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- 1 - SPECI FI CATI ON SEM CONDUCTOR DEVICE 5 Technical Field [0001] The
present invention relates to a sem conductor device. 10 Background Art
[0002] In face-down nounting of a sem conductor chip (sem conductor
el ement) on a substrate, an undesirable gap is forned between the substrate
and the sem conductor chip. The gap nust be filled with an 15 insul ating
material called underfill. Thernosetting resins such as epoxy resins have
been widely used as naterials for the underfill (Patent Docunment 1). [0003]
[ Pat ent Docunent 1] Japanese Unexam ned Patent Application 20 Publication
No. H11-233571 Disclosure of Invention [0004] In general, substrates and
sem conduct or chips have different 25 |inear expansion coefficients. The
substrates, conposed of materials containing organic resins, have |inear
expansi on coefficients |arger tharsRecarTOATIdNe sem conductor chi ps. Wen a
sem conductor device 2 including a sem conductor chip nounted on a
substrate undergoes thermal history, the substrate warps due to a
difference in |inear expansion coefficient between them In a conventional
sem conduct or SEMICONDUCTOR DEVICE
5
Technical Field
(0001]

The present invention relates to a semiconductor device.

10 Background Art
[0002]

In face-down mounting of a semiconductor chip (semiconductor
element) on a substrate, an undesirable gap is formed between the
substrate and the semiconductor chip. The gap must be filled with an

15 insulating material called underfill. Thermosetting resins such as
epoxy resins have been widely used as materials for the underfill
(Patent Document 1).

[0003]
[Patent Document 1] Japanese Unexamined Patent Application

20  Publication No. H11-233571

Disclosure of Invention
[0004]
In general, substrates and semiconductor chips have different
25 linear expansion coefficients. The substrates, composed of materials
containing organic resins, have linear expansion coefficients larger

than that of the semiconductor chips. When a semiconductor device



devi ce, such warpage woul d cause damage such as cracks in the 5

sem conductor chip, at the interface between the sem conductor chip and a
bunp, and at the interface between the bunp and the substrate, in sone
cases. [0005] Furthernore, substrates having buildup | ayers have been used
in 10 recent years. Conventional nodels of such substrates include buildup
| ayers on core |layers. Wth rapid shift towards higher clock frequencies of
sem conductor chips, substrates that can reduce inductance are required for
nount i ng sem conductor chips. A subst[@%g_having core layers and buil dup

| ayers has significantly 15 high inductahce at through holes in the core

| ayer. Pr 999?1@;@?9' UL QMR L S LAUGS hOGURIABAE asru%s%gs@émﬁ{deggow thi ckness

of the core as much as possible or use of a substrate ving only

bui | dup | %Mﬁfﬁal_( Wikho)  GOLe shiBYE Rk whihIRREr 8b.a (N8 rePLR-d a%el k& Provi ded
to reduce the Iinear 0 expansion coefficient of the substrate. Thus, a

redUCtiOnekﬁanéﬂBnCEB§§§ié¥énEh§e£WHé% LAYE! Qh HS&Rfend i SHRBIIAL BoRAYItRG: only
bui l dup layers accelerates warping of the substrate by thernmal history.

[0006] Angehj&ct LEnthergiesent1d et @hde LOcRTRYIcd8cRs Sgmcagnductor 25
device that can prevent occurrence of damage in a sem conductor elenent, at

the inderkagecheinesn dip, el eanduetora&l eRNte@Nthed sehUEThdRREr athithe
interface between the bunp and a substrate. 3 - [0007] According to the
present i BMEN iip, t Hd &t $hBr dviddedca b@tﬁ@eﬁoﬂl‘ijél%ﬁfp d8yi0R GABREIAId)0:
in some cases.
[0005]
Furthermore, substrates having buildup layers have been used in
10 recent years. Conventional models of such substrates include buildup
layers on core layers. With rapid shift towards higher clock
frequencies of semiconductor chips, substrates that can reduce
inductance are required for mounting semiconductor chips. A
substrate having core layers and buildup layers has significantly
15 high inductance at through holes in the core layer. Proposed
solutions to reduce inductance are a reduction in thickness of the
core layer as much as possible or use of a substrate having only
buildup layers (without core layers).
In general, the core layer is provided to reduce the linear
20 expansion coefficient of the substrate. Thus, a reduction in
thickness of the core layer or use of a substrate having only buildup
layers accelerates warping of the substrate by thermal history.
[0006]
An object of the present invention is to provide a semiconductor
25 device that can prevent occurrence of damage in a semiconductor

element, at the interface between the semiconductor element and a

bump, and at the interface between the bump and a substrate.



a substrate; 5 a sem conductor el enent nmounted on the substrate; a bunp
connecting the substrate and the sem conductor elenent; and an underfil
filling in around the bunp, wherein the bunp conprises a high-nelting-point
sol der having a 10 nelting point of 230C or nore, the underfill conprises a
resin material having an elastic nodulus in the range of 30 MPa to 3000
MPa, the substrate has buil dup | ayers including resin-containing insulating
| ayers-and conductive interconnection |layers that are 15 alternately

| am nat ed, each of the conductive inteIc?npection | ayers being connected by
conductive layers formed in via holes inthe insulating |ayers, and the

| i near expapﬁkgq coefficient of the insulating |layer of the buildup |ayer
in the in-plane'direction of the substrate at 20 tenperatures between 25C

and the glass {¢ aé%gogbq%ﬁpggg%#ﬁgi5§e§§kngp?hébggﬁlE§§vh£§pg8] Accordi ng

to the invention g su I guration, astic nodul us of the

underfill (LS rebleg ;.30 Qf ore and 25 3000 MPa or less to tightly
fix the pgéﬁﬁﬁeryco% t he Snpmgﬁgjiog'prevent occurrence of cracks in the

bunp. Since the ljngar,gxpansion coefficient of the insulating layer of the
buil dup layer in the in - 4 plane direction of the substrate at

tenperatures betueen 28G-and et BeentOhRSstLd aRsihbonlqmmesature is 35 ppm C
or less, warping of the buildup |layer can be noderated, resulting in
effective suppjesgiPRoRfiecting the substrate and the semiconductor element;
and
an underfill filling in around the bump,
wherein the bump comprises a high-melting-point solder having a
10 melting point of 230°C or more,
the underfill comprises a resin material having an elastic
modulus in the range of 30 MPa to 3000 MPa,
the substrate has buildup layers including resin-containing
insulating layers.and conductive interconnection layers that are
15 alternately laminated, each of the conductive interconnection layers
being connected by conductive layers formed in via holes in the
insulating layers, and
the linear expansion coefficient of the insulating layer of the
buildup layer in the in-plane direction of the substrate at
20 temperatures between 25°C and the glass transition temperature is 35
ppm/°C or less.
(0008]
According to the invention having such a configuration, the
elastic modulus of the underfill is controlled to 30 MPa or more and
25 3000 MPa or less to tightly fix the periphery of the bump and to

prevent occurrence of cracks in the bump. Since the linear expansion

coefficient of the insulating layer of the buildup layer in the in-



damage of the sem conductor el enment, damage at the interface between 5 the
sem conduct or el enent and the bunp, and damage at the interface between the
bunmp and the substrate. Herein, the elastic nodulus of the underfill is
determ ned from a stress-strain curve neasured at 125C. [0009] 10
According to the present invention, there is also provided a sem conductor
devi ce conprising: a substrate; a sem conductor elenent nounted on the
substrate; a bunp connecting the substrate and the sem conductor el enent;

15 and an underfill filling in around the bunp, wherein the bunp conprises a
| ead-free solder, the underfill conprises a resin material having an elastic
nmodul us i pléhe diaegeiaf cf50h&Pailiatr806 APdempheatsulest bateedrag SBuidnduphd ayer s
i ncluding resin-containing 20 insulating |ayers and conductive

i nt er connetasortdaaget sort Hatmparatursl tier datmdny/°C am dated,warpese ebridect i ve

i nterconnection | ayers being connected by conductive layers forned in via
hol es i n bheldursdlager ngpn beysodsrared, t hesulitnedr iexgfdrsiove cogbfess am obf t he
insulating layer of the 25 buildup layer in the in-plane direction of the
subst r at edamnage exfp&hat sanasobduoien €26 ahd dahegyl s $her angdtfiaga petysenat ur e
is 35 ppmCor less. - 5 - [0010] According to the invention having such a
conf i gur athensenigondettzmt iedemeriulans! she tihapunded fddnagiesat difter dhtedfaas 150

MPa or nore and
between the bump and the substrate.

Herein, the elastic modulus of the underfill is determined from
a stress-strain curve measured at 125°C.
[0009]
10 According to the present invention, there is also provided a
semiconductor device comprising:
a substrate;
a semiconductor element mounted on the substrate;
a bump connecting the substrate and the semiconductor element;
15 and an underfill filling in around the bump,
wherein the bump comprises a lead-free solder,
the underfill comprises a resin material having an elastic
modulus in the range of 150 MPa to 800 MPa,
the substrate has buildup layers including resin-containing
20 insulating layers and conductive interconnection layers that are
alternately laminated, these conductive interconnection layers being
connected by conductive layers formed in via holes in the insulating
layers, and
the linear expansion coefficient of the insulating layer of the
25 buildup layer in the in-plane direction of the substrate at
temperatures between 25°C and the glass transition temperature is 35

ppm/°C or less.



800 MPa or less to prevent occurrence of cracks in the bunp even when 5 a
bunp conposed of a | ead-free solder having relatively | ow toughness is
used. Since the |inear expansion coefficient of the insulating |ayer of the
buil dup layer in the in-plane direction of the substrate at tenperatures
bet ween 25C and the glass transition tenperature is 35 ppmiC or |ess,
war pi ng of the buildup | ayer can be noderated, 10 resulting in effective
suppressi on of damage of the sem conductor elenent, damage at the interface
between the semi conductor elenent and the bunp, and damage at the interface
bet ween the bunp and the substrate. Herein, the elastic nodulus of the
underfill H%Oggiernined from 15 a stress-strain curve neasured at 125C

[ 0011] According to the sem conductor device of the present invention,

preferably.  thesem pondueter shamnt Ladkidescs siddeon,sbisty aty | an

interlayer insulating rovi on the silicon su

interlayeg;insw aring, iéfg‘c-gélgéﬁq@r@glf‘ iéﬂ@bﬂ%g{l&% kg !L?(yq{Paht@}{flgﬂQ:eaand

relative permttivity of ess, and a ovided iIn i nterl ayer

i nsul ati ngod gl oIhe. SeMCRRAUGHOL ARV GR-ABEOLAING 1 Eﬁ‘éeftﬂ{nﬁzgxg%n Lggntion

can prevent occurrence of cracks in the bunp an anmage o

sem conduct I , 1.C.O 5 i I j ctric
onaug LQlm £ c%fé?@éed Brs, 18 F8PE E&i@éﬂha@%@%%lg?@?‘éﬂﬂ 18w E%Lg@in%é%

layer having a relative dielectric constant o ) r less (lowk fil can
- 6 alsojprevwent dapmgenefl 1thed wpknidimpbrihe sgembeonduaton) &l grent .

[0012] Preferably, the difference in |Iinear expansion coefficient
layer of the buildup layer in the in-plane direction of the substrate
at temperatures between 25°C and the glass transition temperature is
35 ppm/°C or less, warping of the buildup layer can be moderated,

10  resulting in effective suppression of damage of the semiconductor
element, damage at the interface between the semiconductor element
and the bump, and damage at the interface between the bump and the
substrate.

Herein, the elastic modulus of the underfill is determined from

15 a stress-strain curve measured at 125°C.

[0011]

According to the semiconductor device of the present invention,
preferably, the semiconductor element includes a silicon substrate,
an interlayer insulating film provided on the silicon substrate, the

20 interlayer insulating film including a low-dielectric layer having a
relative permittivity of 3.3 or less, and a lead provided in the
interlayer insulating film.

The semiconductor device according to the present invention can
prevent occurrence of cracks in the bump and damage of the

25 semiconductor element.

Thus, a semiconductor element having a low-dielectric layer

having a relative dielectric constant of 3.3 or less (low~k film) can



between the underfill and the insulating |layer of the buildup |ayer 5 at
t enperatures between 25C and the glass transition tenperature is 25 ppniC
or less. Controlling the difference in linear expansion coefficient between
the underfill and the insulating |layer of the buildup |ayer at tenperatures
bet ween 25C and the glass transition tenperature to 10 25 ppmi C or | ess can
suppress distortion generated between the underfill and the substrate.
[0013] Preferably, the difference in |linear expansion coefficient between
the underfill and the bunp at tenperaturgs_between 25C and 15 the gl ass
transition tenperature is 10 ppmiC or less. Controlling the difference in
| i near expaBsi prewoef thti@nior beé ieerkt belmirdethe | derdrdntiberdurpentnt .
t enper atures between 25C and the glass transition tenperature to 10 ppn C
or | ess can[suppress distortion generated between the underfill and the
bunp. 20 [0014] The substrate may have a through hole in which a conductive
| ayer is provi gedfémgilge aie idistibadndrg inayetcart bepaonidumc tbeeflayat in  the
t hrough hol e having a core | ayer connected to one of the conductive
i nt er connéetivean | &yensdeffileabdi tlupnkayaring2iafde ubseriatid dupy Lagye no
core layer. [0015] Preferably, the resin of the insulating |ayer of the
bui |l dup - at tkayeratcoeprihsbeea 2¥a@nate trresighasandamsieiqr efeepabdtyre He
cyanate resin is a novolak cyanate resin. The resin of the insulating |ayer
cont ai ni ng5t beméfanat kegssi n,
Controlling the difference in linear expansion coefficient
between the underfill and the insulating layer of the buildup layer
at temperatures between 25°C and the glass transition temperature to
10 25 ppm/°C or less can suppress distortion generated between the
underfill and the substrate.

[0013]

Preferably, the difference in linear expansion coefficient

between the underfill and the bump at temperatures between 25°C and
15 the glass transition temperature is 10 ppm/°C or less.

Controlling the difference in linear expansion coefficient
between the underfill and the bump at temperatures between 25°C and
the glass transition temperature to 10 ppm/°C or less can suppress
distortion generated between the underfill and the bump.

20 [0014]

The substrate may have a through hole in which a conductive
layer is provided inside an insulating layer, the conductive layer in
the through hole having a core layer connected to one of the
conductive interconnection layers of the buildup layer.

25 The substrate may have no core layer.
[0015]

Preferably, the resin of the insulating layer of the buildup



particularly the novol ak cyanate resin allows the insulating layer to 5
have a |inear expansion coefficient of 35 ppmiC or less in the in plane
direction of the substrate at tenperatures between 25C and the gl ass
transition tenperature. Also, the resin of the insulating |ayer containing
t he cyanate resin, particularly, the novolak cyanate resin enables the
| i near expansion coefficient in the thickness 10 direction of the substrate
to decrease. [0016] The sem conductor device according to the present
i nvention can prevent occurrence of damage in the sem conductor el enment, at
the interface between the sem conductor elenent and the bunp, and at the 15
i nt er f acelbgtmeenpt heedbuanpyamst ¢ hessupstrcatere Bsiedle rBesyey itpki oparaftet he
Drawi ngs [0017] The object described above and ot her objects, features, and
20 advant agem sl b hevdlakt heanatlearebied by preferred enbodi ments descri bed
bel ow and the acconpanying drawings. [0018] Fig. 1 is a schematic view of a
sem conduct or Trevireein rof ateoinsned ingt hatdre cpnesiening hientyamate2fefing. 2 is
a cross-sectional view of a substrate. Fig. 3 is a plan view of a conductive
i nt er conneattiionlkeayertief navosaibstyeabee Bsiki gllawd sha phanatiiegy ofvea to
conductive interconnection |layer of a substrate. Fig. 5is a _
cross-sechhoma lvhesr id¥passian iqupfdipieoducti oh peC of lagssubstihat én-

plane direction of the substrate at temperatures between 25°C and the

glass transition temperature. .Also, the resin of the insulating

layer containing the cyanate resin, particularly, the novolak cyanate

resin enables the linear expansion coefficient in the thickness

10 direction of the substrate to decrease.
[0016]
The semiconductor device according to the present invention can
prevent occurrence of damage in the semiconductor element, at the
interface between the semiconductor element and the bump, and at the

15 interface between the bump and the substrate

Brief Description of the Drawings
[0017]
The object described above and other objects, features, and
20 advantages will be further clarified by preferred embodiments
described below and the accompanying drawings.
[0018]
Fig. 1 is a schematic view of a semiconductor device in
accordance with the present iﬁvention.
25 Fig. 2 is a cross-sectional view of a substrate.
Fig. 3 is a plan view of a conductive interconnection layer of a

substrate.



]
5 Fig. 6 is a cross-sectional view illustrating a production step of a
substrate. Fig. 7 is a cross-sectional view of a substrate according to a
nodi fication of the present invention. 10 Best Mdde for Carrying Qut the

I nvention (0019] The enbodi ments of the present invention are now descri bed
with reference to the drawings. Wth reference to Fig. 1, the outline of a
sem conduct or device 15 1 according to the enbodinent will be descri bed.
The sem conductor device 1 includes a substrate 3, a sem conductor el enent
(sem conduct or chip) 4 nounted on the_§%p§;rate 3, a substrate 3, bunps 5
connecting the substrate 3 and the semconductor chip 4, and an underfill 6

filling in araund bhes Wimsy 20uborl Lo eRse: ofviiseonlbumRs1 5 omposed of

a high-nelting-point sol aving a nelting point o or r
exanpl e, gﬁbéﬁfg%ggad sol der alloy having a | ead content exceeding 85 w%,
the wunderti conprises a resin material having an elastic nodulus in 25

the range of g;ée{rg'\/P@ 19 SQ0QsMFgtliBnk e, €3S €1 PhstUSE 1 A Q%%luéﬂ&ﬁm&% d of a

| ead-free sol the underfill 6 conprises a resin material having an
el astic npdul us9rratd the range of 150 MPa to 800 MPa. Wth reference to
Fig. 2, the substrate 3 includes buildup |I|ayers 31 including

resin-cont ai niggy i asyl af ingsbayescddl fnd, 1GonsuGliing 4 PRILeRNSS @R
| ayers (conducti've wiring layers) 312 that 5 are alternately |am nated,

t hese congpct iy@skpieLrconnection | ayers

Fig. 7 is a cross-sectional view of a substrate according to a

modification of the present invention.

10 Best Mode for Carrying Out the Invention
[0019)
The embodiments of the present invention are now described with
reference to the drawings.
With reference to Fig. 1, the outline of a semiconductor device
15 1 according to the embodiment will be described.
The semiconductor device 1 includes a substrate 3, a
semiconductor element (semiconductor chip) 4 mounted on the substrate
3, a substrate 3, bumps 5 connecting the substrate 3 and the
semiconductor chip 4, and an underfill 6 filling in around the bumps
20 5.
In the case of use of bumps 5 composed of a high-melting-point
solder having a melting point of 230°C or more (for example, a
tin/lead solder alloy having a lead content exceeding 85 wt%), the
underfill 6 comprises a resin material having an elastic modulus in
25 the range of 30 MPa to 3000 MPa.
In the case of use of bumps 5 composed of a lead-free solder,

the underfill 6 comprises a resin material having an elastic modulus



311 being connected by conductive |ayers 313 fornmed in via holes 311A in
the insulating layers 311. The |linear expansion coefficient of the
insulating layers 311 of the buildup layer 31 in the in-plane direction of
the substrate at 10 tenperatures between 25C and the glass transition
tenperature is 35 ppnm C or less. [0020] [Substrate] The substrate 3 is
now descri bed. 15 The substrate 3 is used for flip-chip nounting of the
sem conductor chip 4. Wth. reference to Fig. 2, the substrate 3 is a

so-called a buildup substrate that iqpqups bui | dup layers 31 including
resin- containing insulating |ayers 311 "and conductive interconnection 20

| ayers 312t trgﬁgiqh;qﬁagﬁﬁixx}gabqﬁ;ed For exanple, in this enbodi nent,
I'nc

t he buil dup Tayer es five rnsulating layers 311 and siXx conduct i ve

|nterconnect|qﬂtla¥$£ls subEgaﬁufr a{ﬁgr g§$£¥esba”h896ﬁ%ibﬂhhau ubstrate 3

has no core | ayer strate 3'is a strate ch 1s nounted on
a 25 prin n ( F 1). The
substrateigﬂ%as3g %ﬁ?@gﬁggsﬂg% prePeréﬂ%? é@%h%ﬁ?ggp?%g%&iﬁﬁlﬁ%%é
preferablM?éﬁﬂ%tﬁgbOfnﬂé¥%%nnec9£5n 1600211 Thgudsil @t Lngy layers) 3%&2%§at
conposed of only a resin conposition, but not prepreg prepared

| mpr egnat L ng ah%%&h&tsel%f 1aHBh§'ﬂéoeCtthQ£'§|éoY1d8&ﬁf§ G+ £ AL A £t QbR C ﬁe‘%‘% or

glass fiber wt 5 variety of resins. Accordingly, the |nsuPat|ng | ayers
311 are ngiy being connected by conductive layers 313 formed in via holes 311A

in the insulating layers 311.
The linear expansion coefficient of the insulating layers 311 of
the buildup layer 31 in the in-plane direction of the substrate at
10 temperatures between 25°C and the glass transition temperature is 35
ppm/°C or less.
[0020]
[Substrate]

The substrate 3 is now described.

15 The substrate 3 is used for flip-chip mounting of the
semiconductor chip 4.

‘With_reference to Fig. 2, the-substrate 3 is a so-called a
buildup substrate that includes buildup layers 31 including resin-
containing insulating layers 311 and conductive interconnection

20 layers 312 that are alternately laminated. For example, in this
embodiment, the buildup layer 31 includes five insulating layers 311
and six conductive interconnection layers 312 that are alternately
laminated. This substrate 3 has no core layer.

This substrate 3 is a BGA substrate, which is mounted on a

25 printed-wiring board (mother board) 2 with bumps B (see Fig. 1). The
substrate 3 has a thickness of preferably 800 um or less and more

preferably 500 pm or less.



reinforced by fiber, such as carbon fiber or glass fiber. Exanples of resins
for the insulating layers 311 include epoxy resins, bisnaleimde-triazine
(BT) resins, and cyanate resins. Anobng these preferred are cyanate resins.
Exanpl es of the cyanate resins 10 include novol ak cyanate resins, bisphenol
A cyanate resins, bisphenol E cyanate resins, and tetranethyl bi sphenol F
cyanate resins. The use of novol ak cyanate resins is particularly
preferred. The usabl e novol ak cyanate resins are represented by the
followi ng chemcal formula (in the fornmuba, n denotes an integer): 15
[0022] (Chem 1) 6 NaC~-ONsC,o NBCOCHZ I(* 1 CHZt I nnis an integer
[ 0023] 20 Suwoklhovol ak cyanate resins can be prepared by the reaction of,
for exanple, novol ak-type phenols with conpounds such as cyanogen chloride
or cyanogen brim desulldeingovayaks Gyanas ecampebad hals calwea giesiaver age
nol ecular - 11 weight in the range of preferably 500 to 4500 and nore
pr ef er abl golg@ition 3000, nAtwereypregaveeryednbl eowragnaeightfabti¢esy t han 500
may cause a decrease in nmechanical strength. A weight average nol ecul ar
wei ght SuexdiseditagnaB00 oragnicalisebancs mdr easleon mreglasy Tikee with ke resin
conposition, resulting in |ow storage stability.

5 wvariety of resins. Accordingly, the insulating layers 311 are not

reinforced by fiber, such as carbon fiber or glass fiber.

Examples of resins for the insulating layers 311 include epoxy
resins, bismaleimide-triazine (BT) resins, and cyanate resins. Among
these preferred are cyanate resins. Examples of the cyanate resins

10  include novolak cyanate resins, bisphenol A cyanate resins, bisphenol
E cyanate resins, and tetramethylbisphenol F cyanate resins. The use
of novolak cyanate resins is particularly preferred.

The usable novolak cyanate resins are represented by the

following chemical formula (in the formula, n denotes an integer):

15 [0022]
(Chem. 1)
Nsg_
N (1)
| ——CH;
=
n is an integer
(0023]
20 Such novolak cyanate resins can be prepared by the reaction of,

for example, novolak-type phenols with compounds such as cyanogen
chloride or cyanogen bromide.

The novolak cyanate resin has a weight average molecular



[ 0024] The cyanate resins may al so be used in the formof prepolyners.
These cyanate resins and prepolyners may be used alone or in 10 conbi nati on.
The prepolynmers are generally prepared by trinerization of the cyanate

resins through, for exanple, a thermal reaction. Any prepolyner

may be

used. For exanple, the trimer content in the wusable prepolyner is in the
range of 20 wei ght percent to 50 weight percent. The trinmer content can be

determned with, for exanple, an 15 infrared spectrophotoneter.

The cont ent

of the cyanate resinis not limted, andiis in the range of preferably 5
wei ght percent to 50 wei ght percent and nore preferably 10 wei ght percent
to 40 wei ghtgipericenhe ofangheobveredielrabt ¢sidd compwEl tndnmorfe torefensul yatoiOfig

| ayers 311. A cyanate resin 20 content of 5 weight percent or nore

contri butés 3@0an enhancenment in thermal resistance. A cyanate resin
content of 50 weight percent or |ess can maintain high noisture resistance.
[ 0025] The cyahatssghesavenagy voltallaraneepuxpir éssh thrad a0phenoxpusem
resin, for exanple. Epoxy resins having biphenylal kyl ene skel etons are

pr ef er r eddePrasfser abl yechanéceposirangshn Fubvstiant i alldrpge onelavs anowdidhégen -

12 atom This inproves heat resistance and thernmal degradation

resi st ance,

as wel} asxtendinbi FPRY mofly £hess mSulLacierRpd dypefer3ml rateleple thesgpsiantial |y
contain no hal ogen atonf nmeans a hal ogen atom content of 1 weight percent
or | ess i AORPRSIEHERY FREILFING 0¥ dRAnPFeragss sEapREtyNonl i niti ng exanpl es of

the epoxy resins used in the
[0024]

The cyanate resins may also be used in the form of prepolymers.

These cyanate resins and prepolymers may be used alone or in

10 combination. The prepolymers are generally prepared by trimerization

of the cyanate resins through, for example, a thermal reaction. Any

prepolymer may be used. For example, the trimer content in the

usable prepolymer is in the range of 20 weight percent to 50 weight

percent. The trimer content can be determined with, for example, an

15 infrared spectrophotometer.

The content of the cyanate resin is not limited, and is in the

range of preferably 5 weight percent to 50 weight percent and more

preferably 10 weight percent to 40 weight percent of the overall

resin composition of the insulating layers 311. A cyanate resin

20 content of 5 weight percent or more contributes to an enhancement in

thermal resistance. A cyanate resin content of 50 weight percent or

less can maintain high moisture resistance.

[0025]

The cyanate resin may contain an epoxy resin and a phenoxy

25 resin, for example. Epoxy resins having biphenylalkylene skeletons

are preferred.

Preferably, the epoxy resin substantially contains no halogen



insulating layers 311 include phenol novol ak-type epoxy resins,

bi sphenol -type epoxy resins, naphthal ene-type epoxy resins, and

aryl al kyl ene-type epoxy resins. Anong these, preferred are 10

aryl al kyl ene-type epoxy resins, which inprove flanme resistance, nvoisture
resi stance, and thermal resistance against sol dering. Here,

aryl al kyl ene-type epoxy resins have at |east one aryl al kyl ene group in the
repeating units. Exanples of such resins include xylylene- type epoxy resins
and bi phenyl di net hyl ene-type epoxy resing.-15 The wei ght average nol ecul ar
wei ght of the epoxy resinis not limted, and is preferably 4,000 or |ess,
nore prefetabl y Thist hepravasgeeaf r860stancé, 800, trewhadogegmdaftépably in t he
range of 800 to 3,000. A weight average nol ecul ar wei ght |ess than the

| ower | i nrésigtmyceause weddkrneSgmabiinswlcdt thyg lreypdrsildd llayaraedbht aver age
20 nol ecul ar wei ght exceeding the upper |imt may cause sol dering thernal
resi st ancBete, decbebaw.idl0027$ntdihenc omtlegenodtdrie mnepoxya rhediogen satroot
limted, and is in the range of preferably 5 weight percent to 50 wei ght
per cent andntmrte o251 prefgtabbycct@ wei s per teatepgoxy4@egsi ghlibr pexagrie.of t he
entire resin conposition of the insulating |ayers 311. An epoxy resin
conteni of [®2wéi ght percent or nore |eads to inprovenents in hygroscopic -
13 property, soldering thermal resistance, and adhesiveness. [0028] The

i nsul ating | ayefen13mi tprefetaablys cohtthenephiehoryinesises! isubstantially
containing no halogen atomin order to facilitate the 5 formation of the

i nsul at i ngndEhadrieg3idvensesd] Ingiysieanbendl porekt aityPageprrhaEesyesn at ont
means a hal ogen atom content of 1 wei ght

bisphenol-type epoxy resins, naphthalene-type epoxy resins, and
arylalkylene-type epoxy resins. Among these, preferred are

10 arylalkylene-type epoxy resins, which improve flame resistance,
moisture resistance, and thermal resistance against soldering. Here,
arylalkylene-type epoxy resins have at least one arylalkylene group
in the repeating units. Examples of such resins include xylylene-
type epoxy resins and biphenyldimethylene-type epoxy resins.

15 The weight average molecular welight of the epoxy resin is not
limited, and is preferably 4,000 or less, more preferably in the
range of 500 to 4,000, and most preferably in the range of 800 to
3,000. A weight average molecular weight less than the lower limit
may cause tackiness of insulating layers 311. A weight average

20 molecular weight exceeding the upper limit may cause soldering
thermal resistance to decrease.

[0027]
The content of the epoxy resin is not limited, and is in the
range of preferably 5 weight percent to 50 weight percent and more

25 preferably 10 weight percent to 40 weight percent of the entire resin

composition of the insulating layers 311. An epoxy resin content of

5 weight percent or more leads to improvements in hygroscopic



percent or |less in the phenoxy resin, for exanple. [0029] The type of the
phenoxy resin is not limted, and exanples 10 include phenoxy resins having
bi sphenol skel etons, phenoxy resins having novol ak skel et ons, phenoxy
resi ns havi ng napht hal ene skel etons, and phenoxy resins having bi phenyl
skel etons. Al so phenoxy resins having these skeletons in conbination may be
used. Anong these preferred are phenoxy resins bi phenyl skel etons and
bi sphenol S 15 skeletons. The rigidity of the bi phenyl skeleton |eads to an
increase in glass transition tenperaturegswhile the bisphenol S skeleton
| eads to an inprovenent in adhesion of plating netal. Al so the phenoxy
resi n havbpagpdath bbsemngl theskel etonstang, basphenekitensdeel etons nmay be
used. The phenoxy resin having both the bi phenyl 20 skel eton and the
bi sphenol S &keljeton and the phenoxy resin having both the bisphenol A
skel eton and the bi sphenol F skeleton can be wused in conbination. The
conbi ned use of Thdeseupbenaxyayess Msll eeatstdnltesohitnidepibogaetesahs
wel | - bal anced properties. In the conbined use of both the phenoxy resin (1)
havi ng bothbstnthias pherwita2bhidy skehetl ogerardomhén irsehenol fdeciskebes aaheand t he
phenoxy resin (2) having both the bi phenyl skeleton and the bisphenol S
skel et®bn, foheatircat b6 tise notulatinteday®os FEXanphese,t heubstdraiglly(2) is in
the range 14 - of 2:8 to 9:1. [0030] The nol ecul ar wei ght of the phenoxy
resin i s pobhtdimingedo Hlegeneagit” avenage hadbeenlamromveogiint ©fi h wdigghtange
of preferably 5000 to 5 50000 and nore preferably 10000 to 40000. At a
wei ght averagent mol éess am whe ghlteroky5009iror foorexantie.f ormati on of the | ayer
can be

[0029]

The type of the phenoxy resin is not limited, and examples

10 include phenoxy resins having bisphenol skeletons, phenoxy resins
having novolak skeletons, phenoxy resins having naphthalene skeletons,
and phenoxy resins having biphenyl skeletons. Also phenoxy resins
having these skeletons in combination may be used. Among these
preferred are phenoxy resins biphenyl skeletons and bisphenol S

15 skeletons. The rigidity of the biphenyl skeleton leads to an
increase in glass transition temperature while the bisphenol S
skeleton leads to an improvement in adhesion of plating metal. Also
the phenoxy resin having both bisphenol A skeletons and bisphenol F
skeletons may be used. The phenoxy resin having both the biphenyl

20 skeleton and the bisphenol S skeleton and the phenoxy resin having
both the bisphenol A skeleton and the bisphenol F skeleton can be
used in combination. The combined use of these phenoxy resins
contributes to development of well-balanced properties. In the
combined use of both the phenoxy resin (1) having both the bisphenol

25 A skeleton and the bisphenol F skeleton and the phenoxy resin (2)
having both the biphenyl skeleton and the bisphenol S skeleton, the

ratio is not limited. For example, the ratio (1):(2) is in the range



facilitated. At an average nol ecul ar wei ght of 50000 or |ess, phenoxy resin
has adequate solubility. [0031] 10 The phenoxy resin content is not
limted, and is in the range of preferably 1 weight percent to 40 wei ght
percent and nore preferably 5 weight percent to 30 wei ght percent of the
overall resin conposition of the insulating |ayers 311. A content of |ess
than 1 weight percent nmay inpair the fornmation of the layer. A content 15
exceedi ng 40 wei ght percent may inpair |ow thernmal expansion coefficient.
[0032] The insulating |layers 311 may-cqatain imdazol e conpounds as
hardeners to accelerate the reaction of the cyanate resin and the 20 epoxy
resin conbéihsd tionSthe i nsul ating layers 311 while the insulating
properties of the insulating |ayers 311 being maintained. Nonlimting
exanpl es of (@d3@]i m dazol e conpounds i ncl ude 2-phenyl -4- nethylim dazol e,

2- phenyl - 4- net hyl - 5- hydr oxynet hyl i m dazol e, 2-

phenyl - 4, 5- di hytheoxyiethidn medghzol & t2edplbrandiynoesif 2's 86t limited. The

met hyl i m dazolyl-(1")]-ethyl-s-triazine, 2,4-diam no-6-(2'"-

undecyl i nivdaginl wivpregdylolsectitdaziedight 2is 4ndichei range- p2' pretfleybbdy 5000 to

met hyl i m dazolyl -(1")]-ethyl-s-triazine, and 1-benzyl-2 - 15

phenyl 3 m 88260 eindamong nredsealpliefléOPedtard00R datolee webdipovésagdavi ng t wo
functi onal ?roups sel ected fromthe group consisting of aliphatic

hydr ocar boalegwags wesglonetfi 600y drrodarBonshegfotpstionhpdr X dlakgr ¢rolss, and
cyanoal kyl groups. In particular, 2-phenyl 5 4,5-di hydroxynethylim dazole is
pr ef er r ed faThkitiatedl atAthgnl ayerage3npleeakpt Hetaby cdxhPBY? dmpesved t her mal

resi stance, and have a | ow .
phenoxy resin has adequate solubility.

[0031]

10 The phenoxy resin content is not limited, and is in the range
of preferably 1 weight percent to 40 weight percent and more
preferably 5 weight percent to 30 weight percent of the overall resin
composition of the insulating layers 311. A content of less than 1
weight percent may impair the formation of the layer. A content

15 exceeding 40 weight percent may impair low thermal expansion
coefficient.

[0032]
The insulating layers 311 may contain imidazole compounds as
hardeners to accelerate the reaction of the cyanate resin and the

20 epoxy resin contained in the insulating layers 311 while the
insulating properties of the insulating layers 311 being maintained.
Nonlimiting examples of the imidazole compounds include 2-phenyl-4-
methylimidazole, 2-phenyl-4-methyl-5-hydroxymethylimidazole, 2-
phenyl-4, 5~dihydroxymethylimidazole, 2,4~diamino-6-(2'-

25 methylimidazolyl-(1l’)]-ethyl-s-triazine, 2,4~diamino-6-(2'-
undecylimidazolyl)-ethyl-s-triazine, 2,4-diamino-6-[2'-ethyl-4-

methylimidazolyl-(1’)]-ethyl-s-triazine, and l-benzyl-2-



t hermal expansion coefficient and a | ow water absorption coefficient.
[ 0033] The content of the im dazole conpound is not limted. Wien 10 the
insulating layers 311 contains the cyanate resin and the epoxy resin, the
content is in the range of preferably 0.1 weight percent to 5 weight
percent and nore preferably 0.3 weight percent and 3 weight percent of the
total amount of these resins in order to inprove thermal resistance
particularly. 15 [0034] The insulating layers 311 preferably contain a
coupling agent in order to inprove wetigbility at the interface with the
resin. As a result, thermal resistance, in particular, noisture-absorption
char act erprsdriyd Smatibslel. deAnngy tthesagbrafesired ance inaddabd d npmowedis 20 The
type of the coupling agents is not limted. It is preferred to use at |east
one couplhagnggend Selcedted! fgroops epodersietafsonc atipl gngiragens sstitrigt anat e
coupling agents, am nosilane coupling agents, and silicone oil coupling
agent s. Theiphettabihyddogarhdn tdreupnat exrfaee ibetwhercatrhens esonpand t he
inorganic filler can be 25 significantly inproved, resulting in a further
i mpr ovenmemidrioxythiey hejroupesi atcanyenodntlheromrse, fThepamsiuldar ngdcdpeys- 311
may contain other - 16 additives such as defoaners and | eveling agents, if
necessar y4, idihgdddtymethydimive zodaponaresedestr i Bbd abbvetip@0BBjersTREL
| i near expansi on coefficient of the insulating layers 311 5 of the buil dup
| ayer 31 ofn tthersbpsixtdabat3inprovhd thegsldneeshisteoreomndhavhea sigystrate i s
35 ppnmi C or |less. Preferably, the |inear

thermal expansion coefficient and a low water absorption coefficient.

[0033]
The.content of the imidazole compound is not limited. When

10  the insulating layers 311 contains the cyanate resin and the epoxy
resin, the content is in the range of preferably 0.1 weight percent
to 5 weight percent and more preferably 0.3 weight percent and 3
weight percent of the total amount of these resins in order to
improve thermal resistance particularly.

15 [0034]

The insulating layers 311 preferably contain a coupling agent
in order to improve wettability at the interface with the resin. As
a result, thermal resistance, in particular, moisture-absorption
characteristics and soldering thermal resistance can be improved.

20 The type of the coupling agents is not limited. It is
preferred to use at least one coupling agent selected from
epoxysilane coupling agents, titanate coupling agents, aminosilane
coupling agents, and silicone oil coupling agents. The wettability
at the interface between the resin and the inorganic filler can be

25 significantly improved, resulting in a further improvement in thermal
resistance.

Furthermore, the insulating layers 311 may contain other



expansi on coefficient of the insulating |layers 311 of the buildup [layer 31
of the substrate 3 in the in-plane direction of the substrate is 30 ppmiC
or less. 10 The linear expansion coefficient of the insulating |ayers 311
of the buildup layer 31 of the substrate 3 in the thickness direction of
the substrate 35 ppmiC or |less and nore preferably 30 ppmiC or less. The
difference in the linear expansion coefficient between the 15 underfill 6
and the insulating layers 311 of the buildup layer3l is preferably 25 ppn C
or less, nanely, the difference in the liignear expansion coefficient between
the substrate 3 in the in-plane direction of the substrate and the
underfil | aBditsivyasekatialdsy d2boamgd Endr 1éwsls ngnagarorse pf efereaishyy 10irppni C or
| ess. 20 The |inear expansion coefficient of the insulating layers 311 is
measur ed wadtiht sort her nied comphaentaldeanallyzerbOT&®@A) nmade by TA | nstrunents.
The |i near expansion coefficient of the insulating layers 311 and the
underfill 6[0@@5tlhe |inear expansion coefficient at 25 tenperatures in the
range from 25C to the glass transition tenperature. Preferably, the
i nsul ating | ayefke dlihesf ¢tmnisaphdegeifageen3bi- the irgfulehéngulsserat 813 have
a high glass transition tenperature. For exanple, the glass transition
t enperat upé bdifie thie ldng ulaeirngl | ey éthe s@idtriageps efrertabl yn-23@Geod i mprte.cand
nmore preferably 250C or nore. [0036] 5 The conductive interconnection
| ayers 312fothe mbbarddups ajeprn/3¢ of lielve. substieatlel 3 dahe hbveatescri bed.
expansion coefficient of the insulating layers 311 of the buildup
layer 31 of the substrate 3 in the in-plane direction of the
substrate is 30 ppm/°C or less.
10 The linear expansion coefficient of the insulating layers 311
of the buildup layer 31 of the substrate 3 in the thickness direction
of the substrate 35 ppm/°C or less and more preferably 30 ppm/°C or
less.
The difference in the linear expansion coefficient between the
15 underfill 6 and the insulating layers 311 of the buildup layer3l is
preferably 25 ppm/°C or less, namely, the difference in the linear
expansion coefficient between the substrate 3 in the in-plane
direction of the substrate and the underfill 6 is preferably 25
ppm/°C or less and more preferably 10 ppm/°C or less.
20 The linear expansion coefficient of the insulating layers 311
is measured with a thermal mechanical analyzer (TMA) made by TA
Instruments.
The linear expansion coefficient of the insulating layers 311
and the underfill 6 is the linear expansion coefficient at
25 temperatures in the range from 25°C to the glass transition

temperature.

Preferably, the insulating layers 311 of the buildup layer 31



A pair of conductive interconnection |ayers 312 disposed at both sides of
the insulating layer 311 is connected to each other via a copper |ead |ayer
313 formed in the via hole 311A of the insulating 10 |layers 311. Anobng the
conductive interconnection |ayers 312, the conductive interconnection |ayer
312A at the bottommost |ayer is, for exanple, a copper |ead |layer and has a
structure shown in Fig. 3. The highly shaded portion in Fig. 3 indicates
copper. 15 The residual copper rate (the proportion of the conductive

i nterconnection |ayers 312A that cover the_insulating |layers 311) of the
conductive interconnection |ayers 312A is 80% The conductive

i nt er connectiren shayerste3B2Batk spoded grudshe racoinduet ksepd mitereonr®et i on

| ayers 312A has a flat shape shown in Fig. 20 4 and provided with a

pl ural ityesdmEleh)stantyglaldsy tean<idian opgEragerd12BrheTheswdrsadangglaterishe ri ght
bottomin Fig. 4 is an enlarged view of the conductive interconnection

| ayers 312Bl i3l 2Behanvsebly dBaieber mofe ahor mexamreder&OD; 20°CThe mes: .dual
copper rate of the conductive interconnection |layers 312Ais in the 25
range of 60P&0B36]190% and preferably 75%to 85% [0037] [Sem conductor chip]
- 18 Wth reference to Fig. 1, the sem conductor chip 4 is provided wth
an i nt®rconnectTion doagect 42 dotposediect ian siavveak| et ladwtke fhdithdupnlayesi | i con
substrate 41. Its functions are not limted and include |ogic devices, 5
menory devices thrdswikedtepdntingowheéesofibe@he | ow-k fil mfunctions as an

interlayer insulating film
A pair of conductive interconnection layers 312 disposed at

both sides of the insulating layer 311 is connected to each other via
a copper lead layer 313 formed in the via hole 311A of the insulating
10  layers 311.

Among the conductive interconnection layers 312, the
conductive interconnection layer 312A at the bottommost layer is, for
example, a copper lead layer and has a structure shown in Fig. 3.

The highly shaded portion in Fig. 3 indicates copper.

15 The residual copper rate (the proportion of the conductive
interconnection layers 312A that cover the insulating layers 311) of
the conductive interconnection layers 312A is 80%.

The conductive interconnection layers 312B disposed on the

conductive interconnection layers 312A has a flat shape shown in Fig.

20 4 and provided with a plurality of substantially circular openings
312B1. The drawing at the right bottom in Fig. 4 is an enlarged view
of the conductive interconnection layers 312B.

312B have a diameter of, for example, 500 pm. The residual
copper rate of the conductive interconnection layers 312A is in the

25 range of 60% to 90% and preferably 75% to 85%.
[0037]

[Semiconductor chip]



Here, the lowk filmindicates a filmhaving a relative permttivity of 3.3
or less. Exanples of lowk filminclude organic filnms of, for exanple,
Si OC, MsQ (nethyl sil sesqui oxane), and 10 benzocycl obut ene, and i norganic
films of, for exanple, HSQ (hydroxysilsesquioxane). Porous filns thereof
can al so be preferably wused. Conventional SiQ2 insulating filns cannot be
conpatible with recent devices having higher operation capacity and higher
processing 15 rate. In order to reduce parasitic capacitance between
interconnections, lowpermttivity filLnggand particularly porous |ow
permttivity filns are preferably used as interlayer insulating filns.
However, |ow k fidHrecliavérmeg: aodied £at,r iBe consitcantuefor3 cBipra lespraveded
brittle, and face-down nounting sem conductor chips having lowk 20 filns
cause conduet ion idetecimeandocriasks 0f ddwposedi edrdyctedl ot psw-k Lovik fil ns
having a relative permttivity of 2.7 nmust be porous and thus are
significaohly dirliitbhesubEteasend conductor chip 4 has a thickness of 100 pm
The |i near expansion coefficient of the sem conductor chip 4 25 at a
tenperature in Ite fluangéomd a2BCndo lLine tglassd tinabsdd ilogict @éapersature is in
the range of 2 ppmiCto 5 ppmiC. The difference in the |inear expansion
coef fiTi enémduet weencthearse ni rediduwechoing hieréof9 and the insul ating | ayers
311 in the in-plane direction of the substrate is preferably 32 ppnm C or
| ess. [0038] [Umdldrdhi-kl filrb flhet loderki bh thiesldyspassdlboidg iilmn gaps
around bunmps 5, which bond the substrate 3 and the sem conductor chip 4.
Here, the low-k film indicates a film having a relative

permittivity of 3.3 or less. Examples of low-k film include organic
films of, for example, SiCC, MSQ (methylsilsesquioxane}, and
10 benzocyclobutene, and inorganic films of, for example, HSQ
(hydroxysilsesquioxane). Porous films thereof can also be preferably
used.
Conventional Si0O, insulating films cannot be compatible with
recent devices having higher operation capacity and higher processing
15 rate. In order to reduce parasitic capacitance between
interconnections, low-permittivity films and particularly porous low-
permittivity films are preferably used as interlayer insulating films.
However, low-k films having a dielectric constant of 3.3 or less are
brittle, and face-down mounting semiconductor chips having low-k
20 films cause conduction defects and cracks of the semiconductor chips.
Low-k films having a relative permittivity of 2.7 must be porous and
thus are significantly brittle.
The semiconductor chip 4 has a thickness of 100 um.
The linear expansion coefficient of the semiconductor chip 4
25 at a temperature in the range of 25°C to the glass transition
temperature is in the range of 2 ppm/°C to 5 ppm/°C. The difference

in the linear expansion coefficient between the semiconductor chip 4



Materials used for the underfill 6 are liquid thernosetting resins and
thernosetting resin filns. Anrong these preferred are 1liquid thernosetting
resins, which can effectively fills in the gaps 10 between the substrate 3
and the sem conductor chip 4. In this enbodi ment, for bunps 5 conposed of a
hi gh-nel ti ng- point solder having a nelting point of 230C or nore (for
exanple, tin/lead solder alloy having a | ead content exceeding 85 w%, the
underfill 6 is conposed of a resin material having an elastic nodulus 15 in
the range of preferably 30 MPa to 3000 yga and nore preferably 45 MPa or
nore. For bumps 5 of a lead-free solder;”the underfill 6 is conposed of a

resin mater al hayi ng.an el ASLic Ayl upel e Lange. gf opprefgrabl y 150 Wpa

a and nore pre y 2 a or nore Ic modulus is

det er mi ned follows: .ot he ounderfill 6 is shaped into a width of
10 M a ?5%%fﬁg%fhﬁ 55?8§%§&ﬁ§€ péﬁﬁeagfﬂf?ﬁﬁess of 4 Mm and is cured for
30 m nutes b@3§ oven at 200C. The sanple is neasured at a rate of 1 nmmn
under étnosghere at 125C with a Tensilon tester and the el astic nodul us
is 25 Ca'ﬁﬂl &_gliion1the initial slop on the resulting stress-strain curve.
[0039] Various resin materials can be used for the underfill 6. For - 20

exanplze, epoxy fh%shﬂéerﬁ;i%r %sié'sdis%%ge&y@ﬁgtﬁlrﬁ?&ﬁﬁﬁ%\%}% Wagds s Preferred

cyanate resins are novo cyanate'resi ns descr sSectl! on

regar ggggvﬁsj]le% g@h&réf@ %upg{rg&e SYRst tgemi%ﬂd%lztoé &h@ yesin materials for
preferably contain polyfunctional epoxy resins in order to
enhance the cragshi-nk1 deRSid Yor the underfill 6 are liquid thermosetting
resins and thermosetting resin films. Among these preferred are
liquid thermosetting resins, which can effectively fills in the gaps

10 between the substrate 3 and the semiconductor chip 4.

In this embodiment, for bumps 5 composed of a high-melting-
point solder having a melting point of 230°C or more (for example,
tin/lead solder alloy having a lead content exceeding 85 wt%), the
underfill 6 is composed of a resin material having an elastic modulus

15 in the range of preferably 30 MPa to 3000 MPa and more preferably 45
MPa or more.

For bumps 5 of a lead-free solder, the underfill 6 is composed
of a resin material having an elastic modulus in the range of
preferably 150 MPa to 800 MPa and more preferably 200 MPa or more.

20 The elastic modulus is determined as follows: Paste of the
underfill 6 is shaped into a width of 10 mm, a length of about 150 mm,
and a thickness of 4 mm, and is cured for 30 minutes in an oven at
200°C. The sample is measured at a rate of 1 mm/min under an
atmosphere at 125°C with a Tensilon tester and the elastic modulus is

25 calculated from the initial slop on the resulting stress-strain curve.

[0039]

Various resin materials can be used for the underfill 6. For



of the cured resin and to achieve high elastic nodulus. [0041] The
underfill 6 may contain inorganic fillers such as silica 10 particles in
order to reduce the |linear expansion coefficient and to reduce danage of the
sem conductor chip 4 and danage between the sem conductor chip 4 and the
substrate 3, nore effectively. [0042] The underfill 6 may contain any
coupling agent in order to 15 inprove adhesion of the underfill to the bunp
and the inorganic fillers. As a result, the |inear expansion coefficient,
t he danage of sem conductor chip and-damage between the sem conductor chip
and the substrate 3 can be nore effectively suppressed. Exanples of the
coupl i ng exgentls, | aud:udeesihandTcoaplnng aadenyaateuchsas epoxysidsades 20 and
am nosil anes, and titanate coupling agents. These may be used in
conbi nat i brefethed coggmaitrgregierst sraayovsd adi speraed repins biemderbedpant tba of
the underfill or is bound on the surfaces of the inorganic filler, such as
silica pas¢diclbesreqdtdEngatheelagerihbsegorothe smpystibetem ngl ed. For exanpl e,
when silica particles are contained, the 25 surfaces of silica particles my
be prelim i@PkdYy treated with coupling agents. [0043] 21 The linear
expansi on coefficient of the underfill 6 is preferably not greater than 40
ppm Coand nor e Theefresablnatesiats datrerhe tyraer3dl ppmrCeifararideconbasuppr ess
damage of the lowk filmand damage at the peripheries of the bunps 5. 5
[0044] [Budsctional epoxy resins in order to enhance the crosslink density
of the cured resin and to achieve high elastic modulus.
[0041]
The underfill 6 may contain inorganic fillers such as silica
10 particles in order to reduce the linear expansion coefficient and to
reduce damage of the semiconductor chip 4 and damage between the
semiconductor chip 4 and the substrate 3, more effectively.
[0042]
The underfill 6 may contain any coupling agent in order to
15 improve adhesion of the underfill to the bump and the inorganic
fillers. As a result, the linear expansion coefficient, the damage
of semiconductor chip and damage between the semiconductor chip and
the substrate 3 can be more effectively suppresSed. Examples of the
coupling agents include silane coupling agents, such as epoxysilanes
20 and aminosilanes, and titanate coupling agents. These may be used in
combination. The coupling agents may be dispersed in a binder
portion of the underfill or is bound on the surfaces of the inorganic
filler, such as silica particles. Alternatively, these forms may be
mingled. For example, when silica particles are contained, the
25 surfaces of silica particles may be preliminarily treated with

coupling agents.

[0043]



. ——— ]

The bunps 5 are conposed of a | ead-free solder or a high- nelting-point

sol der. Exanples of the |ead-free solder include tin- silver solders, 10
tin-bismuth solders, tin-zinc solders, tin-copper solders, copper naterials
such as copper pillars and copper posts, and gold materials such as gold
studs. Exanples of the high-nelting-point solders are tin-lead solders. 15
The difference between the |inear expansion coefficient of the wunderfill 6
and the linear expansion coefficient of the bunps 5 is preferably 10 ppm C
or less. In addition, the |inear expagsggn coefficient of the bunmps 5is in
the range of 10 ppmiC to 30 ppmiC. 20 [0045] A nmethod for making the

sem conduct or - dayl gedaiidloRObeodescrihied WD ekerenes; Lg Figs. © and

6. Insulating |ayers repare esi n varnis I nsdl ating layers

T PSP A e aosupen iy, Sk o Shean

support ormthe insul ati | ayers

support 1 elyde hegye o8 Sl ﬁﬂ&;@%@%&&w B hd Hoimyc sueh % pol yest er

resins e.g. poly yl ene terep - polybuty ne terephthal ate,

fluorine pgsids. rap Y of TREe i lsating | ayers 311 has a thickness
in the range(%?a g?@%gb y 10 pn1to ?00 m and nore preferably 20 to 80 pm

in order ?xﬂ@ vent cracking in the insulating |ayers 311. 5 Conductive
i nterconnection’| ayers 312C having a predeterm ned pattern is fornmed on a
surface ofB@mggpper plate C having a

The bumps 5 are composed of a lead-free solder or a high-
melting-point solder.
Examples of the lead-free solder include tin—silver solders,

10 tin—bismuth solders, tin—zinc solders, tin—copper solders, copper
materials such as copper pillars and copper posts, and gold materials
such as gold studs.

Examples of the high-melting-point solders are tin-lead
solders.

15 The difference between the linear expansion coefficient of the
underfill 6 and the linear expansion coefficient of the bumps 5 is
preferably 10 ppm/°C or less.

In addition, the linear expansion coefficient of the bumps 5 is
in the range of 10 ppm/°C to 30 ppm/°C.

20 [0045]

A method for making the semiconductor device 1 will now be
described with reference to Figs. 5 and 6.

Insulating layers 311 are prepared. Resin varnish for
insulating layers 311 is prepared and is applied on a support. The

25 resin varnish on the support is dried to form the insulating layers
311. Examples of usable support include heat-resistant thermoplastic

resin films, such as polyester resins e.qg. polyethylene terephthalate



predeterm ned thickness. The conductive interconnection |ayers 312C each
have a doubl e- |ayer configuration including a first nmetal |ayer 312Cl and a
second 10 netal layer 312A lam nated on the first nmetal |ayer and conposing
the conductive interconnection |ayers 312A. The first netal |ayer 312Cl is
made of, for exanple, nickel, and second netal |ayer 312A is nade of copper
as descri bed above. The pattern of the conductive interconnection |ayers
312C is showmn in 15 Fig. 3. After the surface of the copper plate C and the
conductive interconnection |layers 312Care roughened with a chem cal
solution, the insulating layer 311 is | am nated on the conductive
i nt er connaet iponybayeren2l 2Erépremanat ¢ orf lsbee dasihbj sarst eplyithede) surface
of the insulating layers 311 on the support is put into contact with the
conducti ve i nt efreonnecidtamg ayeers8B2C, hahesehacknegs esselte wiangehefit, and
then the support is renoved. Via holes 311A are fornmed at predeterm ned
posi ti onspofferhblyi Msymatong0ld ayrersd 3tkebprétemmblyvi@ thol8® fuorim mgdstep). 25
[ 0046] Next, a lead layer 313 in the via hole 311A and a conductive
i nt er connectirenehayera-k3 hgBis HowninsulEtgng4layes sf gitred by a - 23 -
sem active process. To be nore precise, a copper film(seed film with a
t hi ckrless of dhogiuctiypenirngetrormettannt hayeast Bt 2C ihesdhat & nyrddayermBed by
el ectrol ess deposition. A photoresist |ayer (nmask) having a 5 predeterm ned
pattern igatftermeds ofpmiee pnsalstrifage |eyer cader Rlapeat iheyihayar is forned on
mask-free portions (for exanple, via hole

predetermined thickness.

The conductive interconnection layers 312C each have a double-

layer configuration including a first metal layer 312C1 and a second
10 metal layer 312A laminated on the first metal layer and composing the
conductive interconnection layers 312A.

The first metal layer 312Cl is made of, for example, nickel,
and second metal layer 312A is made of copper as described above.

The pattern of the conductive interconnection layers 312C is shown in
15 Fig. 3.

After the surface of the copper plate C and the conductive
interconnection layers 312C are roughened with a chemical solution,
the insulating layer 311 is laminated on the conductive
interconnection layer 312C (lamination step). 1In this step, the

20 surface of the insulating layers 311 on the support is put into
contact with the conductive interconnection layer 312C, these are
pressed with heat, and then the support is removed.

Via holes 311A are formed at predetermined positions of the
insulating layers 311 by laser (via hole forming step).

25 [0046]
Next, a lead layer 313 in the via hole 311A and a conductive

interconnection layers 312B shown in Fig. 4 are formed by a



311A) by electrolytic plating. Thereby, a lead |ayer 313 is fornmed in the
via hole 311A and a conductive interconnection |ayer 312B is forned (step
of formng |lead | ayer 313 and conductive interconnection 10 |ayer 312B).
Afterwards, the mask is renoved and the exposed seed filmis renoved.
[0047] Next, the conductive interconnection |layer 312B is roughened 15 and
is subjected to the lamnation step, the via hole formng step, and the step
of formng |l ead | ayer 313 and conductive interconnection |ayer 312B. By
repeating such operation, buildup layers331 including five insulating
| ayers 311 and si x conductive interconnection |layers 312 20 shown in Fig. 6
i s preparsshiaAties walodsssan etching resist film(not shown in the draw ng)
is formed on the uppernost conductive interconnection |ayer 312B. The
copper pl ate CTosbeemmmeeorbyist,chi ngppdrurfiifar fera ftihw) fwirtdt anelhatkresper
312C1 is renmoved with a 25 nickel-renoving solution. As a result, a
subst r at eof3 absuprepar ed &srmeshowntha dfitgre 2indu0e48hg -1a4r Bekthy a
sem conductor chip 4 is nounted onto the resulting substrate 3. Sol der
bunps 5 alegireléss meppbyt rovi dephawreRésbatkyers indside hefindea sen conduct or
chip 4. The sem conductor chip 4 is placed on substrate 3 via the sol der
bunps 55, mamtlethenindte psotelar 15 borpsd Bni shewinsedating legbrow Fur Aace to fix
the sem conductor chip 4 on the substrate 3.
plating layer is formed on mask-free portions (for example, via hole
311A) by electrolytic plating. Thereby, a lead layer 313 is formed
in the via hole 311A and a conductive interconnection layer 312B is
formed (step of forming lead layer 313 and conductive interconnection
10  layer 312B}.
Afterwards, the mask is removed and the exposed seed film is
removed.
[0047]
Next, the conductive interconnection layer 312B is roughened
15 and is subjected to the lamination step, the via hole forming step,
and the step of forming lead layer 313 and conductive interconnection
layer 312B.
By repeating such operation, buildup layers 31 including five
insulating layers 311 and six conductive interconnection layers 312
20  shown in Fig. 6 is prepared.
Afterwards, an etching resist film (not shown in the drawing)
is formed on the uppermost conductive interconnection layer 312B.
The copper plate C is removed by etching.
Furthermore, the first metal layer 312C1 is removed with a
25 nickel-removing solution. As a result, a substrate 3 is prepared as

shown in Fig. 2.

[0048]



The gap between the substrate 3 and the sem conductor chip 4 is filled with
an underfill 6. Through these steps, a sem conductor device 1 is prepared.
10 The resulting sem conductor device 1, as shown in Fig. 1, is nounted on
the printed-wiring board 2 via the solder bunps B. [0049] The advant ages of
this enbodinent will now be described. In this enbodinment, for bunps 5
conposed of a high-nelting- 15 point solder having a nelting point of 230C

or more, the elastic nodulus of the underfill 6 is controlled to 30 MPa or
and 3000 MPa |ess, whereas for bunps_57gonposed of a | ead-free sol der, the
elastic nodulus of the underfill 6 is controlled to 150 MPa or nore and 800

MPa or |ess. 20Neke dseemfcdnbactumdernfipl b £ havnogd strcdo aneet@siliteéngodul us
ensures tight fixation around the bunps 5, resulting in prevention of

cracki ng efibdthetbupps d1dSirnsengdshé hiagarelempadsiIon peoefddd ioanthefbadie
insulating layer 311 of the buildup layer 31 in the in-plane direction of
t he 25 substfaiee odt tiienpen abuhes dretweent .25Chantkrtiltengh@ss ichapsd tison
tenperature is 35 ppmiC or less, the warp of the buildup layer 31 is
noder at edpla@esllohi sgodtiraekf @ctiarehseupprdssibonpofs,damagehat thieesel @y
sem conductor chip 4, damage of the interface between the sem conductor
chi p 45 andutyee Sbhuppse Bedand dardgewofutieee nbeffadke betivzeniuther biumps 45 and
the substrate 3. [0050] 5 In the sem conductor device 1 according to this
enbodi nentn tler ackshgatien 3t he bunps 5 can be prevented and damage of the
The gap between the substrate 3 and the semiconductor chip 4
is filled with an underfill 6.
Through these steps, a semiconductor device 1 is prepared.
10 The resulting semiconductor device 1, as shown in Fig. 1, is
mounted on the printed-wiring board 2 via the solder bumps B.
[0049]
The advantages of this embodiment will now be described.
In this embodiment, for bumps 5 composed of a high-melting-
15 point solder having a melting point of 230°C or more, the elastic
modulus of the underfill 6 is controlled to 30 MPa or and 3000 MPa
less, whereas for bumps 5 composed of a lead-free solder, the elastic
modulus of the underfill 6 is controlled to 150 MPa or more and 800
MPa or less.
20 The use of the underfill 6 having such an elastic modulus
ensures tight fixation around the bumps 5, resulting in prevention of
cracking of the bumps 5.
Since the linear expansion coefficient of the insulating layer
311 of the buildup layer 31 in the in-plane direction of the
25 substrate at temperatures between 25°C and the glass transition

temperature is 35 ppm/°C or less, the warp of the buildup layer 31 is

moderated, resulting in effective suppression of damage of the



sem conductor chip 4 can be suppressed. Accordingly, in the sem conductor
chip 4 having a low dielectric |layer having a relative permttivity of 3.3
or less (lowk 10 film, the lowk filmof the sem conductor chip 4 can be
prevented from danmaging. [0051] The difference in |inear expansion
coefficient between the wunderfill 6 and the insulating |ayer 311 of the
bui l dup layer 31 at 15 tenperatures between 25C and the glass transition
tenperature is controlled to 25 ppm C or less to noderate distortion
generated between the underfill 6 and the substrate 3. [0052] Furthernore,
the difference in |linear expansion coefffcient 20 between the underfill 6

dthe b 5 at t . at bet 25C th | iti
Ferper at UFER) e BonTr Bl T ed 810  pBFC " BF 685 T "hbdbPat o di stor ti on
t ed_ bet th deyfill d t b 5. 100 25 T i f
The. | noul SR TAFST: SUIPChtS) ARGNERS garial SoPESIH. s (TSI GFFy the
| ak t i | I he i l.at | | to h i
expansi ot CUBFTi CIoiBP S5 e OIEIGSECl - 26 the inplane direction of

t he substr%bg5§} 25C or nore and the glass transition tenperature or |ess.
Al'so, the résin of the insulating |ayer 311 containing the cyanate resin,

ot B L e IR P en LSO ket Spalkan.dle Lhrengptogan o
[0054] cracking in the bumps 5 can be prevented and damage of the
semiconductor chip 4 can be suppressed.

Accordingly, in the semiconductor chip 4 having a low-
dielectric layer having a relative permittivity of 3.3 or less (low-k
10 film), the low~k film of the semiconductor chip 4 can be prevented

from damaging.

[0051]

The difference in linear expansion coefficient between the
underfill 6 and the insulating layer 311 of the buildup layer 31 at
15 temperatures between 25°C and the glass transition temperature is
controlled to 25 ppm/°C or less to moderate distortion generated
between the underfill 6 and the substrate 3.
[0052]
Furthermore, the difference in linear expansion coefficient
20  between the underfill 6 and the bump 5 at temperatures between 25°C
and the glass transition temperature may be controlled to 10 ppm/°C
or less to moderate distortion generated between the underfill 6 and
the bump 5.

[0053]

25 The resin of the insulating layer 311 containing the cyanate

resin, particularly the novolak cyanate resin allows the insulating

layer to have a linear expansion coefficient of 35 ppm/°C or less in



The present invention should not be [imted to the enbodi nent described
above and include variations and nodifications within the scope that can
achi eve the object of the present invention. 10 For exanple, in the
enbodi nent descri bed above, the substrate 3 has only the buildup |ayer 31.
Anot her substrate 7 (buildup substrate provided with inner circuit |ayer
(core layer)) shown in Fig. 7 is also available. This substrate 7 incl udes
buil dup layers 31 as in the enbodi ment descri bed above and a t hrough hole
712 15 provided with a conductive |ayer 2¢11l therein. The conductive | ayer
711 in the through hole 712 has a core |ayer 71 connected to the conductive
i nt er connegéi onglayersi r@3t2ioh 055he dhiestaare hayrs°C7dr haseaand nidl glang
| ayer fornmed by lam nation 20 of prepreg. The prepreg is conposed of gl ass
cl ot h i npreghatEdnwétpeaatasé i drpesi tAlew, Coik aiddingoat tleedsibubmeingesi n
selected fromepoxy resins, BT resins (bisnaleimde-triazine resins), and
cyanat e réayas 31(ecgntaiondabakhe yamatee resiing ) pafriefu@naby y,thchaovaisad at i ng
| ayer of the core layer 71 contains a cyanate resin (in particular, novol ak
25 cyanat eyaesienyesTheercdles| @yerlintacomtmansioy ddef foyaesit enr esen (in
particul ar, novol ak cyanate resin) can reduce both the linear expansion
coef fi &i enhioknddsedsudrstioat ef i thd BebshrgplcaBetdi deanteasn. and - 27 the |inear
expansion coefficient of the substrate in the thickness direction.
Preferably, (@dd]icore | ayer 71 has a thickness of 0.2 mmor |less. A core
| ayer 71 having a thickness of 0.2 nmor |less can 5 reduce the inductance
of the substrat & prAastht cugknhobe sttRildsnétomeedinntdachéo hselattiongméetyer of
t he

described above and include variations and modifications within the

scope that can achieve the object of the present invention.

10 For example, in the embodiment described above, the substrate
3 has only the buildup layer 31. Another substrate 7 (buildup
substrate provided with inner circuit layer (core layer)) shown in
Fig. 7 is also available. This substrate 7 includes buildup layers
31 as in the embodiment described above and a through hole 712

15 provided with a conductive layer 711 therein. The conductive layer
711 in the through hole 712 has a core layer 71 connected to the
conductive interconnection layers 312.

[0055]
The core layer 71 has an insulating layer formed by lamination

20 of prepreg. The prepreg is composed of glass cloth impregnated with
a resin composition containing at least one resin selected from epoxy
resins, BT resins (bismaleimide-triazine resins), and cyanate resins
(e.g. novolak cyanate resins). Preferably, the insulating layer of
the core layer 71 contains a cyanate resin (in particular, novolak

25 cyanate resin). The core layer 71 containing the cyanate resin (in
particular, novolak cyanate resin) can reduce both the linear

expansion coefficient of the substrate in the in-plane direction and



core layer 71. In the substrate 7, a pair of buildup layers 31 is disposed
on two sides of the core layer 71. The buildup | ayer 31 (buildup |ayer 10
31A) at one side of the core layer 71 includes an insulating layer 311 and a
conductive interconnection |ayer 312B. The buildup |ayer3l (buildup | ayer
31B) at the other side of the core layer 71 includes an insulating |ayer
311, a conductive interconnection |ayer 312B, and a conductive

i nterconnection | ayer 312A. 15 [0056] In the enbodi nent descri bed above, the
insulating layers 311 of the buildup_layer 31 are not conposed of prepreg
prepared by inpregnating fabrics or unidirectionally oriented fabrics of

carbon ofhgliassatidglandibh @ofFicednt Off RS fipstiavever chbhehpriesest 20
invention is not limted to this. The insulating |ayers 311 nay contain

skel etal amttiiahs, such as glass cloths and fiber cloths such as Zyl on
(registered trademark) and aranmide in order to achieve a low linear
expansi on coef fi@iferbbDf, theeconsulageknyl Irayed tiiddhesknopl@remdi section. 25
[0057] The insulating layers 311 nay also contain any inorganic filler in
order to masureal ovtd hererl 7eXpRAnsy 0N @idkhegh of 282 mmfdramespiddrty.
Furthernore, a conbination of a cyanate resin and/or its prepolynmer (in
parti @l afedurevehakiyatahee reSithy whiddtrafe 7Tnorganic filler |eads to an
increase in the elastic nodulus of the insulating |ayers 311. 5 The
inorganic fill ex theongh Hdld Ued, isaddrexdamy esel heduide ihal Layerabimima, gl ass,
silica, and mca. Anong thempreferred is silica,
core layer 71.
In the substrate 7, a pair of buildup layers 31 is disposed on
two sides of the core layer 71. The buildup layer 31 (buildup layer
10 31A) at one side of the core layer 71 includes an insulating layer
311 and a conductive interconnection layer 312B. The buildup layer3l
(buildup layer 31B) at the other side of the core layer 71 includes
an insulating layer 311, a conductive interconnection layer 312B, and
a conductive interconnection layer 312A.
15 [0056]
In the embodiment described above, the insulating layers 311
of the buildup layer 31 are not composed of prepreg prepared by
impregnating fabrics or unidirectionally oriented fabrics of carbon
or glass fiber with a variety of resins. However, the present
20 invention is not limited to this.
The insulating layers 311 may contain skeletal materials, such
as glass cloths and fiber cloths such as Zylon (registered trademark)
and aramide in order to achieve a low linear expansion coefficient of
the insulating layer in the in-plane direction.
25 [0057]

The insulating layers 311 may also contain any inorganic

filler in order to ensure low thermal expansion and high



e

and particularly fused silica, which has | ow expansion. The fused silicais
present in a crushed or spherical form and a spherical shape is preferred
since it can be conpounded in the insulating 10 layers 311 in a | arge anount
wi thout inpairing high flowability. The average particle dianeter of the
inorganic filler is not limted and is in the range of preferably 0.01 pm
to 5 pmand nore preferably 0.2 pmto 2 pm The content of the inorganic
filler is not limted, and is in 15 the range of preferably 20 wei ght
percent to 70 wei ght percent, and nore preferably 30 weight percent to 60
wei ght percent of the overall insulatiB Fayers 311. A content of 20 wei ght
percent or nore ensures | ow thermal ansi on and | ow noi sture absorptlon of
the insul@thidfyaPayers 3F4rthermREent ‘gimb?BaWeCi’rbﬁt PeTERCoFeP s SNIZpr
enables to reven reduci ng fl owabilit the resin conposition.

[ Exanpl es}t $ Wﬁ?éﬁﬁpe 2B HE pr éﬁ- ﬁﬁ%ﬁ??oﬁe%yﬁ HoW @3 cr i bed.

First, the materials for the underfill are des r|b g 859] <Exanpl e
1-1> Prep%a?%‘fqaélﬁcoﬁl]r]eesrl ACEGHPEs PRI BRI SBiSEpheniole P TeES 1> Of2§hevm th an
epoxy equlvalent of 165 (#& parts by weight), N[2- nethyl

(oxi ranyl Heét Pgh %oxiranylnethyl)oxiranenethananine (ELM 100 made
by Surgtom) Chemi cal )

4.4 |
et hylEnbi o (2. enwngﬁé T @i%h%ﬁ LT aﬂfﬂpﬁa?m%aefa&ac&de s, )
10 t dvl |t t hox | KBE403
S ' £t su” Gl gﬂi%fos' Sﬁbﬁg‘% {ai‘ pliF b;IA&}BPgh Se'm ES% R 12 TR,

and particularly fused silica, which has low expansion. The fused

silica is present in a crushed or spherical form, and a spherical
shape is preferred since it can be compounded in the insulating
10  layers 311 in a large amount without impairing high flowability.
The average particle diameter of the inorganic filler is not
limited and is in the range of preferably 0.01 pm to 5 pm and more
preferably 0.2 pym to 2 um.
The content of the inorganic filler is not limited, and is in
15 the range of preferably 20 weight percent to 70 weight percent, and
more preferably 30 weight percent to 60 weight percent of the overall
insulating layers 311. A content of 20 weight percent or more
ensures low thermal expansion and low moisture absorption of the
insulating layers 311. A content of 70 weight percent or less
20  enables to prevent reducing flowability of the resin composition.
[Examples]
[0058]
Examples of the present invention are now described.
First, the materials for the underfill are described.
25 [0059]
<Example 1-1>

Preparation of resin composition: Bisphenol F epoxy resin



fused silica with an average particle dianeter of 0.5pm (SO 25R nmade by
Admat echs Corporation Limted) (65 parts by weight) were wei ghed, kneaded
through a three-roll mll, and the blend was defoaned under 10 vacuumto
prepare a liquid resin conposition. [0060] <Exanple 1-2> A resin
conposition was prepared as in Exanple 1-1 except that the fornulation of
the resin conposition was changed as follows: 15 Bi sphenol F epoxy resin
wi th an epoxy equival ent of 165 (18 parts by weight),

N-[ 2- net hyl - 4- (oxi ranyl met hoxy)

phenyl ] - N—(OX|ranyInethyI)OX|ranenethan%%1ne (ELM 100 made by Sunitono

ﬁlggaﬁ%g R ﬁ%@%@@yagd &y ey B B 2B by Tty wer e
use si n co

{1 soerl vl R SR P R S e Ry
&?rtgnbﬁaﬁgigﬁggqﬁﬁgﬁﬁuﬁ xﬁﬁVPgﬁg ]§2E§{H3L§2|E%&gt(Kéyéhard AA made by
N DB et R BB ot b HE RSB o P e el BE oot kiyaku co.

e eﬁg‘ﬁﬂag’l@r AT Eapy o T Y AR PR e GRS Y (BMDs (DD

<Exanp epara resin

with an %Q(ﬁy a%ﬁ Ak eﬁe f%gl(éopa &%.Py fwﬁé%ht%y weﬂéﬁt , Spherical

fused silica with an average particle diameter of 0.5um (SO-25R made

by Admatechs Corporation Limited) (65 parts by weight) were weighed,
kneaded through a three-roll mill, and the blend was defoamed under

10 vacuum to prepare a liquid resin composition.

[0060]
<Example 1-2>
A resin composition was prepared as in Example 1-1 except that
the formulation of the resin composition was changed as follows:

15 Bisphenol F epoxy resin with an epoxy equivalent of 165 (18
parts by weight), N-[Z-methyl-4-(oxiranylmethoxy)
phenyl]-N-(oxiranylmethyl)oxiranemethanamine (ELM~100 made by
Sumitomo Chemical) (6 parts by weight), and 4,4'-methylenbis-(2-
ethylanilin) (Kayahard AA made by Nippon Kayaku Co. Ltd.) (10 parts

20 by weight) were used.

[0061]
<Example 1-3>
A resin composition was prepared as in Example 1-1 except that
the formulation of the resin composition was changed as follows:

25 Bisphenol F epoxy resin with an epoxy equivalent of 165 (25

parts by weight) and 4,4'-methylenbis-(2-ethylanilin) (Kayahard AA

made by Nippon Kayaku Co. Ltd.) (8 parts by weight) were used.



(oxi ranyl met hoxy) phenyl ] - N- (oxi ranyl net hyl ) oxiranenet hanam ne (JER630 nade
by Japan Epoxy Resins Co. Ltd.) (10 parts by weight), phenol,

4, 4" - (1-nmet hyl et hyl i dene) bi s[ 2- (2-propenyl)]-, polymer with 10

(chl oronet hyl ) oxi rane (RE-810ONM rmade by Ni ppon Kayaku Co. Ltd.) (5 parts by
wei ght), 4,4'-nethyl enbis-(2-ethylanilin) (Kayahard AA made by N ppon
Kayaku Co. Ltd.) (6 parts by weight), 4,4'-nethylenebis(N nethylaniline)
(T12 nade by Sanyo Chem cal Industries, Ltd.) (6 parts by weight),

y-gl yci dyl propyl tri et hoxysil ane (KBE403 made by Shin-Etsu 15 Chem cal Co.,
Ltd.) (1 part by weight), and spherical3fused silica with an average
particle diangter of 3@5 un (SO 25R made by Admat echs _Corporation Limted)
(65 parts By (e ~(e re<meryHee "Ry BagRy L i soghr aaviRedeYol | nmill, and

t he bl end was def oamed upder, vacuumt o repare a liquid resin conposition
20 [0063] CfERFPFILNENGLLR r@%?"ﬁf%cg] i BVong&?mBr e LasvEh Branpre- 1- 4
except that Ee formul ati on of the resin conposition was changed as

fol |l ows: épg% bnol F epoxy resin with an epoxy equival ent of 165 (9 25

parts by i hi%,_§&§phenol F epoxy resin (epoxy equival ent 165) and
N—[4-(oxF%§ﬁ§P t ho y) phenyl ] - N- (oxi ranyl net hyl ) oxi r anenmet hanam ne (JER630
made hy Japan esi ns

QXY Cqé.Ltd. 6..parts b i_ght Jere - 31 - used.
(00647 ZexamplaSEbE3 R 41 FEEBhpoLPeT o i BBTErGH BETPHVERRp o 1. 4
exoept, el Sl B oL plien of Lhe eRLD COIPRLLYan tesychanged 2o
(oxiranylmethoxy)phenyl]-N~ (oxiranylmethyl) oxiranemethanamine
(JER630 made by Japan Epoxy Resins Co. Ltd.) (10 parts by weight),
phenol, 4,4'-(l-methylethylidene)bis{2-(2-propenyl)]~-, polymer with
10 (chloromethyl)oxirane (RE-810NM made by Nippon Kayaku Co. Ltd.) (5
parts by weight), 4,4'-methylenbis-(2-ethylanilin) (Kayahard AA made
by Nippon Kayaku Co. Ltd.) (6 parts by weight), 4,4'-methylenebis (N-
methylaniline) (T12 made by Sanyo Chemical Industries, Ltd.) (6 parts
by weight), y-glycidylpropyltriethoxysilane (KBE403 made by Shin-Etsu
15 Chemical Co., Ltd.) (1 part by weight), and spherical fused silica
with an average particle diameter of 0.5um (SO-25R made by Admatechs
Corporation Limited) (65 parts by weight) were weighed, kneaded
through a three-roll mill, and the blend was defoamed under vacuum to
prepare a liquid resin composition.
20 [0063]
<Example 1-5>
A resin composition was prepared as in Example 1-4 except that
the formulation of the resin composition was changed as follows:
Bisphenol F epoxy resin with an epoxy equivalent of 165 (9
25 parts by weight), Bisphenol F epoxy resin (epoxy equivalent 165) and

N-{4- (oxiranylmethoxy)phenyl]~N~- (oxiranylmethyl)oxiranemethanamine

(JER630 made by Japan Epoxy Resins Co. Ltd.) (6 parts by weight) were



parts by weight), phenol, 4,4'-(1-nethylethylidene) bis[2-(2- propenyl)]-,

polymer with (chl oronethyl)oxirane (RE-81ONM made by N ppon Kayaku Co.

Ltd.) (6 parts by weight), 4,4 -methylenbis-(2 10 ethylanilin) (Kayahard AA

made by N ppon Kayaku Co. Ltd.) (4 parts by weight), and

4, 4" -mmet hyl enebi s(N-nethyl aniline) (T12 made by Sanyo Chem cal |ndustries,

Ltd.) (4 parts by weight) were used. N [4-

(oxi ranyl net hoxy) phenyl ] - N- (oxi ranyl net hyl ) oxiranenet hanam ne (JER630 nade

by Japan Epoxy Resins Co. Ltd.) was nat 3used. 15 [0065] <Conparative Exanple

1-1> A resin conposition was prepared as in Exanple 1-1 except that the

formul ati apedf the resin conposition was changed as follows: Bisphenol F

epoxy resin with an epoxy equival ent of 165 (27 parts by 20 wei ght) and

4, 4" - met hyl gnigidg- (2- et hyl ani lin) (Kayahard AA made by N ppon Kayaku Co.

Ltd.) (5 parts by weight) were used. N-[2---nethyl- 4- (oxiranyl methoxy)

phenyl ] - KeExdrgxier angr et hyl ) oxi ranenet hanam ne (ELM 100 nmade by Sum tono

Chemical) was not used. [0066] 25 <Conparative Exanple 1-2> A resin

conposi ti on wasA prespar edmecss litn obxeap lperepa teddaseph Edwatplet hed faramplkathamn of

the resin conposition was changed as follows: - 32 Bisphenol F epoxy resin

with an epbxyfegquilsal@ntofofthd 65120 copprdisiby waed ghihged as follows:

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

(oxi ranyl met hyl BosgheapénEtdramaniasli( Bivh 180 aredy dyuiSwtienonof @ertiiéal ) (20

parts by weight), 4,4 -nethylenbis-(2-ethylanilin) 5 (Kayahard AA nade by

Ni ppon Kapakus Co. wetdhy)) ,( Paepakt s,y ~weinggtvhyleyhylidene) bis[2-(2-

gl yci dyl propyl triethoxysilane (KBE403 nade by Shin-Etsu Chem cal Co.,
propenyl)]-, polymer with (chloromethyl)oxirane (RE-810NM made by

Nippon Kayaku Co. Ltd.) (6 parts by weight), 4,4'-methylenbis-(2-

10 ethylanilin) (Kayahard AA made by Nippon Kayaku Co. Ltd.) (4 parts by
weight), and 4,4'-methylenebis (N-methylaniline) (T12 made by Sanyo
Chemical Industries, Ltd.) (4 parts by weight) were used. N-[4-
(oxiranylmethoxy)phenyl]-N- (oxiranylmethyl) oxiranemethanamine
(JER630 made by Japan Epoxy Resins Co. Ltd.) was not used.

15 [0065])
<Comparative Example 1-1>

A resin composition was prepared as in Example 1-1 except that
the formulation of the resin composition was changed as follows:
Bisphenol F epoxy resin with an epoxy equivalent of 165 (27 parts by

20 weight) and 4,4’'-methylenbis~(2-ethylanilin) (Kayahard AA made by
Nippon Kayaku Co. Ltd.) (5 parts by weight) were used. N-[2-methyl-
4- (oxiranylmethoxy)phenyl]~N~ (oxiranylmethyl)oxiranemethanamine (ELM-
100 made by Sumitomo Chemical) was not used.

[0066]
25  <Comparative Example 1-2>
A resin composition was prepared as in Example 1-1 except that

the formulation of the resin composition was changed as follows:



Ltd.) 1 part by weight, and spherical fused silica with an average particle
di aneter of 0.5pm (SO 25R nade by Admatechs Corporation Limted) (40 parts
by weight) were used. 10 [0067] The resin conposition prepared in Exanpl es
1-1 to 1-6 and Conparative Exanples 1-1 and 1-2 were evaluated as foll ow
The itens for the evaluation are showmmn with a nethod for the eval uati on.
The results are shown in Table 1. - 33 - [0068] (Table 1) Exandet Eranyle
Fxs p e CnDaa6 e Ca paarve Era yte Fxanitle F1-2 1-3 Fxarr{te Exancie 14 15
1-1 1-2 Bispher d F epoxy resin (epoxy equivalent 165) 11 18 25 27 20 5 9 17
N[ 2- Met hyl - 4(0) ar an*neft xy) phen 4)-N %15 0 0 20 0 0 0 ooora Aranenet hana

ar anemet hananhe PO PHoRISar 1 ECL B 1S ng B R GSHEYBISE0f 2195 dpnA) - 0 0
00%15 5 B4l D (homaElatenes Gt ) B Qg anth) -4
aver age PARTES dims br be sl ttihide 653 0™ e t ot dF o6 100 00 68
Pl oxunt ¢ OGS, VL1886 240 MEb9 30 30" 39 FH0T125 90 L edr Blbansi on
wef ti (gent ((K%E}gpg}d %ﬁ?mgge 21%/ %ﬁpfalgn %@aﬁ%uzgo. Ltd.) (19 parts by weight), 7y-

glycidylpropyltriethoxysilane (KBE403 made by Shin-Etsu Chemical Co.,

Ltd.) 1 part by weight, and spherical fused silica with an average
particle diameter of 0.5um (SO-25R made by Admatechs Corporation
Limited) (40 parts by weight) were used.
10 [0067]
The resin composition prepared in Examples 1-1 to 1-6 and
Comparative Examples 1~1 and 1-2 were evaluated as follow. The items
for the evaluation are shown with a method for the evaluation. The

results are shown in Table 1.



T
*1 ELMLOO: rmade by Sumitonmo Chem cal *2 JER630: nmade by Japan Epoxy Resins
Co. Ltd. 5 *3 RE-81ONM nmde by N ppon Kayaku Co. Ltd. *4 Kayahard AA: nade
by N ppon Kayaku Co. Ltd. *5 T12: nmade by Sanyo Chemi cal Industries, Ltd.
*6 KBM 403: made by Shin-Etsu Chem cal Co., Ltd. *7 SO 25R nmade by
Admat echs Corporation Limted 10 [0069] Elastic nodulus: The resin
conposition was shaped into a wwdth of 10 mm a length of about 150 mm and
a thickness of 4 mm and was 15 cured for 30 minutes in an oven at 200C. The
sanpl e was neasured at a rate of 1. nmimin under an atnosphere at 125C with
a Tensilon tester and the elastic noduPds was cal cul ated fromthe initi al
slop on tgeo rgfulting stress-strain curve. - 34 - [0070] dass transition
t enper at ur Qﬁ | i near expansion coefficient: The resin conposition was
cured at 15%1%;{&% 120 mnutes, and was nlled into a test piece of 5 nmm by

5 mm by 10 V test piece 5 was_subjected t a neasurenent at a_heating
_ T " ] -
rate of ;OC/ mn over the tenperat uF’%MN‘p‘? 4 E@‘I'w“e. i o f@’l’w'p'eé’gg'“e
conpressijve load of 5g wth Seiko |TMNV BSI2D.™§ mifTapedysl y, "t pe”l ar
X PanS| OEsReh b bSrEbox/Biagh. 5] UCTETHT{Tef§ PeEWEeTh7 258 50U 1115 BT §1Ss 17
transiti ook ) phenid 007 I Neprt & pupstTage [ s Festribedy v
mat eri al soﬁ@ﬂmmfﬂ%*ﬁnd Conplar at | ve Exanpl es afe as
NH4-(Oxiranylmethoxy)phenyl-N- 0 0 0 0 0 10 6 0
oxiranyimethyljoxiranemethanamine *2
Phendl,  44-(1-methylethylidene)bis|2-(2-propenyll}; O 0 0 0 0 5 5 6
polymer with (chloromethyljoxirane *3
14.4“Methylenbis-{2-ethylanilin) *4 10 10 8 5 19 6 6 4
4. 4-Methylenebis(N-methylaniine) *5 0 0] 0 0 0 6 4
-Glycidylpropyttriethoxysilane *6 1 1 1 1 1 1 1 1
Spherical fused siica (an average patide diameter; 65 65 65 65 40 65 65 65
0.5um) *7
otal 98 | 100 ; 99 98 100 98 | 98 | 97
Glass transition temperature (°C) 100 { 90 | 80 70 100 100 | 90 | 80
Flexural modulus (MPa:125°C) 510 | 160 | 30 20 350 400 | 120 { 30
Linear expansion coeflicent (ppm~C) 25 26 | 26 26 45 26 | 26 | 26

*1 ELM100: made by Sumitomo Chemical
*2 JER630: made by Japan Epoxy Resins Co. Ltd.

5 *3 RE-810NM: made by Nippon Kayaku Co. Ltd.
*4 Kayahard AA: made by Nippon Kayaku Co. Ltd.
*5 T12: made by Sanyo Chemical Industries, Ltd.
*6 KBM-403: made by Shin-Etsu Chemical Co., Ltd.
*7 S0-25R: made by Admatechs Corporation Limited

10

[0069]
Elastic modulus: The resin composition was shaped into a width
of 10 mm, a length of about 150 mm, and a thickness of 4 mm, and was
15 cured for 30 minutes in an oven at 200°C. The sample was measured at
a rate of 1 mm/min under an atmosphere at 125°C with a Tensilon
tester and the elastic modulus was calculated from the initial slop

on the resulting stress-strain curve.



follows: [0072] 15 (1) Cyanate resin A (novol ak cyanate resin): "Primaset
PT-30" nmade by Lonza, weight average nol ecul ar weight: 700 (2) Cyanate
resin B (novol ak cyanate resin): "Prinmaset PT-60" nade by Lonza, weight
average nol ecul ar wei ght: 2600 (3) Epoxy resin (biphenyldinethyl ene-type
epoxy resin): "NC- 20 3000P" made by N ppon Kayaku Co. Ltd., epoxy
equi val ent: 275, weight average nol ecul ar wei ght: 2000 (4) Phenoxy resin A
(copol yner havi ng epoxy end groups of a biphenyl epoxy resin and bi sphenol
S epoxy resin): "YX-8100H30" nade by Jiﬁan Epoxy Resins Co. Ltd., weight
aver age nol ecul ar wei ght: 25 30000 (5) enoxy resin B (copol ymer having
epoxy end gpagﬁg of a bisphenol A epoxy resin and a bi sphenol F epoxy
resin): "E 35 4275" made by Japan Epoxy Resins Co. Ltd., weight
aver age nol ecu 60000 Curln atal dazol und) :

I ) ;
2- phenyl - 4, 5- éﬁﬁyaro;ynetﬁyP P %Fure %He XEUH On'cgg lCOré’l%g'c')ration

5(7) In anic.filler heri_cal e d~C ' SO 25 nade Admat echs
COrporat?%n E|ﬁ1?éﬁmmg§é§§§éwas ur glgﬁgge?grdué it %5 fbupv hg agent

(epoxysi |, ang coypl %gtggggg%eﬁ;é\f 57 g T8 by g Uk gar, omsny Lim tec

The novol Cyanaie resin ures r epr sent ed by

the f%rnlhé% gh%jeéég£7%k <$g§§n% ﬁegkz%t a heatlng rate of 10°C/min over the

temperature range of -100°C to 300°C under a compressive load of 5g
with Seiko TMA/SS120. Simultaneously, the linear expansion
coefficient was also determined between 25°C and the glass transition
temperature.
10 [0071]
Next, a substrate is described.
Raw materials used in Examples and Comparative Examples are as
follows:
[0072]
15 (1) Cyanate resin A (novolak cyanate resin): “Primaset PT-30"
made by Lonza, weight average molecular weight: 700
(2) Cyanate resin B (novolak cyanate resin): “Primaset PT-60"
made by Lonza, weight average molecular weight: 2600
(3) Epoxy resin (biphenyldimethylene-type epoxy resin): “NC-
20  3000P” made by Nippon Kayaku Co. Ltd., epoxy equivalent: 275, weight
average molecular weight: 2000
(4) Phenoxy resin A (copolymer having epoxy end groups of a
biphenyl epoxy resin and bisphenol S epoxy resin): “YX-8100H30” made
by Japan Epoxy Resins Co. Ltd., weight average molecular weight:
25 30000
(5) Phenoxy resin B (copolymer having epoxy end groups of a

bisphenol A epoxy resin and a bisphenol F epoxy resin): “EPIKOTE



(1) Preparation of resin varnish 15 The cyanate resin A (25 parts by
wei ght), the epoxy resin (25 parts by weight, the phenoxy resin A (5 parts
by weight), the phenoxy resin B (5 parts by weight), and the curing
catalyst (0.4 parts by weight) were dissolved and di spersed in nethyl ethyl
ket one. Next, the inorganic filler (40 parts by weight) and the coupling
agent (0.2 20 parts by weight) were added, and the m xture was stirred for
10 mnutes with a high-rate stirrer to prepare resin varnish having a
solid content of 50 weight percent. [0074]- (2) Production of insulating
| ayer provided with support 25 The resin varnish prepared by the step (1)
was appl i &7 soniade ane Bbde Bfoxg RESinPpabyeltyl eneitier ephi-rbge ateedulhm
(support) having a thickness of 38 (mL with a conma coater. The coating was
dried in weigh36 60030 ng oven at 160C for 10 minutes. The dried insulating
| ayer had a thickness of 60 pm [0075] (3) Production of buildup substrate
provided wth if@erueinguiatal bstl ayed dafsler echpy@id): Thehdrgaulat 6Ag i1 nsul ating
| ayer provided with the support was stacked on each side of an inner
circuit sdibsidrakendiainilnigidprademeda medhihokr Ghetdéosis doeperdtorared on bot h
sides thereof such that the surface of the insulating | ayer resides on the
i nsi dé& The 10 st)iackowgemnipr €ssbel Hyppheaidalg fusedrsivacaum“W-B5MPanaadad at a
tenperature of 100C for 60 seconds with a vacuum pressure |am nator. After
t he suppadryt AsasteendviEdpot el draliinated wasecageghabyihbatdiageatr a 0.tbepper at ur e
of 150C for 60 mnutes with a hot-air dryer. Since the

(8) Coupling agent (epoxysilane coupling agent): “A-187" made

by Nippon Unicar Company Limited
The novolak cyanate resins (1) and (2) have structures

10 represented by the formula (I).

[0073]
<Example 2-1>
(1) Preparation of resin varnish
15 The cyanate resin A (25 parts by weight), the epoxy resin (25
parts by weight, the phenoxy resin A (5 parts by weight), the phenoxy
resin B (5 parts by weight), and the curing catalyst (0.4 parts by
weight) were dissolved and dispersed in methyl ethyl ketone. Next,
the inorganic filler (40 parts by weight) and the coupling agent (0.2
20 parts by weight) were added, and the mixture was stirred for 10
minutes with a high-rate stirrer to prepare resin varnish having a
solid content of 50 weight percent.
[0074]
(2) Production of insulating layer provided with support
25 The resin varnish prepared by the step (1) was applied onto
one side of a PET (polyethylene terephthalate) film (support) having

a thickness of 38 um with a comma coater. The coating was dried in a



substrate was copper-plated by a general additive process. These 15 steps
were repeated to prepare a buildup substrate provided with inner circuit

| ayers (core layers) in which each buildup |ayer has a three-I|ayer
structure. The inner circuit |ayer (core |ayer) used had the foll ow ng

| ayers 20 -Insulating | ayer: hal ogen-free FR-S equival ent (MCL-E-679F nade
by Hitachi Chem cal Conpany, Ltd), thickness: 0.2 mm -Conductive |ayer:
copper foil, thickness: 18 pun, L/S=120/180 pm clearance hole dianeter: 1
mmand 3 mm slit: 2 nm[0076] 25 (4) Bgoduction of core-less buil dup
substrate The resulting insulating |ayer provided with support was stacked

to a coppacyh@ieni 4 1@oediknessmd{utd@0 prhe swebdt hadultbheng Bkersnadace of
t he |nsulat|ng | ayer resides on the inside. The stack was pressed by

heati ng uadefidkaedsmpt Go5SuPa and at a tenperature of 100C for 60 seconds
W th a vacuum pressure |lam nator. After the support was renoved, the
| am nat e wagppoened by heating at a 5 tenperature of 150C for 60 mnutes with
a hot-air dryer. The substrate was copper-plated by a general additive
process. TBeSkErodsitepsn waT Bul epgatsedst batg peopt esetwarfi netmuiberitof | ayers,
and the copper plate was renoved by etching to prepare a core-|less eight-
| ayer bui lduprsubsieatsersd [ 0077] <Exanple 2-2> The cyanate resin A (15
parts by weight), the cyanate resin B (10 parts by weight), the epoxy resin
(25 parts by weTightresul ing insulating layer provided with the support was
stacked on each side of an inner circuit substrate having
predetermined inner circuits were formed on both sides thereof such
that the surface of the insulating layer resides on the inside. The
10 stack was pressed by heating under vacuum, 0.5 MPa and at a
temperature of 100°C for 60 seconds with a vacuum pressure laminator.
After the support was removed, the laminate was cured by heating at a
temperature of 150°C for 60 minutes with a hot-air dryer. Since the
substrate was copper-plated by a general additive process. These
15 steps were repeated to prepare a buildup substrate provided with
inner circuit layers (core layers) in which each buildup layer has a
three-layer structure.
The inner circuit layer (core layer) used had the following
layers
20 ‘Insulating layer: halogen-free FR-5 equivalent (MCL-E-679F made by
Hitachi Chemical Company, Ltd), thickness: 0.2 mm
‘Conductive layer: copper foil, thickness: 18 um, L/S=120/180 um,
clearance hole diameter: 1 mm and 3 mm, slit: 2 mm
[0076]
25 (4) Production of core-less buildup substrate

The resulting insulating layer provided with support was

stacked to a copper plate with a thickness of 200 pym such that the



phenoxy resin A (5 parts by weight), the phenoxy resin B (5 parts by 15

wei ght), and the curing catalyst (0.4 parts by weight) were dissolved and
di spersed in nmethyl ethyl ketone. Next, the inorganic filler (40 parts by
wei ght) and the coupling agent (0.2 parts by weight) were added, and the

m xture was stirred for 10 mnutes with a high-rate stirrer to prepare
resin varnish having a solid content of 50 weight 20 percent. Using the
resin varnish, an insulating |ayer provided with a support, a buil dup
substrate provided with inner circuit_layers (core layers), and a core-less
bui | dup substrate were prepared as in Exanple 2-1. 25 [0078] <Exanple 2-3>

The cyanadg flaesi Bt AHeAAnPardsSingy 1 s 9 ek déHereROXY i feHeN (1 -st38k pasts by
wei ght), the phenoxy resin A (5 parts by weight), the phenoxy resin B (5

parts by weisght)by arttting ewdmgacaingl st W 4ndpatts t@hﬁ\é@h&bﬁé owere
di ssol ved and di spersed in nethyl ethyl ketone. Next, the inorganic filler

(40 part s)dayc weirghs) sasshdheiepuplhiargul @geuré01Zniparbs. byamerghhy were
added, and the mixture was stirred for 10 mnutes with a high-rate stirrer

to prepargéigpest wyarminghied NasHengamdi isdlel dasofimst bof h&dx iwgi gbta percent. Usi ng
the resin varnish, an insulating |layer provided with a support, a buil dup
subst at ecgupevhaetk Wit hsDMeEbr cér eiintitéayeith achoe-aikOdkayer s)rheand a
core-less buildup substrate were prepared as in Exanple 2-1. [0079]
<Exanpl e Rikrrate was copper-plated by a general additive process. These

steps were repeated to give predetermined number of layers, and the

copper plate was removed by etching to prepare a core-less eight-

layer buildup substrate.

10 [0077]

<Example 2-2>

The cyanate resin A (15 parts by weight), the cyanate resin B
(10 parts by weight), the epoxy resin (25 parts by weight), the
phenoxy resin A ({5 parts by weight), the phenoxy resin B (5 parts by

15 weight), and the curing catalyst (0.4 parts by weight)} were dissolved
and dispersed in methyl ethyl ketone. ©Next, the inorganic filler (40
parts by weight) and the coupling agent (0.2 parts by weight) were
added, and the mixture was stirred for 10 minutes with a high-rate
stirrer to prepare resin varnish having a solid content of 50 weight

20 percent.

Using the resin varnish, an insulating layer provided with a
support, a buildup substrate provided with inner circuit layers (core
layers), and a core-less buildup substrate were prepared as in
Example 2-1.

25 [0078])

<Example 2-3>

The cyanate resin A (40 parts by weight), the epoxy resin (10



The cyanate resin A (20 parts by weight), the epoxy resin (30 15 parts by
wei ght), the phenoxy resin A (5 parts by weight), the phenoxy resin B (5
parts by weight), and the curing catalyst (0.4 parts by weight) were
di ssol ved and di spersed in nethyl ethyl ketone. Next, the inorganic filler
(40 parts by weight) and the coupling agent (0.2 parts by weight) were
added, and the m xture was stirred 20 for 10 mnutes with a high-rate
stirrer to prepare resin varnish having a solid content of 50 wei ght
percent. Using the resin varnish, an iLngglating |ayer provided with a
support, a buildup substrate provided with inner circuit |layers (core
| ayers), padcamgoneidiess kel shipoxybsésat @ wergafrseparesi s )i, ntke Exanpl e
2-1. [0080] <Exanple 2-5> - 39 The cyanate resin A (30 parts by weight),
t he epoxyph@sdsy (25inp@rtss phytsviyght) ghtt)he apbettoxyut-esd ncahalyerpar i4s by
wei ght), the phenoxy resin B (5 parts by weight), and the curing catal yst
(0.4 parpsrty wewghiht wereedissollved ant dsppessedni netilhylkhel hydtdcet one.
5 Next, the inorganic filler (40 parts by weight) and the coupling agent
(0. 2 partBseby, whieghhdrywerie added; (d0dpdies byxverghtwasngtile edupl big 10
mnutes with a high-rate stirrer to prepare resin varnish having a solid
conteni obkg&t WEi.ghpaper bgnveidisi)ngetdeaddesl, nand@rthieshixanrd mwasl atimngd ayer
provided with a 10 support, a buildup substrate provided with inner circuit
| ayers (cooe 10 ayensgs vand a lcorrerbéssstiuidedupo sadepbrat eesigr @apnegared as in
Example 2-1. [0081)

having a solid content of 50 weight percent.

Using the resin varnish, an insulating layer provided with a

support, a buildup substrate provided with inner circuit layers (core
10 layers), and a core-less buildup substrate were prepared as in

Example 2-1.

[0079]
<Example 2-4>
The cyanate resin A (20 parts by weight), the epoxy resin (30

15 parts by weight), the phenoxy resin A (5 parts by weight), the

phenoxy resin B (5 parts by weight), and the curing catalyst (0.4

.parts by weight) were dissolved and dispersed in methyl ethyl ketone.

Next, the inorganic filler (40 parts by weight) and the coupling

agent (0.2 parts by weight) were added, and the mixture was stirred
20  for 10 minutes with a high-rate stirrer to prepare resin varnish

having a solid content of 50 weight percent.

Using the resin varnish, an insulating layer provided with a
support, a buildup substrate provided with inner circuit layers (core
layers), and a core-less buildup substrate were prepared as in

25 Example 2-1.
[0080]

<Example 2-5>



<Exanpl e 2-6> 15 The cyanate resin A (17 parts by weight), the epoxy resin
(17 parts by weight), the phenoxy resin A (3 parts by weight), the phenoxy
resin B (3 parts by weight), and the curing catalyst (0.4 parts by weight)
wer e di ssolved and di spersed in nmethyl ethyl ketone. Next, the inorganic
filler (60 parts by weight) and the coupling 20 agent (0.2 parts by weight)
were added, and the m xture was stirred for 10 mnutes with a high-rate
stirrer to prepare resin varnish having a solid content of 50 wei ght
percent. Using the resin varnish, an insulating |ayer provided with a
support, a buildup substrate providedWﬁ%Ifinner circuit layers (core

25
I , d - ild bst.r.at d [ EX le 2-1.
[0862) L a0 - TR R, e 8 A R Y OB e R

ight), the_ph [ . [ he ph in B (3

oo 90 DRI EE g i BUPR I OAIE 1, ®
di I [ d, d : I : X1 [ ic fill
e 0 SRS TP SO RSO R e
dded, he  ni i 10. i with.a: high- i

Fa0e, oty IO PR, A S o D M g O el L

the resi el ”Iﬁé"in%gg%@%'%hitlﬁgi If?IIe/ ﬁ)%r%“%’}% III%rdLeg%I I;ar?jc 5?&% &II“%%I‘I&) | % nd a

bui | dup substrate pro CItc

core-less, il dyp, SUBSLTAS €, MBHE) RIGRALEFAS Il X ARG é das LROBRLy
for 10 minutes with a high-rate stirrer to prepare resin varnish
having a solid content of 50 weight percent.
Using the resin varnish, an insulating layer provided with a
10  support, a buildup éubstrate provided with inner circuit layers (core
layers), and a core-less builldup substrate were prepared as in
Example 2-1.
(0081]
<Example 2-6>
15 The cyanate resin A (17 parts by weight), the epoxy resin (17
parts by weight), the phenoxy resin A (3 parts by weight), the
phenoxy resin B (3 parts by weight), and the curing catalyst (0.4
parts by weight) were dissolved and dispersed in methyl ethyl ketone.
Next, the inorganic filler (60 parts by weight) and the coupling
20 agent (0.2 parts by weight) were added, and the mixture was stirred
for 10 minutes with a high-rate stirrer to prepare resin varnish
having a solid content of 50 weight percent.
Using the resin varnish, an insulating layer provided with a
support, a buildup substrate provided with inner circuit layers (core
25 layers), and a core-less buildup substrate were prepared as in
Example 2-1.

[0082]



<Conpar ative Exanple 2-2> 15 The cyanate resin A (30 parts by weight), the
cyanate resin B (10 parts by weight), the epoxy resin (50 parts by weight),
the phenoxy resin A (3 parts by weight), the phenoxy resin B (7 parts by
wei ght), and the curing catalyst (0.8 parts by weight) were dissolved and
di spersed in nethyl ethyl ketone to prepare resin varnish having 20 a solid
content of 50 weight percent. Using the resin varnish, an insulating |ayer
provided with a support, a buildup substrate provided with inner circuit

| ayers (core layers), and a core-less lpyiLdup substrate were prepared as in
Exanple 2-1. 25 [0084] The insulating |layers provided with the supports of

Exanpl es <@rbatrat2vé RpdpCenparat i ve Exanpl es 2-1 and 2-2 were eval uat ed.
The - 41 - results are shown in Table 2. [0085] (Table 2) Exanple Exanple

2- Exanple 2- Exanpbexg-rdsianpbt® goxaspbe welght?, e Phbndxp reCyanat €7 resin
Primaset 25 15 40 20 30 17 PT-30 Primaset 10 PT-60 _ Epoxy resin NC 3000P
25 25 10 B4-tkS bl7we RENOXYhe aficnoX- résim B 53 Ihrds BEOAHIOLEP-4275H6 5 5 5 5
° curing catalyst (0.4 parts by weight) were dissolved and dispersed in
5 methyl ethyl ketone. Next, the inorganic filler (40 parts by weight)
and the coupling agent (0.2 parts by weight) were added, and the
mixture was stirred for 10 minutes with a high-rate stirrer to
prepare resin varnish having a solid content of 50 weight percent.
Using the resin varnish, an insulating layer provided with a
10 support, a buildup substrate provided with inner circuit layers (core
layers), and a core-less buildup substrate were prepared as in
Example 2-1.
(0083]
<Comparative Example 2-2>
15 The cyanate resin A (30 parts by weight), the cyanate resin B
(10 parts by weight), the epoxy resin (50 parts by weight), the
phenoxy resin A (3 parts by weight), the phenoxy resin B (7 parts by
weight), and the curing catalyst (0.8 parts by weight) were dissolved
and dispersed in methyl ethyl ketone to prepare resin varnish having
20 a solid content of 50 weight percent.

Using the resin varnish, an insulating layer provided with a
support, a buildup substrate provided with inner circuit layers (core
layers), and a core-less buildup substrate were prepared as in
Example 2-1.

25 [0084]

The insulating layers provided with the supports of Examples

2-1 to 2-6 and Comparative Examples 2-1 and 2-2 were evaluated. The



Curing catalyst Imdazole 0.4 0.4 0.4 0.4 0.4 0.4 conpound Inorganic filler
SO 25H 40 40 40 40 40 60 Coupling A-187 0.2 0.2 0.2 0.2 0.2 0.3 agent

Total 100.6 100.6 100.6 100.6 100.6 100.7 dass 'C 240 -T 240 260 220 250
240 transition temture Linear ppn /C 30 30 25 33 35 20 expansion
coefficient Conparative Conparative Exanple 2-1 Exanple 2-2 Cyanate resin
Primaset PT-30 30 Prinaset PT-60 10 E resin NC 3000P 50 50 Phenoxy resin
YX-8100H30 7 3 EP-4275 3 7 Curing catalyst |Imdazole conpound 0.4 0.8
Inorganic filler SO 25H 40 Coupling agent A-187 0.2 Total 100.6 100.8 d ass

transition 'C 170 230 tenperature Linear expansion ppmiC 40 45 coefficient
5 results are shown in Table 2.
[0085]
(Table 2)
Example |Example 2-|Example 2-| Example 2-] Example | Example
2-1 2 3 4 25 26
Cyanateresin | Primaset 25 15 40 20 30 17
PT-30
Primaset 10
PT-60
Epoxy resin NC-3000P 25 25 10 30 15 17
Phenoxy resin | YX- 5 5 5 5 10 3
8100H30
EP-4275 5 5 5 5 5 3
Curing catalyst | Imidazole 04 04 04 04 04 04
compound
Inorganic filler | SO-25H 40 40 40 40 40 60
Coupling A-187 02 | 02 02 02 02 03
agent
Total 100.6 100.6 100.6 100.6 100.6 100.7
Class °C 240 240 260 220 250 240 |
transition
temperature
Linear ppm/°C 30 30 25 33 35 20
expansion
coefficient
Comparative Comparative
Example 2-1 Example 2-2
Cyanate resin Primaset PT-30 30
Primaset PT-60 10
Epoxy resin NC-3000P 50 50
Phenoxy resin YX-8100H30 7 3
EP-4275 3 7
Curing catalyst Imidazole compound 04 0.8
Inorganic filler SO-25H 40
Coupling agent A-187 0.2
Total 100.6 100.8
Glass transition | °C 170 230
femperature
Linear expansion | ppm/°C 40 45
coefficient



- 42 - [0086] The evaluation was carried out as follows: (1) d ass
transition tenperature Two insulating |ayers provided with supports were
stacked such 5 that the insulating | ayers face each other, and the stack
was pressed by heating under a pressure of 2 MPa and a tenperature of 200C
for 2 hours with a vacuum press machi ne. The supports were renoved. From
the cured insulating |layer, a test sanple of 10 mm by 30 mm was prepared by
cutting, and was heated at a heating rate of 5Cmn with 10 a DVA (nade by
TA Instruments). The glass transition tgnperature was determ ned fromthe
peak of tan 5. (2) Linear expansion coefficient Two insulating |ayers

provi ded wipbg&upports were stacked such that the insulating |ayers face
each other, and the stack was pressed 15 by heating under a pressure of 2
MPa and a tenpe&hat avel wft i300Gd oar2idduwis vkt foldowacuum press machi ne. The
supports were renoved. From the cured insulating |layer, a test sanple of 4
mm by 20 (0N Basss prrepat etbibyeapetiing,e and was heated at a heating rate of
10Cmn with a TMA (made by TA Instrunments). 20 The |inear expansion
coefficient bettweeindBGtand ihergl pssvidadanstit i mppbetperatuseavies] grasur ed.
Al so, the linear expansion coefficient along the plane of the cured

i nsul at i nthatayee irsulbhéndg naypkantaah rechiarheaf, the ttubstaat elaswasesmasur ed.
In these Exanpl es and Conparative Exanples, the |linear expansion

coef fi ci ent heatilme WBetha ghkreessreiosfeét MBa aifd tehéenpred urasaf &100AY fcayer
(thickness direction of the substrate) is the sane as that in the plane

di r ect i orhaofrst Wetkc wr edciuws yiressngadtayer. (The plugperds necti pemafedt heFrom

the cured insulating layer, a test sample of 10 mm by 30 mm was
prepared by cutting, and was heated at a heating rate of 5°C/min with

10 a DMA (made by TA Instruments). The glass transition temperature was
determined from the peak of tan d.

(2) Linear expansion coefficient
Two insulating layers provided with supports were stacked such
that the insulating layers face each other, and the stack was pressed

15 by heating under a pressure of 2 MPa and a temperature of 200°C for 2
hours with a vacuum press machine. The supports were removed. From
the cured insulating layer, a test sample of 4 mm by 20 mm was
prepared by cutting, and was heated at a heating rate of 10°C/min
with a TMA (made by TA Instruments).

20 The linear expansion coefficient between 25°C and the glass
transition temperature was measured. Also, the linear expansion
coefficient along the plane of the cured insulating layer (in the in-
plane direction of the substrate) was measured. In these Examples
and Comparative Examples, the linear expansion coefficient in the

25 thickness direction of the cured insulating layer (thickness
direction of the substrate) is the same as that in the plane

direction of the cured insulating layer (in-plane direction of the



43 - substrate). [0087] <Production and evaluation (1) of sem conductor
devi ce test sanple> Bunp electrodes were fornmed on the buil dup substrate
provided 5 with inner circuit layers (core layers) and the core-less buil dup
substrate prepared in Exanples 2-1 to 2-6 and Conparative Exanples 2- 1 and
2-2. Next, with a flip-chip bonder, |ead-free sol der (conposition:

Sn-3.5Ag, nelting point: 221C, thermal expansion coefficient: 22 10 ppm C,
el astic nodul us: 44 GPa) was pl aced at predeternined positions so as to be
tenporally fixed to a sem conductor ele gf (hereinafter, referred to as
sem conductor el ement A) having an inteflayer insulating filmof a
Iomfpernkﬁ&)ykg% naterlal (porous SiOC filmforned by CVD, relative
permttivity Furthernore, 15 these were noved to a refl ow furnace
(reflow co 9b§ ons IR reflow for 60 second at maxi numtenperature of 260C
and a nlnlgun1 tenperature of 183C) to bond the sol der bunps. Sinilarly,

wth a highomeltidno.nal siosekden (00MOSLAlOR Sy IRhCCTELL RanpRLaL:

314C, thermal expansion coefficient astic nodu

the sem conductgp,el RIRILGAs WRS DeDARM: d% FH&%}llﬁuggr” Out&%ﬁ;&dgé a

presol der at the substrate and the IR | ow was

seconds afi+® MR MU LeIPerakuse &%xe%ﬁ?éh@n%né HE@RQH%Ligﬁ?QﬁﬁHHEE Of 183C.
[0088] 25 The resin conp03|t|ons prepared in Exanples 1-1 t

Conpar at i/ sExaaplBepirdd and Egéargpl’@ ©-3uppli-gdaasg @&%&5%@ F})&mf@g@ 2-
sem conduct or deV|ces to be tested
1 and 2-2.
Next, with a flip-chip bonder, lead-free solder (composition:
Sn-3.5Ag, melting point: 221°C, thermal expansion coefficient: 22
10 ppm/°C, elastic modulus: 44 GPa) was placed at predetermined
positions so as to be temporally fixed to a semiconductor element
(hereinafter, referred to as semiconductor element A) having an
interlayer insulating film of a low-permittivity material (porous
Si0C film formed by CVD, relative permittivity = 2.2). Furthermore,
15 these were moved to a reflow furnace (reflow conditions: IR reflow
for 60 second at maximum temperature of 260°C and a minimum
temperature of 183°C) to bond the solder bumps.
Similarly, with a high-melting-point solder (composition: Sn-
95Pb, melting point: 314°C, thermal expansion coefficient: 30 ppm/°C,
20 elastic modulus: 16 GPa), the semiconductor element A was bonded. A
eutectic solder was used as a presolder at the substrate, and the IR
reflow was carried out for 60 seconds at a maximum temperature of
245°C and a minimum temperature of 183°C.
[0088]
25 The resin compositions prepared in Examples 1-1 to 1-6 and

Comparative Examples 1-1 and 1-2 were supplied as underfills to make

semiconductor devices to be tested.



- 44 - [0089] Since the sem conductor elenent A had a |inear expansion
coefficient of 3 ppnmiC, the values of (the |inear expansion coefficient of
the insulating |ayer of the buildup |ayer of the 5 buildup substrate in the
i n-plane direction of the substrate) - (the |inear expansion coefficient of
the sem conductor elenent A were 27, 27, 22, 30, 32, 17, 37 and 42 ppnm C
for Exanple 2-1, Exanple 2-2, Exanple 2-3, Exanple 2-4, Exanple 2-5,

Exanpl e 2-6, Conparative Exanple 2-1, and Conparative Exanple 2-2,
respectively. 10 [0090] Since the |ead-free solder bunps had a |inear
expansion coefficient of 22 ppnl C, thé%al ues of (the linear expansion
coefficien@ ¢§ the underfill) - (the | i near expansion coefficient of the

| ead-free so é@r bump) were 3, 4, 4, 4, 4, 4, 4 and 23 ppni C 15 for Exanple

1-1, Exanple 1S%ﬂ?£¥%gpggmft£%&lg§%l%m%néﬁ %@”Bl fjé'?ea% ) ne 1-6,

Corrpar ative Exa espec |veI y. Since

the hi ghvebt fgrRoLet, sehe, iy yhagacki near hﬁggfgel%zg%psfgﬁff'm ent of 30

ppn C, the v ues o i near expan5| on coe the underfill)

weie s 'Eegﬁflﬁéﬂﬁ“éfiﬁeiqé%hﬂu; ot OF BRI hbI B E975 B e
13, 5 ComRaiall WaoBKaml anl v ﬁ%lgggp@i&aewsn B@mpkeadodoratepPecine! V.

Tabl e 3 shows the val ue of | i near expansion coefficient

?EgeLL: : E%Be?lg ;eg@)ahg?&g;ccoﬁ%ggﬁ%rg@ Ot@ogfflé | GheRbn@fctiec1bnsh! ahi pgrd ayer of
27, 22, 30, 32, 17, 37 and 42 ppm/°C for Example 2-1, Example 2-2,
Example 2-3, Example 2-4, Example 2-5, Example 2-6, Comparative
Example 2-1, and Comparative Example 2-2, respectively.

10 [0090]

Since the lead-free solder bumps had a linear expansion
coefficient of 22 ppm/°C, the values of (the linear expansion
coefficient of the underfill) - (the linear expansion coefficient of
the lead-free solder bump) were 3, 4, 4, 4, 4, 4, 4 and 23 ppm/°C

15 for Example 1-1, Example 1-2, Example 1-3, Example 1-4, Example 1-5,
Example 1-6, Comparative Example 1-1, and Comparative Example 1-2,
respectively.

Since the high-melting-point solder bump had a linear
expansion coefficient of 30 ppm/°C, the values of (the linear

20 expansion coefficient of the underfill) - (the linear expansion
coefficient of the high-melting-point solder bump) were 5, 4, 4, 4, 4,
4, 4 and 15 ppm/°C for Example 1-1, Example 1-2, Example 1-3,
Comparative Example 1-1, and Comparative Example 1-2, respectively.
Table 3 shows the value of (the linear expansion coefficient
25 of the underfill) - (the linear expansion coefficient of the

insulating layer of the buildup layer) of each sample.

[0091]



- 45 - (Table 3) Insulating |la of buildup substrate Exanple 2- Exanple 2-
Exanpl e 2- Exanple 2- Exanple 2- Exanple 2-6 Conparative Conparative 1 2 3
4 5 Exanple 2-1 Exanple 2-2 Exanple 1-1 55 0 8 10 5 15 20 Exanple 1-2 4 4
1796 14 19 Exanple 1-3 44 17 9 6 14 19 Conparative 4 4 17 9 6 14 19
Exanple 1-1 Conparative 15 15 20 12 10 25 5 0 Exanple 1-2 Exanple 1-4 4 4 1
796 14 19 Exanple 1-54 417 96 14 19 Exanple 1-6 4 4 1 7 9 6 14 19

[ 0092] Next, the resulting sem conductor device to be tested was 5
subjected to a thermal cycle test. Aftefgthe thermal cycle test (1000 cycles
at a cold state of - 55C and a heated state of 125C), sanples of which all
bunps had(Ta@Q@dy)ctivity in a conductivity test were counted as nondefective

products. Tabl es 4—to 7 show the ehéﬂnl'a ayerﬁ?&nldhb'ﬁbs{raﬁbu' ts—of the —conductivity
test were eval uatieg ey ‘gamolél? 0% 8(.5 gﬁ@
nondef eﬁ:t ! veuprocucts to jfe t@te rrpl esmﬁefc jﬁe ((E% 5.1 )Exgn(a,gﬂfaG
| a, er of [Lioimmerety ugstTat e 0 8 5 15
Example 1-2 4 4 1 7 9 6 14 19
Example 1-3 4 4 1 7 9 6 14 19
Comparative 4 4 1 7 9 6 14 19
Example 1-1
Comparative 15 15 20 12 10 25 5 0
Example 1-2
Example 14 4 4 1 7 9 6 14 19
Example 1-5 4 4 1 7 9 6 14 19
Example 16 4 4 1 7 9 6 14 19
[0092]

Next, the resulting semiconductor device to be tested was
5 subjected to a thermal cycle test.

After the thermal cycle test (1000 cycles at a cold state of -
55°C and a heated state of 125°C), samples of which all bumps had
conductivity in a conductivity test were counted as nondefective
products. Tables 4 to 7 show the results.

10 The results of the conductivity test were evaluated as a
indicator by the ratio of the number of the nondefective products to

ten tested samples.

[0093]
(Table 4)
Insulating layer of buildup substrate
Example | Example | Example | Example | Example | Example | Comparative | Comparative
2-1 22 23 24 25 26 Example 2-1 | Example 2-2
Example 1-1 010 010 010 0/10 010 010 010 0/10
Example 1-2 010 010 010 010 010 010 010 010
Example 1-3 010 010 010 010 010 010 010 010
Comparative 110 210 110 310 310 110 510 710
Example 1-1
Comparative 210 210 110 310 310 110 610 710
Example 1-2
Example 1-4 010 0/10 0/10 010 010 0/10 0/10 0/10
Example 1-5 010 010 010 010 0/10 010 0M0 010
Example 1-6 010 010 010 010 0710 010 010 010




2-2 2-3 2-4 2-5 2-6 Exanple 2-1 Exanple 2-2 Exanple 1-1 0/10 0/10 0/10 0/10
0/ 10 0/10 0110 0/10 Exanple 1-2 0/10 0/10 0/10 0/10 0O/10 O/10 O/10 O/10
Exanple 1-3 0/10 0110 0/10 0/10 0/10 0/10 0O/10 0/10 Conparative 1/10 2/10
1/10 3110 3/10 1/10 5/10 7/10 Exanple 1-1 Conparative 2/10 2/10 1/10 3M
3110 1/10 6/10 7/10 Exanple 1-2 Exanple 1-4 0/10 0/10 0/10 0/10 0/10 0/ 10
0/10 0/10 Example 1-5 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 Exanple 1-6
0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/1Q . 46 - [0094] (Table 5) Insulating

| ayer of Ixnldup substrate Exanpl e Exanpl e Exanpl e Exanpl e Exanpl e Exanpl e
Conparative Conparative 2-1 2-2 2-3 2-4 2-5 2-6 Exanple 2-1 Exanple 2-2
Exanple 1-1 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 Exanple 1-2 0/10 0/10
0/10 0/ 10 f4g42;0110 O/ 10 0/10 E anple 1-3 0/10 0/10 0/10 0110 0/10 0110 0O/10
0/10 Conparative 3110 3/10 2/10 6/10 10/10 2/10 8110 8/ 10 Example 1-1
Conpar at ijygpfl) 4/10 2/10 6/10 10/10 2110 9/10 9/10 Exanple 1-2 Exanple

1-4 0/10 0110 0110 6/16—0+10—06+16 6%31%&/};0 Examle1=50+10-0/16—0/16, 0/ 10
0/10 0/10 0/ 10 0/ 1p—Examole—t=6—0110 tr PRIt HbsliRe o) 4 6 6/ 16—0/-10—0/t
Example] Example | Example] Exampie mple | Exampie | Comparaive — | Cornparative
2-1 2-2 2-3 24 25 26 Example 2-1 Example 2-2
Example 1-1 010 010 010 010 010 010 010 010
Example 1-2 010 010 010 010 010 010 010 010
Example 1-3 010 010 010 010 010 010 010 010
Comparative 310 310 210 6/10 1010 2110 8/10 810
Example 1-1
Comparative 410 410 210 6/10 1010 210 910 910
Example 1-2
Example 14 0/10 0/10 010 0/10 010 010 0/10 0/10
Example 1-5 010 0/10 010 0/10 010 0/10 010 010
Example 1-6 010 0/10 010 010 0/10 010 010 010
5 [0095]
(Table 6)
Insulating layer of buildup substrate ,
Example | Example | Example | Example | Example | Example Comparative Comparative
2-1 2-2 2-3 24 25 26 Example 2-1 Example 2-2
Example 1-1 0/10 010 010 0/10 0/10 0/10 0/10 010
Example 1-2 010 010 010 010 010 010 0/10 010
Example 1-3 110 110 110 210 310 110 6/10 810
Comparative 310 410 210 510 710 210 10/10 10/10
Example 1-1
Comparative 410 410 2110 6/10 7110 210 1010 1010
Example 1-2
Example 14 010 010 010 010 010 010 010 010
Example 1-5 0/10 0/10 0/10 010 0/10 010 0/10 0/10
Example 1-6 010 010 010 010 010 010 410 510




5 [0095] (Table 6) Insulating |layer of buildup substrate Exanpl e Exanple
Exanpl e Exanpl e Exanpl e Exanpl e Conparative Conparative 2-1 2-2 2-3 2-4 2-5
2-6 Exanple 2-1 Exanple 2-2 Exanple 1-1 0/10 0/10 0110 0/10 0110 0/10 0O/10
0/10 Exanmple 1-2 0/10 0/10 0/10 0/10 0110 0/10 0/10 0/10 Exanple 1-3 1/10
1110 1/10 2110 3/10 1/10 6/10 8/ 10 Conparative 3/10 4/10 2110 5/10 7/10
2110 10/10 10/10 Exanple 1-1 Conparative 4/10 4/10 2110 6110 7/10 2110

10/ 10 10/10 Exanple 1-2 Exanple 1-4 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10
Exanple 1-5 0110 0110 0/10 0O/10 0/10-04%0-0110 0/10 Exanple 1-6 0/10 0/10
0/10 0/10 0/10 0110 4/10 510 - 47 - [0096] (Table 7) insulati l|ayer of bu

i dup subst[Cawé]Exanpl e Exanpl e Exanpl e Exanpl e Exanpl e Exanpl e Conparati ve
Conparative 2-1 2-2 2-3 2-4 2-5 2-6 Exanple 2-1 Exanple 2-2 Exanple 1-1
0110 0110T®&41x0 70110 O/10 0110 O/ 10 0O/ 10 Exanple 1-2 0/10 0110 0/10 0110

0110 0/10 0/10 0/10 Exanple 1-3 Z211Q, ‘g@w%;&ﬂ]%&ggtdlIOAIilU TOTTO 87110

Conparative 5110 6/ Edmgel I arpk LEarhie | Bdnmd [Lka Empd L8hmpdeb@ MO € Cokparative

Conparative 5/10 6 134311029/ 1023011044/ 10,80/, 10610 1@@mﬁﬁanﬁle5ém%gg
Example 1-1 010 010 010 010 010 010 010 010
Example 1-2 010 o010 010 o010 0/10 010 010 010
Example 1-3 210 210 210 210 310 1/10 10/10 810
Comparative 510 6/10 210 810 10110 310 10110 1010
Example 1-1
Comparative 510 6/10 310 9/10 1010 4/10 1010 10/10
Example 1-2
Example 14 010 010 010 010 010 ono ono 0ono
Example 1-5 010 0/10 0/10 0/10 01o ono o1o ono
Example 1-6 010 010 010 010 010 0110 8/10 8/10
[0097]

5 In the samples using the high-melting-point solder bumps, as

shown in Tables 4 and 5, no electric connection failure was observed
in the tested semiconductor devices produced with the underfills of
Examples 1-1, 1-2, 1-3, 1-4, 1-5, and 1-6.
In contrast, electric connection failure was observed in the
10 tested semiconductor devices produced with the underfills of
Comparative Examples 1-1 and 1-2.
[0098]
In the cases of using the lead-free solder bumps, as shown in
Tables 6 and 7, no electric connection failure was observed in the
15 tested semiconductor devices produced with the underfills of Examples
1-1, 1-2, 1-4, 1-5, and 1-6.
In contrast, electric connection failure was observed in the
tested semiconductor devices produced with the underfills of Example
1-3 and Comparative Examples 1-1 and 1-2.

20 [0099]



Exanpl el-4 0/ 10 0/10 0/10 0110 0/10 0/10 0110 0/10 Exanple 1-5 0/10 0/10
0110 0/10 0/10 0/10 0/10 0/10 Exanple 1-6 0/10 0/10 0110 0O/ 10 0110 O/10
8/10 8/ 10 [0097] 5 In the sanples using the high-nelting-point sol der
bunmps, as shown in Tables 4 and 5, no electric connection failure was
observed in the tested sem conductor devices produced with the underfills
of Exanples 1-1, 1-2, 1-3, 1-4, 1-5, and 1-6. In contrast, electric
connection failure was observed in the 10 tested sem conductor devices
produced with the underfills of Conpargfive Exanples 1-1 and 1-2. [0098]
In the cases of using the | ead-free sol der bunps, as shown in Tables 6 and
7, no el ectri cThonnEekeironufi@ijaineswas wohskr&bgttiriict benrldrttieat &gl lure

sem conduct or devices produced with the underfills of Exanples 1-1, 1-2,
1-4, 1-5waandbderedl neponrtutashd tdleectpss-cannentwan doakkued. wasaokserved in
the tested sem conductor devices produced with the underfills of Exanple
1-3 and @empasiadd wedExangllesolddr anthpli@int20hp0089]connd8tidefadabder bunp
joints at which electric connection failure was observed were cut and the
Cr oss- sedheoa wasilabsshawedhaCr atis elwet éc olosieluedat rthal hesoddlestabanp j oi nts
havi ng connection failure. These results show that high elastic nodul us at
t he hkat edhirshat e tdarmalg dyicéet bertnels eysdreibésfor pregseninalodoorrgnayvent i ng
occurrence of cracks at the | ead-free solder or high-nelting-point solder
joints. dJf0t®atks at the lead-free solder or high-melting-point solder joints.

[0100]
Next, the occurrence of cracks in the interlayer insulating

film of the semiconductor element A of each semiconductor device to
10 be tested after the thermal cycle test (1000 cycles at a cold state

of -55°C and a heated state of 125°C) was observed. The semiconductor

device to be tested after the thermal cycle test was cut to observe

the occurrence of cracks in the interlayer insulating film of the

semiconductor element A.

15 The results are shown in Table 8 to Table 11.
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[0101] (Table 8)

filmof the
10 be tested after

-55C and a heat ed
device to be tested after
t he occurrence of cracks in the
elenent A. 15 The results

bui | dup substrate Exanpl e Exanpl e Exampbe-Exanpl e Exanpl e Exanpl e

Conpar ati ve Conparative

2-1 2-2 2-3 2-4 2-5 2-6 Exanp

l e 2-1 Exanp

| nsul etil ayer of

le 2-2

Exanmpl e 1-(D10410 O/ 10 0110 0110 0O/10 0/10 8/10 10/10 Exanmple 1-2 0/10 0/10

0/ 10 0/10 0/10 0/10 6/10 8/10 Exanp

le 1-3 0/10 0110 0110 0O/10 0110 0O/10

3/ 10 6x1QTadenparative 0/10 0/10 0/10 0/10 0110 O/10 1110 3110 Sanple 1-1

Conparative 011070/ 10 0710 0710 07 TR uBidgler &hudddo sldstele  EXanpl € 1-2 Exa le 1-4
0/10 0/10 0110 Oié,gmyel TEIRET Bl PddHoe B ﬁ Earmpe U CoRpdive U Coparite’ 10
0/ 10 0/10 0110 7/ 1Q4 Exanpj e 1-5301102Q11D 0/s510 |0/ O/g&mﬁélc gﬁ&@2§/10
[0102] B dJ@RhE 9) ohdTSUT @b N T@BET| ObnPU| T @HP SUDRGHT Al € dgamnl € gl Exanpl e
2- 2 Exapmpd R1D EXgipl € Znd EXagiel € 2ok EXamRy € [Z-$oConpaggli Y€ Gpgparjati ve

Example 1-3 0/10 010 010 010 0/10 0/10 310 /10

Comparative 0/10 010 0/10 010 010 010 110 310

Example 1-1

Comparative 0/10 010 010 010 010 010 8/10 710

Example 1-2

Example 14 010 0/10 010 010 0/10 0/10 6/10 910

Example 1-5 0/10 0/10 0/10 010 0/10 010 510 7110

Example 1-6 010 010 010 010 010 0/10 210 510

[0102]
5 (Table 9)
Insulating layer of buildup substrate
Example 2-1|Example 2-2|Example 2-3|Example 2-4|Example 2-5|Example 26| Comparative | Comparative
Example 2-1 | Example 2-2

Example 1-1 010 010 010 010 0/10 0/10 1010 1010

Example 1-2 010 010 010 010 010 0/10 810 1010

Example 1-3 010 010 010 0/10 010 010 6/10 810

Comparative 010 010 010 010 010 010 310 510

Example 1-1

Comparative 010 0/10 010 010 010 0/10 1010 710

Example 1-2

Example 1-4 0/10 010 010 010 010 0/10 910 1010

Example 1-5 010 010 010 010 010 010 . 710 810

Example 1-6 0/10 010 010 010 010 0/10 410 710




Example 2-1 Exanple 2-2 Sanple 1-1 0/10 0/10 0110 0/10 0/10 0/10 10/10
10110 Exanple 1-2 0110 0/10 0/10 0/10 0/10 0/10 8110 10/10 Exanple 1-3

0/ 10 0/10 0110 0110 0O/10 0/10 6110 8/ 10 Conparative 0110 0/10 0/10 0/10
0/10 0/10 3110 5/10 Exanple 1-1 Conparative 0/10 0/10 0/10 0/10 0/10 0110
10/ 10 7110 Exanple 1-2 Sanple |-4 0110 0/10 0/10 0/10 0/10 Ox10 9110 10/10
Sanpl e 15 0/10 0/10 0110 0/10 0110 0/10 .7/10 8/ 10 Exanple 15 0/10 0/10 Q10
0/10 0/10 0/10 4/10 7/10 - 50 - [0103] (Table 10) nsubfi M| ayer of buil dup
substrate Exanple 2- Exanple 2- Exarrp_:zgt)oz-_ Exanpl e 2- Exanpl e 2- Exanple 2-
Conparative Conparative 1 2 3 456 anple 2-1 Exanple 2-2 Exanple 1-1
0110 0/10 g&%]m 10 0/10 0/10 9110 10/10 Exanple 1-2 0/10 0/10 0/10 0110
0110 0110 8/ 10 Exanple 1-3 0110 0/10 0110 0/10 0/10 0/10 3110 6110
Conpar at 8%3?%1%)0/ 10 0110 0/10 0110 0/10 1/10 3/10 Exanple 1-1 Conparative

0/10 011 10 0/10 0/10-8/10-9/10 Exanple 1-2 Exanple 1A 01100/ 10
0/10 0/10 0/ 10 0/10-8/10-9/ Exapddiainglave ofiidbpsibsibey 0/ 10" 0/ 10 0/10 0110
4/10 7/10 Exanpl B21%G | GPTR20/FRIPDT 1R E FOSBTPEG | BETRR 21 190 P8 El‘leaﬁéﬂ]
1 2 3 4 5 6 Example 2-1 mple 2-2
Example 1-1 010 0/10 010 0/10 0/10 010 910 1010
Example 1-2 010 010 010 010 010 010 6/10 810
Example 1-3 010 010 010 010 010 010 310 610
Comparative 010 010 010 010 0/10 010 110 310
Example 1-1
Comparative 010 010 010 010 oMo 010 8110 910
Example 1-2
Example 14 010 010 010 010 010 010 8/10 910
Example 1-5 010 010 oMo 010 010 010 4110 710
Example 1-6 0/10 010 0no 010 0Mo 010 1110 510
[0104]

5 (Table 11)

Insulating layer of buildup substrate
Eample 2- | Exampie 2- | Example 2- | Example 2- | Example 2- | Example 2- | Comparative | Comparative
1 2 3 4 5 6 Example2-1 | Example 22
Example 1-1 010 010 010 010 010 010 1010 1010
Example 1-2 010 0/10 010 0/10 0/10 0/10 10110 10110
Example 1-3 010 010 010 010 010 0/10 6/10 1010
Comparative 010 010 010 010 010 010 310 510
Example 1-1
Comparative 0/10 010 010 0/10 0/10 010 1010 1010
Example 1-2
Example 14 010 010 010 010 010 010 1010 1010
Example 1-5 010 010 010 010 010 010 910 1010
Example 1-6 010 010 010 010 010 010 410 8/10
[0105]

As shown in Tables 8 to 11, no crack was observed in the
interlayer insulating film of each of the semiconductor device
10 including the buildup substrate provided with inner circuit layers
(core layers) and the.core—less buildup substrate of Examples 2-1, 2-
2, 2-3, 2-4, 2-5, and 2-6 after the thermal cycle test.
In contrast, cracks were observed in the interlayer insulating

film of each of the semiconductor device to be tested including the



5 (Table 11) Insulating |layer of buildup substrate Exanple 2- Exanple 2-
Exanpl e 2- Exanple 2- Exanple 2- Exanple 2- Conparative Conparative 1 2 3 4
5 6 Example 2-1 Exanple 2-2 Exanple 1-1 0/10 0/10 0110 0/10 0/10 0/10 10/10
10/10 Exanple 1-2 0/10 0/10 0/10 0/10 0/10 0/10 10/10 10/10 Exanple 1-3
0/ 10 0110 0110 0O/10 0O/10 O/10 6/10 10/10 Conparative 0/10 0/10 0110 0/10
0/10 0/10 3/10 5/10 Exanple 1-1 Conparative 0/10 0/10 0/10 0110 0110 0/ 10
10/ 10 10/10 Exanple 1-2 Exanple 1-4 0/10 0/10 0/10 0/10 0/10 0/10 10/10
10/10 Exanple 1-5 0/10 0/10 0/10 011059110 0110 9/10 10/10 Exanple 15 0/10
0/10 0110 0O/10 0/10 0O/10 4110 8110 [0105] As shown in Tables 8 to 11, no
crack wapuabses \wthstnatdie prioni ¢sd ayen imsid atrogit ilageos eank 0kyéhe
sem conductor device 10 including the buildup substrate provided with inner
circuit laayetise dogereedayerisjuanshdsheators- Cessatntivdupxshbisisr ate afd
Examples 2-1, 2- 2, 2-3, 2-4, 2-5, and 2-6 after the thermal cycle test. In
contrast 2-eracks were observed in the interlayer insulating filmof each of
t he sem conductor device to be tested including the - 51 buildup substrates
provi ded with Thesr reisntustsHayehst (wwer ef| ayeitstragadirtdiediog eed ess bui | dup
substrate of Conparative Exanples 2-1 and 2-2. These results show that use
of a Subsnesatatimgcllagéndraanng Low uliabangedayeiohaxdafgibcosnt iiseassexpaisi on
coefficient is essential

for preventing occurrence of cracks in the interlayer insulating film

of the semiconductor element.
[0106)
<Preparation and evaluation (2) of semiconductor device>
10 Semiconductor devices to be tested were prepared as in
<Preparation and evaluation (1) of semiconductor device> except that
the semiconductor element B was used in place of the semiconductor
element A. The interlayer insulating film of the semiconductor
element B was composed of 5i0;, and the semiconductor element B did
15 not have a low dielectric layer having a relative permittivity of 3.3
or less. The semiconductor chip B was a thin chip having a thickness
of 100 um.
Next, the resulting semiconductor devices to be tested were
subjected to a thermal cycle test (1000 cycles at a cold state of -
20 55°C and a heated state of 125°C).
And then, cracks in the semiconductor element B were evaluated.
The results are shown in Table 12 to Table 15.

(0107]



for preventing occurrence of cracks in the interlayer insulating film of

t he sem conductor elenent. [0106] <Preparation and eval uation (2) of

sem conduct or device> 10 Sem conductor devices to be tested were prepared as
in <Preparation and evaluation (1) of sem conductor device> except that

the sem conductor elenent B was used in place of the sem conductor el enent
A. The interlayer insulating filmof the sem conductor elenent B was
conposed of Si 02, and the sem conductor elenent B did 15 not have a | ow
dielectric layer having a relative pergpttivity of 3.3 or less. The

sem conductor chip B was a thin chip having a thickness of 100 pm Next,
the resulTamg 4€in conductor devices to be tested were subjected to a
thermal cycle test[(TO00 Cycles al a i@ esf MuupSibstate 20 0oC and a heat ad
state of 125C). AndgLRhgd, Bl CSmple[ BRG] e CEXSEl OlCoRLGENT  Eeoiilfe
eval uated. The resulgtgerraraagfghoyx@de ngjgetLI &5l tas Tablegmden1 [ 010Zdmpe 252 |-
(Tabl e I2)ediptWha | Ta¥FE QU CiBSIDEIT 4t @nEXanpbe| EXagpl € EXanplggExanpl e
Exanpl e EXgiJe82 Col T ey af igne [Cogreal abiove oAo I 2018 B- 3 2ndt 2- 9 2- pfxanpl e
2-1 ExaPlBanreds EXA0R ¢ nd [07cH9 PLEB U7 o 97 1o OL10 G4ct0 6110 74440
Exanpl e T= g O] Tond7 TonP7 10047 004 10 oag 10 phIP  Exggiol €/ 1-3 HHI0 OGN ON
0/10 0/ 10 Qo 12/ 1 (

D 411 Conparat|ve 0410 0/{10 ON 0/10 0/10|0/10 1/10 |1/10
Exanpl e[ T-domparative o0 | o0 | ono | oMo | oMo | oo 510 610

Example 1-2

Example 14 010 010 010 010 0/10 0/10 410 6/10

Example 1-5 010 010 010 010 010 0/10 410 510

Example 16 010 010 010 010 010 010 110 210

[0108]

(Table 13)
Insulating layer of buildup substrate
Example | Example | Example | Example | Example | Example | Comparative | Comparative
2-1 22 2-3 24 25 26 Example 2-1 | Example 2-2

Example 1-1 010 010 010 010 0/10 010 910 910
Example 1-2 010 0/10 010 010 010 010 810 7110
Example 1-3 010 010 010 010 010 010 6/10 6/10
Comparative 010 0/10 010 010 010 010 1110 310
Example 1-1
Comparative 010 0/10 010 0/10 010 010 910 910
Example 1-2
Example 14 010 010 010 010 010 010 710 910
Example 1-5 010 010 010 010 010 010 6/10 610
Example 1-6 010 010 010 010 010 010 410 510 |




Conparative 0/10 0/10 0/10 0/10 0/10 ON 5/10 6/10 Exanple 1-2 Exanple 1-4
0/ 10 0/10 0/10 0/10 0/10 0/10 4110 6110 Exanple 15 0/10 0/10 0/10 0/10 0/10
0/ 10 4/10 5110 Exanple 1-6 0/10 0/10 0/10 0110 0/10 0/10 1/10 2/10 [0108]
(Tabl e 13) Insulaling |ayer of buildup substrate Exanple Exanpl e Exanple
Exanpl e Exanpl e Exanpl e Conparative Conparative 2-1 2-2 2-3 2-4 2-5 2-6
Exanpl e 2-1 Exanple 2-2 Exanple 1-1 0/10 0/10 0110 0/10 0/10 0/10 9/10 9/10
Exanple 1-2 0/10 0110 0/10 0110 0/10 0/10 8/10 7/10 Exanple 1-3 0/10 0/10
0/10 0/10 0/10 0110 6/10 6110 Conparatgye 0/10 0/10 0/10 0/10 0110 0/10
1/10 3110 Exanple 1-1 Conparative 0/10 0/10 0/10 0/10 0/10 0/10 9/10 9/10
Exanpl e 1-2fenple 1-4 0/10 0/10 0/10 0/10 0/10 O/10 7110 9110 Exanple 1-5
0/ 10 0110 0/10 0/10 0O/10 0/10 6110 6/10 Exanple 1-6 0/10 0/10 0/10 0/10
0/10 011QT4hH1® )10 5 - 53 - [0109] (Tabl e 14) | nsul at i ng | ayer of buil dup

substrate Exanpl. n&éungl am& bor E.Xdllpl e2° :xanpi ErIZ-
Conpar ati ve Conp OPES E)Eﬁs'ﬁblb 'ganﬁarafve E&ﬁ[ﬂ%ﬁvg 1-1
0/10 0/10 0/10 O B 5 6 Example 21 | Example 22
Example 1-1 010 010 010 0/10 010 0/10 9/10 8/10
Example 1-2 0H10 010 010 0A10 0A10 010 610 510
Example 1-3 010 010 010 0A10 010 010 310 610
Comparative ono 010 010 010 010 010 1710 310
Example 1-1
Comparative 010 010 010 010 010 010 8/10 6/10
Example12 |
Example 1-4 010 010 010 010 010 0/10 710 710
Example 1-5 010 010 0/10 010 010 010 510 6/10
Example 1-6 010 010 010 010 010 010 210 410
[0110]

5 (Table 15)

Insulating layer of buildup substrate
Example 2- (Example 2- (Example 2- |Example 2- [Example 2- [Example 2- | Comparative | Comparative
1 2 3 4 5 6 Example2-1 | Example 22
Example 1-1 010 010 010 010 010 010 1010 10110 %
Example 1-2 010 010 010 010 010 010 910 1010
Example 1-3 010 010 010 010 010 010 6/10 1010
Comparative 010 010 010 010 010 010 210 210
Example 1-1
Comparative 010 010 0no 010 010 ono 1010 910
Example 1-2
Example 14 010 010 0/10 010 010 0/10 910 10710
Example 1-5 010 010 010 010 010 010 710 710
Example 1-6 010 010 010 010 010 010 510 8110
[0111]

As shown in Table 12 to Table 15, no crack was observed in the
semiconductor devices to be tested including the buildup substrate
10 provided with inner circuit layers (core layers) or the core-less
buildup substrate of Examples 2-1, 2-2, 2-3, 2-4, 2-5, and 2-6, after
the thermal cycle test.
In contrast, cracks were observed in the semiconductor devices

to be tested including the buildup substrate provided with inner



Exanple 1-2 0/10 0/10 0/10 0/10 0/10 0O/10 6110 910 Exanple 1-3 0/10 0/10
0/ 10 0/10 0/10 0/10 3/10 6/10 Conparative 0110 0/10 0/10 0/10 0/10 0110
1/10 3110 Exanple 1-1 Conparative 0/10 0/10 0/10 0/10 0/10 0/10 8110 6/10
Exampl e 1-2 Exanmple 1-4 0/10 0/10 0/10 0/10 0/10 0/10 7/10 7/10 Exanple 1,5
0/ 10 0/10 0/10 0O/10 0O/10 0/10 5/10 6/10 Exanple 1-6 0/10 0/10 0/10 0/10
0/10 0/10 2110 4/10 [0110] 5 (Table 15) Insulating |ayer of buildup
substrat e Exanpl e2- Exanpl e2- Exanpl e2- Exanpl e2- Exanpl e 2- Exanple 2-
Conparative Conparative 1 2 3 4 5 6_Exanple 2-1 Exanple 2-2 Exanple 1-1
0/10 0/10 0/10 0/10 0110 0/10 10/10 10/10 Exanple 1-2 0110 0/10 0/10 0110
0/ 10 O/ 18i k@ 18dks (Exaaplseksd ¢ kBe0td-0/ck8 Bh1yY t0p8ddft 660 10/ 10
Conparative 0/10 0110 0/10 0110 0/10 0/10 2/10 2/10 Exanple 1-1 Conparative
0/ 10 011€nH=1atrd Ge 08/40 10419-9110 Exanple 1-2 Exanple 1-4 0110 0110
_0/10 0/10 0/10 0/10 9/10 10110 Example 1-5 0/10 0/10 0/10 0/10 0/10 0O/10
7/10 7/10 Exarlse #&s@/tk) sB6X0cHM10sO/A0 0300s k@ $AdQudBm0an[ 0111] As
shown in Table 12 to Table 15, no crack was observed in the sem conductor
devi ces imsettiesgt ed,dmaekuthdgovheiduid dupasdibst cakefii@npr oyigdednwish i nner
circuit layers (core |layers) or the core-|ess

5 for preventing occurrence of cracks in the semiconductor element.



bui | dup substrate of Exanples 2-1, 2-2, 2-3, 2-4, 2-5, and 2-6, after the
thermal cycle test. In contrast, cracks were observed in the sem conductor
devices to be tested including the buildup substrate provided with inner -
54 circuit layers (core layers) or the core-|less buildup substrate of
Conmpar ative Exanples 2-1 and 2-2. These results show that use of a substrate
including an insulating |ayer having |low |linear expansion coefficient is
essential 5 for preventing occurrence of cracks in the sem conductor

element. - 55 - CLAIMS 1. A senmiconductgy device conprising: a substrate; 5
a sem conductor el enment nounted on the substrate; a bunp connecting the
substr at e1angist he sem conductor elenent; and an underfill filling in around
t he bunp, wherein the bunp conprises a high-nelting-point solder having a

10 melting point of 230C or nore, the underfill conprises a resin materi al

having an elastic nodulus in the range of 30 MPa to 3000 MPa, the substrate
has buiIquAIg&@n@mun@t@ﬂkﬁgibgséamﬁﬁgaa@ning i nsul ating | ayers and

conductive interconnection |ayers that are 15 alternately | am nated, each of
t he conductiveg smt&anegeanecti on |ayers being connected by conductive | ayers
formed in via holes in the insulating |layers, and the |inear expansion
coeffeci ent of t&eidongiutedt rgehayerm@mteieon the substrate;
a bump connecting the substrate and the semiconductor element;
and
an underfill filling in around the bump,
wherein the bump comprises a high-melting-point solder having a
10 melting point of 230°C or more,
the underfill comprises a resin material having an elastic
modulus in the range of 30 MPa to 3000 MPa,
the substrate has buildup layers including resin-containing
insulating layers and conductive interconnection layers that are
15 alternately laminated, each of the conductive interconnection layers
being connected by conductive layers formed in via holes in the
insulating layers, and
the linear expansion coefficient of the insulating layer of the
buildup layer in the in-plane direction of the substrate at

20  temperatures between 25°C and the glass transition temperature is 35

ppm/°C or less.

2. The semiconductor device according to claim 1, wherein the

semiconductor element comprises a silicon substrate; an interlayer
25 insulating film provided on the silicon substrate, the interlayer

insulating film comprising a low-dielectric layer having a relative

permittivity of 3.3 or less; and a lead provided in the interlayer



buil dup layer in the in-plane direction of the substrate at 20 tenperatures
bet ween 25C and the glass transition tenperature is 35 ppnmiC or less. 2.
The sem conduct or device according to claim1, wherein the sem conductor

el ement conprises a silicon substrate; an interlayer 25 insulating film
provided on the silicon substrate, the interlayer insulating filmconprising
a lowdielectric layer having a relative permttivity of 3.3 or less; and a

| ead provided in the interlayer - 56 - insulating film 3. The sem conductor
device according to claim1 or 2, whergin-the difference in |linear
expansi on coefficient between the underfill and 5 the insulating |ayer of

t he buil dopulanieg atlrn.enperatures between 25C and the glass transition
tenperature is 25 ppmiC or less. 4. The sem conductor device according to
any one of claims 1 to 3, wherein the difference in |inear expansion
coefficient between the 10 underfill and the bunp at tenperatures between
25C and BheTly assicomdngiolri davienperatdirg its dDaippil €raoz, IWwksseirh.thEhe

sem conduct or device according to any one of clains 1 to 4, wherein 15 the
subst r at dih&sreacehinugindacl expansibinchoet Idondotcthateekayene imdepfoMi ded i nsi de
an insulating |ayer, the conductive layer in the through hole having a core
| ayer5 cothecirethledinonelayert he Wontucidwe layatextt ommpetraourdsapergeanf t he

buil dup layer. 20 6. The sem conductor device according to any one of clains
1 to 5, 2Wersfinthhagleesi irafsitheni resupeapiwee lisyep ot Aecthuisdup | ayer
conprises a cyanate resin. 7. The sem conductor device according to claim§6,
wherein the cyanate

4. The semiconductor device according to any one of claims 1 to 3,
wherein the difference in linear expansion coefficient between the
10  underfill and the bump at temperatures between 25°C and the glass

transition temperature is 10 ppm/°C or less.

5. The semiconductor device according to any one of claims 1 to 4,
wherein

15 the substrate has a through hole in which a conductive layer is
provided inside an insulating layer, the conductive layer in the
through hole having a core layer connected to one of the conductive

interconnection layers of the buildup layer.
20 6. The semiconductor device according to any one of claims 1 to 5,
wherein the resin of the insulating layer of the buildup layer

comprises a cyanate resin.

7. The semiconductor device according to claim 6, wherein the cyanate

25 resin is a novolak cyanate resin.

8. A semiconductor device comprising:



25 resin is a novol ak cyanate resin. 8 A sem conductor device conprising: -
57 - a substrate; a sem conductor elenent nounted on the substrate; a bunp
connecting the substrate and the sem conductor elenent; and 5 an underfil
filling in around the bunp, wherein the bunp conprises a | ead-free sol der,
the underfill conprises a resin material having an elastic nodulus in the
range of 150 MPa to 800 MPa, the substrate has buil dup layers including
resin-containing 10 insulating |ayers and conductive interconnection |ayers
that are alternately |am nated, thesesgonductive interconnection |ayers
bei ng connected by conductive layers fornmed in via holes in the insul ating
| ayers, and thesdosneategexpansi on coefficient of the insulating |ayer of the
15 buildup layer in the in-plane direction of the substrate at tenperatures
bet ween 25C aadsdniiecgliassort paasdrit apuhempematie esutst3ateppn C or | ess. 9.
The sem conduct or device according to claim8, wherein the 20 sem conduct or
el ement conpra S@sipacshhécdngs ulxs taudseraen dnadt end ayericohtsed @t iengméntd ;m
provi ded on the silicon substrate, the interlayer insulating film
conprisinagda lowdielectric layer having a relative permttivity of 3.3 or
| ess; and a lead provided in the interlayer insulating film 25 10. The
sem conduct oradevideefattdridilngg tion alraumal &rer bAmpwher ei n t he
wherein the bump comprises a lead-free solder,
the underfill comprises a resin material having an elastic
modulus in the range of 150 MPa to 800 MPa,
the substrate has buildup layers including resin-containing
10 insulating layers and conductive interconnection layers that are
alternately laminated, these conductive interconnection layers being
connected by conductive layers formed in via holes in the insulating
layers, and
the linear expansion coefficient of the insulating layer of the
15 buildup layer in the in-plane direction of the substrate at

temperatures between 25°C and the glass transition temperature is 35

ppm/°C or less.

9. The semiconductor device according to claim 8, wherein the

20  semiconductor element comprises a silicon substrate; an interlayer
insulating film provided on the silicon substrate, the interlayer
insulating film comprising a low-dielectric layer having a relative
permittivity of 3.3 or less; and a lead provided in the interlayer
insulating film.

25
10. The semiconductor device according to claim 8 or 9, wherein the

difference in linear expansion coefficient between the underfill and



difference in |linear expansion coefficient between the underfill and 58 the
insul ating |layer of the buildup |ayer at tenperatures between 25C and the
glass transition tenperature is 25 ppmiC or less. 11. The sem conduct or

devi ce according to any one of clains 8 to 10, 5 wherein the difference in
| i near expansion coefficient between the wunderfill and the bunp at

t enperatures between 25C and the glass transition tenperature is 10 ppni C
or less. 12. The sem conduct or device according to any one of clainms 8 to
11, 10 wherein the substrate has a thr@ugh hole in which a conductive |ayer
is provided inside an insulating |ayer, the conductive layer in the through

hol e havicRg Bnfinkeihayelyegopnegtiedut 0dahna9trt e eapdustimg pebl&sconnection
| ayers of the buildup layer. 15 13. The sem conduct or device according to

any one ob°claatimhd dlasi2¢ randienehntdpraesid i@f 26hgprMsubatiiaag. | ayer of the
bui l dup layer conprises a cyanate resin. 14. The sem conductor device
according to claim 13, wherein the 20 cyanate resin is a novol ak cyanate
resin.
11. The semiconductor device according to any one of claims 8 to 10,
5 wherein the difference in linear expansion coefficient between the
underfill and the bump at temperatures between 25°C and the glass

transition temperature is 10 ppm/°C or less.

12. The semiconductor device according to any one of claims 8 to 11,
10 wherein the substrate has a through hole in which a conductive layer
is provided inside an insulating layer, the conductive layer in the
through hole having a core layer connected to one of the conductive

interconnection layers of the buildup layer.

15 13. The semiconductor device according to any one of claims 8 to 12,
wherein the resin of the insulating layer of the buildup layer

comprises a cyanate resin.

14. The semiconductor device according to claim 13, wherein the

20 cyanate resin is a novolak cyanate resin.



