- 1 - SPECI FI CATI ON SEM CONDUCTOR DEVI CE 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 enent) on a substrate, an undesirable gap is fornmed 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 materials for the underfill (Patent Docunent 1). [0003]
[ Patent Docunent 1] Japanese Unexam ned Patent Application 20Publication No.
H11- 233571 Di scl osure of Invention [0004] In general, substrates and

sem conduct or chips have different 25 |inear expansion coefficients. The
substrates, conposed of materials éﬁﬁpéfﬁ?ﬁgu%¢ganic resins, have |inear
expansion coefficients |arger than that of the sem conductor chips. Wen a
sem conductor device - 2 - including a sem conductor chip nmounted on a
substrate undergoes thermal hist bst.r war ps due to a difference
in |linear expansion coefficientE%@ﬁﬁ%@ﬁﬁpﬁ%hﬁﬁYﬂ&g conventi ona

sem conduct or devi ce, such warpage woul d cause danage such as cracks in the
5 sem Tonductor chip, at the interface between the sem conductor chip and a
bunp, and_at. the iﬁLeiéace bet ween the bunp and the substrate, in sone
cases. [Ogﬁngﬁﬁ?t érmore, substrates havi ng buil dup | ayers have been used
in 10 recen odF3r s- Conventional nodels of such substrates include buil dup

| ayers on core T'ayers. Wth rapid shift towards higher clock frequencies of
sem conduct or gl ﬂo%eséHPSHxﬁe%‘E;oﬁ h.ﬁéjta%%@ £§dé’%%mk89ﬁ&} Neeqay£-d equired for
nount i ng sem conduct or chips. substrate having core layers and buil dup

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

| ayer. Proposed solutions to reduce inductance are a reduction in thickness
of theycopg kgy&mparfuch as possible or use of a substrate having only
bui l dup layers (wthout core layers). In general, the core layer is provided
to reduce thgyddnear 20 expansion coefficient of the substrate. Thus, a
reduction in thickness of the core |ayer or use of a substrate having only
bui | dup | ayer staceletighemitRhg % Ofa BRI sshsidtat ecibdp tRehM@Indlicgbery.

[ 0006] An object of the present invention is to provide a sem conductor 25
devi ce t haflefafi PrAvansuRaauteenee Widedarage: igipai s emreendect@enetpraent, at
the interface between the sem conductor elenment and a bunp, and at the

i nt er f ace shesvesre tahe bhseandoadsidest eale. The3gap [MEA7he filledAator ciing to
the present invention, there is provided a sem conductor device conprising:
a sub3br atiesubat weymneoadilt enl @ nenlerffoubht edhenmbde tsubhstesdires 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



a bunp connecting the substrate and the sem conductor elenent; and an

underfill filling in around the bunp, wherein the bunp conprises
a high-nelting-point solder 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 buildup layers including
resin-containing insulating | ayers and conductive interconnection |ayers
that are 15 alternately | am nated, each »f-the conductive interconnection
| ayers bei ng connected by conductive layers formed in via holes in the
i nsul at i ngnthydimg, aaseniconductdre dhiipemeunhegansi arsubssfbieiwmergbes he
insul ating layer of the buildup layer in the in-plane direction of the
substr at ether@)l themperwnt thesshkesadn RSP GUet he glddidsererersilni dhnear
tenperature is 35 ppmi C or less. [0008] According to the invention having
such a coakpgugisn cpcffirdecatabetvwearptbéus dh eheonsaéipngl demicomduatidred to
30 MPa or nore and 25 3000 MPa or less to tightly fix the periphery of the
bunp and teviprevenchodairadenseubt cangekdanaget Rectb@dp créfheelnt ffael i near
expansi on coefficient of the insulating layer of the buildup layer in the
in- -S54 sepicarelugtpeceiiion ef the mﬁgg@%ﬁ desvetriyer aeli et aeeNiT5C and
the glass transition tenperature is 35 ppmiC or |ess, warping of the buil dup
| ayer canabeé adtEPat et atedOPt ingnuincefbeioteenet 3o gwes 3ndrthst suhaakRtcof t he
sem conductor el enment, danage at the interface between 5 the sem conduct or
el enent aAlb ¥HE BGRPS- and damage at the interface between the bunp and the
substrate. Herein, the elastic nodulus of the underfill is determ ned
froma stref¥%rain curve neasured at 125C. [ 0009] 10According to the
present invention, there is alsoﬁg%?yided a ﬁeniconduct r device conpri sing:
t

a substrate: aYeHecBRbRCtBIPSEES AR R LGHPt HaY S fo SV ateen used in a
bu nnecting the substrate,and th em conductqr el enment; .1 nd. a
oo F T e 3 o VR A S DL R de b e pHCh re s e e is 60e o g  ce
sol der, the underfill conpri.ses a,resi.n terjal .having an el astic
ot us | AYRES TN GRTE ity o GoB T Dt PaAPBE BB, Tunn | Syer s

i ncl udi ng resin-conta%n' insul a s_and .conducti ve

i ng 2 Lhg |aye
interconngg?g%%ljgﬁe?s %ﬁgfogﬁgﬂgﬁié%ﬁ %@f§¥>éﬁ$ %.él?ttﬁggée onduct i ve

|t er connegtl e davers helgoaonnegier: by, Gandugiave davers. fopred in via

holes in e 1nsu yers, an near ‘expansi on

coef 11 ci eQhpof p1heLoshl aid:001Lauer 0k Lhe2p P LAIRLayer, 0 e n-pl ane

direction o e su rate at tenperatures and’ t

Lransisi o, Lemeratinee i 35BRM GAlks! B3%ne 2o 1440101 pAgearding o the

i nvention having such a configuration, the elastic ul us of the underfil

I's controkbegd: {128 Moy ipane ARd 800 MaqQEt] &5Sinl @nPEGYRAL HPCCHM rence

of cracks in the bunp even when 5 a bunp conposed of a | ead-free sol der

having rekatévelyed aw huoghregssiHiwsed. ys2 REeat g drirnear nfxpRNshep
coefficient of the insulating |ayer of the buildup |ayer in the in-plane

direcpipnbgﬁla@§]gggggr@h&h@htt@ﬁ&gqaygfgﬁ,betmeen 25C and the gl ass
transition tenperature Is
In general, the core layer 1is 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.



35 ppni C or | ess, warping of the buildup | ayer can be noderated, 10
resulting in effective suppression of danage of the sem conductor el enent,
damage at the interface between the sen conductor el enment and the bunp, and
damage at the interface between the bunp and the substrate.

Herein, the elastic nodulus of the underfill is determned from15 a
stress-strain curve neasured at 125C. [0011] According to the

sem conduct or device of the present invention, preferably, the sem conductor
el ement includes a silicon substrate, an interlayer insulating film provided
on the silijg@®7/gJubstrate, the 20 interlayer insulating filmincluding a

| ow-di electric |ayer having a relative permttivity of 3.3 or less, and a

| ead provi ded Accdrwenpgnteriheypreserguliavemgidn,| irhere is pFheidssihriaconduct or
devi ce according to the present invention can prevent occurrence of cracks

i n the buspnirrhdiatragedoficeheo®®riséniyconduct or el enent. Thus, a

sem conduct or el enent having a lowdielectric |ayer having a relative
dielectric constamstobt8: 3 or less (lowk film can - 6 - also prevent
damage of the lowk filmof the sem conductor element. [0012] Preferably,
the di¥ferenceaiseniicoaductexpanshen coehfedianthbesusdmatae underfill and the
insul ating layer of the buildup |layer 5 at tenperatures between 25C and the
gl ass transitiarPuenpenagciiag shesypsitetorandeshe semicogdntwl el agente
difference in |linear expansion coefficient between the underfill and the

i nsul ati ngnflayer of the buildup |ayer at tenperatures between 25C and the
glass transition tenperature to 10 25 ppni C or | ess can suppress distortion

gener at ed bet weerindee Lkl fLLENG aHY arRend Bt Pafe, [ 00131 Preferably,
the difference in linear expansion coeffjcient between the underfill and the
bunp at tenper#trEd HBEVRER SSEPENPS1E PHE FIASsNI RS t PO TeRpEIRE Bre i s
10 ppm C or _| ess. Controlling the difference in |linear expansion

coef f +&i eRELBEAMEOANENRE uindet 194 MOR%d the bunp at tenperatures between 25C
and the glass transition tenperature to 10 m C or | ess can suppress
di stortion genbratBEoBet e enTERLStdeFPRiT TG Tt fe IR S0[DGEHC  The

substrate hav.e t hrough ho jn i a conductive layer is provided

i nsi de anmgﬁéﬂFﬁffhgh?a§%}, Pﬁeé§3kﬁu£$i$gxﬁg@ar_in the through hol e having

hche | ave” | SEPShat e S0 L e cenduetivs hniersammecton Layers o
compr i ses 45thaHEE el S O B e ey R e S et S ek s 2
novol C i - T i f Z l.ati . ¢O j.ni ng

The fiféna%%@?%%%@pgﬁw%au s L%Q%*L%%n?,e%%_ %&Eﬁ?ﬁ?&g%?#ﬁ%gé P%:jiéf

i nsul ating_.lLaye : i effigciLe : or
less int 8Eﬁ%f%r%%gégﬁ?%%f?gnhg¢ﬁ%%gé2%§§€$g¥%gat Péﬁpgé%tufgétﬁgtmeen 25C
?nd the glass drapshtion tepperature. . Also, the resin of the insulating
ayer contalning the Cyanate resin, particularly, the novolak cyanate resin

enabl es the |ipear iexpansiQmh388f fdH gt chth dhenthichnessnd O fierestiqn of
the substrate to decrease. [0016] The sem conductor device according to the

present i BUEDALONGRR P MRNE n OSTHH aneecforddRBgE: istpbPeatsem-conduct or
el ement, at the interface between the sem conductor el enment and the bunp,

and apot heehpetathipllbaperheinveert tha Braylasd thossubsh raineBat &fe Desgri ption
of the Drawi ngs [0017]
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-



The obj ect described above and ot her objects, features, and 20 advant ages

will be further clarified by preferred enbodi nents descri bed bel ow and the
acconpanyi ng draw ngs. [0018] Fig. 1 is a schematic view of a

sem conductor device in accordance with the present invention. 25Fig. 2 is a
cross-sectional view of a substrate. Fig. 3is a plan view of a
conductive interconnection |ayer of a substrate. - 8 - Fig. 4 is a

pl an view of a conductive i nt er connect i oh Tayer of a substrate. : Fig. 5

L2 5 CEoPEtE ARl B LhLURLALLRg B, Repguetl an.ohen, o, 3:Ruglr ke
substrate. . . Ei t.7 %sma crqﬁﬁgﬁgcﬁéon%b%%iemhog a §Hp§%ralgt§gcording
to a nDdlﬁﬁé%fﬂﬁﬁ 8? e Srgggﬁf invantt o /1 est todé FbrgC%rrylng Qut
the | i 0019 Th nmbaodi t f. th t ] t
doscr | bed “UPLAE aPFErEd £ TRE dia ngesuYint " REFREDLd ERHL RO A B0
1, th t.L1 f 1 i 15 ing. i t
w1l be dbebfipad o8 ThGRGRELOL TOKhes:  aalr Y MHEr b el B R s
' d ; ' [ 4 te 3,
Subst rat e 10 HHR e e CERRE ChEl (R T NERRCL S ARRLERE Shi g

4, and anb@@ﬁ%&f%&% gw{'g#bggﬁ%gﬂﬁﬁggggephe bunps 205. In the case of

use of bunps conpose ting-point solder having a nelting

poi nt of 230C Qr,Jmor e {4 oerla%%%%@dmsf F@/&r%aqnaekfiﬂrl al! Qy-hauing gﬁc!nﬁad

content exceeding 85 W%, the underfi 6 conprises a resin nmateri avi ng
an el asti ¢ apawlls -2 dhe rangeef 80 M3a to 3000 MPa. In the case
of use of bunps 5 conposed of a | ead-free solder, the underfill 6 conprises
a resin matefiglghaving an elastic modulus - 9 - in the range of 150 MPa to
800 MPa. Wth reference to Fig. 2, the substrate 3 includes buil dup

| ayer$o31 i ncl yeid}giihgSt M -GRNbab sy indeHt &, Ngnbayers 2334 B igepdyctive

i nterconnection |ayers (conductive wiring |ayers) 312 that 5 are alternately
| am nat ed selhbes@icendugdive tohericamaection layers 311 being connected by
conductive layers 313 fornmed in via holes 311A in the insulating |ayers 311.
The |inear expansimmredefficient of the insulating |layers 311 of the buil dup
|l ayer 31 in the in-plane direction of the substrate at 10 tenperatures

bet ween 25C and ddne cghasstdn aensindmntomouanpérat iwhe ssos3xrappm C or | ess. [0020]
[ Substrate] The substrate 3 is now described. 15The substrate 3 is used for
flip-chip noundimgpofothectsien chadidtsaracdigdthe semiiohhucedersénnent 0 Fi g.
2, the substrate 3 is a so-called a buildup substrate that includes buil dup
| ayer $5 31 andchnudimigrf ekl n-idénthai im rgoundutiat bogp) ayers 311 and conducti ve

i nterconnection 20 layers 312 that are alternately | am nated. For exanple,
in this enbodiwessint hee Buinipdgpmpaiess 311eatifudessdides,i nsul ating | ayers 311
and six conductive interconnection layers 312 that are alternately

| ami nat ed. Thi shgulpsierat bl Tavpsisws coresiayeterThl shaupst pateladtis a BAA
substrate, which is nmounted on a 25 printed-wring board (nother board) 2
wi t h bunpg&oBulgednrige uangeThé LubdtPrate h¥Eaa t hi ckness of preferably 800

pmor |ess and nore preferably 500 pmor less. - 10 - o
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.



[0021] The insulating |ayers 311 is conposed of only a resin conposition,
but not prepreg prepared by inpregnating fabrics or unidirectionally
oriented fabrics of carbon or glass fiber with a 5 variety of resins.
Accordingly, the insulating layers 311 are not reinforced by fiber, such as
carbon fiber or glass fiber. Exanpl es of resins for the insul ating

| ayers 311 include epoxy resins, bisnaleimde-triazine (BT) resins, and
cyanate resins. Anmong these preferred -ar® cyanate resins. Exanples of the
cyanate resins 10 include novol ak cyanate resins, bisphenol A cyanate
resins, bispwéadl E cyanate resins, and tetranethyl bi sphenol F cyanate
resins. The use of novol ak cyanate resins is particularly preferred.

The usabl e novalakdtyanat eheesnventdioe hapiresentied: mpntheufailoow tige chemi cal
formula (in the formula, n denotes an integer): 15[0022] (Chem 1) nis
an i nt egeeld§023ho@0Swk winbhel aidegfahat &5 esinsl lcah thel Pt éffar ed royret hed
reaction of, for exanple, novol ak-type phenols wi th conpounds such as
cyanogen 860 dfHaderotesydmogeavénrtowcderrdive ndvorlaiksc yanaie buegi evdragihan

wei ght average nolecular - 11 - weight in the range of preferably 500 to
4500 and aorenprefipesdsl wi6601ead-30€6. solder hapingirghot avelriadewnobwtueas

wei ght of less than 500 may cause a decrease in nechanical strength. A

wei ght avés ageediol 8tidarthgel §heals capapeimgoab00-iray eaude dnsiheliedwse in
curing rate of the resin conposition, resulting in |ow storage stability.

[ 0024 layer Thethy dnditlelupesayRr iy the s ipdans e iegtipe qfort%ﬁowbstrate
prepol yners. These cyanate resins and prepolynmers nay be used alone or in 10
conbi nat i 8h. CTIMETPERRRT yarENgeare> gered dhey IR Eharads By ay CABPEHIE6nidf t he
cyanate resins through, for exanple, a thermal reaction. Any prepolyner nay
be used. ForPRE(artle,lehe YHIHEY ebnthehPuil hdithd aysanta peepoisifedis in t he
range. of 20 wei ght percent to 50 weight percent. The trinmer content can be
det er b ned®HitHIof oF AEERSIES FHPPESSERPR e do8RR 130 phBt TRECEPIUTHE cont ent
of the cyagate resin is not Iinn%%%, agg is in the range, of preLerany 5
wei ght peft@N Y 0 8B Keidth N pet EEHt 2aR PTHEE pHet sEIBFYA \eei §ht™P¥r cent to
40 wei ght rcent of the overall resin, conposition of the . insulati | ayers
311 A oy AR YRR 20k GRIGAT B TRewit GHE 2pBrEenoBr “Horb Eomt? | it o t o
an enhanceneqé %n thermal resistance. A cyanate resin content of 50 weight
percent of“P&<¥€an maintain hi gh moisture resistance. [0025] The
cyanate resin pmy,gontal n.,an epoxy, HESI 0 aNd 3, ANCAOXY ;85L& fOF o
exanpl e. Epoxy Tesihs having 5lﬁﬁenylalﬂylene dkefetons®are prePerred?
Prefe{§blg,ség%%sggg§gu§e I 0.Subst ﬁig{lyﬁﬁgntains no halogen - 12 - atom
Thi s Tnproves heaf resistance and thermal” dégradation resistance, as well as
fornability%ﬁhlﬁhe insulating layers 311. Here, "substantially contain no
hal ogen at onl’ nmeans a hal ogen atom content of 1 weight percent or less in

the epoxy reSiAbch@ﬁngxégqgﬁé-sé&£%§%@hctor devic@?@fiﬂﬁé:bggs qﬂb@ﬁt n the

epoxy resins used in the insulfating |ayers 311 include phenol novolak-type

epoxy feSFPéfeﬂEﬁi?heﬂﬁé'éé%ﬁ%oﬁ&ﬁ&@brr%§éﬁéht naphtdal ene1iyRs ensxyrd@si ns,
and aryl al kyl ene-type epoxy resins. Anmong these, preferred are 10

aryl al kyl gperisdie 10peXihd 8sktNSg MiCBropRIRVenf L ineshstaAnceraf®l Shidre
resi stance, and thermal resistance against sol dering. Here,

arytapkyl enect W@ repexyl t8signsi haviecatidl east 1enedasiycakky | eRergnotihg B the
repeating units. Exanples of such resins iInclude xylyl enetype epoxy resins
and bi phemylgh et byhene-itwpe €pox)3 besiess, 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



15The wei ght average nol ecul ar wei ght of the epoxy resinis not |limted, and
is preferably 4,000 or less, nore preferably in the range of 500 to 4, 000,
and nost preferably in the range of 800 to 3,000. A weight average nol ecul ar
wei ght less than the lower limt may cause tackiness of insulating |ayers
311. A wei ght average 20 nol ecul ar wei ght exceeding the upper limt may
cause soldering thermal resistance to decrease. [0027] The content
of the epoxy resinis not linited, and~i§ in the range of preferably 5

wei ght percent to 50 wei ght percent and re 25 preferably 10 i ght_percent
to 40 wei GHECPRFTEN: 6f™1%e %Entht el Fes| ﬁfﬁwﬁo%b | SHGPIENE T N g

| ayers 311. An epoxy resin content of 5 weight percent or nore |eads to
inprovenentéo@¥?%ygroscopic - 13 - ‘property, soldering thermal resistance,

d adhesi ..[ 0028 __.The insulating | 311 preferabl t ai
henoxy 1 esi ns L SERTRIG aFy HEREETHng o M oBBHEA R FRECHdGE 0.
facilitate the 5 formation qf the insulating | e,
" Subst ant PATPGoR Al RERGL T, AL ot JACONT Mearney & 1 GhBrt G BHPCORYEht of 1

wei ght _percent _or_less in the phenoxy.resin, for_exanple. [0029] The.type of
e phenodr FEEPTFCERs B THerbay Cante ciOmaResS 70 FAEt Tid BHERBRYS 48 he
havi ng bi?%henol/o kelﬁtqgs, phenoxy resins having novol ak skel etons, phenoxy
resins ha inapﬂaﬁipﬁa Ehe skel et ons, and phenoxy resins having bi phenyl

skel etons. Als henoxy resin avi ng t.hese skeletons. in _copbi nation may be
used. Anong thgggtﬁggﬁégrgh éﬁgQS %%oxﬁnrz ?%%7858%%%‘¥‘Eﬁgngﬁﬁ?tand

bi sphenol .S, 15 skegl et . Fhe _rigidit.y o e bi n kel et-on | eads to an
i ncrease fﬁtﬁ %%Etfﬁéﬁ§§f$%g’ éﬁ%@%%ﬁﬁ?%iﬁ%?F%Q?ﬁggéﬁiEﬁgﬁ%J‘ ung?%%Bn

| eads to ' j esi ' |« 0 resin
havi ng bo%ﬁ %?@%ﬁ%ﬁgﬁgg %ﬁ%ﬁ%ﬁo%gQgﬁgébggg é%g nggféF£%§ﬁ§%£§§Q éQhééd. The
pheno r esi i elﬂhgg yli: e t L.Sp ol S
skele?gn gﬁaBFﬂZ¥LEgn%%%bF%§i% av%ﬁg&téﬁﬁf%gﬁé E?gﬁ%g%%|g%§%%ﬁ§|§%%n and the
bi sphenol Fqskel ef o LaRe bgddsede i n conbi nation. The conbi ned use of these
phenoxy resins contributes to devel opnment of well-bal anced properties. In

t he conbi nedpgise of both the phenoxy resin (1) having both the bisphenol 25
A skel eton and the bi sphenol F skeleton and the phenoxy resin (2) having
both the bi phepybrskaligt onhand rirhecRisphenohey ekehelh cbheridtdne is not
limted. For exanple, the ratio (1):(2) is in therange - 14 - of 2:8 to
9:1. [003Qtween thelTh@deptecukal wei hkpokt thepphenoas beshderd 9 5A0tadd mited.
The wei ght average nol ecul ar weight is In the range of preferably 5000 to 5
5000018nd trer g1 pseferaabl yi F0@CAPpELat40GR00s A pmyel @ht 18yer age nol ecul ar

wei ght of 5000 or nore, the formation of the layer can be facilitated. At an
aver age nol ecukantwellghty ofie 31FG0remcd ess | ipfrenexpanesim chast adieguat e
solubility. [0031] 10The phenoxy resin content is not limted, and is in the
range of preiveeabthe Linderfht]l pedcemt tuopdOt weinghtapercebbtaesh POFE@ and
preferably 5 weight percent to 30 wei ght percent of the overall resin
conposi ti dheoflébe imssiatomgehpyeatsirglto B qpnt/&htoroflesessant kappdessei ght
percent may inpair the formation of the |ayer. A content 15 exceeding 40

wei ght perddenbriegn iggpaiatédwetheemalheexpdersiidn eneftfheciamp. [0032] The
insulating |layers 311 may contain imdazol e conpounds as hardeners to

accel éPat e thelékacti on of the cyanate resin and the 20 epoxy resin
contained in the insulating |ayers 311 while the insulating properties of

t he insul ati ng Thaygwestaatepeihdawai dtHineedh Mok it/ vhigh exaapiied ioh t he

i m dazol e conpounds i ncl ude 2-pheny| -4- nethylim dazol e, , ,

2- pheny| - 4-3Y8Lh{$ -BL drexiHECRy BT mMitpa2 8 éng 2.ayer, the conductive layer in
phenyl - 4, 5- di hydr oxynet hy| i ni dazol e, 2, 4-diam no-6-[2'- 25

met hyl i m &é‘fol‘:i]/if@‘eih PPLet BVing- 8r FAA deyed, FUeaheRd-B-opg: of the
undecyl i m dazol yl )-et hyl -s-tri azi ng, 2,4-gianino16-[2'-ethyl-4-

met hyl i mi d%%l@rl{jglﬂ(%'l)“]t-eé?w@%}??i BYSTE, ChntheL PhémyR -Bver: 15 -
phenyl i m dazol e, Anong these preferred are_im dazol e conpounds havi ng two
funct ¥énal gr odps %%?%%P@G PPV ReNYrUS ¢8%l-sting of aliphatic

hydr ocar bon Brou s, aromatic hydrocarbons groups, hydroxyal kyl groups, and
cyanoal kyl é Bhﬁg. In particular, 2-phenyl-

Preferably, the resin of the insulating layer of the buildup



5 4, 5-di hydroxynet hyl i m dazole is preferred. The insulating |ayers 311 can

t hereby exhibit inproved thernmal resistance, and have a | ow t hernal
expansi on coefficient and a | ow water absorption coefficient. [0033] The
content of the im dazole conpound is not |limted. Wien 10 the insulating

| ayers 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 wei ght percent and 3 weight” percent of the total anount of
these resins in order to inprove thermal resistan ticularly. 15[0034]
The i nsul APTHy TPRPEFES £1 e dBPY" CORFaIRTS RSUEFAGY gl CYHUFder to

i nprove wettability at the interface.with the resin. As a result, thermnal
resistancé?svhlﬁa?t?%ﬁﬂﬁk,Cﬁ%@%?hf8§h%30rption characteristics and sol dering

t her mal i st be i d. .20The t f. t.h N ts | t
i ted It i st QPSR et £H uSe He T Bdsto e CBUPITHY Agert/Serected From

epoxysi | ane_coupli ents,.titanate coupling, agents, .am.nesilane coupling
Sbent s, anarEritashe SR Telubtt i Ratar S R attdr bt 1 A bne ter Pace
bet ween tfie, [ es Il@n?%rgret%%%nlsg&q gc%%'f%i%i%r}]te%fcﬁé‘rp gri/g? b %‘s‘éhgrf‘%'ey i}, 0proved,

resulting rn a fur nprovement i erma ance. herndre, the

| nsul atl ”gl&‘?‘é/ &fi$eadi, CONt AN QLPEr, .'tef’ngef At Lyes sushias gef paner s
ng ag Fs, ifn dﬁltl At onp d

and | evel en ecessary, I'n a 0 the ¢ onent’s "descri bed
b . [0 ' ' j cient . 1 ' |_at i ng: 311
cbove, 1 0Bsol. Mhenkineal jeApenaon Copl ) clgpt e LsU st meyers <

t he subst i - r.d . r : lin i
coefficie%$§§?(%ﬁg§%ﬁ§ g??n%y%§§gr§£§%§ ggk¥ﬁgigﬁﬁﬁhugﬁ§é§§§§§%(§%n€ﬁg
Subst rat e ge 141 g1 LO-ANGnOLE QLA G dBeesUbstr ahechs FApRRLLE O | ess.
10The linear expansion coefficient of the insulating | ayers 311 of the
bui | dup | ayes-3Ln0ketie substrate 13 h8-td&t hi ckness direction of the
substrate 35 ppm C or |l ess and nore preferably 30 ppmiC or |ess. The
difference jgnighe |inear expansion coefficient between the 15 underfill 6
and the insulating layers 311 of the buildup layer3l is preferably 25 ppm C
or |ess, namelphe tsbpidbddRrenrcaevitd Bechidierr texpanyresesoefficat et et ween
the substrate 3 in the in-plane direction of the substrate and the underfil
6 is prefpraldit 22cpprdceobf| @gm@ndnnmie sehetsialinyrl@1gmnC af diess. 20The
| i near expansion coefficient of the insulating layers 311 is neasured with a
thermal nmegbanieeal banadarz ebhe (Idi)comaderdy eTAmémsStandT®@Ab Shump, and dtheéhki near
expansion coefficient of the insulating |layers 311 and the underfill 6 is

t he | 1heannexpane batweef thei lewip ahd2bhd eperastses in the range from 25C to
the glass transition tenperature. Preferably, the insulating | ayers 311 of
the buildup layer 31 - 17 - of the substrate 3 have a high glass transition
tenperature. For exanple, the glass transition tenperature of the insulating
| ayers 31Brisf presteipblion 230CherDnapriegand nore preferably 250C or nore.

[ 0036] 5The conductive interconnection |ayers 312 of the buildup layer 31 of
t he substrat®@l3lare now descri bed. A pair of conductive

i nterconnection |ayers 312 di sposed at both sides of the insulating |ayer
311 i s connectBtt b]eak Hasidrébediabayecapperthesagbi enter, 8¢3tyusspedndn the via
hol e 311A of the insulatin% 10l ayers 311. Anong the conductive

i nt er gdnnéevanirdegyet sl PE2 furkeec shauet jsmk tynpee komesc eMeprlimgpes 312A at the

bottonmost | ayer is,_ for , ,
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.



exanpl e, a copper lead |ayer and has a structure shown in Fig. 3. The highly
shaded portion in Fig. 3 indicates copper. 15The residual copper rate (the
proportion of the conductive interconnection |ayers 312A that cover the
insul ating layers 311) of the conductive interconnection |layers 312A is 80%
The conductive interconnection |layers 312B di sposed on the conductive

i nterconnection |ayers 312A has a flat shape shown in Fig. 20 4 and provided
with a plurality of substantially circulgar- openings 312B1. The draw ng at
the right bottomin Fig. 4 is an enlarged view of the conductive

i nt erconnecti dhid.ajers B12Bn view of a c@IRBthuweird edicameedrionf layar ogxanpl e,
500 m The residual copper rate of the conductive interconnection |ayers
312A i s isutdtera®B.range of 60%to 90% and preferably 75%to 85% [0037]

[ Sem conductor chip] - 18 - ~ Wth reference to Fig. 1, the
sem conduct or Kigi-p54i$ 2 progsdemttwonal aniawntiét eormaedngon pragact 1on cirposed
of a so-called lowk filmon a silicon substrate 41. Its

f uncti onsofrae swostiatdt ed and i nclude | ogi ¢ devices, 5 nenory devices and

m xed nounting thereof. The lowk filmfunctions as an interlayer insulating
film S Hdide, 6t he 4 GworsTsaahipndl catees 131 astinathagi agorpduer 4en \adep
permttivity of 3.3 or |less. Exanples of lowk filminclude organic filns
of , for exhrplsebssr@s- MSQ (net hyl si |l sesqui oxane), and 10 benzocycl obut ene,
and inorganic films of, for exanple, HSQ (hydroxysilsesqui oxane). Porous
films thereof KKgh dl $% derpperwaaprpaliseew of a subsgrobptaEwadisy e a
insulating films cannot be conpatible with recent devices having higher

oper at i onfeEacREYORME KGheFeT I SceReEHGCl5 rate. In order to reduce
parasitic capacitance between interconnections, lowpetmttivity filnms and
particularly porous lowpermttivity filns are preferably used as interlayer
insuggiin films. However, .| owk fhlns haang a dielectric constant of 3.3
or | aPeSthMOPEI EOT i ¥ 4Re-Wowh RotHS§%eni conduct or chi ps havi ng | ow k
20 filns Caﬂﬁﬁ ﬁonduction defects and cracks of the sem conductor chips.
Low-k filns g'ng arelative permttivity of 2.7 nust be porous and thus
are significantly brittle. Th em conduct.or chip 4 has a thickpness qf 100
m CThe T near ERmSTEPOI St PF ciiEnPLar Y e PYEHT tOhdEr 57 i APS it
tenperature_in the.r e of 25C to the glass transition tenperature is in

t he ranger #e%fnﬁﬁnFﬁgg%agrﬁﬁﬁQQE"The difference in the linear expansion
coefficient betwee L co ctor i .= - d.t insul at.ing

| ayers 311 in :ﬁglgﬁ%% %%%E ?rgl'i%h Bﬁgt éiéﬁ §$§a ggﬁéc%re g?%b%g%é% ppn C
or less. [0 4 Hades fidd Laadhecurder fi lde Bais digposed to fill in gaps
arouﬁ%§bunﬁ%§§¥‘ﬁh?cﬁ bond ?ﬁe s&gstrate_f aﬁd'%hé%éenicpnductor chip 4.
Materials usedfdlchiieo Rt bdyidearie;tdped Lhaimsatling Jesins and

t hernosetting resin Anong these preferred are |1 quid thernosetting

resins, waigh dr@ncebt eatéjm\éﬁgy<§érdikén&fncn&{1ﬁcgépﬁ A%pgtueen the suhstrnate 3

and the sem conductor chip 4. i s enbodi nent, for bunps 5

conposed of & dirghrged t4, ngpRbOts sehHert havicRg a8 RRINEHef 230C or
nore (for exanple, tin/lead solder alloy having a | ead content exceedi ng 85
W%, thesapdeiidubtod disipCanPasednofindeFasiinenet Bringl i havidigqathe ! st
nodul us 15 in the range of preferably 30 MPa to 3000 MPa and nore preferably
45 MPxp or sor e. For bunps 5 of a |l ead-free solder, the underfill 6 is
conposed of a resin material having an elastic nodulus in the range of
preferably 150IriVR&et 0a8O®MRae antl bibpe Prefeoabl yo2 G0 hMpe-resl tiagepo2@The
el astic nmodulus is determned as follows: Paste of the underfill 6 is shaped
into a w dbhdeaf hd®@inma andlengy hpadhtabdur30tEommorandfear tekbokhess of 4 nm
and is cured for 30 mnutes in an oven at 200C. The sanple is neasured at a
rate of 1timfldad sndéer ailaynosphgr e btadl25Ctent exaeddingg [B9nwtést erheand t he
elastic nmodulus is 25 calculated fromthe initial slop on the resulting
st r ess- st nader Tl é. crid3eps ariesus nesimatahervia sncahadielaugeduiwsr inhe
underfill 6. For

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



- 20 - exanple, epoxy resins, BT resins, and cyanate resins can be used.
Preferred cyanate resins are novol ak cyanate resins described in the section
regarding the materials for the substrate. [0040] 5The resin materials for
the underfill 6 preferably contain polyfunctional epoxy resins in order to
enhance the crosslink density of the cured resin and to achieve high elastic
nmodul us. [0041] The underfill 6 may contain inorganic fillers such as silica
10 particles in order to reduce the |inear- expansion coefficient and to
reduce danage of the sem conductor chip 4 and damage between the

sem conducth orheclrapgd @nd S0 héPs ulosBpatdPa3, nore effectively. [0042] The
underfill 6 may contain any coupling agent in order to 15 i nprove adhesion
of the underfiWitht oefdmerivenpo anidy -t Be tmorsghatratd 13 énsludess duiédubpt, the

| i near expansi on coefficient, the damage of sem conductor chip and danmage
bet ween t haysmnidé ohauicidong chépiradnt i isgbshswaltad 18gcdnydres Mdeamd f ecti vel y
suppressed. Exanpl es of the coupling agents include silane coupling agents,
such as epoxsitligaesntz@candectmionodeyares coaddctiveanat eng dupkiray JAgenhst
These may be used in conbination. The coupling agents nay be dispersed in a
bi nder5 poaté ontefnetel wideihatdd, othese pnddcoive Hatsnedaved iof tdperisnor gani c
filler, such as silica particles. Alternatively, these forns may be m ngl ed.
For exanpBil hetieg sennasiegaby iasnglgchiee doneas nedd fohee@s5ins yibabekeoBlshl i ca
particles may be prelimnarily treated with coupling agents. [0043] - 21 -
The |i neain elppansbolatdoef tpreent3lat the underfill 6 is preferably not
greater than 40 ppmi C and nore preferably not greater than 30 ppm C in order
to suppress darhggelBgax HEPRBGL RN fGOehf AREdafbgenatinehéaperg plrgeres3iof ofhe
bunmps 5. 5[ 0044] [Bunps] , The bunps 5 are conposed of a | ead-free

sol der or the HigHAEP t 1 Hifpei ntn ddiedep plane directiongQfnieSUBFLERE 186ad- fr ee
sol der_include tin--silver solders, 10 tin-bismuth solders, tin--zinc

sol det&, EPPREIGSHPR? REGIGERs2 > CopPertitaterialtsaaehl Ak *€BBpE? T HiE Lar ° and
copper posts, and gold materials such as gold studs. Exanpl es of the
high-neltPﬁﬁZEo?ﬁthﬁﬁrders are tin-lead solders. 15The difference between
the linear g%?sion coefficient of the underfill 6 and the |inear expansion
coefficient! he bunps 5 is preferably 10 ppni C or | ess. I n addition,
the |inear Q§%%“%iﬁn coefficient of the bunps 5 is in the range of 10 ppni C
to 30 ppn{%f F § 5] A nmet hod for making the sem conductor device 1
w |l now be de]%lcer !Sgggtlyggeh cd egergoewn%% Efig:eiogs. 5 and 6. Insulating |ayers 311
are prepared. Resin varnish tor'9'nsurs Ing layers 311 is prepared and is
appl i on a 5. i ni-sh._on. rt-i.s dried to form

t he iﬁgulating a%gégt%¥%{%E§%§%%£§%§¥ E@gbﬁgléﬂﬁﬁggﬁﬁgﬁ%?u & heat - resi st ant
t her nopl astic i i , 4Such as pol yester resins e.g. polyethylene
terephtha?%#gx£$ﬁggog(gﬁg éblybutylene terepht hal ate, fluorine resins, and

polyi mides. iy r%%%“&ﬂﬁyﬁat#ﬂﬂ bgy?%?ég%%tg%Q%ggggigkgggﬁﬂggdtge range of

preferably 10 mto mand nore pre _ 80 min order to prevent
cracking pp; {18 lsnﬁy&@atﬂenghgéyﬁ{ciu%éé-blﬁ%nggféye\f% Kt srooRARgt Losy J-ayer s

312C having a predetermned pattern is fornmed on a surface of "a copper plate
C having a.predehsr maed i RckNRSS 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.



The conductive interconnection |ayers 312C each have a doubl e- | ayer
configuration including a first netal |ayer 312Cl and a second 10 net al

| ayer 3121k |lami nated on the first netal |ayer and conposing the conductive
i nterconnection |ayers 312A. The first netal l|layer 312Cl1 is nade of, for
exanpl e, nickel, and second netal |ayer 312A is nmade of copper as descri bed
above. The pattern of the conductive interconnection |ayers 312C is
shown in 15Fig. 3. After the surffce of the copper plate C and the
conductive 'gbﬁiconnection | ayers 312C are roughened with a chem cal
solution, t rasul ating layer 311 is |am nated on the conductive

i nt erconnecti | ayer, 312C (l am natiion step). In this step, .the 20 surface
of the insula?ﬂﬁbl%5§%%§ﬁ§1§a%%“iE%&sh%ﬁgwgkﬁgddﬂi(¥§yoac€%?ﬁct with the
conducti ve rgnnotselrt(:onnebctti %gtl ayer e3129 atrhe§s§ are pres leIg vgaggihseatf and then
the support™ € éndved: PrERfeS ROty “S1TA HI8 FEF el afpr&detier ni ned
positions_of .the. insw-atin rs,.311 by | r (via,hole.torm step).

Dot ooag) ot AR S e i B HIES B S TR S Sonduet i ve
i nterconnectign |layers 312 in Fig._ 4 are f.or b - 23 -

sem ac ivgaﬁ¥%é%8§.§g51ﬁ%' B%%Q%%Hn ?%’6?§bﬁgg?féf%§§ggg¥e%i?%%(%%%dm%iIn)
with a thi f 1 s .fo on. tire_i lLating | ayer 311
by e|ectr%§§§§§§§§o% Eﬁ%%F'Ag%}bfgré3|srl?é%gf fﬁﬁgﬁ%shgggﬁg ab

predet erm ned pa is far the;d Latjn e j% | at | | ayer
is formed on rnatstm&y;%rége(5 pore%ﬁgﬁgf%?grge%(aﬁn%%& gi%ﬁ}ﬁ%?éeggjll Clégge%dc%}?ol ytic

pl ating. ?Q?Ir?st)ybié’méf@i%i'déy@fia?t]i%%izgﬁ)Orz‘"e%‘ﬂné n éﬁgg\ggg?@lrgs’%& A | ?g‘gn?ayer

conductive interconnection |ayer 3 i's formed form ng

313 and Cgﬂgé@éﬂr\é?ekfg@ra%%neﬁﬂét%nréQL‘_?é/.er_Ei%r%;@es of the Abhsryards st he
mask is renoved and the exposed seed filmis renoved. [0047] Next, the
condugd i vent NiRY GEHENL 1QAnkAY &les3hdB 1bSgheHahened ahar 8nddissSUbi §Hpd 1t 0
the lam nation step, the'via hole form ng step, and the step of formng | ead
| ayer 313papgheerdussine Iaﬂaetf&qréﬁ;@gm(mlsbw%l 312Banate resins. Byhd €Reat 1 ng
such operation, buildup layers 31 including five insulating |ayers 311 and
si x condugtiyesd1Bkes gHRCkEOhd ayepsrdilkh 131§ homitreritei 9. 6 IS prepared.
Afterwards, an etching resist film(not shown in the drawing) is formed on

t he upper nost Toendyablyendviallekcopmatti pesilray are 3ledBesthectappenepl ate Cis
removed by etching. Furthernore, the first netal |ayer 312Cl is renpved with
a 25 ni ckebirenmy ngemsialalt ifonmulds (anr gstlfiormal substdeabees ans ipteparied as
shown in Fig. 2. [00481 - 24 - Next, a sem conductor chip 4 is
nount 89 ont @02Ré resulting substrate 3. Sol der bunps 5 are prelimnarily
provi ded on the back surface of the sem conductor chip 4. The sem conduct or
chip 4 is (pheced)on substrate 3 via the solder bunps 5, and then the sol der
5 bunps 5is nelted in a reflow furnace to fix the sem conductor chip 4 on

the substrate 3. The gap between the substrate 3 and the
sem conductor ¢hip 4 is filleg with an undgrfjll 6. Thr ough
t hese steps, $€wj.conduct or Q@Ipe 1is pr ﬁ&?@d 10The resulting

sem conductor devi¥e 1, as shown i Fig. 1, \is nognted on the printed-wring
board 2 via the s r bunps |B. 9] The es of this enbodinept )

wi || now be descfji IOH4 i oaﬂnauﬁz nﬁ? 5 conposed of a

hi gh-nel ti ng- 7

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



15 point solder having a nelting point of 230C or nore, the elastic nodul us
of the underfill 6 is controlled to 30 MPa or and 3000 MPa | ess, whereas for
bunps 5 conposed of a | ead-free solder, the elastic nodulus of the underfil
6 is controlled to 150 MPa or nore and 800 MPa or |ess. 20The use of the
underfill 6 having such an el astic nodul us ensures tight fixation around the
bunmps 5, resulting in prevention of cracking of the bunps 5. Si nce
the |inear expansion coefficient of tﬁelﬂn§ulating | ayer 311 of the buil dup
| ayer 31 in.the.in:plane direction of,t S rate at tenperatur

ot veen 2HCHila neReI A0e P AL T ER Lt 2Pl O] 6 He B Sor T bt PP he
war p of tge Qﬂde“p | ayer 31 is noderated, resulting in effective

suppr essi R o damage of the - 25 - sem conductor chip 4, damage of the

the. | nterface oUedNCt e BompLc st Retelndr BFaSMRRodea e RARES
sem conduglor. flevi endagear f1.0g QAN 5, OO TRLAg6r ACKING N, L bUPS S

(?a
can be prevente anage o he “sem con 4 can be suppt essed.

Accor di ngl ' h 1.CO Lp. 4 [ [ ri yer
naving o rirat il SaRRTEr Ut O $RsPeda 2t B PG B R MR O
filmof t q d n+Chip;. 4 n e . from damagi ng. [0051] The
differencggTﬁﬁﬁkgggfu%%%%ﬁg?%ﬁuég% ffgﬁg © ég?%ggﬁ”{he underfill 6 and the

i nsul ati ng L 311 of the buildup layer 31 at 15 tenperatures between 25C
and the glass transition tenperature is controlled to 25 ppmC or less to

moder ate di st ort},0n: geget ated dehupen dhecindealid lrd aBtnide SubstpRLe 3.

[ 0052] Furthernore, the difference in |linear expansion coefficient

bet ween t hgesndgihhtl &ARd Lhe HepB1dndts HRNPSE alddes1 bt weenn25C and t he
glass transition tenperature may be controlled to 10 ppmiC or less to
nodergd e dbsbQ{dtion. gener atrego betamaelrs hesrdrder § iddeplraf oyt i REAPz8:10h0053]
25The resin of the insulating layer 311 containing the cyanate resin,

parti cul apkytideAayed aestyanatug@si foald-omelEhe ithsuhal i Rgidtaygr teyhave a
| i near expansion coefficient of 35 ppmiC or l[ess in - 26 - the in-plane

di recti onpeépd hemesuhsy Nt @sall. 256 roexampe: andet heinghrassnts@nsint ke
tenperature or less. Also, the resin of the insulating |layer 311 containing
t he cyanatieabBsipreppayitdrcikath yphet hangoval @k syograt eeresnin enabl esidtie

| i near expansion coefficient in the 5 thickness direction of the substrate 3
t o decreapercgil54he trimerThentpmeseat bandenbromesheukd, nbir leeaphet et t o

t he enbodi nent descri bed above and include variations and nodifications

wi t hi 16 t henScopsl shattcamoschéteare t he obj ect of the present invention. 10For
exanpl e, in the enbodi nent described above, the substrate 3 has only the
bui | dup | ayer 3Ihe Arothetr subbder ayanate basinus sabst ywittedpr avd died iwi the i nner
circuit layer (core layer)) shown in Fig. 7 is also available. This

subst r at er@angeciiudesteradiqup Vedmits percert ite bhevaiigbddparerntdesdrivdkresd above
and a through hole 712 15 provided with a conductive |ayer 711 therein. The
conduct i vere¢ssably110jweiighe PRFENgh thof@ VELZhRaRercepsr o1 | HyreoveIatbnnect ed
to the conductive interconnection |ayers 312. [0055] The core layer 71 has
an i nsul afPhEP |FePstotte@tbyn¢ dmisNatl 6rF 2@ Y6 S ptlepr e§. CHHE S EBFEY i s
conposed of glass cloth inpregnated with a resin conmposition containing at

| east“OneCPREFH &I ectePfr B?r?%eﬁ&x)?rr BeFHConBFLIPESGS $O( B STRIECRIERE tif azi ne
resins), and cyanate resins (e.g. novolak cyanate resins), Preferably, the
DUl ot NP R Tap P T Sr o P Eot SHLCR (Jaar B pecrat Br

articul a novol ak, . . . .
P iéss 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



25 cyanate resin). The core layer 71 containing the cyanate resin (in
particul ar, novol ak cyanate resin) can reduce both the |inear expansion
coefficient of the substrate in the in-plane direction and - 27 - the

| i near expansion coefficient of the substrate in the thickness direction.
Preferably, the core layer 71 has a thickness of 0.2 mmor |less. A core

| ayer 71 having a thickness of 0.2 nn1or | ess can 5 reduce the inductance of
the substrate 7. A through hole 1212 is forned in the i nsul ati ng

| ayer of t i.r_of buil dup

1 t
| ayors 31° J?%“S.O?Eb J‘éﬂpoﬁ?‘ffev?oh%%tdetssaﬁt%e ablotiel JaoeBEiburl aom 1 aver
31 (build 10 31A t | 71 |
il ati nbPrie s e G RP Y Ty Bt e B Eha e e ol e

bui | dup | ayer n Iayer 31B) at. t.he other,slde of the core |ayer 71

i ncl udes Q% 'ns&lgﬁ%%é% yer CHFIL R SHHGEFT vttt &FEBRE %8ﬁ é?%’ 312B,
and a conductlve |n%ergp@pectlgglla% 312% 15&9%5 ] 5 Lhe

embodi ment &gty Oge wHsve, PEhe T hSal ot n& I%yer§)§¥1r%?“}h Bu?Td%b I"ayer
31 ar e; not ﬁ) sed of prepreg prepared by inpregnating fabrics or
unldlrectlo aIIy oriented fabrics of carbon or glass fiber with a variety of

resins. Homvermoﬁl*l%li?gﬁeér}%n&eé Yents OgEfé)@ra'}%EJné rﬂst %d ihO

The insul ating Iayers contai n sk naterials, sué% as gl ass

cloths and, Liber gl pLhs. Sugh a5 20 Brdi 05t 1 ad e &g%k)re@m ar ami de in

order to achieve | near expans on coe i'nsulating | ayer

in the inpplane L%g[gga 2B OORT] naphthalendbe ddnegoay Agdrayersy S1L may

al so contain any | In or er to € SUI’ el I’TB. expanS| on

and high 53,28 ,16REL RbbL§ YredTHET h%ﬁ&beth@s&o%t}b@éﬁé?ﬁ 22k a cyanate
resin and/or its prepol'ymer (in particular, novol'ak cyanate resin) with an

lnOfgﬁﬁ'Cai*iéfﬂylbﬁ§d§y§é)e%@x&ﬁ&ﬁﬁ%%e Wﬂldhh§m$£é¥§'ﬂ}aﬂ@d%ééﬁ%tgﬂcéhe
insulating 1ayers 311." 5The inorganic filler is not limted, and ‘exanpl es

include tghest HUFLBast HRSSandi tHeGRal aﬂ%l@tﬁﬁce %ﬂ}éﬂﬁs{: h%mdéfr%&r regdres
silica, and particularly fused silica, which has |'ow expansi on. The fused

silica i sapyesenichs-ay s 6pbry WsisBhesiCal 16iM Ardaaysphgnesal gshgpe is
preferred since it can be conmpounded in the insulating 10 | ayers 311 in a

| ar ge anounttiv tdepubtimpainiicpy (Hxghpléowabishthyresins inclihi® avepage-particle
di anmeter of the inorganic filler is not limted and is in the range of

pr ef er abl yyPe GBboxyt oeSing and bistengt efestalilynd-2ypa kpoRy tesihe. cont ent  of
the inorganic filler is not limted, and is in 15 the range of preferably 20
wei ghi5 percent Tioe W@iwet giiterperecroigcudnd warghtppéf eialkdppx30rawinght petr cent
to 60 weight percent of the overall insulating |layers 311. A content of 20
wei ght peiteitedyr andr es gnsiicesblywowW, Dheromllesxpansicopranerdow foi Stair e
absorption of the insulating |layers 311. A content of 70 wei ght percent or

| ess 20 emabjeft 60Preveht00bedarmd myst | puedisirbbiy of thkeramsd wicodpasi ti on.

[ Exanpl es] [0058] Exanpl es of the present invention are now descri bed.

First, thé, v eriPaksidloy atméagﬁdmlfepulalawidégcmstsedharzS*{rm)B@}vezEkMI e 1-1>
Preparatlon of resin conposition: Bisphenol epoxy resin - 29 - with an
epoxy equm@mWS%ﬁaQWq$10§a¥m®l@ylmuJgame)rs 12- Revhjghtyaverage
(OX|ranyInethoxy)phenyI] N ( OX|ran%Ineth yl ).oxi ranenet hanam ne (ELM 100 nade
by Suff t oRBlEHEMITCHPI I PXEEPEE DY NReiRfRY 11Bil may cause soldering
nethylenbls (2-ethylanilin) (Kayahard AA nade by N ppon Kayaku Co. 5 Ltd.)
(10 partsth nﬁﬁidﬁP}Stﬁ“§1§€la?P§@§6yltr|ethoxyS|Iane (KBE403 made by

Shi n- Et su Co., Ltd.) (1 part by weight), spherical fused silica
with an ave“ﬁ%& particle dianmeter of O. 5pn1(SO 25R made by Admat echs

Co tion Linjited) (65 part d, . kneaded .t hr ough

Chr oo-rol | i1 1 Pt 2Re BPE et PBabed waats 110 VAl & pRobire a-

i qui d 060] <Ex 22 A t

O AR PSR Lo, Q00 CraTRL S V25 AL e nogormasL L op e
ggm)\?g:} ;'rlg%%“e’a;ﬁ)bg anged A BLIOUR 3°K) SRISR! pEr ERYX Y8R Lol ED A s8POxY

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

5 weight percent or more leads to improvements in hygroscopic



parts by weight), N[2-nethyl-4-(oxiranyl nmethoxy)

phenyl ] - N- (oxi ranyl net hyl ) oxi ranenet hanam ne (ELM 100 nmade by Sum t ono

Chem cal) (6 parts by weight), and 4,4'-nethyl enbis-(2- ethylanilin)
(Kayahard AA made by Ni ppon Kayaku Co. Ltd.) (10 parts 20 by weight) were
used. [0061] <Exanple 1-3> A resin conposition was prepared as in Exanple
1-1 except that the formulation of the resin conposition was changed as

foll ows: 25Bi sphenol F epoxy resin w thlan-epoxy equival ent of 165 (25 parts
by wei ght) and 4, 4' - pet hyl enbi s-(2-ethylanilin) (Kayahard AA nmade by Ni ppon
Kayaku CoPTPREDY:(8Op 1S9y weiaght S traélcﬁseél‘f?ld Qlé%%l‘-’eness-

N-[ 2- met hy1- 4- (oxi ranyl met hoxy) phenyl] - N- (oxi ranyl nmet hyl ) oxi ranenet hanam ne
(ELM 100 ma4 Q Sum tonmo Chem cal) was not used. [0062] <Exanple 1-4>
5Preparation of _resin conposition: Bisphepol F epoxy resin with an epoxy
equi val ent of 1%%?(%?Sﬁi?ggxbﬂaﬁﬁFﬁré%% gﬁgfqgably gonggln phenoxy resins

(o ami e o) eyl o ran L) o st panat e g0 e
4,41-(1-net hyl et hyl i_d bi s[ 2-( 2- -, | yn ith.
10(chf rgﬁﬁpﬁ§$¥5¥9|aﬁgg%ﬁéﬁgT@&ﬁ ﬁ%ggggﬁﬁ@%pp%%%kgggkﬂg%%ﬁJEQHY) (5 parts

b ight), 4,4 -methyl enbis-(2-ethylanili Kayahard d Ni
hyakuCot R EAh TG A6 DETantSo, 5 kRETy | dbr SNt g1 AT 1RE) (T12
nmade by Sanyo Q?en? al de%ﬁtrugs, Ltd, u§6 garésI§ eweight), _
y-egC|dyPS¥8%§ i dthoxy'siTand TRBE403> Hhd&Chy S SHIFSEL su 15 Cheni cal Co.
Ltd.) (1 pag&xgi wei ght), and spherical fused silica with an average
particle dianeter of 0.511m (SC)-25R made by Adnat echs Corporation Linmted)
65 ts b ' ' . h - r.al L, d
ghe E?an més é?géﬁﬁggﬁﬁﬁ%fb5§§%3h5?§§§?g%§$%03 ﬁ%ﬁ*dgﬁgééﬁm%égéositﬁgn.
20[ 00 < - 5> : esin. it d 1N EX I
14 oxtept TR The PO FoAPT i or oy RASTRRE ChTludhy RS CR e &

foll . = i i ! i 6
ol 1 ows ﬁb§%?§p VOE?EQQ&Me%gﬁéf‘éMé%?ggnr§§9ﬁyh§9#g¥?kﬁﬁg?9%ﬁ%a%k@?e@éuﬁarts

by wei ght), enol F epoxy resin oxy equi val _
N-(4-(0X'%ﬁBY$M§k&9X¥%£ﬂﬁﬁ%Ebiﬁ%Qﬂ%%éﬁgyhﬂ&h@%bﬁ@%'@&@8W&kﬂﬁ&§”&@§n&9ER63o
made by Japan Epoxy Resins Co. Lltd.) (6 parts by weight) were” - 31 - used.
[0064] <Exatphe thebe 4Sd1R%oRsCOMQsbE hofi MTmaprsPalRd . asahdhExaepte 1-4
except that 5 the fornulation of the resin conposition was changed as
follows: preferrdd spBef@indzyep@xhs @Sﬁﬁer\/\_&lt RLkaneeReX¥naau stdleant o©f 165 (17
parts by weight), phenol, 4,4'-(1-nmethylethylidene) bis[2-(2- propenyl)]-,
pol ymes WiskB1&tedHsar onkd hiloki axt ¢ aste +qRE> SNV madel dnenNLppen teayaku Co. Ltd.)
(6 parts by weight), 4,4 -methylenbis-(2- 10 ethylanilin) (Kayahard AA nmade
by N pponiKayekie Ca. gldsh )r&Aspardrs thypaelght) wh 8l the bisphenol S
4, 4" -met hyl enebi s(N-nret hyl aniline) (T12 made by Sanyo Chem cal |ndustries,
Ltd.) (4 paelstdy leedghtg aneteptsethentN {@-adhesion of plating metal. Also
(oxi ranyl met hoxy) phenyl] - N- (oxi ranyl net hyl ) oxiranenet hanam ne (JER630 nade
by Japan EpexphdResiynseon hbvdng hwas hosphused. ALSkORE5hs <Goinpaisahenvel Exanpl e
1-1> A resin conposition was prepared as in Exanple 1-1 except that
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



the fornmulation of the resin conposition was changed as foll ows: Bisphenol F
epoxy resin with an epoxy equivalent of 165 (27 parts by 20 wei ght) and

4, 4" -met hyl enbi s-(2-ethylanilin) (Kayahard AA nmade by N ppon Kayaku Co.

Ltd.) (5 parts by weight) were used. N-[2---nethyl4-

oxi r anyl met hoxy) pheny1] - N- (oxi r anyl net hyl ) oxi r anenet hanam ne (ELM 100 nade
by Sum tono Chem cal) was not used. [0066] 25 <Conparative Exanple 1-2> A
resin conmposition was prepared as in Exéﬁpre 1-1 except that the fornulation
of the res%n gfﬂpOﬁl%ion was changed as follows: - 32 - Bi sphenol F
epoxy resf i tOan poxy equi val ent of 165 (20 parts by weight),
N-[2-nethy|-§B& xi ranyl met hoxy) phenyl]-N(oxiranyl nmet hyl) oxiranenmet hanam ne
(ELM 100 el 3 Sum tono Chem cal) (20 parts by weight),

4,4 -nethyl enbi s-(2-ethyl anilin) 5 hard AA made hy N Kayaku,, Co.
L1d.) (10" par <y TREPGRE. 5 OBF et Ay For Uy ot Rboysi P aneLUkBEA0S Fade by
Shin-Etsu Chenical Co., Ltd ) 1 by_wei ght,_and spherical L

W th an aUetS0e RaFCRLIe T Al aPdehe ot an P oo Bbk BRAL e Aarcens '
Co ti Qfnkd nit ' . Th
A T R P e S

1-1 and 1og uere eval yat ed asod ol Qo Thed eetmad o Lhevgyalyati o, gre shown

with a nef' of the evalu resul ts are shown in - 33 -
005 (Tebbe D Bl Sh, 3 BAPPLS) L2 2l L3 CotgpelvocBeg o 1
(epoxy eth¥ﬁ%§yﬂieég$hm%;adequate solubility.

[0031]

10 The phenoxy resin content 1s 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-(1')]-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-



18 25 27 20 5 9 17 N42- Met hyl - 4- (oxi ranyi r net hoxy) pheny1) - N-

(oxi ragnet hyl ) oxi ranenel hanamine *1 11 6 0 0 20 0 0 O

N44- (Oxi ranyl net hoxy) phenylj - N (ozi ranyl met hyl ) oxi ranenet hanam ne *2 0 0 O
0 0 10 6 O Phenol, 4,4' -(1-nmet hylet hyl i dene) bi s[ 242- ProPenV111- polrner with
(chloronel hyl)oxirane *3 0 0 0 0 0 5 5 6 4,41-Met hyl enbi s-(2-ethylani hn) *4
10 10 8 5

10

15

20

25

_15_

phenylimidazole. Among these preferred are imidazole compounds
having two functional groups selected from the group consisting of
aliphatic hydrocarbon groups, aromatic hydrocarbons groups,
hydroxyalkyl groups, and cyanoalkyl groups. In particular, 2-phenyl-
4,5-dihydroxymethylimidazole is preferred. The insulating layers 311
can thereby exhibit improved thermal resistance, and have a low
thermal expansion coefficient and a low water absorption coefficient.

[0033]

The.content of the imidazole compound is not limited. When
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.

[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.

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

Furthermore, the insulating layers 311 may contain other



19 6 6 4 4, 4Wethylenebs(N-nethylaniline) *5 00 0 00 6 6 4
y-d yci dyl propyl thel hoxysilane *6 1 1 1 11 1 1 1 Spherical fused silica (an
aver age padde dianmeter 0.5pn) '7 65 65 65 65 40 65 65 65 Total 98 100 99 98

100 98 98 97

_16_
additives such as defoamers and leveling agents, if necessary, in
addition to the components described above.
[0035]
The linear expansion coefficient of the insulating layers 311

5 of the buildup layer 31 of the substrate 3 in the in-plane direction

of the substrate is 35 ppm/°C or less. Preferably, the linear

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 ¢ 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



G ass transition tenperature (DC) 100 90 80 70 100 100 90 80 Fl exur al
nodul us (MP2: 125C) 510 160 30 20 350 400 120 30 Linear expansion coefficient
(ppnfC) 25 26 26 26 45 26 26 26 *1 ELMLOO: nmade by Sum tono Chem cal
*2 JER630: made by Japan Epoxy Resins Co. Ltd. 5 *3 RE-810NM nmade by Ni ppon
Kayaku Co. Ltd. *4 Kayahard AA: nmade by N ppon Kayaku Co. Ltd. *5 T12: nade
by Sanyo Chem cal Industries, Ltd. *6 KBM 403. made by Shin-Etsu Chem cal
Co., Ltd. *7 SO 25R made by Adnmatechs &dr por at i on Limted 10 [0069]
F ast1 o RduLus  Toc, oot comost o on yae shaped L o,8 wah ofp 10 @
e |02, 2L 2000, The el e s, Teasl 9,01 2 LAl ofpbun
= JLateubared Hom e J 95bRl Shof ! AL SHALLAN FLEERS 3 RSLLD. curve:
[0036]
5 The conductive interconnection layers 312 of the buildup layer
31 of the substrate 3 are now described.
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]



[0070] dass transition tenperature and |inear expansion coefficient: The
resin conposition was cured at 150C for 120 mnutes, and was mlled into a
test piece of 5 Mmby 5 Han by 10 mm The test piece 5 was subjected to a
measurenent at a heating rate of 10C/ mn over the tenperature range of -100C
to 300C under a conpressive |oad of 5g with Sei ko TMA/ SS120. Si nul t aneously,
the linear expansion coefficient was al so determ ned between 25C and the
glass transition tenperature. 10[ 0071} Méxt, a substrate is descri bed.

Raw materi al s used in _Exanples and Conparative Exanples are as foll ows;
[0072] 15(1) COy%Hdt €SfBEFHAONBYH dk EPENRE PRLFFICT PEPnhsst PEPYSEPY made
by Lonza, weight average nol ecul ar Lght: 70 ( anate_resin B
Chovol ok 6y hatie IPESFanotB P BEr T2 GO EaaR. By A oRz5 3t JAE Bvbridye

nol ecul ar wei ght:, 2600 (3) Epoxy resin (biphenyldi net hyl ene-type
epoxy resPR)@ SINECODOSURFTERS nllte” by Ni ppon Kayaku Co. Ltd., epoxy

equi val ent: 275, wei ght .average nol.ecul ar, wejght: 2000 . . 4) Phenox
rgsin A (copol yhe? Fhgh® yngﬁdhﬁPﬁﬁﬁsaTéqﬁ@%?%ﬁgﬁVFcéﬁaQﬁj elin and Y
bi sphenol S epoxy resin): "YX-8100H30" de by Japan Epoxy Resins Co. Ltd.,
meightgavggﬁ ﬁ%WéE%? (hﬁ?éﬂg?mé@'éﬁﬁgﬁmre0¥‘ ?5) Pﬁengxy resin B

| havi f a bj | Ae i n_and
bt ohhenol B onolie ricer ) F R RHRER R 550 B ey SRR aE R BadBey "resi ne
Co. Ltd., weigh | _weight: 60000 . . 6) Curi tal yst
(i ni dazol ewce:lo?rp‘g%ﬁ%)e :rt%%-ebﬁo‘d‘i%g r%zrs%%g‘k%&ﬁ? o?yfr#gphg}?‘flrﬂgdﬁzg??eatﬁﬁ’rﬁlangycgh?kgiu
Cheni cal ati 7). | ic_fi ical f ilica):.
Sl bl S ML IV T IS A Coa R S IGER MG P g af et S O

0.5 i i : L - "A-187" d
i oSt SRR oo (OYane SoUBlpg Aoty " 167, e

by NipponfbHF%ar’Cbnpan cyan resins (1)
and (2, hBE.sLiuebiE e 1 nepraneht el Dbl e frmiantld . [P073] <Examle

2-1> reparation of resin v e cyanate re 25 parts by
wei ght ), ﬁBR‘M LN art ight o] i rts
by meight§?§? e phé%gi%ﬂfgéﬁﬁpB f?”%g?rg”%g &E%g ﬁ??ggnﬁg%%g%c ??ﬁ%égg'alyst
(0.4 partgghy weight) were dissolved and dispersed in nethyl ethyl ketone.
Next, the inorganic filler (40 parts by weight) and the coupling agent (0.2
20 parts by wei ghtdenvabaadsied, i @Nd at Ry Nt Xl Baet Bhi E&fshtfiene 1Qi¢H nut es
with a high-rate stirrer to prepare resin varnish having a solid content of
50 wei ght rpeseeievib09 MHving) hRjeduebb ot @ kagatiatj Bgdl @yflerPpoytaad ny t h
support 25The resin varnish prepared by the step (1) was applied onto one
side pf arkE. (@l petbylwenecteceptrhsl ai€)cabbbm {rs¢ppettigerhavi ng a thi ckness
of 38 umwi th a conma coater. The coating was dried in a - 36 - drying oven
at 160C f oatdf-dfinadt esns,Thewdpead dtasut atfiings! ayerpadiddcalddiyckbesss afowe0 pm
[ 0075] (3) Production of buildup substrate provided with inner circuit
5l ayers (pergittayeary) films areTheef@asbilyi nged Rsulatémig eay enspr=avhgedi md.h
t he support was stacked on each side of an inner circuit substrate having
pr edet er nHoedva mnapwekr Cilintss haetrey faorhetearibottnsiatesof herrol 3acdh dreat t he
surface of the insulating |layer resides on the inside. The

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 pm.
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



10 stack was pressed by heating under vacuum 0.5 MPa and at a tenperature
of 100C for 60 seconds with a vacuum pressure |am nator. After the support
was renoved, the lam nate was cured by heating at a tenperature of 150C for
60 mnutes with a hot-air dryer. Since the substrate was copper-plated by a
general additive process. These 15 steps were repeated to prepare a buil dup
substrate provided with inner circuit |layers (core layers) in which each
bui |l dup layer has a three-layer structure.-The inner circuit |ayer (core

| ayer) used had the followi ng |ayers 20.Insulating | ayer: halogen-free FR-5
equi val endnd MBk- En6V9E imadea ey sH3l Acir tBheim-gdlan€odjesnt,ioht df ,tHehi ckness:
0.2 nun 'Conductive | ayer: copper foil, thickness: 18 pm L/S=120/180 pm

cl ear ancesligiteade atretperfefabim d@dpBuffdner slasts. 2 mm [ 0076] 25(4) Production

of core-less buildup substrate The resulting insulating |ayer
provi ded wifoh38upport was stacked to a copper plate wth a thickness of 200
pm such that the - 37 - surface of the insulating |ayer resides on the

i nsi de. ThH:mdetrdéklas pressed by heating under vacuum 0.5 MPa and at a
tenperature of 100C for 60 seconds with a vacuum pressure |am nator. After
t he support wasTheeppaed{ililhé Lamisppectdas dultdimyapeatingdabuaps 5,
tenperature of 150C for 60 mnutes with a hot-air dryer. The substrate was
copper - plwtieth bynd genenbbtaaid i wed priccessicoliteseost@py were repeated to
gi ve predeterm ned nunber of |ayers, and the copper plate was renoved by
et ching to prep@teraatorusedessr gightinflayirl Ibai g isubgt Frer@osef a7 7]
<Exanpl e 2-2> The cyanate resin A (15 parts by weight), the cyanate
resin B (1€siper e8d byhag@pght)ing hesépoSdimsesinqesthese Prsyenes@re, t he
phenoxy resin A (5 parts by weight), the phenoxy resin B &5 parts by 15
wei ght), Bhichéherrasegteny ajgpsns oWl gaces difapsigaty fidde oh s9@ veds and
di spersed in nmethyl ethyl ketone. Next, the inorganic filler (40 parts by
wei ght)) dprfvase éé@ﬁﬁﬁﬁ@ra@%hia@@.Qh%é¥¥@CEW@M§P§hF§lME%e added, and the
m xture was stirred for 10 mnutes with a high-rate stirrer to Erepare resin
var ni sh havi ng & $81f CREGKEBRRT of FOSOPWEPY Mt COOPPEIL &t @ high-meltirgmg t he
resin varnish, an insulating |layer provided with a support, a buil dup

subst r at ePPIBviSaeTE W B 1P ANR MedithBE| ROy 8F s> {Cor & IMeyF8r §50F £¥d™B1%0r e- | ess
The cyanat 6 GernS R doF0 BBt Sy e gHEF COPEErpGkg o SR 10 L BEC- par (s
parts by WAGHE) D Gng FRESCUN A Gabar Vorsrer P drr ey BTGty WergLes (-
LS S Y L, gt LI R 1L
added, a the mxture was stirred for 10 mnutes with a high-rate stirrer

to prepapgpﬁégﬁﬁwg%Tnish having a solid content of 50 wei ght percent.

Using the resi o‘é%[]ﬁ@%‘ase%'} gPﬁéjeLQa:[firgg Layer pf,l‘?é; iu%%%(%w e@a&%fgggééss;egaan d a

bui | dup substrate pro W Innér circuit ayers (core 1

cor e-| ess, puj lr@ﬁ@n%&%ﬁ%%@(@&% Eﬁeé)fal’setgcﬁtﬁci&\n}uhgxﬁﬁrp&f% %éﬁge[é’??g] <Exanpl e

2-4> The cyanate resin by wei g e epoxy resin (30 15 parts

by “EightireééF%bEQGEQXXmée§éfba% &@agﬁ&§%m?¥ ﬁfgﬁéggﬁiytéU% 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



phenoxy resin B (5 parts by weight), and the curing catalyst (0.4 parts by
wei ght) were dissol ved and di spersed in nethyl ethyl ketone. Next, the
inorganic filler (40 parts by weight) and the coupling agent (0.2 parts by
wei ght) were added, and the m xture was stirred 20 for 10 mnutes with a

hi gh-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 p?o%@déd with inner circuit layers (core

| ayers), and core-less buildyp_substrate were .prepared as .in 25 Exanple
o ThogDeRsanprans as e, SHP rBUBR T AhG MEt e PR B AR A G T by
Iparts b

wei ght), the epoxy resin (15 i ght t he phena resin.A (10 parts
by el Ght §2EPRe TRy o 5T HERoCE R by A G F o PR i 1Ry At al yst
(0.4 parts hy weight),.were dissaolve d dispersed_in nethyl ethyl ketone. 5
Next , thesﬁﬁ%yﬁﬁaﬁg%a%qﬁnﬁegh?w 85%‘?135 gf??rv\gb%hﬁbsgﬁalc?he coupl i ng agent (0.2
parts by i~gh i were added, and the m xture was stirred for 10 mnutes with
a high-rate stitrer to prepare resin varnish having a solid content of 50
wei ght. percent. L.ng. resi. varnish, i-asul at | jded with a
10 suﬁbort, a 6%#$%§%légﬁgfgg%gs6?%VF§€&H§#%ﬁQ?%H§§K%??%%¥SIF§§g¥gg(core

layers), Eéc?}%fﬁg‘égi%@li%ﬁ%iJe%'iﬂs%?%ﬁo%&etéé‘ﬁ%a%gp@r’iee%rﬁésih%@é{%ﬁgh%g;(1-

[ 00811 < e’ cyanate resin A parts by weig e

resin (17 S i ) XY 1 e81 (; by wei ght), the
phenoxy r%@?%kBC?%a%E%%gkbﬁm%gﬁbE??, anglgﬁéggﬁﬁf%gﬂggFasyst (0.4 parts by
wei ght) mquogﬁfsolved and di spersed in nethyl ethyl ketone. Next, the
inorganic filler (60 parts by weight) and the coupling 20 agent (0.2 parts
by wei ght) wer eraddgder8Nd hga Mt en Waso $ht £ ek Heks 10,40 AUt es1 Wit h a

hi gh-rate stirrer to prepare resin varnish having a solid content of 50

vei ghty pepeanlcles in orddsl A ABCEEshd MABRE SEypaAR i bRStHA Pled %ol BHOVI ded
with a support, a buildup substrate provided with inner circuit |layers (core
25 layer syeqiaRddans@y &1 ess udlildHpusthisthabes vx@fded%gd%arb%@w@én itheExanpl e
2-1. [0082] - 40 - <Conparative Exanple 2-1> he epoxy resin (50
parts by y&highhtuctde dphenoxand esensubdtfapar §s ryewet itlivel fie phenoxy resin
B (3 parts by weight), and the curing catalyst (0.4 parts by weight) were

di ssol ved gnd4di spersed in 5 nethyl ethyl ketone. Next, the inorganic filler
(40 parts by weight) and the coupling agent (0.2 parts by weight) were
added, and t he Tiexttderfilas Stnay ednfarn Hhyntouwb esigweténta ini ghd¢ate stirrer
to prepare resin varnish having a solid content of 50 weight percent. Using
t he r¥Esi nim@ravies Adhesi donsfil ate ngdeagyerl poovheecmu thdacHk) isdpgaritc a bui | dup
substrate provided with inner circuit layers (core layers), and a core-|ess
bui | dup sibkltarast e Aerae resepar édheas inernbEeapphel @ Toeff 008i3nt« Cong ataatige e
Exanpl e 2-2> 15The cyanate resin A (30 parts by weight), the cyanate resin B
(10 part sobyamicghdyctarhehgponyd desage (BOwpant thehpenetgituctot hehijghendxy
resin A (3 parts by weight), the phenoxy resin B (7 parts by weight), and
the curi ngheastibsysatd G gapalpe sndyy el et vener surliresetded Faaup e 98r sbd i n
met hyl ethyl ketone to prepare resin varnish having 20 a solid content of 50
wei ght peg@anting agents igslyde sHéaresqupiandi a¥entan Pudulast PReEYHylenes
provided with a support, a buildup substrate provided with inner circuit

| ayer® (codh® amapessianegndand dortenpes B pretilst r atkesfefray prep®eedias in

Exanpl e 2-1. 25[ 0084] , . _ ,
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 insulating |ayers provided with the supports of Exanples 2-1 to 2-6 and
Conparative Exanples 2-1 and 2-2 were evaluated. The results are shown in
Table 2. [0085] (Table 2) Exanple 2-1 Exanple 2- 2 Exanple 2- 3 Exanple 2-
4 Exanple 2-5 Exanple 2-6 Cyanate resin Pnmaset PT-30 25 15 40 20 30 17
Primaset PT-60 10 Epoxy resin NC- 3000P 25 25 10 30 15
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The linear expansion coefficient of the underfill 6 is
preferably not greater than 40 ppm/°C and more preferably not greater
than 30 ppm/°C in order to suppress damage of the low-k film and
damage at the peripheries of the bumps 5.

5 [0044]
[Bumps]

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



17 Phenoxy resin YX- 8100H30 5 5 5 5 10 3 EP-4275 55 5 5 5 3 Curing

cat al yst

| m dazol e conpound 0.4 0.4 0.4 0.4 0.4 0.4 Inorganic filler SO 25H

40 40 40 40 40 60 Coupling agent A-187 0.2 0.2 0.2 0.2 0.2

10

15

20

25
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and polybutylene terephthalate, fluorine resins, and polyimides.

The insulating layers 311 has a thickness in the range of
preferably 10 pm to 100 um and more preferably 20 to 80 um in order
to prevent cracking in the insulating layers 311.

Conductive interconnection layers 312C having a predetermined
pattern is formed on a surface of a copper plate C having a
predetermined thickness.

The conductive interconnection layers 312C each have a double-
layer configuration including a first metal layer 312Cl and a second
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
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
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).

[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



0.3 Total 100.6 100.6 100.6 100.6 100.6 100.7 dass transition tenperature

C 240 240 260 220 250 240 Li near expansion coefficient ppm QC 30 30 25 33 35
20 Conpar ati ve Exanple 2-1 Conparative Exanple 2-2 Cyanate resin Prinmaset
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semiactive process.

To be more precise, a copper film (seed film) with a thickness
of about 1 um is formed on the entire insulating layer 311 by
electroless deposition. A photoresist layer (mask) having a

5 predetermined pattern is formed on the insulating layer 311. A
plating layer is formed on mask-free portions (for example, via hole
3117) 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 1s 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]



Epoxy resin NC-3000P 50 50 Phenoxy resin YX-8100H30 7 3 EP-4275 3 7 Curing
catal yst I m dazole conpound 0.4 0.8 Inorganic filler SO 25H 40 Coupling
agent A-187 0.2 Total 100.6 100.8 d asstransition tenperature C 170 230

Li near expansi on coefficient ppmiC 40 45 - 42 - [0086]
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Next, a semiconductor chip 4 is mounted onto the resulting
substrate 3. Solder bumps 5 are preliminarily provided on the back
surface of the semiconductor chip 4. The semiconductor chip 4 is
placed on substrate 3 via the solder bumps 5, and then the solder

5 bumps 5 is melted in a reflow furnace to fix the semiconductor chip 4
on the substrate 3.

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
mbdulué 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



The evaluation was carried out as follows: (1) G ass transition tenperature
Two insulating |layers 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. Fromthe cured insulating
| ayer, a test sanple of 10 nmby 30 nmwas prepared by cutting, and was
heated at a heating rate of 5C/ mn withp)gd0-a DVA (rmade by TA Instrunents).
The glass transition tenperature was determned fromthe peak of tan 6. (2)
Li near exgatisbasueasf fdhepedt damage offwhei Dstdeaicagbéayenstpheovi ded with
supports were stacked such that the insulating | ayers face each other, and
t he stacksamdsopaessed chipby helathadpurpdes, saft essdse «f theVRatarTdca
tenperature of 200C for 2 hours with a vacuum press nachi ne. The supports
wer e r enadiechr one thienpeub ethd nadl albstgakayer, a test sanple of 4 mm by 20
nm was prepared by cutting, and was heated at a heating rate of 10C mn with
a TMA (madgobyoTTA I nstrunments). 20The |inear expansion coefficient between
25C and the glass transition tenperature was neasured. Al so, the |inear
expansi on coef flircitbat satiangduteopldanécofl taveocdired tionshil atdmbgdimger, (in the
i n-plane direction of the substrate) was neasured. In these Exanpl es and
Conpar at i umdExagples;he bemps rieasnexparsventedeintd daeade ioff the 25 thi ckness
direction of the cured insulating |ayer (thickness direction of the

subst r at eenisohecsanehap 4 han ba $lrelsand. di rection of the cured

insul ating layer (in-plane direction of the - 43 - substrate). [00871
<Producti on andcevatuatiyoniplihofsegembrdrdwet ohipeyihegingst 1sanpl e> Bunp

el ectrodes were forned on the buil dup substrate provided 5 with inner
circuit |deestEtoriayeaybaginaadrehet iver pelrss iyaiy dup Ssubstritss glepaked in
Examples 2-1 to 2-6 and Conparative Exanples 2- 1 and 2-2. Next, with a

fli p-1ohi pfidendekhe | katXf £l 53l §be IBRPBINE TN chdn- 8. Gilgbeneeviamgegoi nt :
221C, thernal expansion coefficient: 22 10 ppnf C, el astic nodul us: 44 GPa)
was pl acefram dpredidi®r ni ned positions so as to be tenporally fixed to a

sem conduct or el enent (hereinafter, referred to as sem conductor el enent A)
havi ng an ilfPetl ayer insulating filmof a lowpermttivity naterial (porous
SSOC filmformed by CVD, relative penirittivity - 2.2). Furthernore, 15
these were noved fofEETECPOW FIUrRaE S IRBEPLEW CHHdLEL B PItRepRI FRfw for 60

bond 't ho SBRIER byt che Lo e R St & RHGHeHORCPRLYich L 81 der
95Pb,. nel ti t her mal, expansi on coefficient: 30

ition: S , _poi nt . 314C |
L et S S R TR PER S B et Lo LR LR G

A eutectic sal der S used a presolder at the substrate, and the IR
et ow ve T TRE DU BIMED eblsiae R e ot LB ar dIUIE S5PU245C and a
m ni mrum tenperature of, 183 0088), 25The. resin, conpositions prepared in
Exanpl es 9%2%%98 gb% %ﬂ%?r%%%%§¥§ gv%? %&%%Fééui?& and 1-2 were supplied as
underfills 195 ke sem conductor devices to be tested. - 44 - [0089]
Si nce the éenlc nduct or el enent A had a |inear expansion coefficient of 3
ppn C, the val e.lin i0n . fici f ! ating
| ayer of the 6&&?8§%m§%§egk%f£$%§?§Hg€ﬁfﬁgﬁﬁgﬁ §%§§ﬁ§£?ﬁ(?%g%f%?p ane
di r ecly on, of  Jofier RUBHIAES) 1 -6 GhRerld MRAE EXPANShAR, oM B%@wnéenszfﬁé‘e
sem conductor elenment A) were 27, 27, 22, 30, 32, 17, 37 and 42 ppm C for
Exanpl e 25y tExagPh&s Z-réns BXAIMkemgs dht uEXaRRY &2 vnt AR €021 §.pdmyanpl e
2-6, Conparative Exanple 2-1, and Conparative Exanple 2-2, respectively.
10[ 0090] or 1ess Bbnfsudec! @ad-drk e6n spirdert Byt Rad &hd iunearf expanshan
coefficient of 22 ppmiC, the values of (the linear expansion coefficient of
t he underfnd Ipump 6t he linear expansion coefficient of the | ead-free sol der
bump) were 3, 4, 4, 4, 4, 4, 4 and 23 ppnl C

[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



15 for Exanple 1-1, Exanple 1-2, Exanple 1-3, Exanple 1-4, Exanple 1-5,
Exanpl e 1-6, Conparative Exanple 1-1, and Conparative Exanple 1-2,
respectively. Since the high-nelting-point solder bunp had a |inear
expansion coefficient of 30 ppm C, the values of (the |linear 20 expansion
coefficient of the underfill) - (the linear expansion coefficient of the
hi gh- el ti ng- poi nt sol der bunp) were 5, 4, 4, 4, 4, 4, 4 and 15 ppni C for
Exanpl e 1-1, Exanple 1-2, Exanple 1-3; &$nparative Exanple 1-1, and
Compar ati ve Exa res ivel

l'i near exﬁﬁﬁs}%‘ﬁ%‘g%ﬁjizr’& &hp eﬁ% Jret %@b%f%%gf g‘? is%h5g\-é\5?l% Hg’r\lé?%‘g rt?']\;}xéig% on
coefficient of the insulating |layer of the bujldup.layer) of each sanple.
[0091] - ChTeL (A PRnF s 2 LR T AL gt ayerior bhFkIAipSiost rice ERarpt % 1
SCRALL NN Ram BTN L Al T
cyanate resin enables the linear expansion coefficient in the
5 thickness direction of the substrate 3 to decrease.
[0054]

The present invention should not be limited to the embodiment
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
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the linear expansion coefficient of the substrate in the thickness
direction.

Preferably, the core layer 71 has a thickness of 0.2 mm or
less. A core layer 71 having a thickness of 0.2 mm or less can

5 reduce the iﬁductance of the substrate 7.

A through hole 712 is formed in the insulating layer of the
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



6 14 194417 96 14 19 [ 0092] Next, the resulting

sem conduct or device to be tested was 5 subjected to a thermal cycle test.
After the thermal cycle test (1000 cycles at a cold state of - 55C and a
heated state of 125C), sanples of which all bunps had conductivity in a
conductivity test were counted as nondefective products. Tables 4 to 7 show
the results. 10The results of the conductivity test were evaluated as a
indicator by the ratio of the nunber of ,4he nondefective products to ten
tested sanples. [0093] (Table 4) Insulating |ayer of buRdup substrate

Exanpl e 2ir3rfl@ﬁﬁﬁ8[t§i%72 % 20md @noge 3 Ewmllﬁa&&q Bragpt@rdite EXWIRd206
Conpar ati ve Exanpl e 1 Cbnparatlve Exanpl e 2-

its prepolymer (in particular, novolak cyanate resin) with an
inorganic filler leads to an increase in the elastic modulus of the
insulating layers 311.

5 The inorganic filler is not limited, and examples include talc,
alumina, glass, silica, and mica. Among them preferred is silica,
and particularly fused silica, which has low expansion. The fused
silica is present in a crushed or spherical form, and a spherical
shape 1s 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 um and more
preferably 0.2 uym to 2 pm.
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 moilsture 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
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with an epoxy equivalent of 165 (11 parts by weight), N-[2-methyl-4-
{oxiranylmethoxy)phenyl]-N-(oxiranylmethyl)oxiranemethanamine (ELM-
100 made by Sumitomo Chemical) (11 parts by weight), 4,4'-
methylenbis-(2-ethylanilin) (Kayahard AA made by Nippon Kayaku Co.

5 Ltd.) (10 parts by weight), y-glycidylpropyltriethoxysilane (KBE403
made by Shin-Etsu Chemical Co., Ltd.) (1 part by weight), 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-[2-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.
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N-{2-methyl-4- (oxiranylmethoxy)phenyl]-N- (oxiranylmethyl)
oxiranemethanamine (ELM-100 made by Sumitomo Chemical) was not used.
[0062]
<Example 1-4>
5 Preparation of resin composition: Bisphenol F epoxy resin
with an epoxy equivalent of 165 (5 parts by weight), N-[4-
(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
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used.
[0064]

<Example 1-6>

A resin composition was prepared as in Example 1-4 except that

5 the formulation of the resin composition was changed as follows:

Bisphenol F epoxy resin with an epoxy equivalent of 165 (17
parts by weight), phenol, 4,4'-(l-methylethylidene) bis[2-(2~
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:
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Bisphenol F epoxy resin with an epoxy equivalent of 165 (20
parts by weight), N-{2-methyl-4-(oxiranylmethoxy) phenyl]-N-
(oxiranylmethyl)oxiranemethanamine (ELM-100 made by Sumitomo
Chemical) (20 parts by weight), 4,4'-methylenbis-(2-ethylanilin)

5 (Kayahard AA made by Nippon Kayaku Co. Ltd.) (19 parts by weight), y-
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.
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[0068]
(Table 1)
Examplety Example | Exampe| Comparative | Comparative | Example| Example] BExample
1 12 13 Example Example 14 15 16
11 12

Bisphenol F epoxy resin (epoxy equivalent: 165) 1 18 | 25 27 20 5 9 17
N-[2-Methyt-4-(oxiranyimethoxy)phenyl-N- 11 6 0 0 20 0 0 0
(oxiranyimethylloxiranemethanamine *1
N-4-(Osiranylmethoxy)phenyl-N- 0 0 0 0 0 10 6 0
(oxiranylmethyloxiranemethanamine *2
Phendl, 4.4-(1-methylethylidene)bis2-2-propenyl)}} O 0 0 0 0 5 5 6
polymer with (chloromethyljoxirane *3
4 4'-Methylenbis-(2-ethylanifin) *4 10 10 8 5 19 6 6 4
14.4-Methylenebis(N-methylaniline) *5 0 0 0 0 6 6 4
-Glycidylpropyttriethoxysilane *6 1 1 1 1 1 1 1 1
Spherical fused silica (an average pattide 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 coefficent (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 Kavyaku Co. Ltd.
*5 T12: made by Sanyo Chemical Industries, Ltd.
*6 KBM-403: made by Shin-Etsu Chemical Co., Ltd.
*7 S50-25R: 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.
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[0070]
Glass transition temperature and linear expansion coefficient:
The resin composition was cured at 150°C for 120 minutes, and was
milled into a test piece of 5 mm by 5 mm by 10 mm. The test piece
5 was subjected to a measurement at a heating 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
Lemperature.
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
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4275"” made by Japan Epoxy Resins Co. Ltd., weight average molecular
weight: 60000
(6) Curing catalyst (imidazole compound): 2-phenyl-4,5-
dihydroxymethylimidazole made by Shikoku Chemicals Corporation
5 (7) Inorganic filler (spherical fused silica}: “S0O-25H” made
by Admatechs Corporation Limited, average particle diameter: 0.5 um
(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
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drying oven at 160°C for 10 minutes. The dried insulating layer had
a thickness of 60 um.
[0075]
(3) Production of buildup substrate provided with inner circuit
5 layers (core layers)

The resulting 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 héating 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 um such that the
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surface of the insulating layer resides on the inside. The 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
5 temperature of 150°C for 60 minutes with a hot-air dryer. The
substrate 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
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Exanpiéa Zléyé?gﬁquﬁd 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>
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The cyanate resin A (30 parts by weight), the epoxy resin (15
parts by weight), the phenoxy resin A (10 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.

5 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 éubstrate provided with inner circuit layers (core
layers), and a core-less buildup 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]
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<Comparative Example 2-1>

The epoxy resin (50 parts by weight), the phenoxy resin A (7
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

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
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results are shown in Table 2.
[0085]
(Table 2)
Example |Example 2-|Example 2-|Example 2-| Example | Example
2-1 2 3 4 2-5 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
Curning catalyst | Imidazole 04 04 04 04 04 04
compound
Inorganic filler | SO-25H 40 40 40 40 40 60
Coupling A-187 02 | 02 0.2 0.2 0.2 03
agent
Total 100.6 100.6 100.6 100.6 100.6 100.7
Glass °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 02
Total 100.6 100.8
Glass transition { °C 170 230
femperature
Linear expansion | ppm/°C 40 45
coefficient
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[0086]

The evaluation was carried out as follows:
(1) Glass transition temperature

Two insulating layers provided with supports were stacked such

5 that the insulating layers face each other, and the stack was pressed

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 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 Dby 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
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substrate).

[0087]

<
<Production and evaluation (1) of semiconductor device test sample>

Bump electrodes were formed on the buildup substrate provided
5 with inner circuit layers (core layers) and the core-less buildup
substrate prepared in Examples 2-1 to 2-6 and Comparative Examples 2-
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
SioC 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.
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[0089]

Since the semiconductor element A had a linear expansion
coefficient of 3 ppm/°C, the values of (the linear expansion
coefficient of the insulating layer of the buildup layer of the

5 buildup substrate in the in-plane direction of the substrate) - (the
linear expansion coefficient of the semiconductor element A) were 27,
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]
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(Table 3)
insulating layer of buildup substrate
Example 2- | Example 2- | Example 2- | Example 2- | Example 2- |Example 26| Comparative | Comparative
1 2 3 4 5 Example 2-1 | Example 2-2
Example 1-1 5 5 0 8 10 5 15 20
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 1-6 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 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 0M0 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 7M0
Example 1-1
Comparative 210 210 110 310 310 110 6/10 710
Example 1-2
Example 14 010 010 010 010 010 010 0/10 010
Example 1-5 010 010 010 010 010 010 010 010
Example 1-6 010 010 010 010 010 010 010 010
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(0094]
(Table 5)
Insulating layer of buildup substrate
Example | Example | Example| Example | Example | Example Comparative Comparative
2-1 2-2 23 24 25 26 Exampile 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 210 8/10 810
Example 1-1
Comparative 410 410 210 6/10 1010 210 910 910
Example 1-2
Example 14 0/10 010 010 0/10 010 0/10 0/10 010
Example 1-5 010 010 010 010 010 0/10 010 010
Example 1-6 010 010 010 010 0/10 0/10 010 010
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 0M0 0/10
Example 1-2 010 010 010 010 010 010 0/10 0/10
Example 1-3 110 110 110 2110 310 110 6/10 810
Comparative 310 410 210 510 70 210 1010 10110
Example 1-1
Comparative 410 410 2110 6/10 7110 210 1010 10/10
Example 1-2
Example 14 010 010 010 010 010 010 010 010
Example 1-5 010 010 010 010 0/10 010 0/10 0/10
Example 1-6 010 010 010 010 010 010 410 510




0/10 0/10 0/10 0/10 0O/10 3/10 5/10 Conparative Exanple 1-2 0/10 0/10 0/10
0/ 10 0/10 0110 10/10 10/10 Exanple 1-4 0/10 0/10 0110 010 O/10 0O/10 10/10
10/ 10 Exanple 1-5 0/10 0/10 0/10 0/10 O/10 0O/10 910 10/10 Exanple 1-6 0/10
0/ 10 0/10 0O/10

— 4 7 —
[0096]
(Table 7)
Insulating layer of buildup substrate
Example | Example | Example | Example | Example | Example Comparative Comparative
21 22 2-3 24 2-5 26 Example 2-1 Example 2-2
Example 1-1 0/10 0/10 0/10 0/10 0/10 0/10 0/10 010
Example 1-2 010 010 010 010 010 010 010 010
Example 1-3 210 210 210 210 310 1/10 10/10 810
Comparative 510 610 210 810 1010 310 1010 10110
Example 1-1
Comparative 510 6/10 310 9/10 1010 410 1010 1010
Example 1-2
Example 14 010 010 010 010 010 010 010 010
Example 1-5 0/10 010 010 010 010 010 0/10 010
Example 1-6 oMo 010 010 010 010 010 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]



0/ 10 0/10 4110 8/10 [01l051 As shown in Tables 8 to 11, no crack was
observed in the interlayer insulating filmof each of the sem conductor
device 10 including the buildup substrate provided with inner circuit |ayers
(core layers) and the core-|less buildup 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 interlayer insulating filmof each of the

semi conductor device to be tested incldding the - 51 - buildup substrates

provided with inpner cjrcuit layers (core Jayers) .and the core-|lgess buil dup
substrate of CEH‘Ba %46%13% lggszéﬁ wéﬂ&l‘ S LECUFRESEOMESIIPE EMoW Ehat use
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t est ed d i P t.i on, and | uat i 1 i duct
tovi o> OREaRt TTHHES: AR RGO COr Bl et LB vils e IR FEpIBeRcof the
sem conduct or el emggt A. Th% in%ertl ayer _in gl tja‘?fg fi Ivm gf t he sem conduct or
el ement BUASY CYipsEEH DY €03, " theSLBHi eSntt e VP EMEH OB 5 not
h I dielectric,l i | at.i) ittivit f.3.3.0r | )
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Next, the rﬁféﬂt]ti ng sem conduct or devices to be tested were subjected to a
t her mal cy[: e t'est (1000 cycles at a cold state of - 20 55C and a heated

state of 1250 And .t C C#[Sab- eni tor. el B were
Next, the 0 bf K3 % & n &
eval uated. The re>e<su!tse are shown I'n a(%e to %g€e - [18%6 - 52 -
(Table 1 )iéml 8?%}1@ 'sgrgié%rct?E Did AR subsStLaf esofamBler oy hidArmPLE 2-2
Exanpl e 2-3 Exanple 2-4 Exanple 2-5
10 Dbe 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.



Exanpl e 2-6 Conparative Exanple 2-1 Conparative Exanple 2-2 Exanple 1-1 0110
0110 0/10 0/10 0/10 ORO 6/10 7/ 10 Exanple 1-2 0/10 0/10 0110 0/10 0/10 O/10
5/10 5/10 Exanple 1-3 0/10 0/10 0/10 0/10 0/10 0/10 2/10 4/10 Conparative
Exanple 1-1 0/10 0/10 0/10 0/10 0/10

- 4 9 -
[0101]
(Table 8)
Insulating layer of buildup substrate
Example | Example | Example | Example | Example | Example | Comparatve | Comparative
2-1 2-2 2-3 24 2-5 26 Example 2-1 | Example 2-2
Example 1-1 010 010 010 010 010 010 810 1010
Example 1-2 010 010 010 010 010 0/10 610 8/10
Example 1-3 0/10 0/10 010 010 0/10 0/10 310 6/10
Comparative 0/10 010 0/10 010 010 010 110 310
Example 1-1
Comparative 0/10 010 010 010 010 010 810 710
Example 1-2
Example 14 0/10 010 010 010 010 010 6/10 910
Example 1-5 0/10 010 010 0/10 0/10 0/10 510 710
Example 1-6 010 010 010 010 010 010 210 510
[0102]
(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
Example2-1 | Example 2-2
Example 1-1 0/10 010 010 010 010 010 10110 10110
Example 1-2 0/10 010 010 010 010 010 810 1010
Example 1-3 0/10 010 0/10 0/10 0/10 010 6/10 810
Comparative 0/10 010 010 010 010 010 310 510
Example 1-1
Comparative 010 0/10 010 010 0/10 0/10 1010 710
Example 1-2
Example 14 010 010 010 010 010 010 910 1010
Example 1-5 0/10 010 010 010 010 010 710 810
Example 1-6 010 010 010 0/10 0/10 010 410 710




0/10 1/10 1/10 Conparative Exanr 1-2 0/10 0110 0/10 0/10 0/10 0/10 5/10 6/10
Example 1-4 0/10 0/10 0/10 0/10 0/10 0/10 4/10 6110 Exanple 1-5 0/10 0/10

0/ 10 0/10 0O/10 0O/10 4/10 5110 Exanple 1-6 0/10 0/10 0/10 0/10 O/10 0/10 1/10
2/ 10

- 50 -
{0103]
(Table 10)
Insulating layer of buidup substrate
Example 2- | Example 2- | Example 2-| Example 2-| Example 2- | Example 2-| Comparative | Comparative
1 2 3 4 5 6 Example 2-1 | Example 22
Example 1-1 010 010 0/10 010 010 010 910 1010
Example 1-2 010 010 010 010 010 010 6/10 810
Example 1-3 010 010 010 010 010 010 310 6/10
Comparative 010 010 010 010 010 0h0 110 310
Example 1-1
Comparative 010 010 010 010 010 010 810 910
Example 1-2
Example 14 010 010 010 010 010 010 810 910
Example 1-5 010 010 010 010 010 010 410 710
Example 1-6 010 010 010 010 010 010 110 510
[0104]
5 (Table 11)
| Insulating layer of buildup subsirate
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 10/10
Example 1-2 010 010 010 010 0/10 010 10/10 10110
Example 1-3 010 010 010 010 010 010 6/10 1010
Comparative 010 010 010 010 010 010 310 5110
Example 1-1
Comparative 0/10 010 010 010 010 010 1010 1010
Example 1-2
Example 14 010 010 010 010 010 010 10110 1010
Example 1-5 010 010 010 010 010 010 910 1010
Example 1-6 010 0/10 010 010 010 010 410 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



[0108] (Table 13) Insulating |ayer of buildup substrate Exanple 2-1
Exanpl e 2-2 Exanple 2-3 Exanple 2-4 Exanple 2-5 Exanple 2-6 Conparative
Exanpl e 2-1 Conparative Exanple 2-2 Exanple 1-1 0/10 0110 0110 0/10 0/10
g{ %0 9/ 10 9/10 Exanple 1-2 0/10 0/10 0/10 0/10 0/10 0/10 8/10 7/10 Exanple
- 51 -
buildup substrates provided with inner circuit layers (core layers)
and the core-less buildup substrate of Comparative Examples 2-1 and
2-2.
These results show that use of a substrate including an
5 insulating layer having low linear expansion 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 pm.
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]



0/10 0/10 0/10 0/10 0/10 0/10 6/10 6/ 10 Conparative Exanple 1-1 0/10 0/10
0/10 0/10 0/10 0/10 1/10 3/10 Conparative Exanple 1-2 0/10 0/10 0/10 0/10
0/10 0/10 9/10 9/10 Exanple 1-4 0/10 0/10 0/10 O/10 O/10 O/10 7/10 9/10
Exanple 1-5 0/10 0/ 10

- 52 -
(Table 12)
Insulating layer of buildup substrate
Example| Example| Example| Example| Example| Example| Comparative Comparative
21 22 23 24 25 26 Example 2-1 Example 2-2
Example 1-1 010 010 010 010 010 010 6/10 710
Example 1-2 010 010 010 010 010 010 510 510
Example 1-3 010 010 010 010 010 010 2110 410
Comparative 010 010 010 010 010 010 1110 110
Example 1-1
Comparative 010 010 010 010 010 010 510 6/10
Example 1-2
Example 1-4 010 010 010 010 010 010 410 6/10
Example 1-5 010 010 010 010 010 010 410 510
Example 1-6 010 010 010 010 010 0/10 110 210
(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 1-1 010 010 010 010 010 010 910 910
Example 1-2 010 010 010 010 010 010 8/10 710
Example 1-3 010 010 010 010 010 010 6/10 6/10
Comparative 010 0/10 010 010 010 010 110 3/10
Example 1-1
Comparative 010 010 010 010 010 010 910 910
Example 1-2
Example 1-4 010 010 010 010 010 010 710 910
Example 1-5 010 010 010 010 010 010 610 610
Example 1-6 010 010 010 010 010 010 410 5110




0/10 0/10 0/10 0O/10 6/10 6/10 Exanple 1-6 0/10 0/10 0/10 0O/10 O/10 0O/10 4/10
5/10 - 53 - [0109] (Table 14) 1 nsulaWw |aw of ddup sudtate Be nple 2- 1
Eenple 2- 2 anple 2- 3 Bern* 2- 4 Exanple 2- 5 Exanple 2- 6 Com pa rebm
Exanpl e 2-1 Conparative Exanple 2-2 Exanple 1=1 0/10

- 53 -
[0109]
(Table 14)
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 Example 2-1 | Example 2-2
Example 1-1 010 010 010 0/10 0/10 010 910 8/10
Example 1-2 010 010 0/10 010 0/10 0/10 6/10 510
Example 1-3 0/10 010 0/10 010 0/10 010 310 6/10
Comparative 010 010 010 010 010 010 110 3/10
Example 1-1
Comparative 0710 0/10 010 0/10 010 010 8/10 6/10
Example12 | ~
Example 14 010 010 010 010 010 010 710 710
Example 1-5 010 010 010 010 0/10 010 510 6/10
Example 16 010 010 010 010 010 010 210 410
[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 Example 2-1 | Example 2-2
Example 1-1 010 010 010 0/10 0/10 0/10 1010 1010
Example 1-2 010 010 010 010 010 010 9/10 1010
Example 1-3 010 010 010 010 010 010 6/10 1010
Comparative 010 10 010 010 010 010 210 210
Example 1-1
Comparative 0no 010 010 010 010 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 8/10
[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



0/ 10 0/10 0110 0110 0O/10 9/10 8/ 10 Exanple 1-2 UT 0/10 0/10 01 O 0/10 0/10
6/10 5/10 Exanple 1-3 0/10 0110 010 0/10 G O OM O NT 6/10 Conparative
Exanple 1-1 0/10 0/10 0/10 0/10 0/10 0/10 1/10 MO Conparative Exanple 1-2 UT

oM 0
- 54 -
circuit layers (core layers) or the core-less buildup substrate of
Comparative Examples 2-1 and 2-2.
These results show that use of a substrate including an
insulating layer having low linear expansion coefficient is essential

5 for preventing occurrence of cracks in the semiconductor element.



7/ 10
Uv 0/10 UV W 8/ 10 UM Exanple 14 0/10 0/10 0/10 UT 0/10 OM 0O

7/10 Exanple 1-5 UT OM 0 UT 010 UT UT 5/10 6/10 Exanple 1-6 0/10 0/10
0/10 0/10 0/10 0/10 210 410 [0110] 5(Table 15) nsulating |ayer of

bal m substrate Exanple 2- - 55 -

CLATMS

1. B semiconductor device comprising:
2 substiate;

. semiconductor element mounted on the substrate;

(43
11

bunp connecting the substrate and the semiconductor element;

w

and
an underfill £illing 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 wmateérial having an elastic
modulus in the range of 30 MPa to 510 MPa,
the substrate has buildup layers including resin-containing
insulating layers and conductive interconmection layers that are
15 alternately laminated, each of the conductive interconneection lavers
being connected by conductive layers formed in via holes in fhe
insulating layers,
the linear exparision ccefficient of the insulating laver 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
pen/°C or less, and
the difference in linear expansion coefficient between the
undexfill and the bump at temperatures between 25°C and the glass

transition temperature is 10 ppm/°C or less.

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

semiconductor element comprises a silicon substrate; an interlaver



1 Exanple 2- 2 Exanple 2-°3 Exanple 2- 4 Exanple 2- 5 Exanple 2- 6
Conparati ve Exanple 2-1 Conparative Exanple-2-2 Exanple 1-1 UV UT W
UM 0/10 0110 |IWO 10/ 10 Exanple 1-2 UV UT OM O UT W WV 91 0 10/10

Exanple 1-3 OM 0 UM UT 0/10 UT OM 0O

10

20

- 56 -

insulating film provided on the silicon substraté, the interlayex
insulating film comprising a low-dielectric layer having a relative
permittivity of 3.3 or less; and a lead provided in the inteXlayer

insulating £ilm.

3. The semiconductor device accerding to claim 1 or 2, wherein 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 is 25 ppm/°C or less.

. The semiconductor device according to any one of claims 1 to 3,
wherein
the substrate has a through hole in which a conductive layer is
provided inside an insulating layer, the conductive laver in the
through hole having a core layer connected to one of the conductive

interconnection layers of the buildup layer.

5. The semiconductor device according to any one of claims 1 to 4,
wherein the resin of the insulating layer cf the buildup layex

comprises a cyanate resin.

6. The semicorductor device according to claim 5, whersin the cyanate

resin is -a novolak cyanate rvesin.

7. A semiconductor device comprising:
a substrate;

a semiconductor element mounted on the substrate;



6/ 10 10/ 10 Conparative Exanpieli UV UT UV UT 0/10 UT 2/10 2/10
Coal oamAé Exanple 1-2 UM UT UT UM UT UT 10110 9110 Exanple 14 0/10
0/10 0/10 0/10 OM O OM 0 9110 10110 Exanple 1-5 0/ 10 0/10 WM UT 0/ 10

ur 7/10 7/ 10 57

2 bump connecting the substrate and the semiconductor element;
and -
an. undexfill £illing in avocund the bump,
vherein the bump comprises a lead-free solder,
5 | the undexfill comprises a resin material having an elastic
modulus in the range of 160 MPa to 510 MPs,
the substrate has buildup layers including resin~containing
insulating layers and conductive intercohnection layars that are
alternately laminated, these conductive interconnection layers being
10 connected by conductive lavers formed in via holes in the insulating
layers,
the linear expansion coefficient of the insulating layer of the
buildup laver in the in-plane direction of the substrate at
temperatures between 25°C and the glass transitien temperature is 35
15 pem/°C or less, and
the difference in linear expansion coefficient hetween the
underfill and the bump at temperatures between 25°C and the glass

transition temperature is 10 ppm/°C ox less.

20 8. The semiconductor device aceording to claim 7, wherein the
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 reiative
permittivity of 3.3 or less; and a lead provided in the interlayer

253  insuvlating film.

9. The semiconductor device according to claim 7 or 8, wherein the



Ewa 1-6 UM UM UT UM UM UM 5/ 10 8110 [0111] As shown in Table
12 to Table 15, no crack was observed in the sem conductor devices to
be tested including the buil dup substrate 10 provided with inner
circuit layers (core |ayers) or the qpr%-tess bui | dup substrate of
Examples 2-1, 2-2, 2-3, 2-4, 2-5, and 5-6, 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 | rs (care Jayers) or the core-less buildup substrate
o oohneut ! Laueseeare b ayeral grot IS, LR 2hs Ll LAuR, Subat ot
that use of a ©uWbsist8idnk NGB RANENSH QEj(élQaJ: RREe RAVIJA0nd 19

or

| i near expansion coefficient is essential 5 preventi ng occurrence
of cracks in t3F seditbermlges oramtighmnterperature is 25 ppm/°C or less.

5 10. The semiconductor device according to any one of claims 7 to 8,
wherain thelsubstratelhas & thxough hole in which a conductive layer
is provided inside an gnsulating layer, the conductive layer in the
through hole having a core layer connected to one of the conductive
interconnection layers of the buildup layer.

16
11. The semiconductor device according to any one of ¢laims 7 to 10,
wherein the resin of the insulating layver of the buildup layer

comprises a cyanate resin.

15 12. The semiconductor device according to claim 11, wherein the

cyanate resin is a novolak cyanate resin.





