwithall resin composition for evaluaticen. 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 compositicns.
The results indicate the importance of using a double-sided copper-clad
laminate with small thermal expansion coefficients in XY direction and
Zdirectionandahighglass-transition temperature as aprintedcircuit

i) board for preventing cracks in the interlayer dielectric. It indicates

that a stress generated in a semiconductor chip by a difference in a

coefficient of thermal expansion between the semiconductor chip and



10 expansi on between the sem conductor chip and the printed circuit
board and of making a coefficient of t?ﬁrnal 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 ect r heRbt Bl & LIPLIRL iGyolee: PTOsRSS11LA SPTbkNRLD r‘!:h‘@rﬂﬁlaézl;pan51on

resin conposition for evaluation. In contrast, In Ip C

package mo%%&%qe%s Ngn tHe PridH8dnChhauit dpp@é&%rpfan@ 1€@ma§§ ahd Ve
Exanple 2-1, 2-2 or 2-3, cracks were generated in an interlayer

di el ectrig adsa-eeahsnal &@RebbhaAlde 1@ LHESKD FRRRASIdHAONRS in enteriayer
results indicate the inportance of using a doubl e-sided copper-clad

| am nat e Mg asAakl 1aher ddexaarsilon-aoef et entcorigtaXY dhteeiadn

and Z direction and a high glass-transition tenperature as a printed
circait 25 boardHsoshpreventiag & r deks Aldpt beip n=ekkaygeprepeatcectising the
It indicates that a stress generated in a sem conductor chip by a

di f f er engeriimiea cicorfifti nbart odfExthel aed-3expensi bectbet weelncthen in package
sem conductor chip and 28 the printed circuit board is controlled by
reduci ng wavmagel wexpahseored coefdorbieatsonnoXkya i restinorompdsktions for
direction and increasing a glass-transition tenperature and thus to
prevent adkatiipnasorpeseapdme PHgHSS ¢iiruidkrandeeCeorparative Example
|l ow-di electric constant material. 5 As shown in FIG 9, ina flip

chip package préfaredulss nﬂ‘qwteplt@ﬁt é@peﬂz@m Hoara g aEséawal%—Slded

2-3, the effect of reduction in package 5 e was obser
comP nat | GIPRGE ALPer BGOSR e EBF el pat o COMianes in XY
the prln%?%é%t&%%’gng%?dlrgétlogggkﬁglHﬁﬁgé%ass transiticon temperature as

a printed circuit board for reducing package warpage.



2-2. The results indicate the inportance of using a double-sided 10
copper-clad lamnate with small thermal,gxpansion coefficients in XY
direction and Z direction and a high gl%gs-transition tenperature as
a printed circuit board for reduci ng package warpage. 29 CLAIMS 1. A
sem conductor device, conprising a substrate, 5 a sem conductor chip
nount ed on said substrate, a bunp connecting said substrate and said
senicond%ﬁ% chip, which is fornmed between said substrate and said
sem conductor chip, and an underf ill filling the periphery of said
bunmp, which is forned 10 between said substrate and said

sem conductor chip wherein said bunp is conprised of a | ead-free

sol der, said underfil Leh$-SRMREESEHRS R, resip- 1B efial with an
elastic nodulus of 150 MPa to 3000 MPa both inclusive, 15 said

underfill has a |j regerexpansi on coefficient of 40 ppmiC or Iess,
said substrate has a |inear expansion coefficient of less than 14

ppm € in an in-plarendtbgehtodr afhihencsubstr ahesa adds gatdasehst rat e
has a |inear expansion coefficient of less than 23 30 ppniCin a

t hi ckness direct izoputd cbhacsubsd ratiel subhstiime «send candusindrcothemicteraship,
claimed in Claim1, wherein said underfill is conprised of a resin
mat er i al Whawvihngsafoehas tietweedubasd fbst5@tePantl os80D seRacbotihctor chip,
i ncl usi ve.
and
anunderfill £illing 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 soclder,
said underfill is comprised of a resinmaterial with an eiastic
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, and

said substrate has a linear expansion coefficient of less than

A 30 ppm/°C in a thickness direction of the substrate.

2. The semiconductor device as claimed in Claim 1, wherein
saidunderfill is comprisedof a resinmaterial havinganelasticmodulus

of 150 MPa to 80C MPa both inclusive.

3. The semiconductor device as claimed in Claim 2, wherein

said substrate has a glass-transition temperature of 220 °C or higher.



z 3. The sem conductor device as clainmed in Claim2, wherein said
substrate has a glass-transition tenpergture of 220 C or higher. 30

4. The sem conductor device as clainmed in Caim?2, wherein said

sem conductor chip conprises a silicon substrate; an interlayer
dielectric containing a low dielectric constant film having a

specific 5 dielectric constant of 3.3 or less on said silicon
substrate; and an interconnection forned in said interlayer

dielectric. 5. The sem conductor device as clainmed in Caim 2,

wherein a |inean expanstRNc&ReiddSl @B i0E 581 &hAMERS fill L1b$ml 27 dfferein
than a linear 10 expansion coefficient of said substrate in an

i n- pl ane (dijesbhofoiudite: sHbstdAtR-1aRd snalilikiont BaPserdtidlean interlayer
expansion coefficient of said bunp. 6. The sem conductor device as

cl ai ned idicTeaiciib,coMieriglig aldoar didlkereneaedgita@entiad haedlq a specific
expansi on coefficient of said underfill and a |linear expansion

coef§i ci efitelektsacdeduymrits of03 ppradrCless| @ said sTheécsenmuwedackerand an
device as clained in Claim2, wherein said substrate conprises a
cyanat e riegigrcoRhe8tidhef semd dmdeetidr idesr tayas diediemedicn C aim 2,
wherein a difference between a |inear expansion coefficient of said
substrate in an in-plane direction of the substrate and a |inear
expansion coefficient of said sem conductor chip is 20 ppnm C or _

| ess. 9. The senidcofAbigceoRigevdud s devarredsi pla@radnin Ghhéhef n wherein

said | ead-free solder conprises tin and silver. 31 ,
a linear expansion coefficient of saidunderfill is larger than a linear

10 expansion coefficient of said substrate in an in-plane direction of
the substrate and smaller than a linear expansion coefficient of said

bump.

6. The semiconductor device as claimed in Claim 5, wherein
B a difference between a linear expansiocn coefficient of said underfill

and a linear expansion coefficient of said bump is 10 ppm/°C or less.

7. The semiconductor device as claimed in Claim 2, wherein

said substrate comprises a cyanate resin.

A
8. 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 said semiconductor chip is 20 ppm/°C or less.
)

9. The semiconductor device as claimed in Claim 2, wherein

said lead-free solder comprises tin and silver.



10. The sem conductor device as clained in Caim4, wherein said | ow
dielectric constant filmconprises Si, 9 and C. 5 11. The

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

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

said low dielectric constant film comprises S5i, C and C.

5 11. The semiconductor device as claimed in Claim 4, wherein

said low dielectric constant film is a porous film.



