| SPECI FI CATION SEM CONDUCTOR DEVI CE  TECHNI CAL FI ELD [ 0001] The present
invention relates to a sem conductor device. BACKGROUND ART [0002] In
.recent years, high-density nounting has beconme a useful elenenta

t echnol ogy for achi eving conpactness, |ight weight and hi gh performance
in cellular telephones, digital vi-deo caneras and digital still caneras.
-1 n some cases, CSP (chip scale packages) consisting of single chips are
i nadequate to achi eve hi gh- dengigoyer i ng, and packagi ng nmet hods such
as MCP (multi-chip packages) an& S P 28ysten1 i n Packages) has becone
nore common. [0003] The circuit boards such as interposers and

not her boards used in conpgsite . sem conductor chip packages such as MCP
and Si P require connect gﬁmmﬂmtor chips on a circuit
board, so buildup substrates with high wiring density have cone into
use. Additionally, flip-chip nounting is becom ng standard as a nethod
for nmounting sem conductor chips to circuit boards. [0004] Here,
flip-chip nmgodNtQALefegps to a nmet hod of nounting .a sem conductor chip
to a circuit board, wherein the sem conductor chip surface and circuit
board are electrically connected, not by wire connections such as by
wire B8¥di ng, butThegtehent ingyntiopreljtedt h pgnitadniteralesicknown as "bunps" whi ch
are arranged in an array. [0005] Flip-chip nounting is held to have the
advant age of enabling the nounting area to be reduced as conpared to

wi re bondi ngadkiGROIMDARIOUNt i Nng has the additional characteristic of
havi ng short wiring and therefore good electrical properties. Flip-chip
nmounting is suited to the circuits in portable devices for which there is
a strdgidenand Ihowensgeppabigshasssitgmebuhiingtas besbght useid elgmientalas t o hi gh
frequency circuits . in which the electric roperties are i.nportant.

[ 0006] The. PR Raf frotrircnt PRt vl i e o e B st EBR Guct or

chi ps are t @idBoned-digaNiess @leldyadd digtaCliliRaMBdt TGnRIcEsey, TGP QU

i ncl udi ng packagi ng substrates such as interposers and nmain substrates
such as not E&fUBdrde) coasistieer tingle dripfresinadeguaty iashiegiightiersil ude both

B T L e i
chi ps wi th @akdakages) has become more common.

[0003] The circuit boards such as interposers and motherboards used in composite
semiconductor chip packages such as MCP and SiP require connections between
semiconductor chips on a circuit board, so buildup substrates with high wiring density
have come into use. Additionally, flip-chip mounting is becoming standard as a
method for mounting semiconductor chips to circuit boards.

{0004} Here, flip-chip mounting refers to a method of mounting a semiconductor chip
to a circuit board, wherein the semiconductor chip surface and circuit board are
electrically connected, not by wire connections such as by wire bonding, but rather by
projecting terminals known as “bumps” which are arranged in an array.

{0005] Flip-chip mounting is held to have the advantage of enabling the mounting area
to be reduced as compared to wire bonding.  Flip-chip mounting has the additional
characteristic of having short wiring and therefore good electrical properties. Flip-chip
mounting is suited to the circuits in portable devices for which there is a strong demand
for compactness and light weight, as well as to high frequency circuits in which the
electrical properties are important.

[0006] The functions of the circuit boards to which the semiconductor chips are to be



other. Flip-chip mounting is also known as flip-chip bonding, which is a

term indicating a bonding nethod. Additionally, flip-chip nounting is
-al so sonetines abbreviated as FC mounting or FC processing. [0007] In

sem conductor elenments that are flip-chip nmounted, the gap between the

sem conductor elenent and the circu¢t board is usually filled with a
~reinforcing resin conposition (underfill) in order to make the

sem conduct and o) L |.i abl e. Such

andert 1 11's. esg flhe o8b kAR A0 BB B PR D SR 20 P

peri od of tim@poshe afid ﬁ&n@ﬁbsﬁ@laﬁi&cﬁﬁﬂimﬁthérb@ﬁdssﬁgﬁ@tgahha@ﬂ;,anbaﬁ:ﬁs excel | ent

adhesi veness_ to various mate and achi eve sufficient rellablllty

for the seni @EH&HEFSPO%F%H’E’S“F&%“ flexiblesibstpissr FlBRRP PREningizlitn

portion. u%tu?”dh?d Sh- Jh@;{” n%q{%ﬁé thbthSds f&ﬂ%ﬁﬂé@ér%ts%i%gncfu%%k Hips ‘IrMPéaf:H ed by
epoxy resins have been w de used. For exanple,” Patent Docunent

di scl oses aothem Elmadup:momntullgwadﬁe kuwm@ fhp ﬂhpbm@ Whnkglsrae@m haV| ng

specific properti e s an_u Accardj n o this

publ i cati on, 'Pdt“iﬁlgn% BEW&OQT %%4}?061811’£ H“‘EW‘]‘B’E‘g‘lsﬁg %106’1‘?“9‘85 surface of
a silicon Clab]j}e\jlﬁed’md?@Iﬁ&lnﬁﬁé:@-f@ﬁbd’e%m t board and electrically connected
to the <circuit board via a conductive material, and the gap between the

silictRO@hip and In prmicapidneten dentzoirtioht s - thieetouret], ﬂlsrgéldbwvtﬁh the

therm)settln 0 t her in _conmposition
conprises a's lf%rtll uﬁ?r ﬁ%nﬁ dtﬁe%rcﬁ?%%aédr Bﬁuagn §EdW1 rﬁléfvom%g a%g‘)l east 10

and at nost caﬁpdsalbb@mdamﬁa mc@a@amke tmfserﬁia@muetai éwmént REIGDoh@ add
thernosetting resin. According to the publication, this conposition has
high tenpefdeigeosinnrelizhler siuchppdertly nmtf) ke @Ralle piAnetise )] #BRInchi p t o

be removed gng: LW of GRDEE ALt Goitld 43 ehibd ARG LRONE damagi ng
the silicon chi tp}geor 'E)hte CIEI’CUEI t %}oargfﬂ% i ?ﬁgﬁgﬁgﬁ onal | )? I nE['Eehe field
of i nt er posér eyiotdreaterddh) eethchiaveckffiesst I'Bﬁabﬂmjl’ for e bamicaldsctoadenwet, theas t he

use of carel ess struc es i.n which no core |j oyj ded and_ | ayer ed
bodi es havi ﬁ‘d‘“\}ﬁo?rfir?ﬁé Lblﬁﬂ‘{“é??’ﬂsp“f‘t&ﬂ“neﬁs Bter %%"ﬁ Ff@fsifg‘ﬁﬂ“’%migﬁ%/é‘?sposer s

have enabl edydifia bydpue - QRABN. vofn FiAk DRAT BN ek, PUBR DoRiknPPser s havi ng
reduced overall |nterposer t hi ckness and adapted to hi gh frequencies by

short eni ng tfrelogepn gampicppductercleniecusingra thesmgtetiingirepirragong spesifivpetpedienands f or
support of hi gjher q]?lnsity mounti ng and hi gher operating -3- frequencies.
[0010] However hese thin buildup type interposers, deformation of

t he i rioesjposers A:caarde%&d)ﬂ%mmriordu&s&rﬁic&hﬁa@e&evica ists@BktdkdHcfve
condi tions, and differences in the thermal expansion of the interposer,
seni conduct &yrfasapis siisen eiviyis Prape o g cegtiiheandiiad slestdedp gonnected to the |

circuit board via a conductive material, and the gap between the silicon chip and the
circuit board is filled and cured with a thermosetting resin composition. This
thermosetting resin composition comprises a straight aliphatic hydrocarben compound
having at least 10 and at most 30 carbon atoms, capable of chemically binding to a
tﬁermosetting resin. According to the publication, this composition has high
temperature cycling reliability while enabling the silicon chip to be removed at a low
temperature with little shear, and without damaging the silicon chip or the circuit board.
[0009] Additionally, in the field of interposers, the reduced thickness of core materials
as well as the. use of coreless structures in which no core is provided and layered bodies
having wiring patterns formed on resins are used as interposers have enabled the
development of thinner buildup type interposers having reduced overall interposer
thickness and adapted to high frequencies by shortening the interlayer connection length

in order to meet demands for support of higher density mounting and higher operating



from anbi ent tenperature changes to damage or destroy the sol der bunps.
[0011] An exanple of a technology for the purpose of suppressing damge
-and destruction to solder bunps due to stresses from such anbient
tenperature changes in thin buildup type interposer with a corel ess
structure not having a core is the-3sem conductor device disclosed in
~Pat ent Docunent 2. [0012] According to this publication, the

sem conduct?{e fexice conprises a sem conductor el enment and an interposer
with a coeffidcient of thermnal expansion of at |least 16 ppm C on which

t he s@ei@onduct orH@lenkntthdse thirovltiepltype sinnpetedehymstinde the ibeppers Wher ei n
the gap between E he sem conductor el enment and the interposer and the
gaps bet weet REYLEFHERe B rhpgesip dentReratag condttons apthdiferendes inthethermighi ch i s
then cured. exp%@lﬁbrt b@ﬂlﬁhie%msérﬂ@mfcbrldu@tror Hp Al PaSf P @ thd @RKEL | On poi nt
at a tenperature of 100-120 C, a nodulus of elasticity at 125 C of at

| east 0. 1 Gharandiat toetfiugs drtgesfo dahmepnwldegroydinsiobiar buaipsof at nost 30

ppn C | ower than the glass transition point. Furthernore, . this

bubl § BT on descr CLEEmPIfat  TrPHIBRIS RegHpST Tebhprere FEnH5ehd bl e t o
reduce damaggst@ehn td8SadrBepOM NS INBRD b uGSRILEANAHOEAfurEheNREL, the
interposer and the printed circuit board. [0013] [Patent Docunent 11 JP

H11- 23357 1 Athil pgildspttyredretenpeser with a gpelogeBuug sothaving SCrOSURE OF THE
| NVENTI ON Fs)grglg%nedrrgto} Qev%gaécg&s\éc? ﬁﬂg}{e{}% Boecullngvt%.nt ion [0014] However, the
ar e

conventi onal escri I'n e above publTcations have room for

i nprow@nBnt in CcoRrealiigas thid gublidaiien, ielsbraisbiiicioPildvicd cohfidddd Fir st
circuit boards and sem conductor chi ps_usually have different

coef fi ci ent $eMiGPAURET femenbR)iardntgiposerith a Fesfitentpidhermalexpingighaiat t or
devi ce havi ngs@e gﬁyﬁts‘og%%wse&wdmy Bl ht ¥ Gur ! Githderdl@6ladrS
subjected to a hgt history, the difference in coefficient of thernal
expansi on cadampsawdereirtde gaprbetwebn the agnticdnauvtar gemdnO&tiGhe erogertahé the

sem conduct or _devi ce _described i n Patent Do nt 1 rtains to a -4-
Thi - bui | dud Py RErHOE PSP S5 ereeeisern ehEE & thatdoce not
have a cor e,additicd9BSthe ARk r&RMRE Q%ﬁssmhﬁtim&rﬁ'uﬂa t¥P&atu L LHMODSEHS ahavi ng a
structure with a reduced core thickness. CGenerally, the coefficient of

t her mal exparnsiubyg otdespiibtabldp °diof 4tdqast OjdiRaenha cesfficenpef shesmaligspanpies and
ue to changed TAofChBRrLE R VR AEHEEal RS MeBinkiEined 1151 Frer
publication describes that with this composition, it is possible to reduce damage and
destruction between the semiconductor element, the interposer and the printed circuit
board.
[0013]  [Patent Document 1] JP H11-233571A

[Patent Document 2] JP 2006-24842A

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

[0014] However, the conventional art described in the above publications have room
for improvement in connection with the following points.

[0015] First, circuit boards and semiconductor chips usually have different coefficients
of thermal expansion. Therefore, when a semiconductor device having a
semiconductor chip mounted on a circuit board is subjected to a heat history, the
difference in coefficient of thermal expansion can cause the circuit board to warp.

[0016] While the semiconductor device described in Patent Document 1 pertains to a



[0017] Secondly, in recent years, materials different fromthose that are
conventional have cone into use as the materials for formng

.sem conductor chips and materials for the bunps connecting the

sem conductor chips to circuit boards, and underfills have also been
new y designed in connection therewth. For exanple, with regard to

=sem conductor chips, |ow dielectric-constant filnms known as "low k" have
come into u l i f r yers. By
usi ng such ?ﬁ’?bﬁﬁiu Qﬁ{ééﬂé SS|‘Egllrléry%ﬁegigggkégesﬂ%rdg%sﬂ%glﬁwlcoer%\?\gieoﬁ?w res to
result in semcomanﬂ:bndﬁmbulldlept)@emtérb@tersdmﬁn@ﬁ anature hitlghreﬂp@éd@rew th high
reliability. Additional not cont ai ni n]gf:F @% are becom ng

ria
standard as fi8Stat & A % ﬂ?’(ﬁ?‘“‘f iﬁ‘?’b%ﬁb‘ﬁm&]cﬁ’ig?rﬁlé’f‘é?m ey e ness t o

the enviroppeRis sﬁ@&%@&nd@ﬂﬁct@&%‘a&ﬁ Q:Fn%s Qb t@%ﬁ%@@ofﬁ%ﬂnﬁ%n%{f @eks
i ndi cat ed above becones nore nmarked when | ayers or |ead-free

sol der are unedoset dw-tk cfangarin gepeniakd gndigomotill alhtabee:oatdréamlbacdlé‘errrec hani cal

stren Ther ef en stresses, oc m c uct or p due to
Phe i e o el Reing bR RecBeERS SR et BoR B PR F et Dl o even
if the degmg@ Bie &lid €8 Ss ihs mARkialY & YorMirgemdGHubioPAdhsl pd matensl rdread- f r ee
sol ders do not have adequate toughness, they can tend to formcracks in

t he i nt er f adiedupws %@ﬁmﬂﬁé“?lﬁﬁmlﬁ@‘ductf”ﬁél%é?ﬁ@bﬁH‘Eﬁé‘ﬂ%?ﬂddmdﬁrflﬁﬁhﬁ"ﬁ Rlso ci r cui t
board. [O0019]..T n@% &Pcfeﬁgﬁé&tlﬁc&%lgﬂkn Bl AELEYS gﬁj t[hégﬁ%nl%ltger ation of the

above factors, urpose of offerin ni que of
suppressi ng sdﬂm@lectbahg:enb@dmhdm:@ﬁnsdevﬂﬂﬁeknowhm “todv-k epetaatelnite ushanges

when flip-chip nounting seniconductor, elenments onto buildup type circuit
boar ds usi nd® EftiREEdHB IR o frAREiEiBs BESTS-b Py 4PpE Bi5h fidkselt {° POEERS gni ng

the underfi ¢ inB B8GR5 SANGS W Wirel B‘%eéﬁ(t@rpéi‘ehﬁdoﬁ&ucﬂfr dblBes Blaf Ghbkdie O d.

Means for Solving the Problens [0020] The present invention offers a
sem conduct dughdpeedewitl high aditkshiiyz eddifjonaltyo mpterials ngt cantaining Iad atgoar d

d I t t ed
o The. ol rc PO 07 4° Mt Pl e mRRls e CRBRcl ArHGroar

conposi ti on efditdniiagt. t he gap between the sem conductor el enment and the
circuit board; -5- wherein the thickness of the core is at nost 500 m
the cH®tdli ci ent -oFhetor@inivede obsasengs bush as ¢racks idicpted Albpve Hicrmes R of the core

from roomt ?%nggd%h% Fol-R agg%lgoﬂlz SeelshiANS 120 Loﬁﬂpﬁfx{g%ﬁ e?allgﬁo g& most 15

ppn C, the c iclent o erma expansion in t nes Irection
of the cor e havcieqoemdcapal aiehigte. tihetchee, gihas Srekdeansintih@Berhiesnaactat ure i s
at nost 18 ppmi C. the coefficient of thermal expansion of the
enc aps ul ati ﬁglprd@g e package warpage or the like, cracks may appear in the low-k film even if
the degree of stress is not very high. Additionally, since lead-free solders do not have
adequate toughness, they can tend to form cracks in the interfaces between the bumps,
the semiconductor chip and the circuit board.
10019} The present.invention was achieved in consideration of the above factors, and
has the purpose of offering a technique of suppressing damage to semiconductor devices
due to temperature changes when flip-chip mounting semiconductor elements onto
buildup type circuit boards using structures with thinned cores, by appropriately
designing the underfill in accordance with the properties of the circuit board.
Means for Solving the Problems
[0020] The present invention offers a semiconductor device characterized by
comprising a circuit board comprising a core and a buildup layer; a semiconductor

element connected to the circuit board via metal bumps; and a encapsulating resin

composition filling the gap between the semiconductor element and the circuit board;



conposition fromroomtenperature to the glass transition tenperature is
at least 15 ppm C and at nost 30 ppm C, and the glass transition
tenperature Tg (C) by TMA analysis of the encapsulating resin
conposition satisfies the equation 75 5 Tg < 112. ST+ 95, where T (nm is
the thickness of the core. [0021] Aecording to this structure, when
flip-chip nounting a sem conductor elenent onto a buildup type circuit
board usi “gwﬁ ﬁ«rtﬁb%%q&?esé%fh&c&eﬂiﬁt%%o&ﬂ&ethe e&%{eﬁto@ﬁ—‘[’ehg 5&?"
coefficient of therna expansion 1s used oh the circui oarda, and t he
coef fi ci ent inghe pltaﬂmednfaitlomufpba"mraimrmﬂﬂngbrap@athfeam&ktglaen’trapmhm of t he
underfill are ap ropri atel de ned i.n accordance wth the t hi ckness
and coeffi CFQEWFTE e s pyagy 1 ogfficient gt theymal expppsioppy the thitknessi ng

stresses i NghhGoSemhESRAHE %mciams&&uﬁ@y&@glammqgaa{t@a L9 ot he circuit
board due to tenperature changes, and suppressi ng danage to the

sem conduct owstd8ypmEC; tdue)etfmlet\t@tfrpen@@tl expangdref glesncdp@2Rig résitdi t i onal | y,

th t t t h t d b
conpr 51 ng. SVHTAN FOBBUPHTBRBFTAP 1 Ao I AR BT B Thyor . a

sem conduct gpm/ €hLRMMRHMosERPPEFICEshd e SIRA tGhJiEM t&mﬁ@ﬁﬁﬁ T$I() BRITRIA burrps
and a encapsul ating resin conposition fillin ap between the

sem conduct afalesise, ?ncamulathhereémrcernmmboafrttsfles tkrmrl@ion 75 Régeil2Adit board

conprises a u u ayer the thickness of the core is at
nost 500 mt)? %g%gt Ejgsltgen E?egﬁ{erer%{ expansion in the planar direction

of thpo2igore fromdaaaig tehpefradteavited fiP@ighasding b adsicdridadol daRar at ure is
at nost 15 ppmiC, _the coefficient of thermal expansion in the thickness
direction oPntPREURIPEYReHAERBHA usIERsERARE Mathpshifprd qgTeaseore haxgiat i on

tenperature srha':‘ll &}Efﬁmtof ﬂ'@rﬂ%g %51&“?%%8 %Il Me%lrgﬁttboglfd ar%dnﬁé‘ Mflc@ﬁ(tQ’@nS' on of

the encapsulating resin conposition fromroomtenperature to the glass
transi ti on temdegtaosien arsl gietss fr@aiivpn p&niy the@ndertill ate appopriddy ppnrg‘nﬁgl and the

glass transition te erature T anal SIS f t he sul ating
resin conpodl ITBHRSKIT ﬂB@‘“fsﬁg %ﬁ%’f’fﬁ%{ Btr?lyt‘\ a*rexP eéorf "I”ew*'p
where T (m"f}ehleﬁn% HRsdefinGhdREFofductdBevieRuBed b &Je?&]naﬁ&c&ms di}GmEKbaFd’“ s

structure, when tlip-chip nmounting a sem conductor elenent -6- on a

bui | dup typéueiOﬁ@werahbr@ahadlgﬁssmgh@ﬁ sgpprawsing dampgetth the serhicenssdioedavise a core
with a small effi thermal expansion is used for the circuit
board, and fiﬁ%t%gonégefeﬁ%rl%gllrﬂng t hermal expansion and glass transition

poi nt [oojz]t he undexdditidnaidf ge @mpdrrmpmxatoﬁbﬁerdesdngmduct&ﬂue&e@@hﬁa@ﬂ@dm th the
t hi ckness and coefficient of thermal expansion of the core in view of

t he char act &F PERRTEING 3T hopre! comprisingratore anfla bpildundaysy: asgraisonsliyrtetup

layers, theLgh¥nt connected to the circuit board via metal bumps; and a encapsulating resin

composition filling the gap between the semiconductor element and the circuit board;
wherein the circuit board comprises at most three buildup layers; the thickness of the
core is at most 500 pum; the coefficient of thermal expansion in the planar direction of the
core from room temperature to the glass transition temperature is at most 15 ppm/°C; the
coefficient of thermal expansion in the thickness direction of the core from room
terhperature to the glass transition temperature is at most 18 ppm/°C; the coefficient of
thermal expansion of the encapsulating resin composition from room temperature to the
glass transition temperature is at least 15 ppm/°C and at most 30 ppm/°C; and the glass
transition temperature Tg (°C) by TMA analysis of the encapsulating resin composition
satisfies the equation 50 T + 75 < Tg < 125T + 95, where T (mm) is the thickness of the
core.

[0023] According to this structure, when flip-chip mounting a semiconductor element



¥

relieving stresses in the sem conductor device caused by deformation of
the circuit board due to tenperature changes, and thus suppressing
damage to the sem conductor device due to tenperature changes. [0024]
Additionally, the present invention offers a sem conductor device
characterized by conprising a cirecit board conprising a core and a
bui | dup |l ayer; a sem conductor elenent connected to the circuit board
via netal b s . er i i ition fillil t he gap
pet voen ¢ ho uRps ko b A ARG AR Ak s R RE i  BRTRATLE 0 L B 1T

t hi ckness otocfflientd tieernns egfansios is ubdforthe ciichieb@6d, @nd thefcoutiimsht by
inpregnating a fiber substrate with a resin _conposition conprising a
cyanat e resPl™3 egRaHY andgdassirangition gojghaf theaaderilh arg 2gproprely deigaed i || er
and curi ng; i fgGRel \f\rit}ﬂh@%cﬁéss%éﬂcie%%ﬁﬁ%ﬁﬁsioﬁ SenLBRARAL T Ng

resin conposition fromroomtenperature to the ass transition

t enper at ur e of the etardciedigic cdrilipaivberathere ate thies dr 180 bpiphipGyyesnidletelie gl ass

transition tenperature Tg (C TVA anal ysj s, of the encapsulating resin
Composi t 1 onSEPRETREE Py ettt i s S badinnie GHCRRE B oy 1 <
the thi cknegge Qfterhpt@at €@ RangsDNAThuAGEReHing Bafhelth it s&rhitstlubtbedevitBen
flip-chip nounting a sem conductor el'enent on a buildup type circuit

boar d usi ngdue witerpperatere cginges.- a t hi nned core, a core of a characteristic

conposithon is usgd.for e circuit board, and the cogeffli t .of therma
EJP%L:[' delt O%algé : F Presen? 1Or|iv%1}t108 Pf:fef‘r%a semlﬁ)glatftcit(l)rl deeglge nt

Im%c erized.
expan and glass tra on p e un e appropriately

desi gned i nby agg@isthgAeRculd HohrdichRpiidihCkddassdandil 4Q RS atstfioiuctbhe cor e,
thereby relieving stresses in the sem conductor device caused by
def or mat i on esmentigennertpdigithe gt bpalida metat sy ad gp encaptidpiige &esinand t hus

suppr essing,, f36n Eifﬁn% he g?@ﬁ@'tvt@%g%bcsﬁzﬁfm%‘éio? Slelbif ah @il CHRSERLM! ©

changes. [002 Addi t1 onal present 1 nvention offers a
sem conduct evheganthebickinas efchespieded mdoys508 gnpthie soral farmed bg impregratingla
conpri sing %Pcore and_$ﬁbulldu | ayer; a .sem conductor . el ement connected

to the circtPf BEEPE NP4 it QrPSHRELCMERE S BREUDETN-A FRE° FEly

conmposi ti on epduylrdsRthnti BR irGAPNREINESR Lifies; BRSNS REME] &PRRInand t he
circuit board;  wherein the circuit board conprises at nost three buil dup
| ayers; t he therphedppdaringgésin demposition feag rwoingeraperatpretto @ Glapatrangiien core i s

formed by i qpreanating e id Rer-cUbeh balSoWhhRCA(iGR] a. ROIRER! L1 On
conprising a ¢yanate resi n,Pra phenol Tesr Al an epoxy’ resin and an

i norgani ¢ fdnhgeRityre 38 GCEbY TVG and118s of ORfehdapiifdling edsinl dRpsationexpaasheon of
t he encapsul ating resin osition fromroomtenperature to the gl ass

CO
transition FeHPer arules %1%‘55%)5!' whee T{mm) jsihg thickness ofthefssr 30 ppmf C; and
the g h)@% transi tA&&dﬁ%@%ﬁs@h’d&&reﬁghéﬁ@ip—pMp ;;Mehting a semiconductor element

on a buildup type circuit board using a structure with a thinned core, a core of a
characteristic composition ié used for the circuit board, and the coefficient of thermal
expansion and glass transition point of the underfill are appropriately designed in
accordance with the thickness and composition of the core, thereby relieving stresses in '
the semiconductor device caused by deformation of the circuit board due to temperature
changes, and thus suppressing damage to the semiconductor device due to temperature
changes.

[0026] Additionally, the present invention offers a semiconductor device characterized
by comprising a circuit board comprising a core and a buildup layer; a semiconductor
element connected to the circuit board via metal bumps; and a encapsulating resin
composition filling the gap between the semiconductor element and the circuit board;

wherein the circuit board comprises at most three buildup layers; the thickness of the



anal ysis of the encapsulating resin conposition satisfies the equation
50T + 75<_ Tg < 125T + 95, where T (mm) is the thickness of the core.

- [0027] According to this structure, when flip-chip nmounting a

sem conductor elenment on a buildup type circuit board using a structure
.wWth a thinned core, a core of a characteristic conposition is used for
the circuit board, and the coefficient of thernal expansi on and gl ass
transition er a esigned in

accor dance \%QJ% {%g rﬁI’St%@ Elgescglteéén r@%den O]E[ fe atm %%t}%esg%%?%wlﬁ a\ffsérbv of the
char act eri stdmposiciomehinipirBing a\Whr@bte kB3R £plahel résh{ eemiy ke@Bmanbth indigpnik ayer s,

t hereby rel | eving stresses in the sem conductor device caused by

def or mat i onfbf aAEwEs; b reeflisisat of thegpalepangpnefitht irwsulatingi§ds . and t hus
suppr essi ng,, 6 BOm b éﬁgbﬁ&%@ﬁe as86 ¥sfiiBn @Lugge;aqlrre RIPRIRIr €
changes. Effects of the Invention Accor di to the present

i nventi on, vxmﬁcfahdgrmm?;ﬂpmmamghaglaamammmluetpnrameﬁgm‘@)by oMt20 a
bui | dup type ¢irc oard using a structur ore t he
nder 1111 P Eisiseb i Fper H bR seup o S B AR T e BiSher t | e of
t he circuit 193508, whetdWignnHUPBE 83&h&godadmagEe t o the sem conduct or device
due to tenperature changes. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0029]

[ Fi g. [0837] A phot ogﬁrfa?rﬁmgdrrth@ﬁphwrm‘ﬁgmﬂwhm mowtting e sephicendoetpr ebaragtict or
device accordi Q%ldu %Q’lre it %drlclmsl a iﬁuc eWQtLa'&nnn gtl an c\c/){"ee for

expl-ai ni ng thé S R RAFRG hnbIogices™i™n “Int ér posers.

[Fig. 3] A @mﬂ&%%ﬁt&bmﬁbs&gfnaéﬂsfed)for &iélairaiuﬂ:loﬁlg :iﬂﬁl&heﬁ@)&ﬂflgﬂnt@f tharnilli | dup type
interposer. [Fig. 4] A section view for explaining the structure of. a
seni conduct SPAREY] 2 seTEREIAYPOIRT Hi¢ unAwB rvapRroPEately designedins ect i on vi ew
for expl ai n'a&grdtapc% uﬁﬁ-lrtll[l&h}&r?esso; haBoBIEABAME LAL 1 IRM) GAhARGALGIRY 1O an
enbodi nent. - 8- . 61 A section View for exp1 ai ni ng an exanpl e of
failure in aoxtdltuoms Wﬁterﬁfiﬂ(emyeplaee Sders bmhhjp(bstyms thkevtiyoelievingisgessésfin thesect i on

phot ograph for ex | ai con{gltlons nder Wm g cracks occur in a

Phin  BC. Boa“FypBABum EsRAmergey degriuon PR a] PR JHE DR T agr am 1 or

expl ai ni ng e ARFRIRISP Pﬁ%{ngaymﬁg’ea&&é s@RidNdutthr debiedsab dlpehps in a
uct

thin FC- BGA type sem con devi ce
changes.
Effects of the Invention
[0028] According to the present invention, when flip-chip mounting a semiconductor

element onto a buildup type circuit board using a structure with a thinned core, the
underfill is appropriately designed in accordance with the properties of the circuit board,

thus suppressing damage to the semiconductor device due to temperature changes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] -[Fig. 1] A photograph for explaining the structure of a semiconductor device according
to an embodiment.
[Fig.2] A section view for explaining the development of thinning technologies in
interposers.
[Fig. 3] A conceptual diagram for explaining the design of a buildup type interposer.
[Fig. 4] A section view for explaining the structure of a semiconductor device according
to an embodiment.
[Fig. 5] = A section view for explaining the structure of a semiconductor device according

to an embodiment.
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Fig. 9] A graph for explaining the results of thermal cycling tests in a
h|n FC-BGA type sem conductor device using a 1-2-1 type interposer.

Fig. 10] A graph for explaining the results of thermal cycling tests in
a thin FCBGA type sem conductor device using a 2-2-2 type interposer.
[Fig. 11] A graph for explaining tk results of thermal cycling tests in
a thin FC-BGA type sem conductor device using a 3-2-3 type interposer.

[Fig. 12] A@’ @P@Je&fon%f@ll ?Bguﬁ ?\e& é&f%alﬁltre 1&1%%51@&( yp(e:tkq;vg'g tests in

a thin FCGBGA type sem conductor eV| using a nt er poser.
[ 0030] 100 momdmcﬂlmtcdeate package 102 silicon chip 104 core 106 buil dup
strate bump 112 upderfill 120

| ayer 108 I_t giza g SOlt,lq E
not her boar d ‘“@'&tﬁ’ﬁ darlyspal for ‘“f%@ﬁ 'é&oc“fdﬁ‘r?f‘%wﬂié’{/w igh gipd ofbES FOR
CARRYI NG OUT il h@b(%hgglsg}[c&gqag,]deldggebel ow, nodes for carrying out the

invention shall be explained wth reference to the drawings. In all of
t he drawi ng#ig.8her wamptuabdiagrarn frerkEaising e ntﬁehamsndwhm¢bedrablgﬁ dehe irsane
reference n he om tted where

nb d. t | t
appropri at elEl1 f‘e)lsgf’]"‘%gﬁlr?bah‘ mrrge]%&) &r’%‘ hji(‘)cg’gﬁ 0ét‘jl?)"r“'*epackage Usi ng 1-2-1-type

Mil tilayer §uhst rogept Pr &phirdnglhé ﬁéﬁﬁts@ﬂﬂlﬁmﬂawnng&mmaﬁlﬁycaamtgzpeng | ayer
is provided on both surfaces -9- of a core, and a buildup layer having a

wiring | ayepentisonfygtensisyics esinged-Thtypointerraset aces thereof. That is,

begi nni ng fjeﬁghé]f}a?gr?&%o?&plan tg;'e e beSuIRFPin ‘é‘%r( %}%11?52%&{ inQhih EE-B%AH?%CQ of a

bui | dup | ayer ayers core, er on the surface of a
bui | dup Iayearmlcon‘dhctmrhlemeﬁslmgarmqpeintermerknovm as a 1-2-1 type
mul til ayer substrate. %8033 Summary of Present Enbodi nent |In the present

embodi nent , UigtHAHRR 'Eiﬁ{af‘}‘r‘g%t?‘%feé‘fjrﬁlof)&}‘éﬁlaéqul%e%‘f‘ﬁéﬂn%ﬁ ARt i ng

sem conduct Ui B IR RvikcOushet I L3liybe A HeaSUCh as an interposer. Fig. 1
is a

[Fig. 12] A graph for explaining the results of thermal cycling tests in a thin FC-BGA type

semiconductor device using a 4-2-4 type interposer.
[0030] 100 semiconductor package

102 silicon chip

104  core

106 buildup layer

108 multilayer substrate

110 solder bump

112 underfill

120 motherboard

122 secondary ball

1000 electronic device

BEST MODES FOR CARRYING OUT THE INVENTION

[0031] Herebelow, modes for carrying out the invention shall be explained with
reference to the drawings. In all of the drawings, the same constituents shall be
indicated by the same reference numbers, and their explanations will be omitted where
appropriate.

[0032] <Embodiment 1> Semiconductor Package Using 1-2-1-type Multilayer Substrate

In a 1-2-1 type multilayer substrate, a wiring layer is provided on both surfaces



phot ograph for explaining the constitution of an electronic device 1000

i ncluding the sem conductor package 100 according to the enbodinent. In
-this sem conductor package 100, a silicon chip 102 which is a

sem conductor elenment is connected to a nmultilayer substrate (lam nate)
108 which is a circuit board by flip-chip nounting. Additionally, the
“area between the silicon chip 102 and the nultilayer substrate 108 is
filled with ' i i I Wi ' nesi osi tion.
A 1 onal 1 e P R P RS
connect ed t therdog Thathe bigdaning frob? e bottdno thaxsin o weicihg bpereondesudae 000

overall. [0034 ince flip-chip nmounting is used to nt . the silicon

chi b 102 onPBIdg e by BT EsE ok st e THECSSAPEHAIOFD package
100, the SUKfaBEs Af rehddR itSE kiohAs § MDA typkQRudagh: theraml ti | ayer substrate
108 are electrically connected not by using wires such as in wre

bondi H§33] buummeryed PisgentBmbedinfntsol der bunps (not shown) which are
projecting termmnals that are arranged in an array. Additionally, the
sem conduct or paclﬁg]&éj 6 ef@o‘%l Flel'P gglgrrfhoélg 1%5{31881}615};%&3‘ %eer“?o%elaor 5091/20 Vi a
sol der bunpsnduftig shaviguctor B18R&]ts folaicRea it HofrdFatH Hsiah ghtdtpsset. heigadvant age of
enabling high-density nmounting due to fact that the nounting area can be
reduced i n FOABEPPERSOPEINRG 18° HEREieR of apgeittionis ayirel00¢ inglydiagthe npunt i ng

al so has th%erﬁﬁ&@lﬂ&t&g&cﬁg_er%%%%i%&&%%%&ﬁeﬁ@' n tﬂfa@%ﬁi’&&idﬁ&opue to the

shortness of the wri'ng. "There since the sem conductor package 100
cont ai ned i patkage @), ectlicanthip W wihind idk30ficofidictve elphes énbnexied di arent has a

silicon chip 2 flip-chip no d on a multilayer sybstrate 108, it is
Sui tod tot RuTdREE BitPane i BBP b P b oisEey oy IR REVERES a' st r ong
demand for CQRIRRGAFEHS areibbiléed e SMRbOOp 102 @RE tHe SrMiGRr fbaiieBYs Circuits
in which electrical properties are inportant. [0036] Fig. 2 is a section

vi ew for expilled withgn urivierfilay 2 vbishisan errhipsuliting Fesig compépitiono g dditionally,

i nterposers._ _Convent.ional | h ores q ltilayer strates such as
|t o poser s 2 TaoE R B s BeRlorh b ik BIGHOMERE )

- On the ot her2tw@igim dmetehdnic dddice y@abeerllave seen increased thinni ng of

mul tilayer substrates (thinning of cores and buildup |ayers) as shown in
Figs. [%88) and 2(¥ycediphinmeringmintyetiavmrageslionchipd® ovetect i ons in
substrate comhldMmLRL-AL fsGORE SrBMIRLASRARLD OGRS Lo Bl AYeT

substrates and t I nprovenents in electric properties. [0037] 'However,
t hi nni ng of 1Adrtdithayeltilagerissltstrated 88 dreeead@by canherteglawt lgusingseregsbudras | ous

| ssues (het hove conventi spaliv RLepcolen Sponlem i lauee
cores and bubrbGiil tha YRS aSchnged W fSartaC I QAS@RAally, the semiconductor package 100 is
itself connected to a motherboard 120 via solder bumps (not shown).
[0035] Flip-chip mounting has the advantage of enabling high-density mounting due
to fact that the mounting area can be reduced in comparison to wire bonding.
Additionally, flip-chip mounting also has the advantage of having good electrical
properties due to the shortness of the wiring. Therefore, since the semiconductor
package 100 contained in the electronic device 1000 of the present embodiment has a
silicon chip 102 flip-chip mounted on a multilayer substrate 108, it is suited to the circuits
in portable devices for which there is a strong demand for compactness and light weight,
and to high frequency circuits in which electrical properties are important.
[0036] Fig. 2 is a section view for explaining the development of thinning technologies
in interposers. Conventionally, the cores of multilayer substrates such as interposers

have had a thickness of about 0.8 mm as shown in Fig. 2(a). On the other hand, recent



war page of sem conduct or packages overall, as a result of which the
stress on sem conductor chips having |owk |ayers which tend to be

- mechani cally weak can increase and nake sen conductor chips nore
susceptible to damage. Additionally, the increased warpage of the

sem conduct or package overall can &ffect secondary nounting of the
sem conduct or package to notherboards and the Iike. [0038] Furthernore,

the increasgd wakp - & &ggﬁl ver bl tend to
reduce the gr ot ectlgegﬁmg{eaﬁtegaﬁlﬁgée u#%’fsep\giﬂ??tg%&?g%é] (ff erLsn%vghani cally
brittle bubuidupdeyetssas showi @deptd(ly) aod2Ehiets e mdbeadvaniegyd kidaagent al

regul ations, and to cause damage to portions of connection between the

seni conduct SFUFLER Hguestairgoshimateyali epts and pyagepsinacost) 9688412 ius . the recent

demand for thisBReS ana@id iePRAVGLAL inRREKAISRHHBRSs | ed to the use of
materials different fromthose that have been conventionally used in the

mat er (0884 for f diewave, Semirgohtubitlayer sohitpes ogcaseatheséridustets dfuarpsis f or
connecting sem conduct or chi an ircujit boards ich in_ turn has |ed
Lo need r SruRaan PG e aRbn R hrraBP e T ERPsog BRI Wt folse elEl opnent o
[0040] Fig. tdnhiSg & naMMERP kubiratell (BGHAR Jf edre%R bRillipNgyetH QbR Hicgascal a

bui l dup type interposer. Wile this drawing concerns the design of a
3-2-3 type BiarRagegf sepisendupiat pacireserverallips agseplt atvalifiothe it 'es t o desi gn of
bui | dup type_|. . - : - 2- e 4-2-4 type as

vel | . [0041?6@8‘%\%3%%‘5 %%EPEE‘Q‘I‘“ IEO%I ké?é%%%‘s%?‘ﬁ'?é&%@?“?@ hweaag “The” thin

bui | dup typéncraateaih @g@é senrtfontiitorphipsmbte sedrhaibiare Aimagee pddaaiy thay

| am nating both surfaces of a core 104 with c¢ircuit wiring 114

consi sting ST RHTFEFPIE Pf thejertigadicar @ackpgrqvrial caufert StPRG WP HEi | dup

l'ayers 106, o@mgsénllawnhsaoﬂIﬂmag@ioin&gheewams%a fidike W ring 114. The

| ami nation of buildup layers 106 and circuit wiring 114 is repeated

t hr ee[@3dles on edhthewrorade ingeasddevarieege ofthe semi@nguBorippgegstvedvalte. | n
this way, a ,3-2-3t bui | dup i.nterposer i bt ai ned, -11- [0042]
I this casdiinaar el B iR SR nEet srr e e ST e e hGes and
the coeffi cibiwhdé udchefermlly BXDARE AR tOénvirbemenul kdguAY6s, S1dbstdied € 108 wi | |
be largely affected by the thickness and coefficient of thermal

expansi on ofdafpge tg ppEond conpeion P wesn the sepirendyreqy packagss aprbralipyaei on due
to tenperatype,changes and the coefficient of thermal expansion of the
mul tilayer substrate 108 will be affected not only by the coefficient of
t her milo3®xpansi onftaf, thdrecepddaenab0dyr thitrier adnScntihadr patkapdschablad katipudeay er

3' g?rp e:. Q.t 3??0%;%‘%25%(%)‘1]5%‘3%%{6?&]: @g%?ﬂ;q% é@%ﬁ?endc%g\te%teion%];ly gseefd?ri tr}];g&r{a’%?ialg 0? to

forming semiconductor chips and material of bumps for connecting semiconductor chips
and circuit boards, which in turn has led to a need for newly designed underfills to cope
with these developments.

[0040] Fig. 3 is a conceptual diagram for explaining the design of a buildup t).rpe
interposer. While this drawing concerns the design of a 3-2-3 type buildup type
interposer, the explanation applies to design of buildup type interposers of 1-2-1 type,
2-2-2 type and 4-2-4 type as well.

[0041] Buildup type multilayer substrates 108 such as the thin buildup type interposer
of the present embodiment are prepared by laminating both surfaces of a core 104 with
circuit wiring 114 consisting of copper foil or the like, further laminating with buildup
layers 106, and further Jaminating with circuit wiring 114. The lamination of buildup
layers 106 and circuit wiring 114 is repeated three times on each surface in the case of a

3-2-3 type structure. In this way, a 3-2-3 type buildup type interposer is obtained.



of thermal expansion of the nmultilayer substrate 108 will al so be

af fected sonewhat by other factors such as the |amnar structure of the
- multilayer substrate 108, the thickness of the buildup |ayer 106, and
the thickness of the circuit wiring 114 consisting of copper foil or the
i ke. [0043] However, since the degree of deformation due to tenperature
changes and the coefficient of thermal expansion of the nmultil ayer

subst 108 is rticularly affecte anong t hese factor by the
Thi okoBBE 2 codf P EHr SRt i aRUP Bh PR e 0Era . < e

degree of defeicint df eerdl @xfaBsibesIes miiltkGerGltanae $080id bk Regesoghitbei ent  of
thermal expansion of the nultilayer substrate 108 can be determ ned with
consi der abl BY {he Buskapss and gopifisiertof tesnah grraprdon ¢4 theleped 84 apddiciontllyithe ent of
thermal exp i - stitution of
t he presentaﬂ%%%%?%éﬁ%mﬁf?@ﬁﬁgigégwgggéﬁgfﬁﬁ&gg?%%#&“@?ghgﬁ?a) is a
section vi ewphagdionsf feanuliilagpr substrao1iStwill b¢ affertedhotanydmtiecnetidéant package
100 accordig% t? an enbadi ment,, The sem conductor package 100 expl ai ned
in detail bEFHH GFEESIA HHfiefornlPt Prigyethas aifas Pudup e 176-c & T Wui | dup

| ayers) 108 tﬁééetfgktﬁs, ﬂ&eﬂie&ﬂé@ gﬁ&fd?&a@ctn Jde %Ir telﬁggatg}é- a eggr[d tl;lé-)coﬁﬁitcﬂ-e&f y t he
demand for high-density nounting described above. 10045] However, in the

pr esent enbedherent expasiosxpihamubidayisedubstrate 198 wilbdfoflieaffentid sofewhdiby mal
expansi on an | ass transition point of. the underfil e desi gned
appropri at eP%'e 5‘33%' ) h % %5{ ¢ Etﬁ“écst,usr e ghihe %‘B%IFaP’FICS’lu Sﬁ’taleolg’ %t eglﬁlﬁlg]essex pansi on
of the coreofliBdbuiRfip ther 106)iand td kitididaay Of the tiiglt iadig; 110 EonsietirdSof teppeodl Ve t he
various problens that are aggravated by the thinning of the nultilayer
substrate 1&8lortelke as denonstrated by the experimental data provided

bel o ducti onsyl el.iabili I r
condi(P%ﬁs can bzﬁ%ﬂ?%ﬁﬁ(gggﬁ%1¥%§§§§%RT%Q?3?E%ﬁkgﬂggﬁgggﬁgﬁﬁgg?apackage
100 conpri sesffricntifithdrayekpsibs birthd mulli@eriahstiag 168 is paticdatyafftddd, and

bui | dup layers 106, .and a silicon chjp 102 connected to the nultil ayer
subst rat e 1880 B 1Sy PR ass ndgpafiEPy AR Fran e RS ¢ he

silicon chi &eﬂe@%ee &tk hgionalt 1J téi{gératﬁmﬁ&r{g@g #d M obicibrtlol @G th an
underfill 112. The buildup | ayers 106 contained in the multilayer

substrat e 1egavaepritvendhieydr sybsirate Hsaac be ditmingfl withgorpolewble@4ecisfod047] The
Sem conduct B PRRUPEE CeataeERORAT Rk TR B Pats SR8 ana bui 1 dup
| ayer god6, t he Hasbelodhwpmhe EorStitasd dti pt&8nthabodimefilill be 6QRshedth Ng Of
copper foil on.both surfaces of the
_ detail. -
Fig. 4(a) is a section view for explaining the constitution of a semiconductor
package 100 according to an embodiment. The semiconductor package 100 explained
in detail below uses a thin multilayer substrate (thin core and buildup layers) 108 with a
thickness of at most 500 um in order to satisfy the demand for high-density mounting
described above.
[0045] However, in the present embodiment, as explained below, the coefficient of
thermal expansion and glass transition point of the underfill 112 are designed
appropriately based on the thickness and coefficient of thermal expansion of the core 104
of the thin multilayer substrate 108 so as to solve the various problems that are
aggravated by the thinning of the multilayer substrate 108. Thus, as demonstrated by
the experimental data provided below, reductions in reliability due to changes in

temperature conditions can be suitably suppressed.

[0046] This semiconductor package 100 comprises a multilayer substrate 108 having a



core 104 and the buildup |ayer 106, and can therefore be considered to be
a type of circuit board. Furthernore, the silicon chip 102 is an el enent
- havi ng the sem conductor silicon as a base material and can be
considered to be a type of sem conductor elenent. [0048] Furthernore, the
sol der bunps 110 are bunps consistildg of netals not containing | ead, and
can be considered to be a type of nmetal bunp. Additionally, the

under i1l Lage 16 aflg hRKB LETRAR bid LR LY %&&%@&mgﬂaml gap between

t he S|I|conC|p 1 tllayer strate 10 can be
consi der ed tubsipae H8tvigeeldef buanpcaps uhﬂdmngally,nlﬁsgap betorpobe tili@n.chip0®9] | n

h til 108, hi ck f th 104
500 pm pr HGP DY e e eaBbl AR FOrEeg by JbY Grgee fiee %00 pm By

hol di ng thecor&meam@@%ma}teh&ba%@mbQorﬂﬁls@gﬁ@a}ebaﬁegcﬂaa@oﬂﬁé MeSoal t 1S
possible to reduce the cost of production (nmaterial costs and processing

cost siP081 t he nulThe F@yeqndB@Wdag@lU%&betChm@tﬁﬁ to bepiypeding t he el ectri cal

Sl gnal  dor Ay ik n deeBoBE o & Futi e AL AR MG R Ot T

power  suppki¢ nhditit@yer YWbsirfte idse,\aﬁn@m ORMistiA Gitdog}bﬂr 8dil In®OBYsutrhddt §%heon t he
t hi ckness of the core 104, it should prefera be at least 20 pmin

view of pr ot 1 ¥4sRd Heduidurdnxse Fpﬁc%\ﬁﬁltl‘éiﬁfaquWOHSEWP bagierpe ploratit y, in
this multilgyer Sf‘dp:ﬁérlér@&ethégﬁeontcﬁg 169854 ngﬁlﬁﬂﬁmgﬁrfé% PSR U %@ﬁahéﬂ on in
e n

the planar direction analysis, 1n rection a
di rection) eofaldencorid aﬂ.cDéhnfDEmﬁa@d’td}&mpﬁfeaifsﬁnﬁcdndu&MI@ea’ss transition

t enpe re is at st 1 C and_preferably at npst 1 pm C. |If the
corer? f [06%8 nt of tH&F f“oreeg"ﬁéﬁg%réﬁmpﬁ”t%ﬁgbb‘F“&ﬁé‘fX‘s’dee‘lff"}eH‘ﬂ?”(S’F the core 104

is held to @&mﬁ’ﬁlﬁ% 1ehd) GREcanBE E@éﬁeﬁeﬁ%éatqéﬁe%f n{é%ﬁhﬂi € AaRitRHAR RS S
expansi on and contraction in the planar direction of the coré 104 due to

changes i n uedmpél HLE wrae'ea;mmtmoslbwsfor ert\twulahlh@we s @tvpﬁpn @Esullngl @jpansi on

d 1 1 t t 108.
Tl o her o30S it By e s S Bidtn®y Fte 2 baf PRSI et ol

expansi on i Bestnhem bﬁnﬁr direction of -13- the core 104, it should

preferably be at |east 10 ppmi C for production purposes. [0051]
Furt hEPdre, in tiaths multiayegylstrate 40 thedhigkngp@f the pere d4ds atimase? HB¥ t her nal

expansi on. | Bt N SKNRB Bk G4 ABrLBlY TN 200k "tFflitand Lon, al) of

the core 10 roomtenperature to ass tra tenperature
is at nmost I8ckppurbOhande topoefes tih thetvalues tt 1sj;ﬁ)sqﬂ1ﬂéﬂoeeddcé thelest gioef f i ci ent
of thernal ﬁ)panslon in.the thickness direction of the core 104 is held

to at nost PHEGEpIMgEEal costiand procgssing easts) ofthe pigltilayerspbsirate 108 eteby oy and
CONt r act | ON kot tHelieE kPR SRpAEEC FidRr@bre NG p&abR @ AbpiuPnt 0 changes in

generation of signal delays, crosstalk noise and variations in the potential of the power
supply line. While there are not particular lower limits on the thickness of the core 104,
it should preferably be at least 20 um in view of production and strength considerations.
[0050] Additionally, in this multilayer substrate 108, the coefficient of thermal
expansion in the planar direction (by TMA analysis, in the X direction and the Y
direction) ;)f the core 104 from room temperature io the glass fransition temperature is at
most 15 ppm/°C and preferably at most 13 ppm/°C. If the coefficient of thermal
expansion in the planar direction of the core 104 is held to at most these values, then it is
possible to suppress expansion and contraction in the planar direction of the core 104
due to changes in temperature conditions, thus likewise suppressing expansion and
contraction in the planar direction of the multilayer substrate 108. While there are no

particular lower limits on the coefficient of thermal expansion in the planar direction of



tenperature conditions, thus |ikew se suppressing expansi on and
contraction in the thickness direction of the nultilayer substrate 108.
- While there are no particular lower |[|imts on the coefficient of thernal
expansion in the thickness direction of the core 104, it should
preferably be at |east 10 ppm C fori3producti on purposes. [0052] The

nmet hod of nmeasuring the coefficient of t hermal expansion (CTE) of the
core is as [ at.e . lan per on both
sides is etg&%ﬁk%@%gsﬁ?%i g%%%&Q gﬁ? é%ngﬁg%aﬁﬁﬁﬁnM%% tphety ‘est pieces
are cposiput fr omhukhbermars, ﬂnahledmpilzq(teﬁsubmamm thd doeffition @f mu@hanal and

| ateral directions, and a TMA anal yzer Instrunents) is used to

measure t he ®G3BTM Bitkethichessdisttion I(byég%‘éfﬁ% F}an qirsctioner 1) i ©EAA P mand
| ateral it aghi @B e o0 LGABRLARS) R £R%A 1o Hh5-d gpgl L udi nal

direction and tension node i n the ral directio [ 0053]

Addi ti onal | yrefﬂrablyt drtmsasmﬁlppmV"@yeIf tlszub@‘hmmt of th@hal etthsmonreth&ﬂxﬂcknsssf or med by
|npregnat|n jth a resin co sition rising a cyanat e
oo panatt T ibn Py TR D K el R 1RO OB R e Bt RarY an
curing. A cef}ﬁnw,rtmlésmraanorgﬂmeq%tme@ralﬂeamﬁapua@b&enﬁds.la&d @bt the
above-nentioned conditions for the coefficient of thermal expansion

whi | e mai nt éﬁnmerﬁgirvmﬁdwgs,ﬁruebbﬁl%@gpm@@gsa?ayswrofrndtch@a@mrem11@4 such as
t he strengt B i.m. zJ d n t he conbin el of
yanat e r oo Hicks BRbciEh 8 M L BHRRLATRE Mgl e SRRARHRL T ooy
resin and f iikiteon thbtodffmeﬁocﬁsﬂehha elgehnsieR B thy/thaBhedSdird-ih dl@\cerereniti oned

coefficient of thermal expansion (CTE) within an appropriate design
range. The &kl praieraBly bept lepshid Py € feyradicaon Bepaeand a filler is

especigihy pref e%@%eﬂ{oﬁ%élash{hén b c%efﬂdieh' Jf ¥kl %ﬁﬂﬁ&&?{c@ﬁ}&% &Hze
thlckness for each layer 1n the | ayers I's at nost

pref erabl y &tasfadlotvs.40 m Addltlonally, the t hi ckness of the bU|Idup

| ayer 106 is at ] ong as the
T A cknese. 1 o O bt iRy e R SR b tefndes ST B 1 ¢ hese
ranges, the edigre birned, ba mai~ ztohﬁnwaQﬂécEéArleaﬁ%&tf&&nbﬁlﬁﬁ%@mﬁdlmmw is

favorably established. Additionally, if the thickness per |ayer of the

bui | dup | aydtedorpigding] aps takeira) dirprtigees, ashrg@dA andherepT ddnsgrmenisidoged tq mat er i al
cost and pr %fﬁ%?é tﬂgcoe‘f}Ste}lt o‘?g\&&?ﬁ 3%’}}£{x£18' ﬂtﬂ\eﬁéﬁgnﬁlfiy 03{18 d terg’ledmeﬁgﬁ{?ﬁd whi | e

mai nt ai ni ng trengtn pro lon sta e buildup | ayers
106, and f ubrykdin (compfessidniodeliethe lodgitidicAlirgriopaiditesn rfdd@Ebhe I N thi s
mul tilayer substrate 108, the thickness for each layer in the wring
| ayers lateral direction}.
[0053] Additionally, in this multilayer substrate 108, the core 104 is formed by
impregnating a fiber matrix with a resin composition comprising a cyanate resin, a
phenol resin, an epoxy resin and an inorganic filler, and curing. A core withsucha
composition is capable of satisfying the above-mentioned conditions for the coefficient of
thermal expansion while maintaining various properties necessary for the core 104 such
as the strength. By optimizing the added amounts in the combination of cyanate resin
and filler (inorganic filler} or the combination of epoxy resin and filler, it is possible to
easily adjust the above-mentioned coefficient of thermal expansion (CTE) within an
appropriate design range. The combination of a novolac cyanate resin and a filler is
especially preferred.
[0054] In this multilayer substrate 108, the thickness for each layer in the buildup
layers 106 is at most 60 pum, preferably at most 40 um. Additionally, the thickness of the

buildup layer 106 is at least 10 um and preferably at least 20 um. As long as the
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(not shown) provided on both surfaces of the core 104 and the surfaces of
the buildup layers 106 is at nost 35 pm preferably at nost 20 pm

- Moreover, the thickness for each layer in the wiring layers is at |east

3 pm preferably at least 10 pm As long as the thickness for each |ayer
inthe wiring layers is within thesé ranges, the Tg function of the
underfill 112 to be explained belowis favorably established.

Addi ti onal | Y@ b B h R er ih R thfliGlBRSS10b Rl iBR{Hesk RHEEs, HE Tt e 1 N9

| ayers is wthin these ranges, It is possMﬁe to reduce the production
cost ( mat er pithe gwtfilldntopre egdasddigloeos fayoralfly bheblivhedi ngddidgrelly, iftthe e

mai ntai ning the electrical .canductivjty and productiqn stability of the
wiring | ayeficnosppsrdivenldng i Fyers 1or s wiin Prermess e PRSPl 108, t he
coefficient Riterfa @il prRXRABSHf IHR blillfipRhyRAAN6 G HE fddl A Wfriiem room
tenperature to the glass transition tenperature of the buildup |ayers
106 is at nowintdEnpivast@ngivraat eraduttipngtabiitysyf @ builgypriyErs @A dndrbirdser
preferably at st .1 &q&fl Co erlesI ong as the coefficient of thernal

expansi on of " R'Re Hul Ieﬁup F;31y8rs 106 is at nost these val ues, then

def or jpedsi ons of  trh éhis tdtilagtBubsay© N8, 1o Ghidadss be esdipkERIRIvYg Ghatgi ng t he
tenperature conditions, thus enabl igtg deformati ons of the nultilayer

substrate 16®ttyBPPYRedpshotsupprastiBeicore Waand the aafacss, of fisibrddamere is no
particul ar 'laglé&@'ioe'ié nfosO53 %?re@& Jét%o‘i{ﬁo ;sn MISLITB! e BERANS tRR, AT the
east 10 ppni

bui l dup layer 106, 1t is preferably at In Vview o
product i on. l4y@0b e witigg lapthioat laft e Juefernlgy ttleasci@efd.i Gisénig aofhet her mal

expansi on of th bui |l dup | ayers. is, as. follows. i nsul ation
Sheets wi tﬁgﬁ%ﬁé@%ﬁﬁﬂaﬁrﬂ@ ﬂ&r‘@,&}% Yol ey heie fansehibe MJ@&W of8r f aces

inside, subj,gedelibe RNSHIBAM bddw LRSLIBly SONBA&ES S hafitBRIIY 8 Bngks a

pressure of 2 MPa and a tenperature of 220 Cin a vacuum press, and the
entire surf deghiginessiier eedppier in thowiring dayers i veithimthese rangesn Btigpossilde tour ed
i nsul ating resi 4 X 20 test Leces were t out fromithe
resul ti ng ctre g ibn g B ERGR aR REESUELFD bR AR bR 15

expansi on Wwagirb@eisg e dleatical tonGhdtivit bl fr¥ddtidMiabARR bk Wir(nfAayeRSt r unent s) .
Since the CTE of the buildup Ia){ers is the sane I n the planar direction
and t H8%6hi cknessrddifignalby indhis muftilayer sufstratectiO@ e opffigeptiobibginghl y t ensi on

mode measur eiBALS: ifihd fhaPlifldA0n trth FRA deQPeral AR BL AL LisBR! | Y, n this
mul til ayer s bstlrate 1':188,a the bnufir(ﬂ{(]:lup ay errg 106 algﬁé for ned by curing a
resi n conposanigeciure of¥pe igidng lagers y@nadtendse35i ppn/ &, plafendly at e®sr30 an epoxy

eI A A ROr ANt C LI LL T, B SR LYET 8,105 Ll £ QROT T O
expansion of the buildup layers 106 is at most these values, then deformations of the
buildup layers 106 can be suppressed by changing the temperature conditions, thus
enabling deformations of the multilayer substrate 108 to be likewise suppressed.
Additionally, while there is no particular lower limit on the coefficient of thermal
expansion of the buildup layer 106, it is preferably at least 10 ppm/°C in view of
production.

{0057] The method of measuring the coefficient of thermal expansion (CTE) of the
buildup layers is as follows.
Two insulation sheets with copper foil are pressed together with their resin
surfaces inside, subjected to one hour of thermal compression molding at a pressure of 2
MPa and a temperature of 220 °C in a vacuum press, and the entire surface of the copper

foil is etched away to obtain a cured insulating resin. 4 mm x 20 mm tests pieces were

cut out from the resulting cured insulating resin, and their coefficient of thermal



t he above-described conditions for the coefficient of thermal expansion
whi | e mai ntai ning vari ous properties necessary for the buildup | ayers 106
-such as insulating ability. By optim zing the added anounts in the

conbi nati ons of cyanate resin and filler (inorganic filler) or

conbi nati ons of epoxy resin and filkier, it is possible to easily adjust
“the coefficient of thermal expansion (CTE) to within an appropriate

desi gn rang : ' I.QR -Of . Ohﬁﬁ ' ndea filler is
especially %’fpé‘f‘ %ﬁgﬁs}ﬁ%&%@%iﬁ%}@h@tgﬁ%r 3n%,%lta(tt¥§ hr(l.:s%glh??tc i e%l? “of

t her mal expamsiTvf (Hepuildv layeed iy Sie Sdmd in E@planadirettonpad dictthiekriess t he gl ass
transition tenperature of the underfill 112 is at |least 15 ppnm C and
preferably &freftigndtis sufficintjosertogpenly spsien podermprasyrgiaets BitheRa"gF t her mal
expansi on (QyedMA anal ysis) fromroomtenperature to the glass transition
tenperature of the underfill 112 is |less than 30 ppni C and preferably at
nmost EBS§ipm C.  AsAddtigallai thisewdtidekf subster 108/fthe hldnmlayex plénsd formedf t he
underfill 12152 is wthin theie ranges, it is . oszr{eblle to reduce stresses
i nsi de the SEMEGIITET SFPSHERLGEFITDS %%Y&%aé%lreﬁ‘sf YEFOY Mty Sh°Post “t'he

nul tilayer sHbst ihalenid BifrduRillie LRIPRE 8t His oA HANYA Sre hiHbE oS SHRIRKRES] NY
damage to the sem conductor package 100 due to tenperature changes.

[ 0060] The reaaberr-desribpbepsditionsfox the copfficisnt of Hermyd garahsipn whide as f ol | ows.
First, the resl] LL] i X mn,. . a test

pi ece of 5 >?? a?tggﬁ%ggﬂ Rrr’r% F%B%B%%}eﬁeg%%gf)??%ﬁ% ?I dﬁ% .layf%'i%gs sfué}é?s 1%%&%%3@ IS

measur ed undsilityC OBk tin0LiSg 1bé adiled aMbipiteBiShaddmbiatiortfof Hathiareenand enper at ur e

range of -100 C to 300 C at a tenperature _increase rate of 10 C/ mn,
usi ng a Sei Koerfiprreanis Ser) qrompinatiqns of eppyy een ppdfidiep fids passible ly@tiiyat e bot h

CTE and Tg Léﬁfﬁ;@&%@co@%e:ﬁ'&@ﬂh)!%ﬁ expél?s%nt(-tmeu) Lv}@hintaﬂﬁ%&,% 'iae@\gﬂ%%ie.on

tenperature Tg (C) of the underfill 112 “obtalned nal ysi's
sati sfies t Iée egulanatiomofZ5rovoligyyarpteken ais] a/filRBiF espedibllyprefdiged. nor e

pref er y 50T+ 75:5 Tg, where T (| i.§ the thicknes f the core 104.
e IR o £ e her ARSI r el ettt G Mt e BB 111
112 obt ai nedody tehifbraBi@lo)isd Bass kbusita tdnSetLSre bitge EHLAHI 0N ishPlesst 151 2. ST +

95, preferably < 100T + 95, and nore preferably 75T + 95. As long as the
gl ass transifPmds and pparalytdeattd” ppmi°he HidiBorRily, therodfigient gf thermml t hese

ranges, it i %a?&%é ib?l}ﬁ;/[&dag?f r‘s?ﬁ U TG té;{.é]e%&%%o !h?%fa%eqaﬁl goét%%gr&g} uct or

package 100 caused t1on of e nultildyer substra 8 due to
t enper at ur e ot thangas(ill 11 iSless ap 0 pEE 0 gndligirRedlylab mbkr@s pemi°Condulobpr

package 100 due tq _tenperature changes. These nunerical restrictions of
the glass trPaHeIcpstident ehilramatiparsieg of thy ungdegilli42 jsvyihin thesg Langp ftéhed

w Lh?Ut . aml/ é:?slikﬁé o QR RrelsRs hl1&e thBYSiconbh M&PAEGOT00 AR edHY ddidrANSIn
supstrate ,
of the multilayer substrate 108 due to temperature changes, thus suppressing damage to

the semiconductor package 100 due to temperature changes.
[0060] The method for measuring the Tg of the underfill is as follows.

First, the resin composition is cured at 150 °C x 120 min, then a test piece of 5 x 5
x 10 mm is obtained by cutting. This test piece is measured under conditions of a
compression load of 5 g and a temperatﬁre range of -100 °C to 300 °C at a temperature
increase rate of 10 °C/min, using a Seiko TMA/SS120. In this way, it is possible to
calculate both CTE and Tg using a TMA analyzer.

Additionally, the glass transition temperature Tg (°C) of the underfill 112
obtained by TMA analysis satisfies the equation 75 < Tg, preferably 25T + 75 £ Tg, more
preferably 50T + 75 < Tg, where T (mum) is the thickness of the core 104. Additionally,
the glass transition temperature Tg (°C) of the underfill 112 obtained by TMA analysis



and are preferably established when the thickness per |ayer of the
bui l dup layers 106 of the nmultilayer substrate 108 is 20-60 m and the
- thickness per layer of the copper foil (not shown) is within the range
of 3-20 m [00611 In Enbodinent 1, the nultilayer substrate 108 has three
or less buildup layers 106, so thesglass transition tenperature Tg (C
of the underfill 112 by TMA analysis preferably satisfies the equation
SOT + 75<_ Tg.<.125T + 9 i hi ckness . 0 core
T0n. A wi s bieaduatipn B < gf%%rersig-?rf@%%}blﬁg @t}tq S5pn RS rered 1y§§f-‘ bw, when
there are t8 easdihg hehsgbisitafiifon taypdrauk0 of tha RGeSl O2tideitse Hegonduct or
package 100 due to tenperature changes can be particul arl%/ wel |

suppr essed H88¢0hi§ Pasiblaie regHerdhe stiepsghigfiele Bin sqausArdraergesyy P ravserd
underfill 1 | .t hi i i LGtj.ons on the
glass tr ans%}tz?%%mwé%‘gr@ﬁxﬁ#@a#%g'?‘%ratg?@ d@‘?ﬁ%ﬁ“??h‘éﬁg‘ﬁg‘i%%@ﬁ the | ayer
st ruct ur e ofupphssingdariagayehe smpehdatos p4ckef)100 durdo saneepitet draapdsy
establ i shed_when there are three or |ess buildu ayers 106 jn the
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rel ati onshi psfe@theli RELGLARS rdidtiBRRIH th M layePERRRAL Stk mh@ltifaldr s@bstrhild@os,
underfill by TMA anal ysi s shall be explained below. [0063] The present

i nvent ors chadwgepreferrblyl eatpllished whentthe thickndss ek trerereof thedrupdyesleesd 10ppfopert i es
of the substrate.in an FC-BGA-fype sem conduct or devi and det.erm ned
the opti rraihetﬂ\u Loxer ﬂbs%ar%o@grg’tzltoés M f‘h%r}rgetg‘f thbcgn eﬁ%%eﬁgaygf&g%erm §* g)éll cul ati ons

(si mul at i ongot showhigs @ithianhd By odscevered that the reliability in thermal
shock tests was nmarkedly inproved over that of conventional thin

FC- BARY pe seni doRubedipentdets pukilaypetbitte 10¢hasdlres prdess Pyildyn laveisper at ur e
Tg (O of thg WENLE khockba ipelM i e Skcieil 115 i
rel ati onshi ps’%e)%%ns‘iscorﬁ3 ﬂogltt%%{pepacﬁgggsbygo%e?ﬁj %ﬁzlat e}c%y @g’ﬁ%ﬁdeﬁbsr esent

- Enbodi nent  prefrsablywetidficathe Eqradoh 508175 <2 4 1250 H98, vdes<T {nloe)ds the Itoskneds 0064 1

The stress calcul ations were perfornmed b repar.i del s of FC- BGA

devi ces usi["z1 eﬁ’é’?@ﬁet‘%‘éﬁéﬁﬁlgﬂgﬁnﬁﬁag’f‘%@gflﬁgﬁ’b(eg'g??gﬁ‘?iebﬁf? WherE  Tg and
nodul us of  @leaSid @bk Yr teds Fuil@fp 18fekd VO MamBEdLS the¥BhRbnd2idPSacRi}d 100 el | @yer
substrates (including a core buildup layers, copper wiring and the |ike)

f or mi ng sentcenpuetscheiged @abe pahdialyevelgnppresset as langehtheglassTg, CTE and

modul uS of el astl cliy of the MNderfd ), anoaRsHlaLino fie devipe vere
changed usi ng stati I Ca ecnni ques to cal Cu ategf’he eformati on, stress

and stress ksdhicins oM @le®Ss 0dnsiviah teiprafi@é Td EOFarOfstadblishes Bi¥eC MMt Oy e
device, thereby determning the pr ogerti es of the underfil)_ whereby the

dest r uct i onStEHaTeIefths ultilager slstrate i} B argpretsyakly cstablished when there are

three or less buildup layers 106 in the multilayer substrate 108.

[0062] The basis for the derivation of the relationship for the glass transition
temperature Tg (°C) of the underfill by TMA analysis shall be explained below.

[0063] The present inventors changed the layer structure, thickness and physical
properties of the substrate in an FC-BGA-type semiconductor device and determined the
optimal underfill properties thereof by means of stress calculations (simulations),
whereupon they discovered that the reliability in thermal shock tests was markedly
improved over that of conventional thin FC-BGA-type semiconductor devices when the
glass transition temperature Tg (°C) of the underfill 112 by TMA analysis satisfies certain
relationships in semiconductor packages 100 indicated by the present Embodiment 1 as
well as Embodiments 2-4 to be described below.

{0064] The stress calculations were performed by preparing models of FC-BGA devices

using parameters such as the structure (dimensions), CTE, Tg and modulus of elasticity
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[ 0065] As prerequisites to the stress cal cul ations, they were perforned
so as to satisfy the followng factors: (i) assumng a lowk filmon the
circuitry surface of the silicon chip 102, the stress was such as not to

- cause interlayer delam nation of the lowk materials; (ii) the predicted

lifetime of the solder bunps (assum ng SnAgCu) 100 was at |east 1000
cycles of a thermal shock test (-557C for 30 minutes, 125 C for 30
mnutes); (iii) the silicon chips 102 were not destroyed by war pi ng

def or mat i on opfitidoR Bhips BRIaFAMBLGH@MubB¥eCRbstARd (lﬁehyamg Derglialp Rod:k,on
stress of the |nter?ace bet ween the side surface of the silicon chip 102
and the undeeyiet Wir'mmmi the ﬂlb@éorﬂmemmowu@t dqvm%h@@dh@sm@nrssuqh@ﬁgt h of

t he underfil nde Is S t hese factors
vere deter mr[lﬁeC B4 Hp pon Ogelasfncﬁc’fhl‘e 5‘?#11 M RHé l%ﬁ)o‘\a/g‘g’ #ESCEH bed

rel ati onshi psanfga{usTrg swgte:an&miqa@do ca[lc@‘fh@eﬁt}\e HE6@nation) kitesdarsd bR riedf t he
present enbodi nent, its structure and the derivation of the-relationship
for the Tg o’ﬁluﬁpé varige PeTTPYS of g semipendyetendeisel therdby deteamipsthei ons of t he
material s u effects
of the pres nt egﬁ%gﬂﬁenlg{ldtgﬁgha}] Feggggé{g%%%?%ggdb Enf\)vémgli'megqulﬂall apply al so
to Enbodi neti¢wabR-lidniescri bed bel ow. [00671 <Enbodi nent 2> Sem conduct or
Packa?@%blngZZZt pe Multjlayer Substrate In a 22t ltilayer
subst FEFY, wiri ngA%%rﬁféﬂlgS%f@tb%%fscfé]au B SR et reaomaed 0 @ seie, | and
two bui | dup ghey@hmind@MbRg Wi ring layers are provided on both sides
thereof. That is, viewed frombelow, there is a wiring |ayer on the
surface of @ichssehingadow-kiirh Gu@letwérﬁuff@qe ofithe eiligdn cbip 10uthelsirgsem@s  t wo

| ayers on either si e on t he surface of each of
two bui | dup SFaya(%Pcs)tt?ﬁauseméeg?yer8%?Ihlf'alonl gt"‘éi‘x"f‘m Wesulting ina 2-2-2

type multil gierhsprbdtied@biRtimé SARSoldet &mp&((&!;};urhﬁg@n&@iﬁi) @2 bBst 00
explaining the structure of a sem conductor package 100 according to an

enbodi ment . THst E%WIH@ﬁlfteit (FAC t9adt wiantey IZHE f%?r%“m%‘le?)uct ure as
Enbodi ment J(l betésﬁ]Q}?\lglgt dlf e?énol?wesltrg tdy?ﬁigﬁlﬁgc]&&rgg&?f'ﬂq@d in the

nul tilayer su strate ers int e’are two layers on either
si de of the seoikendhOdr dfvd@G8Y As in the case of Enbodinent 1, as long as
the coefficient of thernmal expansion TMA anal ysis), fromroom

b
t enper at ur e (V% Rdelgnigalonsirasso Y“F&merfaé"fﬁ%‘feéf‘m‘*éldﬁﬁu’if%%Of HedeerP 112 and

the glass tngngdthOihdeRiMMeS Aldd Barl & il tdi¥he JdRsiBNH Yisth 3t BBLhEAIES the
function explained in the above Enbodinent 1, it is possible to reduce

t he stressedhe propeities af pndes Bl settafiduscthere f@@@:ﬁl«&g@@@@%@iuwdlpby def or mati on

of the mult Is!ur?i %{r‘]znslé'l %Itn,r t%t gbo%g-gescribed relationships for Tg were obtained.

[0066] Here, only a summary of the present embodiment, its structure and the
derivation of the relationship for the Tg of the underfill shall be provided; the
compositions of the materials used in the present embodiment and the functions and
effects of the present embodiment shall be described below. This shall apply also to
Embodiments 2-4 described below.

[0067]  <Embodiment 2> Semiconductor Package Using 2-2-2-type Multilayer Substrate

In a 2-2-2 type multilayer substrate, wiring layers are provided on both surfaces
of a core, and two buildup layers having wiring layers are provided on both sides
thereof. That is, viewed from below, there is a wiring layer on the surface of each of two
buildup layers for a total of two layers, two layers on either side of the core, and a layer
on the surface of each of two buildup layers for a total of two layers, thus resulting in a
2-2-2 type multilayer substrate,

[0068] Fig. 2(b) is a section view for explaining the structure of a semiconductor



due to tenperature changes, and thereby suppress damage to the

sem conduct or package 100 due to tenperature changes. [0070] In the case
- of Enmbodi nent 2, the nultilayer substrate 108 has at |east four and at
nost six buildup layers 106, so the glass transition tenperature Tg (O
of the underfill 112 by TMA anal ys1i85 pr eferably satisfies the equation
-25T + 75<_ Tg <_ 100T+ 95, where T is the thickness of the core

104. This i a&§§e3%§§cé§¥a§1§ Jn%oo {n%n tTh%?Etnoril ht Z%Qba%l:c#ﬁg %am%at a to be

bui | dup | ayers e un ers rom e exper|
descri bed beairoyre astEmlsodpﬁmsl hetht sumbd kSl lapgs essodanabe theo t he
sem conduct or packﬁge 100 e tq tenperature changes as long as the

gl ass transitutgmes at Oérd n fiat therg grefyg daes pp eigrepsideof fhq ogyed04-1j
range {00&@0 71] <EnbodimRnde ogﬁmm&ﬁ pdy TcIn Es RAEAIRA G “eZpansiby pe

Mil tilayer Substrate In a 3-2-3 type mul tilayer substrate, wiring |ayers
are provi dedbyofiid etdysshiréracen temperatugdp éie g&n&:ltratnhlrtleletempeﬂadu@ofltlawers havi ng

wiring |aye ro ths he That is wed from
bel ow, ther émflerﬁgnrl%nap%{hﬁ g%ﬁ%/téﬁ’ns i Eeﬂ‘gergﬁlf?%c(eé)g)fy %W%’f"s Sitﬁe’/eé;ghebw | dup
layers for @ulcBéddxpRinedl B tR€aHoYBHBodirth0 1|18 BésSibR Mo RUliReKe stediss igfidd he

core, and a |ayer on the surface of each of three burldug | ayers for a

total of thitesenggredustor paskage 1plbaguseribn gefprmaéroeofzh@mpgﬂﬂ%elrﬁu fiated (% r
substrate. 7 o) i i a5 48 i.n t he
%:199 toQtL ngérgcuré%a es, §ndath§ gl%}esuggrﬁss d?i me)ggmf%ondu@tg

structure of a sem conduct G acco an enbodi nent .
Thi s Enbodi ﬁﬁrfkbg@l(}haﬁelbaﬁ’m;&&ihhrydﬁdﬂgessaﬁe structure as Enbodi nent 1, but
t he nunber of buil dup éers 106 contained in the nultilayer substrate

108 difYrs in t hlarhetcrr% Empodippnt dethe Bytilayersibsiate] 87 hagiapjgashiout #d cor e
104. [0073] apﬁoét leﬁablﬁiLﬁaQ%ISQBtﬁ m@gfam;\snlont@ﬁ aalg]sd B é)la?thg apdddici ent of

t hermal expansi on anal ysis) fromroomtenperature to the gl ass
transition tléirrip}emgmaéysafprftfhebly Selisticy teerpfidtioh 23119751 <t 1HET Jg%awbere Tansition

tenperature nal ti fres t.he . function ex ed in
e’ above EAbGAETRHIHRe  ARFoXTbe, IRkt FetaPR g e e B el e ' Che
sem conduct QkosPRCKAAEp hOGs CRLEREh Mrﬂ&%ﬁlid’fﬁbﬁ\% Rpertrt@tadtd folbay er
substrate 108 due to tenperature changes, and thereby suppress damage to

t he semi condigetibed belpae ik gpessitroto gragkedly spews%ﬂameﬁeéo Higaergieandurlon74] In the
f Enb | d
case o . %gtl{;?%{?g g}le ttoq Srg%%rl’ cﬁ%gés as H)lill? LLak g]aésqgngﬁl& t%gér%?e Tgf gpur_an

at nost six ayer the gFass transitiont erature Tg
(C of the umdewkisll112 1&1:3hinyh1§'MAganal ysis preferably sati sf ies the
equati (%91] 251;Embz ment%> Serﬂl_lggn-lc-luaorglgcka\gQUsmg 3-2-3-type Multilayer Substrate
In a 3-2-3 type multilayer substrate, wiring layers are provided on both surfaces

of a core, and three buildup layers having wiring layers are provided on both sides

thereof. That is, viewed from below, there is a wiring layer on the surface of each of

three buildup layers for a total of three layers, two layers on either side of the core, and a

layer on the surface of each of three buildup layers for a total of three layers, thus

resulting in a 3-2-3 type multilayer substrate.

[0072] Fig. 3(c) is a section view for explaining the structure of a semiconductor
package 100 according to an embodiment. This Embodiment 3 has basically the same
structure as Embodiment 1, but the number of buildup layers 106 contained in the
multilayer substrate 108 differs in that there are three layers on either side of the core
104.

[0073] As in the case of Embodiment 1, as long as the coefficient of thermal expansion

(by TMA analysis) from room temperature to the glass transition temperature of the



(m) is the thickness of the core 104. This is because when there are at
| east four and at nost six buildup |ayers 106, as can be understood from
the experinental data to be described below, it is possible to markedly
suppress damage to the sem conductor package 100 due to tenperature
changes as long as the glass transiiedi on tenperature Tg of the underfill
- 112 is within this range. [0075] <Enbodi nent 4> Sem conductor Package
Using 4-2-4-t ltilayer Substrate In 524 pe nul ti.l r
substrate. WL abbe SEh IR B s bR e Bbe. ang
t hree bui | depctiodeRplsinbBMitRGbWEd Rt dindNer, & idFSsipe rkdled tHRrRedshnssdedes
thereof. That is, viewed frombelow there is a wiring |ayer on the
surface of Bgépmistnduetiraskage i (Ocaysed By dafarmpion of thegraltilapgr spkstipte 18 er s, two

llayers on eiclﬁ{'tgncenﬁ;egasurgfcha%?%t %‘1% Oef‘reb?gg]?qusg ld%%e tf([i) ﬁlﬁ Egr?lcosnldi:lftgrc e of each of

four buildup Tayers tor a yer s resu SElng in a
4-2-4 type patkidel1ayéve t6 tlapefatiirechah0.76] Fig. 3(d) is a section view for
expl aining the structure of a sem conduct or package 100 according to an

embodi®f8ht . Thi s TEHS S REFRPAlimens 3.phesmellapsy subsarate d@thes atdeastfeniand as

Enbodi nent - %g,‘gg ' . 106 ' ' he
mul til ayer é‘%ﬁ unf)&s%}tfl %ﬁ%‘gﬁfg I ? ﬁ%ﬁ%&?#ﬁ@%ﬁ%@ are eﬁgw Fgg(gtrlﬁsdg{)f%l ei t her
si de of thelRdy@MAdhalyki Preferabiissatistiet the eqasen ZHT +HZikad knelTt+ 95, wisese T ong as

the coefficient of thermal expansion, (by TMA anal ysis) fromroom
t enper at ur e ") ¥ {5 hjrkess of thg Aer {940 n Thighk perpuie yhen Brefeapgat lﬁaﬁd%rfam? Rt 112 and

the glass tLRRSIHLARuI 08 LY Ef b-ggin&@to&yfrme@%h}{éhél S ibplies the
function explained in the above Enbodinent 1, it is possible to reduce

t he st r essedescrisrdelowt ihie peeiviecomdukedly suprack dgeage OOthe smsenidivgrordef or mat i on
of the multil ayer bstrate 108 . due to tenperature. changes, and thereby
Suppr ess. daREgEEa) e LEPRORterET » Bae RAlcE COB IO R ESERELr o
changes. [ 0@&8hddihilt18s ase e rafdbodi ment 4, the nmultilayer substrate 108
has at | east seven -20- buildup Tayers 106, so the glass transition

t enpelf8filir e <Bgbqdtpend > t FranicpndeqtdriPakagelPsingA-2-Fipre Yhatilyer Subsirat er abl vy
satisfies the eqguyati 75!'5 Tg 5 75T + 95, where T i he. thickness
of the core 104 pidofrmdulled s onare Pk e B ot b B cu

| ayers 106 of B aill thfve URURIHIAyOR thatih® Wiringd Gayes REY PréBiddain bdatsatet 0 be
described below, it is possible to markedly suppress darrafg% to the

sem conduct gtergehc RByds Yigwediiiam beov.dhgsels atimng layer ambe sutipse pigag s t he
glass trans .B'itrjee b EIREL Aol Bta] O B IE, ARSIl ddlesthl Sk 3¢ AL Ll Bnd D1
range. [007 rebel ow, the functions and’effects of the ser conduct or
devi ce of layer on the surface of each of four buildup layers for a total of four layers, thus resulting
in a 4-2-4 type multilayer substrate.
[0076] Fig. 3(d} is a section view for explaining the structure of a semiconductor
package 100 according to an embodiment. This Embodiment 4 has basically the same
structure as Embodiment 1, but the number of buildup layers 106 contained in the
multilayer substrate 108 differs in that there are four layers on either side of the core 104.
[0077] As in the case of Embodiment 1, as long as the coefficient of thermal expansion
(by TMA analysis) from room temperature to the glass transition temperature of the
underfill 112 and the glass transition temperature Tg (°C) by TMA analysis satisfies the
function explained in the above Embodiment 1, it is possible to reduce the stresses inside
the semiconductor package 100 caused by deformation of the multilayer substrate 108
due to temperature changes, and thereby suppress damage to the semiconductor

package 100 due to temperature changes.

[0078] In the case of Embodiment 4, the multilayer substrate 108 has at least seven



Enbodi ments 1-4 shall be explained. In order to enable the functions and
effects of the sem conductor device of Enbodinents 1-4 to be easily
- under st ood, the section view for explaining an exanple of failure in a
conventional thin FC BGA-type sem conductor device shown in Fig. 6 shall
be explained with reference to the2Pssues connected with conventi onal
- FC-BGA devices. [0080] Nornmally, in conventional sem conductor packages

100 as showgiidy, Fyrs 18, sd hEg1ak SRRt t gc&:gﬁﬂ fﬁ iffers
bet ween t he rhfl E1‘yayer : tE trate 1%%1 gﬁﬁorrﬁ%re@ I co 150159 That is,
the nultil aTMIA asalpsspraﬁeabljz@&sﬁss thonpasedsaflga 75f&t56rwadere Tmmmrsiﬂsei ng an
organi c resi and has a hi coefficient of ex&gnm on th@n"‘??‘i“he silicon

chip 102. &mﬁé? § ©re Wire nl M 1ISRERUSH BT RYR 25 AL ke v bl Y4Sst ruct ure

having a si ideCQRan KinRlerbded FFOM M ESpQitnchtalidtd {olb@)ﬁ@gcr@éﬂbﬁfo%aﬁ%p%g»ﬁ)lé s
subjected to a heat history, dlfferences in the coefficient of thermnal

expansi on ctusekediesupptess daa}@gw@mgmrcam@cmﬁﬁa*@ea@b@weo tewgepede as shown
in Fig. 6. Lh(%918escﬁr%1$l% tl’iab%assrtr?lﬁs%%ogﬁ }\)ég;latﬁrgglzloptﬁteu der lﬁggve tlt?un al

sem conduct or cas i ¢on chip
102 can becepige.Cr acked or electrical connections bet ween the multil ayer
substrate 108 and the nother board 122 via the secondary balls 122 can

fail . [Of3 t her nor dler¢bplepethg functiogs and gfigctowf tegsemirandycior dedcefobr ned by t he
underfill %élgocﬁﬂeﬁthilajlaﬂ%eg!f‘f)ﬁ{ %es of the silicon chip 102 can separate

or cracks can occur In [ 00821 Furthernore, in recent years,
materials differ embrdieft@rénathEefuh&t&hs atdeffe@Os e emataddcyr dsad ohave cone

into use as_the materials of silicon chips 102 and the materials of
sol der bunp&™patimens ha it heserily Hadeestred: Bis sehipph e ¢ explgininman #ampPle Ay er

substrate 1%ure%mgc3nb§{ti%mhﬁﬁn P@@@Aﬁyﬂ@é@ﬁ&gn&ﬁ{or Hé’@@ersfnévl/rl inFRL Ehaftl s 112
new y designed to be conpatible therewith. -21- For” exanple, in

sili con chi psexplihed Miithpeferandelto the issuts edreecttafdmﬂc@nmma&c-lﬁﬁ@mvw "l ow k",

OBy er' R T iRl Rsedien P ot el Pack B os- t a

bet ween wi l’@&fﬂc&nf&%b'r&al ek nSibh 860N beve@Sthd R 1HlIdyaL subfRtASarR thhi gh speeds
with high reliabili %/ itionally, materials not containing | ead are
beconi ng st é}h%}rchlpég ﬂbﬁtnﬁaﬂ‘émuétﬂ@ef Bibstsate W s doumpied oflamatewiplconsi der at i on

of friend ' ;?rlsl ah BF fil ¥és{\;\°§1%'3§ a hl%lQ 90%%] joht & exphndiSn Ba 8BS ik
phot ograph % AT N & Condi LPons whereby cracks occur 1hH thin
FC- BGA- t ype 1&‘2e rrFurm@dmré @»rhed evéntiasuludhigrciagé -wKthfa st hasiegla s111@w- Kk
chip 102 mounted on a multilayer substrate 108 is subjected to a heat history, differences
in the coefficient of thermal expansion cause the multilayer substrate 108 to become
warped as shown in Fig. 6.
[0081] As a tesult, as shown in Fig. 6, in conventional semiconductor packages 100,
there are cases in which the silicon chip 102 can become cracked, or electrical connections
between the multilayer substrate 108 and the mother board 122 via the secondary balls
122 can fail. Furthermore, there are cases in which the fillets formed by the underfill
112 on the side surfaces of the silicon chip 102 can separate or cracks can occur in the
fillet.
[0082] Furthermore, in recent years, materials different from those that are
conventionally used have come into use as the materials of silicon chips 102 and the
materials of solder bumps 110 connecting the silicon chips 102 and the multilayer

substrate 108, and there has been a demand for underfill materials 112 newly designed to

be compatible therewith.



films can be made nore porous (brittle) in order to reduce the dielectric
constant, thus naking them nuch nore susceptible to danage such as
- cracks and the like. As a result, as shown in the draw ng, cracks often
occur in lowk filnms contained in the circuit layers of silicon chips
102, and cracks often occur at the?interface between the polyimde resin
coat of silicon chips 102 and the underfill 112. [0085] On the other

hand, obda. 8 1S G.LORGERTHMicHAYE AR AR Wik RLAURIAH. LdAS e GHERA ST
mhere%y gracks ocour iﬁ fhelgofg%r bhnpg“@¥ a t%kn %C—B&A’type
sem conduct e1”"laey], ee.comifigligp usetae theusitaryl far merat@nfironatming tHeiwieyer
substrate 108, hpe coeffiﬁient of 1 her mal eﬁganﬁgﬁgvof t he silicon chip
102 i s about¥4: FYHHEE LTS SsTYC T HEPE ST SF IRt
expansi on i f siifdén Kpsds ﬁgttdp@gatelashigpgsé_tedslﬂmﬁﬂ?pm&ﬂ&ﬁd Adagicssf ficient of
t hermal expansion in the Z direction is about 64.1, so the sol der bunps
110 provi dethatetigls petapntainiag &ad arsdecogtngrtapd@ daptheminterialsiferispldydumpabst r at e
108 will belﬁHQL?Fﬁggﬁ&P gflg%%etoﬁ%%e%%mg%gtto changes in the
tenperature cond?flons.(f U861 ReVerthef €58 si nce | ead-free sol der bunps
110 ayoesanot suf f irgd. @ Rtalsyctishdl @Rgograh FBEKPlabfriy tREHEitiBhs Wieebly Rfatksl aces
bet ween sol der bunps 110 and silicon chips 102 or nultilayer substrates
108. Thus, ®feHntEaFCBE-AdyRbietisondyisipsdeviey AVrengdeirkitim isgser, vtk onal t hin
FC-BGA typey Lcondugs i l. fi.e I8 eqpften nore
brittle than g?ﬁ-contg@%fﬂg&ﬁgﬁ?§9‘ﬁﬁﬁ%s? %%égﬁgggfpﬁggﬁmaﬂTcﬁ t he
sol der bunpmakihg hearmeudibioge Suspaipe toblamagcsutlats cgpdies dhe miigikel Mdaresubml shock
tests. [0087] .In coptrast, by making the aforenentioned stres
cal cul ati on& PRVEIISTRERE ks b Og%gb‘ﬁw-lﬁ f’r’l’i‘?é‘f?f‘&\“?gf‘bﬁ‘ﬁ&r%‘_‘tiaé’r”ét i onshi p
to be sati st QdoRdhitd®r, Ied Qhckl BEentREASRE ik IntdPMce bEMRRBRIYSARIdL RsBl der to
obtain optimal underfill properties in a thin FC-BGA typé sem conductor
devi ce, andceit sfcdigenr édpstl Padndttheeundetfilldbl-| ity in thermal shock tests can be
mar ke i nproved.in the sem copductor ckages, 100.indi cated as
Embod Woht o 1o a4 e BR RS e R HR oA P B iy pe
sem conduct %eﬁ@/ér&@§occﬁﬂﬁaﬁ]solﬁ&%n1§§ of AGHAIBOW typOsdnll@nhidibiclevice of the
sem conduct or packages 100 i ndicate by Enbodi nents 1-4, when flip-chip
mounting a SPis vbe wiigg capznigmelongtileyar silshyte 08, gpasticanboltiygmgl t h a
structure wi i - [X: oM i.ci.ent of
t her mal ex\glg)E sf‘%?# ?éﬁbﬁ@%ﬁhﬁ%faﬁgﬁaﬁ pz]ip%zrdmsﬁ setQ arldé@év tqeg%gg!ﬁgﬁt? Ee
coef fi ci ent ttefmil kgrangibn inekpandireotivransbogt BEppht/ahsiditheaoefficienttof of t he
underfill 112 are appropriately designed in _accordance with the
thi ckness aH&rreﬂ_éma_rR@?rélﬁtth% K8 PR i oA EW@I_JS&&P gorsd as a
result of WRiGBed the éiﬁcoﬁglgﬁ h® Bd bR hAFHES sSshRS $RSwiliBE hibfeclel® a large

sem conduct or package 1
stress due to changes in the temperature conditions.

[0086] Nevertheless, since lead-free solder bumps 110 are not sufficiently strong,
cracks can occur at the interfaces between solder bumps 110 and silicon chips 102 or
multilayer substrates 108. Thus, when lead-free solder bumps 110 are used in
conventional thin FC-BGA type semiconductor devices, lead-free solder bumps are often
more brittle than lead-containing solder bumps, as a result of which the solder bumps
110 are more susceptible to fatigue damage in thermal shock tests.

[0087] In contrast, by making the aforementioned stress calculations in Embodiment 1,
the present inventors found a relationship to be satisfied by the Tg of the underfill by
TMA analysis in order to obtain optimal underfill properties in a thin FC-BGA type
semiconductor device, and discovered that the reliability in thermal shock tests can be

markedly improved in the semiconductor packages 100 indicated as Embodiments 1-4 as



caused by deformation of the multilayer substrate 108 due to tenperature
changes, thus suppressing damage to the sem conductor package 100 due to
- tenperature changes. [0089] Here, according to the aforenentioned stress
cal cul ations, in conventional thin FC BGA type sem conductor packages
100, the coefficient of thermal ex{@ansion of the core 104 was high, so
-that in the regions of core 104 thicknesses of at nost 500 m it is
difficult t ISk ! t on of the lowk

T sCin ¢ padadln J"gﬁﬁ“%&%@?‘eﬁ(?%g 8 berilahaBLGL RO O, 1 bunps 100,
(iii1)[oesstluced warlpage a@brdidggo Selsircanre ohthpsemi@Adadie patkaesp 0Dindiehtedn
against fillet delam nation of the underfill 112 at the sjde surfaces of
the siliconPERPRrdpots 11 whge therchipgtnHies & Hkercup dtt ot 2 PHEIGE  expansi on

and the g | agshstritk ﬁﬂ%ﬂ:h' a%ﬂ*uﬂﬁ)ller@\tlth%fthﬁl Q&eliﬁlfjs EcIré idtl V\Jlﬂ'lzul 184 @o@ﬁlﬁ&?&ﬁ d. [ 00 90]
On the other hand, with the results of the aforenentioned stress

caIculatlonﬁwnnﬂh&mpm@s@n&ﬂmnWenmbﬂawdw$dumd0édxu$eamﬁeguhﬁﬂuhndnalysis

f th duct K 100 th
Cen conduct G BEIRY AR G EBARARTETL ] M REPERED APIFRRL™ of

thermal ex padagﬂdmewlmtmﬁme@s ah@4odfici Bl thermSIxpdidion BVBB drf102N8 af €I ONS
of core 104 thicknesses of at nost 500 m it is possible to satlsfy in

a wel | - bal arrselfofyelyjch it is pessiplse redewﬁ%esflmde(ﬂlf) Semcotl@@tqr orrckage ke | ow k
films in t hg Clll%edg Ccf%PorI%a %G%toﬁg-lzemul&h%))er SLB t?attee ‘fi)% Eue to gn(\é[)e% %%Lan% UITpS 100,

(iii) r educét page o e sl on°ch

agai nst fil I;Lqipmiﬁhgmmmgb tdahe @fmctohmcm@emgd 100 alﬂétoaémliehﬁmsuehag&ur f aces of
the silicon chip 102, by adjusting the coefficient of therml expansion
and t 8% ass tr aﬁﬁ‘? ??ce%#ngﬁal#mafoaﬁm%ﬂﬁ%m?&ﬁa%ﬁs falqulatipps, incgpepfiorphthin | s t he

sen conduct g pRA( ﬁlcmcﬁi{ai ka i great &eﬁlcén@cffﬁmeﬂhél expaRbiE SRl Ct or

packages 100 conprising a mul er substrate 108 having a core 104 and
bui | dup Iayemsl%m@mh@msmhmtUnh@hgpnawhm@d@bﬂmhwﬁhhaﬁnmbﬂ5M&y&nﬂ5ubstrate

108 via sol S n underfill fil t he. bet ween
the sili conq@{ﬁuﬁ %ES%E‘]H%LHZ]E s f‘?fEﬁPfolteﬁ%TO g‘??ﬂ%‘f’}‘aﬁh@ 1%8& tionally,
the thi cknegisip 982, fulj]Eroﬁa@ﬁcﬁl ok 84 sb18erdur}® 360, @O Qediced &A}F g@@eﬂé iGéc@RhipOf

t hermal expansion of the core 104 fromroomtenperature to the glass

transition f&mpdiisprptection agfh@t Plled delpmippiieacaf theynflerfil i 12pb Hie siflg snyﬁmﬁsc and
the coeffi CI Ftﬂg %1ﬁ on c#uggé mgt)t(é%?gv%lt}g)encogglaénqg{ t?\(?rm%l g‘x?)?%sfic{n?aﬁ & e rl’nss

t enper at ure PRSI ton . tenperature es's
direction |ﬁaﬁﬁndmyaﬁuaﬁh¢wﬁdﬂan1Aﬂﬂhhm0ﬁaiIy, the coefficient of thernmal
expansi on of the underfill 102 fromroomtenperature to the glass

trans/%®%n t enperdt e athprhagd, ikl repsts gpthe eformyniioned Stfeﬁ%lﬁﬂ%@%ﬁﬁm C, and
the glass ??ékﬁthmmkfs%&%}éd a 18ult §Panfsid StendLBLRbAdUcdor pRRaddY TVA

anal ySI s satisfies the equatl on
100 of Embodiments 1-4 that in the semiconductor packages 100 of Embodiments 1-4, the

coefficient of thermal expansion of the core 104 is small, so that even in the regions of
core 104 thicknesses of at most 500 pm, it is possible to satisfy, in a well-balanced way,
the four demands for (i) protection of the low-k films in the silicon chip 102, (ii)
protection of the solder bumps 100, (iii) reduced warpage of the silicon chip 102 and (iv})
protection against fillet delamination of the underfill 112 at the side surfaces of the
silicon chip 102, by adjusting the coefficient of thermal expansion and the glass transition
point of the underfill 112.

[0091] That is, the semiconductor packages 100 of Embodiments 1-4 are all
semiconductor packages 100 comprising a multilayer substrate 108 having a core 104 and
buildup layers 106; a silicon chip connected to the multilayer substrate 108 via solder

bumps 110; and an underfill 102 filling the gap between the silicon chip 102 and the



75< Tg < 112.5T + 95, where T (nm is the thickness of the core 104.

[ 0092] According to this structure, when a silicon chip 102 is flip-chip
- mounted on a buildup-type multilayer substrate 108 with a structure with
a thinned core 104, a core wth a |ow coefficient of thermal expansion
is used in the multilayer substrat@3-108, and the coefficient of thernal
expansi on and gl ass transition point of the underfill 112 are

appropri at el el A& 1B 2GCANARNG M dnd DG AOLEKRERS: AR sEAHT T cf ent

of thermal expansion of the core er eby cing stresses
occurring i thsicahéfiddneofsiammalErpimsivo nf thpacklg &ohGGomengefaoratithogisssof t he

mul tilayer substrate 108 due to t erature changes and .suppressjng
damage to pﬁé‘lsglé’ﬁite(’?@ﬁﬁ'ﬁgf B'rtﬁ?)%lﬁ%éggg ‘B‘E)‘S_GUEOSE & l?f_g?ﬁ)%raa‘é g}eéoegflﬁ)%% .

[0093] Addi tHeRablphnsidr @ MeRodirbd ﬁérﬁ%nﬂgﬂnﬁéraﬂfe t¥ tHe\Wlasd far@hibn Of the

sem conductor packages 100 of Enbodi nents 1-4, the core 104 is forned by

i npr egnat i nipompefaiugein theethickness dijertipnas atewist0ppmiesi Addiomdntls ni ng a
cyanate resin.. a nol .resin epoxy..resin and an inorganic filler,
Then-curi na-iisEr Bl st o § HARR S PR PPt BUERRE &1 ehae

necessary i tradshRneiRrahdisanlass & psh/yT G 1k erad BOpRAROLInaRRG1LONdI ti ons of
the coefficient of thermal expansion. As a result, by appropriately
desi gni ng t Hensitisetemrerasie Ts 6F) eftilea ynelerfidh! BaliysiNeh anphigisghtisgies the eaqatian on

poi nt_of L ngs LRAENbid | of 1Al ARG HARARE M Sehe HRGoLNI Ckness and
conposition of The core 104, it I's possible to reduce stresses occurring
i Nnsi d@0Zhe sem condudingfo thackagee MHon byilictef bipma? isdiyschif mbiveedad d | | ayer

substrate 108 = due to tenperature changes and suppressi ng danage to the
seni conduct BH!REREGE 160 St %%Weﬁtraffa’feéﬂﬁwatﬁ@@%d Cor%&é core

Addi ti onal | yith b QM RRRRE HRAM bxfahsid i€ Wed i @e RIISRPIBGLR 100204 age 100
of Enbodinent 1 is such that the nmultilayer substrate 108 has three or

| ess bui | duprelcegfiniant of therinkleexpdneion endbglass trgnaitionpeing piche enigifillsliZ fre sanme as

with the other E di nents. 2-4,. so |, t.as indi,cat.ed he test data
o ven bel on RS LA TEr i arcpraahoulat uipe e Pite el 55 S 1

112 by TVA agahyi&i & teabici104) iRfdby réiatihgtictss bderrag uaide @k sodiforkduébr_ Tg <
125T + 95, where T (nmm) is the thickness of the core 104, which is not
satisfied byadpse 189 piedeformaijeny obihe prttiyassubstgid S date dasategfpre i@ssfat eri al s

and product Lon, }e&ﬂ% %J‘tg ﬁ%kﬁlehﬁ&ﬁg{m &P%Ul@d e t&'%% eﬁ'aﬂlrﬁéﬂ&ﬁ’ |, ment s
1-4 shall be engaln . 0 <Regar mét e Core> ?’Iet e core 104
used [0p93ENbodi memdlitondlly Somatliffesnt pantlo@viky, it alhvfiteckeascohdrgr as it
satisfies the aboye ?gngi ions on hi ckness a g coefficient of thernal
expansi on aﬁﬁckages 100 of Embodiments 1-4, the core 104 is formed by impregnating a fiber matrix

with a resin composition containing a cyanate resin, a phenol resin, an epoxy resin and

an inorganic filler, then curing, thereby maintaining the various properties such as

strength necessary in the core 104 and satisfying the aforementioned conditions of the

coefficient of thermal expansion. As a result, by appropriately designing the coefficient

of thermal expansion and glass transition point of the underfill 112 in accordance with

the thickness and composition of the core 104, it is possible to reduce stresses occurring

inside the semiconductor package 100 by deformations of the multilayer substrate 108

due to temperature changes and suppressing damage to the semiconductor package 100

due to temperature changes.

[0094] Additionally, from another point of view, the semiconductor package 100 of
Embodiment 1 is such that the multilayer substrate 108 has three or less buildup layers,

while the remaining structure remains the same as with the other Embodiments 2-4, so

that as indicated by the test data given below, the glass transition temperature Tg (°C) of



has the appropriate strength, as an exanple, a board-type substrate
(so-called prepreg) formed by inpregnating a fiber substrate (such as,
for exanple, a fiberglass sheet) with a resin conposition conprising a
cyanate resin, a phenol resin, an epoxy resin and an inorganic filler,
then curing, can be suitably used.-2f-00971 By including a cyanate resin in
the resin conposition formng the core 104, it is possible to reduce the
coefficient I ' : L. 4 [ i t he
el ectrical S@%B%??@ggb(ﬁom,Q.@ggE%??@Q@S%@?gﬂ%gﬁFﬁ%ﬁﬁﬁgFZ@%?géﬂggngent)
and nmechani €&, whaierTegmgt) s thd thickeescanie: x4, @hivhad it seisficdbyhier@hdrncl ude not
only cyanate resins but also the prepolyners of cyanate resins. [0098]
The” above- mE#ti*Bhe€Wtyanat e resins can be obtained, for exanple, by

~react [m;}a CYyanqgRiheldd! hdmarAls Shd68Rlon ARHPSEROL YIRSy a nethod
such as heating or the 1|ike as needed. Specific exanpleées include

bi sphenol t ygd icimbalirentelki siell beedplaamdnovol ac  type cyanate resins,
bi sph A .cyanate resins, bisphenol E type cyanate resins,
By 1 BB R

tetra ype cyanate resins. O these, novolac type

cyanate resins anghilefh&lofd @Led inleBRlIAse: CORaM RrtRfialiRmavd Kdoieat
resi stance by increasing the «crosslinking density and inproving flame

retardance ofit satjefiep ghejabove oprsitiong prohickmyss and; ceeffigient af thermabgoprsiontapfe
cyanat e resi r riazi rin f e curing. reacti

Er her ror o Mtd BlPR Rl 3aLA, L AR Rt Sol Ay Sl o RS enren)
benzene ri ngsmedby ipedghatdigrafibbiiBstrai(slich b€ fo@ @&intple, 6 sibdigindszRat) with a
Furthernore, even if the thickness of the core is made 0.5 mm (500 n) or
| ess, a IanFﬁ@ﬂ@Hpﬁﬁ&?&oﬂPﬁﬁﬁﬁﬁﬁﬁﬂﬁ§”ﬁﬁ%PﬁBﬂPHEQBGPépTﬁiﬁﬂéﬁ”ﬂBe provi ded

wi th except i RQRahickhgh flbd dirink RalPB Lt @d. it has exceptional rigidity
when heated, %50 it has particularly ‘good reliability when nounting
sem ciflict or el dyemdigling LOG}e rhsin Arthesesinpdngposiion emilgdheaoredVblitac- t ype

t in it i i bl.e t A d indicated b
Formil 5 (1) Poesslto [y BOR PP Roe R et 11 Rt o o1 ¢

CHy 611i n teQleQdilal Yhipk@ied MRF GeldéiBe RAstRA! b Giblcdiric @S HlinRaganRAl t he
average nunber of repeating wunits n in the novolac-type cyanate resin
i ndi cat ed bytegiyaithg core)l0d. i Lyingtegesiifsdergiaude ngipnly cyanate resins but also

the prepolymers of cyanate resins.

[0098] 'The above-mentioned cyanate resins can be obtained, for example, by reacting a
cyanogen halide and a phenol, and prepolymerizing by a method such as heating or the
like as needed. Specific examples include bisphenol type cyanate resins such as novolac
type cyanate resins, bisphenol A type cyanate resins, bisphenol E type cyanate resins,
tetramethylbisphenol F type cyanate resins.  Of these, novolac type cyanate resins are
preferable. These are capable of improving heat resistance by increasing the
crosslinking density and improving flame retardance of the resin composition. This is
because novolac-type cyanate resins form triazine rings after the curing reaction.
Furthermore, novolac-type cyanate resins have a high propertion of benzene rings in
their structure, and are easily carbonized. Furthermore, even if the thickness of the core
is made 0.5 mxm (500 pum) or less, a laminated board prepared by curing the core 104 can
be provided with exceptional rigidity. In particular, it has exceptional rigidity when
heated, so it has particularly good reliability when mounting semiconductor elements.

[0099] As an example of the above novolac-type cyanate resin, it is possible to use a

compound such as indicated by Formula (}).



and nore preferably 2-7. If the average nunber of repeating units nis

| ess than the aforenmentioned lower Iimt value, then the heat resistance
- of the novol ac-type cyanate resin can decrease, and oligonmers can be

rel eased or evaporate when heated. Additionally, if the average nunber of
repeating units n exceeds the afore¥enti oned upper limt value, the nelt
“viscosity can becone too high, thus reducing the formability of the core
104. PQ&SZ] M% Lﬁl he wei ght - average nol ecul ar wei ght of the above
cyanate resin is not particularly limted, the weight-average nol ecul ar
wei ght is preferably 5004, 500, and nore preferably 600- 3, 000. If the

wei ght - aver age nDIe ar melghwlks | ess Naan these lower limt values,

t hen tacki ness can occ “when th&core 104cks produced, so that cores

104 may stick together of resin tr sfer mayQoccur when they cone into
contact with each othe . dd|t|o , |f wei ght - average mol ecul ar
wei ght exceeds these uppe ; ;reaﬁtlon ddn) becone too

qui ck, so that when a s strate (| ’/ rtlcu circuit board) is
formed, nolding defects can occur and mnterlayer peeling strength can
decrease The wei ght - average nol ecul ar wei ght of the above-nenti oned
cyanat@orjesi N anghilderk bie@o @amiciier eRAGIBhESh, thé @reragmmbeeofﬂayeaa?@ (gel

per neati on chronat ography, standard substance: pol ystyrene conversion).
[0103] Addi tPEhaHE noxARs- epﬁeianqﬁalfeﬁmertﬂwareﬁw F?rml{lae@ it sipgeteipy &1y anat e
resin my be,opg. ﬁ&éffgﬁbl 56d ﬁlh%'ﬁ@era nuﬁ'ubgr gﬂuﬂmﬁ‘r&%m% th0r € types
of different weilght ave age nolecul ar wei In co nat1 on, one
or nore typedras@toned l@mﬂmﬁtazhlluanhamthdheatdaastancebfetb@mm’ec-@pe Eohod] V\hl |l e

t he amount of the thernosetting resin is pot particularly limted, it is
preferably 3EEYROCHRS PM?&@B@%&“ e hiersehriey OFaé%‘i"]ﬁe“?ﬁ AbYsition, nore

preferably ZGQj'd’&Qnath Vihe Ia‘ﬁerz;g!a@mﬁw; batink GRS f fx8Rdd Jﬂ@%re‘n@%neii bmt
values, then it can be difficult to Forn1- - the core 104, and if these
upper i mit wepdrdiest ahe, thxweleewsitt debespme tvgthighoiﬂms teducig the ENabln

decr ease. [Q}gw ? itionally, by including an inorganic filler in the
resin conposi ofmng the core 104, it is possible to maintain
exceptoional stre n‘g’hﬂle 10y @BighhR Brad1RoleQilR whidht ¢fShe dbBEl&yititdtedid Binckness of
0.5 mmor less). Furthernore, reduced thermal expansion of the core 104

can al so be Pa’chele]iha]eleaed tho B ht-mesgpmelecy viight ispertegally B00r4509.apd | ncl ude
baked clay; up @Jafesﬂabmaao@ | [ BRNES P UGhge AR agqlahs@%nﬂ%é des such
'l ca an se

as titani um oxi [‘'um na
lower limit values, then tackiness can occur when the core 104 is produced, 50 that cores

104 may stick together or resin transfer may occur when they come into contact with
each other. Additionally, if the weight-average molecular weight exceeds these upper
limit values, the reaction can become too quick, so that when a substrate (in particular, a
circuit board) is formed, molding defects can occur and interlayer peeling strength can
decrease. The weight-average molecular weight of the above-mentioned cyanate resin
and the like can be measured, for example, by GPC (gel permeation chromatography;,
standard substance: polystyrene conversion).

[0103] Additionally, while not particularly limited, the above cyanate resin may be one
type used alone, or a combination of two or more types of different weight-average
molecular weight used in combination, or one or more types used in combination with
their prepolymers.

[0104) While the amount of the thermosetting resin is not particularly limited, it is
preferably 5-50 wt% with respect to the entire resin composition, more preferably 20-40

wit%. If the amount is less than these lower limit values, then it can be difficult to form



carbonat es such as cal ci um carbonate, nagnesi um carbonate and
hydrotal cite; hydroxides such as al um num hydroxi de, nagnesi um hydroxi de
- and cal cium hydroxide; sulfates or sulfites such as bariumsulfate,
calciumsulfate and calciumsulfite; borates such as zinc borate, barium
nmet aborate, al um num borate, cal ci@dfm borate and sodium borate; nitrides
*such as alum numnitride, boron nitride, silicon nitride and carbon
nitride; anfebld aakRss GUERpAS IHEARL HOLLLLBH S BN BARl W f tanat e, AS
the inorganic filler, it i possi ble to use one o ese alone, or to
use two or dwrasd n conbi nation. Anong these, silica is particularly

prefe e, and fused sjlica. (particular spherical fused silica) is

pr ef eqbg(%} y for ifid%fhé’ﬂ?slbr@’r‘ﬂﬂ?&&%‘dﬂ%rﬁﬁﬁq fll%mnitge Tefin CORRPSIHEN [ORMBByshed or
spherical f gfeRdre 204 R DRI to WSt AR BLOHohALRerdoth LBEWREY ROSKe id iHsed,  such
as by using spherical silica to |ower the nmelt viscosity of the resin
conposi t i onmade thipr(thégknese ofewe lepdp Faghermiomnrednted thehmalfekprasiomofbst r at e.
[0107] Whil ﬁmtchrg1 verg (:etgepa?lr t.itcA e size of the inorganic filler is not
particul arl yITHited, *o1t Shoutd preferably be 0.01-5.0 m nore
prefepaisly 0. 1-2.Mafpled df thehforPaid fillet Bl ZRkES clayt tibakddlGadilicatct bdcher is

| ess than these lower Iimt values, then the viscosity of the varnish

can be too ik andalpss gkifescuring tingauetds, plugpingnilica greiyessd g3t he core 104.
Addi ti onal | I I gregation of
the inor gan?aéb?rea{ef %{Eﬁ?sﬁc# gr? %g#h%?g,ﬁna‘é@%sﬁg%o%@?ﬁ%ﬁ%@%ﬁ 15‘3‘*2 particle size
can be neastydrdyiddseuchex anplirem Ipydraijgeantdretiem$iydexidanal sakemm ( Hor i ba,

LA-500). [0108] .Addi.tionally, while not rticularly limted, the

above- ment i am‘f‘%fﬂléa?ﬁ Pfcsulfﬁ?ﬂsrfé‘ras ﬁﬁfg}%@ﬂfgﬁr %a}?f&frg%fﬁf@ apd fﬂﬁc_é‘fm wl{']tﬁ_ a

nmonodi sper sbae@fucRYEARIBrRa bl Retibdfe unPum bAQHIAR e fdrdtk 8fa W th a
pol ydi spersi on of average particle sizes. Furthernore, it is possible to

use one typeodym bopategritrides sact aspasningm otvrdd, pexen wikridef silichenitidsragdni c fill er
with a nonodj spersion d/.or pol ydi spersi on of .average parficle sizes.
M 1 0100] ErriRERrar AR o B AR e Bl Fuhin RS A Ca

(especi al | yirpphsiciita] it i‘s?smﬁe&bhgecea): ofthish aldhe, avBLBd®oRARbtGhe size of 5.0
mor |ess, and npore preferably spherical fused silica with an average
particle sig@niipatign(imorg thgse sdicais patgylarly preferaklesud §4spd dlieo | nprove t he
filling of ] G f L OLA0L, M. @H‘B of thgeknorganic
filler is n%ﬁbdéiraﬁ'%%{éé%ﬂysﬁﬁc?)éég ?et %’\r?g‘:}}sg"‘gg‘%é erﬁ%h}%e 20-eSt0 wt %
nor e pr ef er afay ye B@rudBedirWpiwiritdl farmspmethod of ustigppedyiriatego fregurposciongedsi t i on.

As long as th mount is within the above range, it is possible to
achi eve | oW‘F‘ﬁ% HEEER e&ﬁ?isg‘ﬁa fghﬂ"ﬁf&ﬁfﬁ"g‘ivﬁc oL Bt PBROS I Par ti cul ar .

order to achieve impregnation into the fiber substrate.

[0107] While the average particle size of the inorganic filler is not particularly limited,
it should preferably be 0.01-5.0 um, more preferably 0.1-2.0 um. If the particle size of
the inorganic filler is less than these lower limit values, then the viscosity of the varnish
can be too high, thus affecting productivity when preparing the core 104. Additionally,
if these upper limit values are exceeded, segregation of the inorganic filler in the varnish
can occur. The average particle size can be measured, for example, by a particle size
analyzer (Horiba, LA-500).

[0108] Additionally, while not particularly limited, the above-mentioned inorganic
filler may be an inorganic filler with a monodispersion of average particle size or an
inorganic filler with a polydispersion of average particle sizes. Furthermore, it is
possible to use one type or two or more types in combination of the inorganic filler with

a monodispersion and/or polydispersion of average particle sizes.



[0111] By including an epoxy resin (substantially not including hal ogen

atons) in the resin conposition formng the core 104, it is possible to
- inmprove the hygroscopic solder heat resistance and flanme retardance of

the core 104. [0112] Exanples of the aforenentioned epoxy resin include

bi sphenol type epoxy resins such &8- bi sphenol A type epoxy resins,

" bi sphenol F type epoxy resins, bisphenol E type epoxy resins, bisphenol

S tyPEIBROXY T eSiMSmelAlRD R bielbl YRR SHRNY LRSI DissRbenelsp type
epoxyg%gﬁlns and blsgheno %§9t§pe epoiéﬂgegiﬁs @%ﬁgiggﬁtype ggoxy

resi ns such sdis2) pmfeno venage phidicle iypef Sépax yr lesesind swoanpteferablygbhenical ddsad t ype

epoxy resins; al kyl ene resips su h, as hen pe epoxy
resins, xyl She¥ %ae“aeveg ePang‘y Zr?é’?gﬁf( DEBheri/ S ‘rﬁiﬁf’c’ﬁ}g %B’S?ygrem n;

napht haI ene thaiPenglP heYndr@idisler. ant hracene type epoxy resins, phenoxy
type epoxy resins, diclyclopentadiene type epoxy resins, norbornene type
epoxy [ 13305]| ns, ada%#ttéﬁ?}“?%ef taploipaniet) %sﬁrahléﬁﬂflqu@e*bfélﬁete@yfﬁeo'ééoxy

resins. %ge?éé{l%l\%ﬁésio% ’wt%, pe?e%ﬁd €£(P70 ﬁ"l r%ﬂa%ctqg the e?t?r reas‘ino ne, a

combi nati on more ere aver age
nol ecul ar \A/emgbcﬁsmonorAsaoﬁgmmermtm@m Wfthxﬁrﬂ& abG\Fe rﬁ]ﬁg’eﬂtislbﬂﬁﬂaldfbb hdfhndvlil(%l r
prepol yners. Anong _these epoxy resins, | al kyl ene type epoxy resins

are partlcuI%Yﬂ?”ﬁ?%ﬂ@??%ﬁ“dA§VQ°F%§%¥¥m? 1gnipgartigdlat pi e to i nprove the
hyar oggeRi © sol dag, Haaiint SSIFSLARGE AR LA (LA JARGEn kM indhe

af orenment'i oned aryl al kyl ene 'type epoxy resin referS to an epoxy resin
havi ng at | eet compemmyfblaﬂukg/ihe nae HiHoitijs passibirgo ithprovetbe by grevgopicrotdsr

Exanpl es i ncl ne t resins and bi phenyl di met hyl ene type
epoxy resi ni qA??ﬁWﬁgﬁ%'gglémer%J)gWég?f% | ene type epoxy resins are
pref erablie. The bipherybthdmbipkadaed re@;a%md@eegﬁbnslappe ooty exanpl e,
be indicated by Fornula (Il1). -28- [0114] [Fornmula 2] o o o~ oh CHz/ \

OW ?_ CH, ~ @rinspugh aghisphenol(4 typg epexy 191ins pisptiveold\ierepexsiasitsebisenelEpeat i ng
units nint £d by the
above For rrulkgjg(ep{»gmgsr%no prﬁgltéc)?fg t’%’ %&%9‘% m%%?)ﬁ%w‘ ﬁﬁf’lpe ‘?Q&y r%%% er ab?/y 1-10,

nor e pref er dbpiendt Btypé épokh&smymda@@hﬂmmb@pee]faomye@ﬁa;tnonq-auppé@omy is |less
than the aforenmentioned |ower |imt values, then the biphenyl di net hyl ene
type epoxy T PESISHNEsRhNEHPVPIAC FPS/ARONY TepipRand cgolmRKola Y RAFPPILESIRS gener al

pur pose sol \é?ﬁ;;@yl&@ @y;@%poxy resins such as biphenyl type epoxy resins, xylene type epoxy
resins and biphenylaralkyl type epoxy resin; naphthalene type epoxy resins, anthracene
type epoxy resins, phenoxy type epoxy resins, diclyclopentadiene type epoxy resins,
norbornene type epoxy resins, adamantane type epoxy resins and fluorene type epoxy
resins. As epoxy resins, it is possible to use one of these alone, a combination of two or
more types having different weight-average molecular weights, or a combination of one
or more types with their prepolymers. Among these epoxy resins, arylalkylene type
epoxy resins are particularly preferred. As a result, it is possible to improve the
hygroscopic solder heat resistance and flame retardance.

[0113] The aforementioned arylalkylene type epoxy resin refers to an epoxy resin
having at least one arylalkylene group among the repeating units. Examples include
xylylene type epoxy resins and biphenyldimethylene type epoxy resins. Among these,
biphenyldimethylene type epoxy resins are preferable. The biphenyldimethylene type

epoxy resin can, for example, be indicated by Formula (II).



relatively reduced, thus making it difficult to handle. Additionally, if
the nunber of repeating units n exceeds the above upper limts, then the
-fluidity of the resin can decrease and cause nol ding defects or the

i ke. [0116] Wile the anpunt of the epoxy resin is not particularly
limted, it should preferably be 12855 wt/o0, nore preferably 2-40 wt % of
“the entire resin conposition. If the anmount is |ess than these | ower
limit ialjuesporklfR  the reactivity of the cyanate resin can decrease,

t hus reducing the noisture resistance of the resulting product, and if
the upper limt-values are exceeded, then the heat resistance can be
reduced. [0117] W&/t he wei ght - averagg\ nol ecul ar wei ght™~eaf the

af orenmenti oned epQxy f@si i<~ ol particula A dagdast he

wei ght - aver age nmplecu ar{?%féi%risf‘ ef erjabl - 0,0uE; nmof ¥
preferably 800-15,000\ If the weight-average nol ecul ar weight is |ess
than these lower limt values, then tackiness can occur in the core 104,
and if ese upp |1 I . L mpregnat i on of

- the fﬂ%ggglass sﬁggf?%%%nléﬁ?ﬁ§§e§%§ﬁg%§%§9ﬁg m% 59@%$%“%%§“§%n decr ease
S0 as not t epexyakdireindicated byohautproEutinlat() ibsotghit@uladdlimifdiebutwei ght - aver age
nol ecul ar wei ght, of the epoxy resin can, for exanple, be neasured by

GPC. [0118] PayeRRiE idLimnge %fefﬁf?éﬁr&rf’-rEé}?er?vwﬁgecw%%fir??eemwgﬁmsé?fsf or m ng
the core 104parthe dtSremPRRAbLIofFerd 18nif Mﬁe@,%en'tf@tﬁ%%ﬂy]ﬁ%ﬂ@f&@ Q3eQphg sol der
heat resistance of the core 104. [0119] Exanples of t'he dbove-ienti oned
phenol resi nedimehitrd tnoyoiibe, dngplee ohbiligt ingesiral pprpoesselvertty@e bphenol resi ns

d | al kyl ene. t I i ns. th ol fn, it i i bl
0. use’ one SHSTRBLE CyBALe APERE PP e fopee i e i ent -

wei ght - aver aggatity 126ith @tcedi itghibsvel upp&QiilisAdH @ fuiity & thedddh Rt i on of one
or nore -29- types with their prepolyners. Anong these, arylal kyl ene type
phenol resi ri§rggse andanseedldiag fsfeqraathelikbl e. As a result, it is possible
to furd,hgr inprov i i . 1.0120]
Exanpﬂgsﬁof the a oggﬁﬁgﬁg%gﬁgﬁpggvy%%%ﬁ%ﬁ%pﬁg%g& hgﬁgﬁng%gPﬁ'include

xyl ene typerghebigbe 1-85wils nondprbiephe A0 citviet thy estive rdsipypempdietoal ¥ esins.

Bi phenyl di met hyl ene, type phenol resins can, for exanple, be indicated by
the For nul a aimguntie éfi%*%ﬂ “F‘F—%rl?ﬂﬂr 48 yalert Ben et gty ehgre cyanate resin

can decrease, thus reducing the moisture resistance of the resulting product, and if the

e

upper limit values are exceeded, then the heat resistance can be reduced.

[(0117] While the weight-average molecular weight of the aforementioned epoxy resin
is not particularly limited, the weight-average molecular weight is preferably 500-20,000,
more preferably 800-15,000. If the weight-average molecular weight is less than these
lower limit values, then tackiness can occur in the core 104, and if these upper limit
values are exceeded, then the impregnation of the fiberglass substrate during production
of the core 104 can decrease so as not to enable a uniform product to be obtained. The
weight-average molecular weight of the epoxy resin can, for example, be measured by
GPC.

{0118] By including a phenol resin in the resin composition forming the core 104, it is
possible to further improve the hygroscopic solder heat resistance of the core 104.

[0119] Examples of the above-mentioned phenol resin include novolac type phenol
resins, resol type phenol resins and arylalkylene type phenol resins.  As the phenol
resin, it is possible to use one of these types alone, two or more types having different

weight-average molecular weights in combination, or a combination of one or more



n [0122] The nunber of repeating units n in the biphenyl di nethyl ene type
phenol resin indicated by the above Fornmula (Il11) is not particularly
limted, but should preferably be 1-12, nore preferably 2-8. If the
average nunber of repeating units nis less than these lower limt

val ues, then the heat resistance cad¥ be reduced. Additionally, if these
"upper |imt values are exceeded, then the conpatibility with other
resins can gk faR heirlphipdlynterid Uﬁin&g% B RNARASRAR dhkYol 1dsRd 23] The

af orenenti oned conbi nation of cyanate resin (especially novolac type
cyanat e r esipadticalpdy prefeiaklek y Aerwesitlly jyés pobrinolo fuder mprave thehygsescbpico cont r ol
t he crosslig&bngaden ity and to easily control the reactivity. [01241

Whi | e the amdunt “8r tHe af or enenti oned phenol resin is not particularly

limtedzo] it shoubdmpleebmh@dtoye-Rentbn&barWhaiflerddRy R pRER RER IS xHoneM % Wi t h
respect to the entire resin conposition. If the anount is less than
t hese | ower tyremheno) gsineand hiphenyldsmetlivieae type phinstrasice Bimherybdimetiylered, and

if these up LIt e r W mal expansi on :
properties fF%ﬁ??%?%9F%f%%%“@ﬁﬁﬁ%ﬁfﬁggﬁ%%gﬁ?¥§3£%Qgé nol ecul ar wei ght
of thelatjovegFarentaizpned phenol resin is not particularly limted, the
wei ght - aver age nol ecul ar wei ght should preferably be 400-18, 000, and
nore preferably 500-15,000. If the weight-average nmolecul ar weight is

| ess than these Igower /linmt val ues, fhen yhe core 104 canPthecone tacky,
and if these u%ﬁii a3y al ee caLEEg- he~ryronegimat ipn of the
fi bergl ass subst e at g tNpe o _ \ _i 4 can be
reduced, so as not to‘be able to obtain a uniform product. The

wei ght - aver age nol ecul ar wei ght of the phenol resin can, for exanple, be
-30- neasured by GPC. [0126] Furthernore, when the core 104 is produced
usi ng onbi nati f.th gve- nenti.oned cyanat.e,resins rt.icularly
novol B De. cyanid Bttt st B A Y AR S e e BBl

(parti cul ar liydieatad balthedbeveeF ofiiile (IPjie AGH paftRBlaftBlimR&] B@isAduly preferably be

bi phenyl di net hyl ene type phenol resins) and the above-nentioned epoxy
resins (ar Y& RYeHFETRHES e poRS A REEE RdMbes ehepsating yrigindhletfyhaithise hy| ene
type epoxy n&sd:skovalubs, H‘%I’]l_ E}Q%aﬁ'rgls%n&é)caﬁ bt éﬁ&egag&&%ﬂn@ﬁ}, ¥ aR¥EEHLE onal

di rensional stability. [ 7] The above-descri bed resin conposition is
not parti cullewit saldes are pededet then the @irgrgiility withethearesivaipinidegeagealnts. The
above-nenti oned. cou Iin% agent can inprove the heat resistance,
particularIJe‘ﬁg%ggﬁH%F W%%W resi stance after wetting, by inproving the

[0123] The aforementioned combination of cyanate resin (especially novolac type
cyanate resin) and arylalkylene type phenol resin can be used to control the crosslinking
density and to easily control the reactivity.

[0124] While the amount of the aforementioned phenol resin is not particularly limited,
it should preferably be 1-55 wt%, more preferably 5-40 wt% with respect to the entire
resin composition. If the amount is less than these lower limit values, then the heat
resistance can be reduced, and if these upper limit values are exceeded, the low thermal
expansion properties may suffer. '

[0125] While the weight-average molecular weight of the above-mentioned phenol
resin is not particularly limited, the weight-average molecular weight should preferably
be 400-18,000, and more preferably 500-15,000. If the weight-average molecular weight
is less than these lower limit values, then the core 104 can become tacky,‘ and if these
upper limit values are exceeded, the impregnation of the fiberglass substrate at the time
of production of the core 104 can be reduced, so as not to be able to obtain a uniform

product. The weight-average molecular weight of the phenol resin can, for example, be



wettability of the interface between the above-nentioned thernosetting
resin and the above-nentioned inorganic filler, thereby evenly attaching
- the thernosetting resin and inorganic filler to the fiber substrate.
[0128] Wil e any commonly used coupling agent nay be used, it is
preferable to use at |east one typg8 of coupling agent chosen from anong
" epoxysi | ane coupling agents, cationic silane coupling agents,

am nosi | anenggﬁpg&@g;ﬁgent s, titanate coupling agents and silicone oil
coupling agents a result it is possible to inprove the wettability
w th fohzs]interf ad@rmérrrtolmewhetomgemé to4fis lbrbmcgd tdvey edoynbiraporonfitieg t he heat
resi stance. [0129 anount of the cou Hggia gent added will depend on

t he speci fi @°F61™S E‘é“e 51383t 53Inf (RATHH B Ao FiPe Fanate 551k et her ef ore not
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limts, oss he i nor anlcfller
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upper |im t@o@iwetezsma TbilEext @AGHA] @indnSionadbdigrd.ed and the bendi ng
strength is reduced. 130] The above-nentioned resin conposition may

al so (B¥la curi ng%@@ﬁﬁtdéﬁcflh%i re%@wsmg@aﬁﬁq@gt@h@y litechPfani ¢ et al
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tris-acetyl aigetesadis®incd, phutitdaryy tAosdles hat eisascebftéretdmjHzal iRgroving the
tributylam ne and diazabicyclo[2,2,2]octane; imdazoles such as

2- pheny! - 4- esttRRIY f the priace bebves fhpjaboveananyipreditipg pieing resin and the
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2- phenyl - 4, 5-di bydr oxyi m dazol e; phenhol Conpounds such as -31- phenol,

bi sphenol Alm@nm&ﬂyﬂtpﬁeﬁxbhrsubahg&m c acids such as acetic acid, benzoi ¢
aci d, §6¢}I icylic id and 1garato uene sulf ni ¢, aci

t her et the cUMTEY “BrERYY &rd CP't‘p R ‘é‘l""b‘i’e “S?“g “d%%re%m@éé? iR e,

i ncl udi ng d@éalst\b@:’é type 8f hiRiRakent BRI ron®imébry sildndBoulingTitehtst y pes,
i ncluding derivatives tﬁgr eo? i n conbi nat i oeﬁ&@[ 0131] V\h?]i%re t he amount of

t he curing ﬁawsweucgunlmg aa&atsmrmmsdmefmmlmm@ts iilt@mi?mupleng agerdy er ably be
0.05-5 wt % _moL:e RL & cm?@r![l%aggr?t% %;n‘é"rgéuf%fﬁ 1%, h§531%§90 {%lpr v’% é%%bl'h

conposition inits en € anoun ess ese

limts, thenvithhie teffad@f the irobgahicillerefhé@by intpRyvingthe EﬁﬁﬂElstaﬁﬂd if these
upper Ilmts are exceeded, then the storability of the core 104 can be
reduc&?1[ 0132] THe 28! theseunling egepkadidad wElAseEId Ighe asiibe™a%ed i n

conmbi nati on Wabhie i inorganic filler, and is therefore not particularly limited, but it should

preferably be 0.05-3 parts by weight, particularly 0.1-2 parts by weight, with respect to
100 parts by weight of the inorganic filler. If the content is less than these lower limits,
it is not possible to adequately cover the inorganic filler, thus reducing the effect of
increased heat resistance, and when these upper limits are exceeded, the reaction is
affected and the bending strength is reduced.

[0130] The above-mentioned resin composition may also use a curing promoter as
needed. Examples include organic metal salts such as zinc naphthenate, cobalt
naphthenate, tin octylate, cobalt octylate, cobalt (II) bis-acetylacetonate and cobalt (IH)
tris-acetylacetonate; tertiary amines such as triethylamine, tributylamine and
diazabicyclo[2,2,2]octane; imidazoles such as 2-phenyl-4-methylimidazole,
2-ethyl-4-ethylimidazole, 2-phenyl-4-methylimidazole, 2-phenyl-4-methyl-
5-hydroxyimidazole and 2-phenyl-4,5-dibydroxyimidazole; phenol compounds such as



t hernopl astic resins such as phenoxy resins, polyimde resins,
pol yam dei mi de resins, polyphenyl ene oxide resins, polyether sulfone
resins, polyester resins, polyethylene resins and pol ystyrene resins;
pol ystyrene type thernopl astic el astoners such as styrene-butadi ene
copol ynmers and styrene-isoprene cofdol yners; thernoplastic elastoners
- such as polyolefin-type thernoplastic el astoners, polyam de type

el ast oners S ; ' Ly, ) oners such
2 pol ybut acl ane PHLETASha bR Eh A3-ERE 2ige AR AR/ Bl 251
pol ybut adi esaicydindcidredchacatylhermpdidnicadid; pdinyikiutadieene. As@e33tindAddi tional |y,
it is possible to _add adgitives other,t@gn t.he LQ%redi nts described
above to t hBISET A HRBEPE Hye PR Hress G aing dgvativgs diprepd alpng pEfRse dyes,
defoam ng  gELRhLRwe PUShHAGNREERhSves MM BDELRbMGIAYENt s, foam ng agents,
antioxidants, flanme  retardants and ion sequestering agents as needed.
[ 0134P1Rext , t he VPrkephesgnoghiaf thelyerivimompleed notfadicolorlplihgdd, Wishahd | s a

boar d- shaped_subst.r at -calle e +Which is fornmed by
Cror egnat iR P a0 AR i LT POF ot bl W ¢ ne

above- descr tdagsbsikieSinlits emmg.s i1t th® Am&\ R isGa4k thaf teSe 16Wliadis ahérOhe FRIAGT act ure
of interposers and notherboards which are printed wiring boards that
excel in vaPioBgsopetisgarayinekocsifend igtesq juppea Hmitp are gxegpsedithestheand mechani cal

and el ectri &ﬁﬂgg,]rw&%%%&%}@%hue y in high-tenperature high-noisture

condi ti ons. 'es o e Tiber substrate that can be used here
i ncl udes2f i ber gl ag¥e aiwubdéscdtied Sesdf coffipassorf radyrHe@Sedain dorghifgi®n ROdH- woven

fabrics; synthetic resin substrates _conposed of fabrics or non-woven
fabrics haviWE PRI FLSIARIPBEFES SRTHM4E resigd PORRnitaifi drefiesi ns,
aromatic p%é’l%ﬂeﬁﬁeﬂe%’iid@ réslbng,ﬁ::goﬁre@lgldsum%l rles){ns,aﬁc@f@{ef I‘Esi{?s‘?gé(l%ﬂlﬂ&er esin

fibers, polyimde resin fi , fluoride resin fibers and the |ike as

mai N const i teasentrsl polysgrene regmni polybiylree type istmatistc dastdmeassupager substrat es
havi ng as in c qs.ituenﬁs cra%tagqfer, cotton linter 8% er, and m xed
papers of | FHEBFPHAYCIESRYY TR < BFeHERE e FIPSEFSTAl s ™ E % rat es are
preferred. Agstémd®sidh bs pdlifRefiblyRiBirRoMadic BRitSthets PoBRSATRigeRRstoate of the
core 104 can be inproved. Additionally, the coefficient of thernal

expansi on ofnd priyesier gpe dopmeapansedipnedyreetistorer3eth apelippladisngt et hods of
o conet AR SRR S RGPS,
usi ng t he abayexstiseri bed resin conpositions and i mrersing the fiber
subst {0?%3]6 Additionally, it is possible to add additives other than the ingredients described
above to the above-described resin composition, such as pigments, dyes, defoaming
agents, leveling agents, UV absorbing agents, foaming agents, antioxidants, flame
retardants and ion sequestering agents as needed.

[0134] Next, the prepreg shall be described.

The core 104 which is a board-shaped substrate (so-called prepreg) which is
formed by impregnating a fiber substrate (such as a fiberglass sheet} with the
above-described resin composition and curing is suitable for manufacture of interposers
and motherboards which are printed wiring boards that excel in various properties such
as dielectric properties and mechanical and electrical connection reliability in
high-temperature high-moisture conditions.

[0135] Examples of the fiber substrate that can be.used here include fiberglass

substrates of glass fabrics and glass non-woven fabrics; synthetic resin substrates

composed of fabrics or non-woven fabrics having polyamide resin fibers such as



in the resin varnish, a nmethod of applying with various types of coater,
and a nethod of spraying. O these, imersing the fiber substrate in the
-resin varnish is preferred. As a result, the rate of inpregnation of the
resin conposition into the fiber substrate can be increased. \Wen
imrersing the fiber substrate in a3esin varnish, it is possible to use
“conventional inmersive application equipnment. [0137] Wile the sol vent
used in the ghoverdeseiRem. gﬁ?énﬁ'idé(f’e@iﬂ'ﬁﬁgs SOV BES1BE AL Inia€xBhbI T good
solubility to'the resin conponéents in the above- described’ resi n

conposi t i on fiberg polygnide oisindihers,fmyrifieresis Bebrsuntdhhalile aetraia comtigentasndot t o
have any detrinental effects. Exa S. of solvents exhibjti ood

S0 Ui 1ty PHETEAbS s R h at y FeR R KL DT = TR DB T RETone,

cycl ohexanoRreuontidter paped e HiaM pagdks Beliys dralcPRPGS, Of diegasﬁﬁby%@s et oani de,

di et hyl sul f oxi de, ethyl ene glucol, cellosolves and carbitols. [0138]

Whi | e the sahbstaigndre pisterete Attioeltdbssirengbdnd melsireabsorpton jaty ohthe

particul arl l.j . ho . Dr rabl.y. 0- 8 %.. DI ably

50" 65wt 36 o AL eh P abyed" AR, B REor i AR MO RERELL Y |
a result, itodsenpesdudtde to further inprove the inpregnation of the
fiber substrate wth the resin varnish, By i rrpreggage:i ng the

abovel#&cri bed fPBRPlespyaghods af rresnetig bafheel vieder esin

conposi ti on ghd [ALYibdBes: : ' > inf Or
cxanpi e, 50-500 TR o P B S LB OBy

<Regar di ng tvaeisBusihglthe abavy@eseribigrediedonvpositibre ane Bnmersiogrhe sibérisolrstrhier
formng the buildup [ayers 106 used. in. Enbodi nents 1-4 shal |l be

expl & ned. - TP FEE P EHOSIT] SAPF gy PR U P Py Er et s not
particul arl Yplaliih t &8k thddd) iminSrsinh ele@iballMsthRABE rQfn AnlidSt PrefeRBROHst | ON
containing -33- a thernosetting resin. As a result, it is possible to

i nprove t he ahemt!, thewtef arrregrafion ¢i¢he resisepmpobifien integhmfitengubstrat¢ @n20)

Exanpl es of ir%c?eea etdhe v E&rﬁérag%t%gﬁf)errl%u Isg'gtle daeregtrl1 gg}rgash,ritelg : oggblélfloctge as
novol ac type pﬁeno resins chas phenol novolac resihs, cresol novol ac
resins and kbsphenal infersi@upplastisragipimentand resol type phenol resins such
as unnodi fied resol phenol resins and oil-nodified resol phenol resins

nodi f {8& by paul olhilathepqlvent isad e drove-describgd Fratn vaimish shespid preessably t ype

e_pOXy resi NS Ribie Eoo@%ollablﬁghg ﬁ%lresﬁ; Mer&sqg{ iﬂ{ésaboxgi-c&pcl?ﬁglcp}esiﬁ C&R]SB&_MiOB,eSi ns,
bi sphenol E type epoxy reésins, bisphenol S type epoxy resins, bisphenol Z

type epoxy apesiselentmayibhesdl withit splea epgxss noewihas: apdetireplbdiotts.M t ype
eDOXY TeS1 NS MONOLEG, LDS, pEROKY, TSR UG 2BIIoTOh, ARYRLES, L YPe ePoxy
methylisobutylketone, cyclohexanone, tetrahydrofuran, dimethylformamide,
dimethylacetoamide, dimethylsulfoxide, ethylene glucol, cellosolves and carbitols.
[0138] While the solid part of the above-described resin varnish is not particularly
limited, it should preferably be 40-80 wt%, preferably 50-65 wt% of the solid part of the
above-described resin composition. As a result, it is possible to further improve the
impregnation of the fiber substrate with the resin varnish. By impregnating the
above-described fiber substrate with the above-described resin composition and drying
ata predetermiﬁed temperature such as, for example, 80-200 °C, it is possible to obtain a
core 104, |
[0139]  <Regarding the Buildup Layer>
Herebelow, the resin composition for forming the buildup layers 106 used in

Embodiments 1-4 shall be explained. The resin composition forming the buildup layers

106 is not particularly limited, but is preferably formed of a resin composition containing



epoxy resins such as bi phenyl type epoxy resins, biphenyl aral kyl type
epoxy resins, arylalkylene type epoxy resins, naphthal ene type epoxy
- resins, anthracene type epoxy resins, phenoxy type epoxy resins,

di cycl opent adi ene type epoxy resins, norbomene type epoxy resins,
adamant ane type epoxy resins and fl3orene type epoxy resins; resins
“having a triazine ring such as urea resins and nel am ne resins;

unsat ur at ed , RUREIHRE resih® ASa reBlT RIS L iEH DS the ﬁ@étyégfsﬁmao@&er esins,

di al l yl phthalate resins; silicone resins; resins having a benzo-oxadi ne
ring; and cymnhatiezegslapg. [0141] OF these it is possible to use one type

al one use t or re types having .different weight-average

ol e_clﬂléeﬁ wei _ghrgﬁ"?w?@%?fﬁ%‘ﬁ PRt e gheny LD PR e
conbi nati on phbdolrebiR@duth B BRI VORI resid Hrdsb1 QBRI MHesirAMRAGist RS, Cyanat e
resins (including prepolynmers of cyanate resins) are particularly

preferred. Asvaecresing and r¢spl tige phene séshis euches waediéedtrirol pleeflfresiisend  of
t her ma‘l ExXpat ~Sni10%1 'egfresglh eriior1]§ lélljna;[nio?l%eé 5 i anl Iwa Soil i s'e:é“clir tilh%r n{%’ﬁ? cBil't he
electrical properts SSO RGNS HEr Tefiard Dl A ob Fssr st &3 €Y ¢ angent )

and nmechanibgphenst NGkl @find Jeh dsbEph@iol AGpdx@ Sdsins, lbapREncBI §oRy Feing00d.
[0142] The above-descri bed cyanate resins can be obtained, for exanple,

by reacti ng PuPheplhypeeporareige bisphenal SorRarpryandnpblep sy PeAPgR by a
met hod such ag healingp eep&gge% Sax%ﬁ%%&og ﬁlﬁ%@ogfrelsing L ﬁ%pheno'

type cyanate resins such'as novolac ty resins, bisphenol A
~type cyanat epm@sesis sudhiagibbein abvolac typeep@ry assiils and esdohsovaladepoxy resins;

t et ramet hyl bi sphenol F type cyanate resjins, O these, novolac type
cyanate resi*REVAFES Syhdp biphent! BRgenocy esigp Piphepy! il BOERS BPE €T npr ove t he
heat resi st %ﬂ@eﬁlgﬂiéh@ R eﬁ&ﬁ&&ﬁéﬁ%pﬁtﬂale&rt?ﬁée’pbﬂ@eﬂ&, SeRSLhY 3Phkp | nprove
the flame ret'ardance of the resin conposition. This is bécause novol ac

t ype cyanat eesiregthasoxy drpmeperyaginsedigyiclogentaiidne type lapoxy uesinaquortwaene type - 34-
B & A YRS ANEL S ESA RN B SR PrOROTLION of
enzene ringS ¥n €T structure, e [ onized. [ 0143] As
an exanpl e %vih%@trab@yﬁng@vmsaﬁeaw@@ & aRfinfind 1R&hNunshiurdi&l ROBSEDI € to use
a conpound such as indicated by Fornmula (1). £0144]_[prnula_4] NNC N 4
N C H CH A @dins binfaleimide rgsing; polygreitg]e repias; digBylalfaalpta psos: stifoneagsdiit i ng uni ts

n of the no%&%r@%a&ixge?be%¥@-%§iﬁle 'i”ﬁ?ig;i alld cyanate resins.

{0141] Of these it is possible to use one type alone, to use two or more types having
different weight-average molecular weights in combination, or to use one or more types
in combination with their prepolymers. Additionally, among these, cyanate resins
(including prepolymers of cyanate resins) are particularly preferred. Asaresult, itis
possible to reduce the coefficient of thermal expansion of the insulating resin layer.
Furthermore, the electrical properties (low dielectric constant, low dielectric tangent) and
mechanical strength of the insulating resin layer are also good.

[0142] The above-described cyanate resins can be obtained, for example, by reacting a
cyanogen halide and a phenol and prepolymerizign by a method such as heating as
needed. Specific examples include bisphenol type cyanate resins such as novolac type
cyanate resins, bisphenol A type cyanate resins, bisphenol E type cyanate resins and
tetramethylbisphenol F type cyanate resins. Of these, novolac type cyanate resins are
preferred. As aresult, it is possible to improve the heat resistance due to increases in
crosslinking density and to improve the flame retardance of the resin composition. This

is because novolac type cyanate resins form triazine rings after the curing reaction.



i ndi cated by the above Formula (1) is not particularly Iimted, but is
preferably 1-10, and nore preferably 2-7. If the average nunber of
repeating units nis less than the upper Ilimts, then the novol ac type
cyanate resin will nore easily crystallize, and the solubility in conmon
solvents will be relatively reduced} naking it difficult to handle.
Additionally, if the average nunber of repeating units exceeds the

above- descr i i ; ; ' ' t oo

i gh. reduc, maTRaCel ot e bl s R MoPac dhRRR BN ' 2
Whi | e t he whielghifucaverad erermile cubanizedei ght of the above cyanate resin is

not icularly limte he, wei ght - aver age nol.ecul ar weight is
pr ef el@ g{?’ y 500- 4, %30 SR of erago‘ﬁﬁgf%?cg‘ﬁ?w 18I 30 pqsfl‘g]t%ﬁ jse a

meight-averagqxﬂp$gﬁuh@ﬁdmaggggﬂﬁﬁum@§s than these lower limt val ues,
then the nmechani cal strength of the cured insulating resin |ayer can

decr e@8¥] aHd@rHed] an insulating resin layer is forned, tackiness can
occur, causing transfer of the resin. Additionally, if the

wei ght - aver age nnle@u{ar wei ghiy exceedshlghese upper limt values, the
reacti on can becone tYm qui ck, §% that wh¥m a substrate (in particular,
a circuit board) is forygd, noldi def ect ssgan occur and interl ayer
peeling strength can degcrdase. ‘Th
t he above-nentioned cyan d Si
exanpl e, by GPC (gel t andard subst ance:
pol ystyrene conversion). [(147] Additdgnally, while not particularly
limited, the above-described cyanate resins, including their:

derivatjyes, may . be one t used al one, t or re types having

i 11 oDU! o oht e aigs BPesE s g P ot el I MRS, o one
ore nore typR%ateddy thd SBSe FOnRANDI ifial bQRcMbdyNirkiRQ] But RTRASLBIRIS and 0148]
The anmount of the above-described thernosetting resin is not particularly
linmited, butoreprgfpiablapdb| ks angaggrommbernf eepgatiog aipign iy lesptharothguppepi t h
respect to ¢ [y | 0Sl. 11 Lf _th unt J.s | .t han
t hese Iomerhgﬁﬁggéﬁmtogﬁgﬁ%&ﬁgggﬁﬁé&ﬁ ?EF?EGS@yﬁgagg?%%ghﬁ?%ﬁﬁﬁh i ng
resi n | ayer in @mehonkolt-dieseillibp pativbly Fidisedamekigyit agitad to hddr. t he strength
of the insulating resin |ayers can be reduced. [0149] Wen using cyanate
resins (esplefiipiallydigherstase pypbe ghrpsating wls epedsdhe have-desaibpdset t i ng
resins in tg,ddumbdHe had ek Sisddy cahﬂ&ﬁmé%‘ﬁi?., %Géiﬁg ARL¥idGINS R thel N
conjunction Wth an epoxy resin ‘(substantially free of hal ogén atons).
Exanpl es of inshletingabsveydescri bed epoxy resins include bisphenol type
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particularly limited, the weight-average molecular weight is preferably 500-4,500, and

n be qsured, for
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more preferably 600-3,000. If the weight-average molecular weight is less than these
lower limit values, then the mechanical strength of the cured insulating resin layer can
decrease, and when an insulating resin layer is formed, tackiness can occur, causing
transfer of the resin. Additionally, if the weight-average molecular weight exceeds
these upper limit values, the reaction can become too quick, so that when a substrate (in
particular, a circuit board) is formed, molding defects can occur and interlayer peeling
strength can decrease. The weight-average molecular weight of the above-mentioned
-cyanate resin and the like can be measured, for example, by GPC (gel permeation
chromatography, standard substance: polystyrene conversion).

[0147] Additionally, while not particularly limited, the above-described cyanate resins,
including their derivatives, may be one type used aloﬁe, two or more types having

different weight-average molecular weights used in combination, or one ore more types



bi sphenol S type epoxy resins, bisphenol Z type epoxy resins, bisphenol P
type epoxy resins and bisphenol Mtype epoxy resins; novolac type epoxy

- resins such as phenol novolac type epoxy resins and cresol novol ac type

epoxy resins; arylal kyl ene type epoxy resins such as bi phenyl type epoxy
resins, xylene type epoxy resins afigt bi phenyl aral kyl type epoxy resin;
* napht hal ene type epoxy resins, anthracene type epoxy resins, phenoxy

type epoxy ﬁ&ﬁhﬂ%nbﬁbﬁ&%&ﬂ?ﬁ%?ﬁég& N&st Ype epoxy resins, norbornene type
epoxy resins adamanti ne type epoxy resins and quorene type epoxy

re5|n@kB[01501 Aﬁhepnmyuoﬁﬁem@we ¢scrited fesseshitieg tesiniset pareiaddrit hese al one,

a conbi nat i 0 pes havi i fferent wei ht aver age
mol ecul ar ‘?f{gm ore raeg??bssﬁré% B8 fe\{eﬁ?q’g"'%“{o r"é‘ﬂ’trﬁ?é RPE A Rei r
prepol yner sremﬁmﬂgosmaﬁs af SR A durkt B34sD fhan He¥d 18N ENIERENEVPEcoRROXY T €SI NS
are particularly preferred. As a result, it is p055|ble to inprove the

hygr oscopi cdigfel & fotpean inpudaling tresindeyen aod i Hepreuppet lamithameexceefl@ll §n thFhe

aforenentloamniﬁ%yh%hgx eanEXB,asP ¥¥rre5|n refers to an epoxy resin
having at | eaepShae AP PIBeG TR RETEF0 0P " SHE Ny t he repeating units.

Exanpjoes) i ncl ude wn@yiIuwhgqenﬁtyﬁemeaga@ymm}e:&ivmsc apélcyansibenyd)ds et hyl ene type
epoxy resins. Anong these, biphenyldinethylene type epoxy resins are

preferabl e. ﬂWﬁ@”ﬁPﬁh@ﬁ?ﬁﬁﬂ%ﬁﬁH@H@Hﬁﬂ%Vbéh%@%@%9pﬁﬁ§ﬂﬁvﬁﬁﬁe for exanple
be i ndi cat egon r»mh a?l E)JJ)ly resn'[ g&’rgé}-ntu[l cHeQU 1fAlo an atgrﬁ “xap Qs ofthe O ~/

\' \ CH2~ CHz~ e average nunber o repeatlng
units n in aljrm—bespdﬂedyepmkymmydchﬂebtsylpﬁol repeEpyxy resnssutingibsphandl Ay t he
above Formula (I1) is notwgﬁgélcularl ted, referably 1-10,

i
mor e pr ef er SBF §POY Ecsing bisp @P%‘@’é’xﬁ ﬁ‘ﬁ% ispffenp @BEE?PI‘E'@V‘F?W%S nis |less
than the af gggaRacipRohOR: bighelol YAl HERogLiRR, Kbl PigRYpdyTeL hyl ene

type epoxy resin can tend to crystallize, and the sol ubiTity in general
pur pose sol seeing @ddaﬁlwhb@l MrfE}P%ﬁPPmeﬂegma: e@lqlae thpe ey rfmilk Puv ag phedpdlf fi cult to
handl e. Addi ti re eatln t he

ceeds
above upper” Wor?fg' ¥?(ﬁ(§res 4] eSOF tfyp ¥ e8TH 52 trllkyl%l‘egf 27 and

cause nol di fnegmdafcaag Iﬁpl&hylttﬂﬁb dpb)@ﬂ'esnﬁ)/xﬂéi‘ﬁett}l'p@@p(ﬂﬂeesﬂidﬁﬂ!ﬁﬁlpﬁéﬂyl’aﬂﬂl@atI ng
units n within the above range, it is possible to result in a resin that

i s excepti of¥&F FEPXy Vsl napkihalseeiirg sporhiesias. prbisesne Dis ePPYISUT PRIPE t he
amount of -t fg. BROY Yesin€ Hidlyclope@ierR @ el iy @bding, ddiBBrhded typk bpi 2bihd

adamantine type epoxy resins and fluorene type epoxy resins.

[0150] As epoxy resins, it is possible to use one of these alone, a combination of two or
more types having different weight-average molecular weights, or a combination of one
or more types with their prepolymers. Among these epoxy resins, arylalkylene type
epoxy resins are particularly preferred. As aresult, itis possible to improve the
hygroscopic solder heat resistance and flame retardance.

[0151] The aforementioned arylatkylene type epoxy resin refers to an epoxy resin
having at least one arylalkylene group among the repeating units. Examples include
xylylene type epoxy resins and biphenyldimethylene type epoxy resins. Among these,
biphenyldimethylene type epoxy resins are preferable. The biphenyldimethylene type
epoxy resin can, for example, be indicated by Formula (II).

[0152] [Formula 5]



preferably be 1-55 wt/0, nore preferably 5-40 wt % of the entire resin
conposition. If the anmount is less than these lower |imt values, then
the reactivity of the cyanate resin can decrease, thus reducing the
noi sture resistance of the resulting product, and if the wupper limt
val ues are exceeded, then the coefffcient of thermal expansion and the
“ heat resistance can be reduced. [0155] Wil e the weight-average

nol ecul ar wei ght of the aforenentioned epoxy resin. is not particularly

limted, the wei -@ayer age nol ecul ight is pref eraQI«deOO 20, 000,
nore preferably $00- 5 000 | f th Wei ght -aver age rr%IHec | ar” weight is

| ess than thesel| dé@ T Q c2a©ccur(mn t he
surface of the i sulaln nlayr ind se upper limt val ues
are exceeded, then t he soI der heat resistance can decrease. By setti ng
the wei ht avera nol ecul ar weight within the above range, it is’

possi Bi¥I obt a‘é*rargéélﬁ’lnf’ertoﬁgf’eﬁt@g witsaye thshintegyidigettysas Ated in these
propertles i I resin can,
for exanpl eea-d%gréérr@ég&t}éaﬂéd ;@t&%&%@ Fﬁ %g{)l%\ﬁgg%}gglﬁ%l)@%%nﬁg%%on used in
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Exanpl es of re&@éan {eh&tofch}sfﬁnfzgraﬂllﬂgsélﬁﬁln@ ih Q&bﬁﬂ&ﬁ&@@&%@d@@a resins,

bi sphenol F type resins and olefin type resins. [0157] As the.

above- ment i ovddelf redweddothn mgkm&%dﬁﬁcuitmhmdkng-‘\@rbmméx ifvleenurmiber@of , it is
pOSSI bl e tore %gln%geltstly x%eegs ]‘%leia Vt38 Fe%ﬁm tV\%nenXLPeef?mg{ 0 rgsﬁl‘lf(;ralelr ent
wei ght - avera ecul'ar wel P coninat i on,  or use one or nore
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resistance can be reduced

[0155] While the weight-average molecular weight of the aforementioned epoxy resin
is not particularly limited, the weight-average molecular weight is preferably 500-20,000,
more preferably 800-15,000. If the weight-average molecular weight is less than these
lower limit values, then tackiness can occur on the surface of the insulating resin layer,
and if these upper limit values are exceeded, then the solder heat resistance can decrease.
By setting the weight-average molecular weight within the above range, it is possible to
obtain a result that is exceptionally well-balanced in these properties. The
weight-average molecular weight of the epoxy resin can, for example, be measured by
GPC.

[0156] The resin composition used in the buildup layer 106 should preferably contain a
film-forming resin.  As a result, it is possible to further improve the film forming ability

and handling when producing an insulating resin layer with a substrate. Examples of



nor bor nene skel etal structure, phenoxy resins having a naphthal ene

- skeletal structure, phenoxy resins having a bi phenyl skeletal structure
- and phenoxy resins having an adamantane skel etal structure. [0159]
Additionally, as the phenoxy resin, it is possible to use structures
having a plurality of types of théSe skeletal structures, and to use

* phenoxy resins wherein the proportion of the respective skel etal

struct ures @fiRliSmifbei R HRBE Shenfiyl i rddidd Misienol FYRESets 2ROGPAXY T €SI NS
with different skefgﬁgﬁlstfuctﬁfgs can bésh§gg:m§ p urgﬁ%ty of types of

phenoxy resitypsrésawi ng di fferent wei ght-average nol ecul ar wei ghts can be
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plating netal s f i i.n Lt er printed circuit boards due to
Phe. bi Sphengroa iRl (PARLERRR BE e bRl PErEler gt rsRB e oo ms
havi ng a bi sppenothe Reastesiktehid@landihe Behelfetarddmde. 2  bi sphenol F skel et al
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ad_hesi%?fﬂjt o the i Whignot Bayipulaylistifed, %H&PIEF_ ‘iﬁﬁ_@ﬁb?‘@ﬂef@é@q PRYAYAEAR i | ayer
printed cir %Jdeﬁﬁ&ox@éﬁ&awﬁ%%@ﬁ&%@kami sttml:tﬁre!;’gﬁ:ﬁ'a%}%a&gr rbkaks @

conbi nation of the above-desc henoxy resin ha bi phenyl

skel et al st hedhgia Bisgeobl Bi skgétalisolict@egiehet adsirs hadog albisghead df skeletgghenoxy
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Crructure. | DEtEsp HRTTE RS T PR S I ST PG b B Feq
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mol ecul ar wei ght shoul d preferably be 1000-100000, nore preferably
10000- 60000 and phanpyy rgginsgdiaying ¢ bisplpaolvbikelew! sructues; plenoxsfresinst@ving kin f or mi ng
resin is less,than | robimt v S h ffect _of ipproving the
Tt or m na BT eb PR S Yol et B RSl sl BT Vo2
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the filmforfREPeIriAat s PRy raiRnaraagithalee Fieldpesiche to
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[0163] Wile the anbunt of the Tilmformng resin i's not particularly
limted, it adoanitahe simlatflemadrlry. be 1-40 Wt % nore preferably 5-30 wt% with

e e Lo T TR b B SRS
plurality of types of these skeletal structures, and to use phenoxy resins wherein the
proportion of the respective skeletal structures differs. Furthermore, a plurality of
types of phenoxy resins with different skeletal structures can be used, a plurality of types
of phenoxy resins having different weight-average molecular weights can be used, or
they can be used in conjunction with prepolymers thereof.

[0160] Of these, it is possible to use phenoxy resins having a biphenyl skeletal
structure and a bisphenol 5 skeletal structure.  As a result, the glass transition
temperature can be raised due to the rigidity of the biphenyl skeletal structure, while
improving the adherence of plating metals when fabricating multilayer printed circuit
boards due to the bisphenol 5 skeletal structure.

[0161) Additionally, phenoxy resins having a bisphenol A skeletal structure and a
bisphenol F skeletal structure may be used. As a result, it is possible to improve the

adhesion to the inner layer circuit board when fabricating a multilayer printed circuit



val ues, then the effect of inproving the filmformng ability may not be
adequate. On the other hand, if these upper limt values are exceeded,
-then the relative anount of cyanate resin is reduced, thus reducing the
effect of providing a |low coefficient of thermal expansion. By setting
the anount of filmforming resin t®®e in the above range, it is
"possible to obtain a resin that is well-balanced in these properties.
[0164] The aboye-masshiked istﬁa_esﬁmp@%éaMbﬁ@ﬁbﬂb@%b&éd&&%&r%mo{yesI n
used in the buildup |ayers 106 should both preferably be substantially
free of hal egyevhaging Abiphguy! skelepabgiyicture 4nd bisphgnobsikpletal shmciyrowidie f | ame
retardance w thout .the . use .of hal.o C ounds. .. Her i.ng
subst anti al \I%er}o?qérees% e %ﬁgﬁeﬁ(ﬁéﬁggﬁ%léﬁg&r Srr‘éae?(%pr%‘ﬁwg?s?q%%’i t he hal ogen
at om cont enkiridiurk.he epoxy resin or phenoxy resin is 0.15 wt% or | ess
(JPCA- ESO1-2003). [0165] As the resin conpositions used in the buil dup

| ayer 81606, curi nhisrtBeplerdar yigight ¢fhe pbae-descrivad ilatfonping resingsadi bl e t o
use publ icl y ki R A GES AR el D emo RN SR GLING G|, BY Pr oMot er .
Exanpl es in%fug'g%m'ﬁﬁiazb e c%rrpoﬁngsl;noor gaaﬁ\fe %@%a% %a%g such as zinc
napht henat e 1060e0@000, mvapr:faebBt1600060000.0Gf the atight-avelgd holeatlatwatght of cobal t
(1) Dbis-acel lﬁ%&%ﬁ@%ﬁﬁ?%@%ﬁ '%ﬁ%%@%igﬁ%%&%&% pootnghe T L1y
di azabi cycl gliR 2milQ6ifNRay RIENRleq TP OH M HRY ithd@S theRNHPEI 1imiPI sphenol A
and nonyl phenol ; organi'c acids such as acetic acid, benzoic acid, -39-
salicylic achldessanexperrded tlegelnkiliy i fhe fitnn-€orming reritktan be sedtifedr efyf setting  t he
curing prompter . it is ssibl e to use opne of these, . includin
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deri vati ves itififdsaBlk to dbfaiC Ofekih Rt is@eptidddBlelPPaRiNged iR @Re: BUpdriig. pronoters,
i m dazol e conmpounds _are particul arl preferred. As a result, it is

possi H€1t o rai seVhirthayaeuwseldps Emsisries ravipat not syfigpahydianited Agdovidonal | y,
whi l'e the aboye i oAznlS: GRIRAMELL S 30 Rk RARLGU: A hYedikdieligd, it shoul d
preferably aveacgbrrpati bi I’|ﬁlt ;F/g}%\n&t h kyhe above- gesgcr ?c'lr)ede élyaﬁéte resins,
epoxy resi ngompdbitiohi | Ifthé empum gf the Bimfocoing oesenit kss thaltbes} lovier Bnithavi ng

conpatibility with the above cyanate, resins, oXy resins and
filmforni ng(gl&%ssﬁlﬁn@ﬁﬁ%ﬁ%fﬁ%“{ e e dOrHRs a&ﬁ@bm §otbR atediien Phe
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can be dissolved to Substant & y forecut ar 1 evel 'orai spersed to a
state proxi aige, it i PéseibR.to obtain a resin that is well-balanced in these properties.
[0164] The above-described thermosetting resin and film-forming resin used in the
buildup layers 106 should both preferably be substantially free of halogen atoms. Asa
result, it is possible to provide flame retardance without the use of halogen compounds.
Here, being substantially free of halogen atoms means, for example, that the halogen
atom content in the epoxy resin or phenoxy resin is 0.15 wt% or less (JPCA-ES01-2003).
[0165] . As the resin compositions used in the buildup layers 106, curing promoters may
be used as needed. It is possible to use publicly known substances as the
above-described curing promoter. Examples include imidazole compounds; organic
metal salts such as zinc naphthenate, cobalt naphthenate, tin octylate, cobalt octylate,
cobalt (II) bis-acetylacetonate and cobalt (III) tris-acetylacetonate; tertiary amines such as

triethylamine, tributylamine and diazabicyclof2,2,2]octane; phenol compounds such as

phenol, bisphenol A and nonylphenol; organic acids such as acetic acid, benzoic acid,



[0168] By using such an im dazol e conpound in the above-described resin
conposition, it is possible to effectively pronpote reactions of the
cyanate resins or epoxy resins, and to provide equivalent properties
even when the anount of the imdazole conpound is reduced. Furthernore,
a resin conposition using such an 3% dazole conmpound can be cured with a
“high uniformty due to the mcroscopic matrix units between resin
conponent s. sA&yid &@ASHA baratoluehSsulOHSd; 191!rﬁlxa@eslﬂm@éo@vezxsttmuhngyﬂoe{ote&lgt ability
and heat resistance of the resin |layers forned on the multilayer printed
Wi ring boar GFPO[SMﬁ@]USW@mf Baiet adpding gesivgtiveg Beyhf, elnapetojupsiniont ety resi n
layers formed f Ipcfndgnhedenva](‘),gsethg,g&curllcob Clln r,ﬂe)5| n materials are subjected to
surface roug’ﬂjeri rg ses using A wd ng agents such as
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m croscopi c burrps of high uniformty on the surface of the 1nsulating
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‘m croscopic .. b S increase the anchoring effect, a high I evel of

adhesi on carﬁlhﬁgg’g‘éﬁre%‘amﬁ’é’f‘wesen the insulating resin layer and the
plati pgenetal , [ Od4llhaExarmiRsbiR JilahehRveyIRd ﬂeQH@dexmééﬁE @ conpounds
used in the -40 above-descri bed resin conposition include

1- benzyl - 2- rﬁbnﬁqrmnmrmmoner&seemmthez’rwhemﬂat wilezmalz@rredazole

g E‘,hglngl’n ﬁon.e%rtnh | Idrlls]‘. d%ezxf) with t 5 %gtvg\éieﬁbed)c%gr}ék reﬁms epox]{ }ée%msn aend

2,4-di am nO-fﬂin(f(ﬂ'nnttgﬁeﬂle&byﬂpoﬂ&ntﬁai\@m@hh})e1ﬁﬁd[h3tble Soﬂq:lfduad isiEixed with the

2,4-diam no-6-[2' -ethyl-4-methylimdazolyl-(1")]-ethyl-s-triazine,

2- pheny! - @bWEWﬁ?IB aitfwesil% eRo¥pIesing gl film-forming resin components

2- phenyl - ﬁ%l‘ wéﬁ E}Y%%%d&%ﬂ% Z)nc}ag@g 8135% ve%i%ﬁ%&ltaxﬂall} ﬁgﬁgﬂar%}eﬂ m dazol e
conpound chosen froma i mdazol e

1- benzyl - 2- p:hemydrasemt@jaﬂahpmuhazethtrhtyl -4 met hyI i m dazole is preferable.

Si nce se i m dazol e conpound ave i cul ti.onal

corrpat[ég lity, tﬁ%ﬂ/"‘%ﬁéb‘f “H?‘!jﬁﬁ? 8? nélﬂﬁ% %‘? @F‘E?S’f‘o be obt ai ned,
and are capabhposith, if @p0dsnE b bﬂfeeu@%reﬁbtfe%mcrneth@aeﬁlateiéglh exyenabl i ng
fine conductor circuits to be easily forned and providi ng high heat

resi stance tresinmAngdit¢ pripeide pctql\rﬁeetlpreperrwﬁverbdwdlse m[c@mt?@]the\M‘MaéOlt—' he anmount
of the im d%ZIQJ & %?{STB I}(ii IF?n‘tp[ }nopar 1t’e|s1C L(’!(l)rg‘ Sl&% g ch an 1d§ZOBU| d
preferably be 6.0 Y nore pre erap § 70 W respect to the
t ot al compound can be cured with a high uniform1ty due to the microscopic matrlx units
between resin components. As a result, it is possible to improve the insulating ability
and heat resistance of the resin layers formed on the multilayer printed wiring board.
[0169] When buildup layers 106 which are insulating resin layers formed from the
above-described resin materials are subjected to surface roughening processes using
oxidizing agents such as permanganates and dichromates, they are capable of forming
many microscopic bumps of high uniformity on the surface of the insulating layer after
the roughening process. Since the smoothness of the roughened surface is high when
performing metal plating of the surface of the insulating resin layer after roughening, it
is possible to precisely form fine conductor circuits. Additionally, since the microscopic
bumps increase the anchoring effect, a high level of adhesion can be achieved between

the insulating resin layer and the plating metal.

[0170] Examples of the above-mentioned imidazole compounds used in the



anount of the cyanate resin and the epoxy resin. As a result, the heat
resi stance can be particularly inproved. [01731 Additionally, the resin
- conposition used in the buildup | ayers 106 should preferably contain an
inorganic filler. As a result, it is possible to inprove the flane
retardance and the | ow coefficient-48f thermal expansion. Additionally, by
 conbining the above-described cyanate resins and/or their prepolyners
(especially i Lc fillers, it is
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nitride; and-phedydaadcasl- wyd}ogﬁnea{ynlﬁﬁuawm titanate and bariumtitanate. As
the inorganic filler, it is ssible to use one of these alone, or to
use tW87dr nore iQf theps.an imided mﬁﬁﬂﬁmhﬁﬁgﬁPﬁé§@n85|llca is particularly
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be exneptlonalIyAMﬂh&mbﬁhﬁm&ﬁdmnmomhﬁssapmmmﬂﬁmquhy&ﬂﬂ%@ﬁmﬂmd|t|onalIy,
while not particularly limted, the above-nentioned inorganic

preferably contain an inorganic filler.  As a result, it is possible to improve the flame

retardance and the low coefficient of thermal expansion. Additionally, by combining

the above-described cyanate resins and/or their prepolymers (especially novolac type

cyanate resins) with inorganic fillers, it is possible to improve the coefficient of

expansion.

[0174] Examples of the inorganic filler include baked clay; unbaked clay; silicates such
as mica and glass; oxides such as titanium oxide, alumina, silica and fused silica;
carbonates such as calcium carbonate, magnesium carbonate and hydrotalcite;
hydroxides such as aluminum hydroxide, magnesium hydroxide and calcium
hydroxide; sulfates or sulfites such as barium sulfate, calcium sulfate and calcium sulfite;
borates such as zinc borate, barium metaborate, aluminum borate, calcium borate and
sodium borate; nitrides such as aluminum nitride, boron nitride, silicon nitricde and

carbon nitride; and titanates such as strontium titanate and barium titanate. As the

inorganic filler, it is possible to use one of these alone, or to use two or more in



filler may be an inorganic filler with a nonodi spersion of average
particle size or an inorganic filler with a pol ydi spersi on of average

- particle sizes. Furthernore, it is possible to use one type or two or
nore types in conbination of the inorganic filler with a nonodi spersion
and/ or pol ydi spersion of average patticle sizes. [0177] Furthernore,
"while the amobunt of the inorganic filler is not particularly limted, it

shoul d pref . he - %or: . e 30- oW th respect to
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oil coupling %gents. As a result, 1t ssible"to raise the
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improving the heat resjstance. [0180] \Wile the anount of the
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wei ght of the inorganic filler. If the amount of the coupling agent is
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inorganic filler. raisi .t he. he resi nce n i nadequate. On
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the buildup |ayers 106 nmay be used iIn
it should preferably be 20-70 wt%, more preferably 30-60 wt% with respect to the entire
resin composition. If the amount of the inorganic filler is less than these lower limit
values, then the effects of low thermal expansion and low moisture absorption can be
reduced. Additionally, if these upper limit valués are exceeded, the moldability of the
insulating resin layer can be reduced by reducing the fluidity of the resin composition.
By setting the amount of the inorganic filler in the above range, it is possible to result in a
resin composition that is exceptionally well-balanced in these properties.

[0178] While the resin composition used in the buildup layers 106 is not particularly

limited, it is preferable to use a coupling agent. The above-mentioned coupling agent
can improve the heat resistance, especially the hygroscopic solder heat resistance, by

improving the wettability of the interface between the above-described thermosetting

resin and the above-described inorganic filler.



conbination with thernoplastic resins such as phenoxy resins, polyimde
resins, polyamdimde resins, polyphenylene oxide resins, polyether
- sul fone resins, polyester resins, polyethylene resins and pol ystyrene
resins; polystyrene type thernoplastic resins such as styrene-butadi ene
copol yners and styrene-isoprene cop@dl yners; thernoplastic elastoners
* such as polyolefin type thernoplastic elastoners, polyam de type
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as pol ybut adi ene, epoxy- #D I ed pol ybut gdl ene,” acryl -nodified
pol ybut adi en&wvadebcm@dhamhylg agrodlith dticufpdy pieirabds temes at [Q4®8¢ typeldhi t i onal |y,

it is possible.to add, addi tlves ot her .t han the |e§gg redi entfal descri bed
c

above to th&"“&B‘&%ﬁ’e‘ée éE%SF? & AF88F FPOEBRPS <SP IR R 2L FUIgEC ghentse dyes,
def oanmi ng  a@AR SuindsBMRIHAYnABLRL:Stralde ARFINERENT A0S Se off @apidgy agents,
antioxidants, flame retardants and ion sequestering agents as needed.
[0183] The Agestsn Lomsosh tisqessifdetg raise thywetmbilibod phel intpeiscs withéheray be used
to inpregn t strat ch flberglass substrate, or the
resin conpog}f?%fﬁhggkmﬁgﬂnmn) égy??t iﬁgm t he net hod of inpregnation
of thmpisogsi n conpusiletthcdinduit & thid@ovesdebSibeditRpligy dgert it pareitllatd y |im ted,
but exanples i ncl ude net hods of dissolving and dispersing the resin

conposi t i onlifiesd tahadd pekrabbideflepa? ek by@@}ght Wil peeRest o ANE RY t he - 43-
resin varni Sfighf eI e UFRGRR AUk EYRES 0 G981 Rasinelhen drying,
or nethods of ~ spraying the substrate wth t esin varnls using a
sprayer, thénwedbimitmgjues] Q&8 eftdfct the&engmemtgmd figér aap pdismaitie hdae resi n
varni sh to the substrate. using ri Qus ters such as a co coater or
2 e coat eF R BRSSP R e AU YR AT oS8 b oser bl e 1o
ef ficiently aRhadweRaiddsteASH bathk BEulhSH rBsid BYE fvithithdbuBstattlah fatsanhi ch i's
free of voids and having a uniforminsulating resin |ayer thickness.

[ 0185] <Reg#y entting thhyamoust ﬁdhle @ipiFgiaeent atthinghe %evmnge, ItipypepsibBitost r at e>

Next, the rretlt}lrg% OLsmé%n('o% gtthx%e I’trllfﬂlgul I ae}i e su hat erosg 1.l be
expl ai ned. s apconcep Pedia or expllal Al H PEhe ™ desi gn of a

bui | dgmll]ype i ntm&mﬁue:bmpaénemrwdzdmk}&mndmbﬁ&msmaﬂz%usbmrch is the
| am nat ed board used in Enbodinents 1-4 is formed by |am nating at | east
one of the &tyBRieatige¥ithithramorgiigtesipgsich agphepggaesingrpolimidefigsins,

above- descr :pPl?leaHﬁthféQiné ?Xl?ﬁgﬁen%l bl nl—:s%i};ol Br L@ I‘tetlS ﬁélfze@f& twri ng

114 consisting of copper the surf a thereof. As a result, it is
possi bl e t orslysgiotyethglehautineang grolysigrede whind) pelygephd t@paﬂhemoelaetmremms

propert | es and echancal, and, oGt L UBhene SOPISELY Qe BABLILY, 1 P 0"

elastomers such as polyolefin type thermoplastic elastomers, polyamide type elastomers
and polyester type elastomers; and diene type elastomers such as polybutadiene,
epoxy-modified polybutadiene, acryl-modified polybutadiene and methacryl-modified
polybutadiene.

[0182] Additionally, it is possible to add additives other than the ingredients described
above to the above-described resin composition, such as pigments, dyes, defoaming
agents, leveling agents, UV absorbing agents, foaming agents, antioxidants, flame
retardants and ion sequestering agents as needed.

[0183] The resin composition used in the buildup layers 106 may be used to
impregnate a fiber substrate such as a fiberglass substrate, or the resin composition may
be cured asis. Here, the method of impregnation of the resin composition into the
substrate is not particularly limited, but examples include methods of dissolving and

dispersing the resin composition into a solvent to prepare a resin varnish, applying the



[0186] When the core 104 consists of a single prepreg, circuit wiring 114
consisting of a netal foil (such as copper foil) or a dummy circuit
consisting of a filmis lamnated onto both the top and bottom surfaces
or one of the surfaces thereof. Additionally, it is possible to have two
or nore prepregs. If the core 104 #& fornmed fromtwo or nore prepregs,
Tcircuit wiring 114 consisting of a netal foil (such as copper foil) or a
dummy  ci r cuish veARR k3 duBGraRf ushghrhlidhs byped &TLAAL kn QAR iRe, BPLBMbALGst Op and
bottom surfaces or one of the surfaces of the outermbst of the |annated
prepregs. Nexayingthesubsrrteraitiedhe prsipredgdh usiapd spretealthdhairyisg.ar e heat ed and

conpr d to obtain a core,104. VWiile the heati tenperature i s not
parti @%igrl y lim Sﬁ?e'?P“e{é‘ﬂ%aEa@PBF@rt TR=islk VrﬂlghTige_-gsﬁff 88 r ef erabl y
150- 200 C. Adalidsu@nalalcymmb e beS &M t& R ih&GQIRhL $ShofdrabB. NOfa RaMdkcul arly
limted, but should %referably be 2-5 MPa, nore referabI{ 2.5-4 MrPa.

[0187] Exanisiressibisito plfieientbirapdiceamistilating s lisewitk e absta which &l firde copper
and copper e} oldg ¥5d Iilag‘lngryu%ﬁgpmaiggﬂaﬁfng %sg}’l%}eﬂhli&f{ 2, Sl lver and silver
and g 1"l oys, I'n T

al I oys, gol 0 zi nc°an c all'oys, nickel and nickel
al | oy[1851 i N<ivagskdinigMheaMbtiysof FalitidtatirigORe Malildyebatadoys. Additional |y,
exanpl es of the filminclude 1pol,yet hyl ene, pol Xproeg%l ene, pol yethyl ene
terepht hal ate, pdisyh Hieasthod phtabriaEg the mpldyrisubstaieBi!! MeelBerdw, t he

material s and nme :<Qf ' . Pk | ubped4-
Enbodi ments 1-4 tsF é?isglgg&g@g#giuﬁfe% 1%% %)Jf%gilﬁgﬁgagéasi ioﬁg&tﬁﬁebﬁﬁeerfi |1 > The

underfill 1hRrpsed The nErdtloyhr pentrate 1084vhHidh indit: lapandtédhwba@lrdsgd ini m t ed as | ong

as it satisfjes the abqve-nentioned conditio for cgoefficient of

her ol oxpaRerBReatn? B o oo dhe g o Bt o BaeF e S o
preferably gQRidns 6f BRRPEYCHIRAblildi IRRFISASK leadd Bne Iat@ bR Ewlrink| er and
a silane coupling agent. [0190] Here, the epoxy resin used in the

under fi || 118 cprsisog ofisapier foilloathesurfaoe; thegofasAs presilt § irppssideiogbtaitei ght or
structur e a§ }alm naged%%a Idtwiﬁ'l[a&ceagi() la?gi%ltfactltig\o noegrge)r(s)én &%&Bg'cala}gn (%gcrt]rica I ecul e.
Exanpl es i nclude HovVol ac ypg prheno re81’hs such as phenol "novol ac
resins, creasabctiowihiakty relsgihemaadiibd sabegahoiduiovol ac resins; phenol
resins such as resol type ghenol resins; novolac type epoxy resins such

as phéH8l novol acVheppe GpdRy et Ak el Preqres sreuovBnat 4 copsEtiupiRy
resins; Dbi sphan@l (WP SRR I &3 disndHERuiRSnRLERRE D flm A 1dYRfed SROXY

resins and bi sphenol F type epoxy resins; aronmatic glycidyl amne type
epoxy resi hsthgheddp sl bisktdin dirffcgsoir dgd of dhre shirfaes thiedf: dAddiienadlylit it ol ui di ne,

g: 3 21| 33 ldl ggga%ljgl,e tgﬁ%g ?/v(']cl;e tgtg%{cﬁ'g plg{?%%sl d¥fl theac%}enl%g is tglrgneg ?Poﬂiorﬂrg gp r?]loret ype
prepregs, circuit wiring 114 consisting of a metal foil (such as copper foil) or a dummy
circuit consisting of a film is laminated onto both the top and bottom surfaces or one of
the surfaces of the outermost of the laminated prepregs. Next, the laminated prepregs
and metal foils are heated and compressed to obtain a core 104. While the heating
temperature is not particularly limited, it should preferably be 120-220 °C, more
preferably 150-200 °C.  Additionally, the pressure of compression is not particularly
limited, but should preferably be 2-5 MPa, more preferably 2.5-4 MPa.

[0187] Examples of the metals constituting the metal foil include copper and copper
alloys, aluminum and aluminum alloys, silver and silver alloys, gold and gold alloys,
zinc and zinc alloys, nickel and nickel alloys, tin and tin alloys, and iron and iron alloys.
Additionally, examples of the film include polyethylene, polypropylene, polyethylene

terephthalate, polyimides and fluorine resins.

[0188] Herebelow, the materials and method of production of the underfill used in



as hydroqui none type epoxy resins, biphenyl type epoxy resins, stilbene
type epoxy resins, triphenol nethane type epoxy resins, triazine
nucl eus- cont ai ni ng epoxy resins, dicyclopentadi ene-nodified phenol type
epoxy resins, naphthol type epoxy resins, naphthal ene type epoxy resins
and aral ykyl type epoxy resins sucff-as phenol aral kyl type epoxy resins
" having a phenyl ene and/ or bi phenyl ene skel etal structure and
napht hol ar atpytketmdnysies SRPEYexpBBLNS having a phenyl ene and/ or bi phenyl ene
skel ectal structure; and aliphatic epoxy resins such as alicyclic epoxy
r esi 8188luc hrRegardipg tyeegettibhexene di oxi de, di cycl opent adi ene oxi de and
alicyclic di epoxysadipahids o4 it Al 535G eI, ARYING AL T uCt Ur e
erein a glycidy efner structure or gl'ycidyF am ne’ structuré 1s bound
to an ar oneit sa€isflek thg abdve-niph8brRH akldetidnB fo¥ b@¥ficRht df liRirhal Re@Insion & Sisance,
chem cal properties and noisture resistance, and the amount_ of aliphatic
or al i cycl Fasippierealig sutisdguld perigraplbeommsise 1 sostresipy ajrelgneafan he
reliabi|if%nm%%ﬁ@ﬁk@&k%n&@%co%ﬂﬂ%%%&ﬁ- These may be used al one or by
m xing two or “nore types. In the“present invention, the epoxy resin
shoul[019pF ef er abl Yefeethe bpaxpredsialuged in tHelvgdérdill i Prisma@ pasiva adialirtitedtze bper at ur e
(25 C) since it takes the formof a |liquid encapsulating resin
conposi ti on'' “F‘H?C“@’é%’e%}ht OF ATYFHABAIP1E 2s itgt atdsastd B £BOY SRS 5PTh i s sol i d
at standar dnbieRer Blapfes GRdR Bovolld @fbepherol rebifis S SO nbWbIR rdstr@Ui d epoxy
resin at roomtenperature, ultimately putting it -45- into liquid form
[ 0192] Ther@esalm@valat repag andispeanol A nivokt resins pbendl teeinsmickaukesst typei ght  and
structure oﬁ1£Q§e.ha%g5qgr q;eg in thehuanrﬁillll 2, as qug as it
cont ai ns i n” SAC ARSI LR EYRT PPERSH " RIREY POAl PErSEpE "eaRaB e of
form ng covaterovBiengse dokfireSRG Ki¥plhOIURS dpbixylrBdnsBREXY bispRSbIM type t h t he
exception that if the functional groups are acid anhydride groups, it
need only 9Kt EpiRs ad bisghaol Hiyee epoireaint yematiesly ddd rindsdrPegpolip. Specific
exanpl es of . i [ .. J-ncluee: l.Co . ps, acid
releysngl]i AsNIR qi g&&w §r&111ﬂe, 11\1','1k?i %B@yﬁgﬂhmf‘dﬂy f%r%gxé{:hp%n H

anhydrides, primary amn and secon m nes. npl es of

har dener s caahaienypeghaldyl @aists ahdempopinabl tgpdploidyk ythings; epoes resinngichide
novol ac type phenol resins suche$%g$henol novol ac resin and cresol

novol ac  r eSiMIOREAPTe LR PRSI REl ERFARORSTHPS FHRRE PREERENRe t ype

phenol resiRgnps, ugm' RIGARARHRRAPSVLYRE, BREA d8SiRAGinit RN RsinPdi f i ed
phenol resins an di cycl opent adi ene-nodi fi ed phenol resins; aral kyl type

phenol resi disychpeadiene-nutiéiedIpheral Yy brore sising nhpivihal ¢yra ephenssinene and/ or

bi phenyl ene, skel stal steusture and, naph bol aral ylod 1 esing hawi ng a

phenyl ene ahd/'of Bﬁﬁﬁeﬁ?ﬂ%ne WS AP WP ROFLEeET ARy P y
type epoxy resins having a phenylene and/or biphenylene skeletal structure and
naphtholaralykyl type epoxy resins having a phenylene and/or biphenylene skelectal
structure; and aliphatic epoxy resins such as alicyclic epoxy resins such as
vinylcyclohexene dioxide, dicyclopentadiene oxide and alicyclic diepoxy-adipate.

[0191] In this case, those having a structure whetrein a glycidyl ether structure or

glycidyl amine structure is bound to an aromatic ring are preferable in view of their heat -
resistance, chemical properties and moisture resistance, and the amount of aliphatic or
alicyclic epoxy resins used should be restricted in view of the reliability, especially the
adhesion. These may be used alone or by mixing two or more types. In the present
invention, the epoxy resin should preferably be ultimately in liquid form at standard
temperature (25 °C) since it takes the form of a liquid encapsulating resin composition

for use in an underfill, but an epoxy resin which is solid at standard temperature can be

used if it is dissolved in a liquid epoxy resin at room temperature, ultimately putting it



bi sphenol conpounds. [0194] Exanpl es of hardeners conprising at |east one
aci d anhydri de functional group include tetrahydric anhydride,
hexahydri ¢ anhydri de, nethyltetrahydrophthalic anhydride, nethylnadic
anhydri de, hydrogenat ed net hyl nadi ¢ anhydri de,

trial kyl tetrahydrophthalic anhydrid®, methylcycl ohexene tetracarboxylic

) dianhydride phthalic anhydride, trinellitic anhydride, pyronellitic
anhydri de, ﬁepllgpne tetracarboxylic di anhydride, ethylene glyco

bi s- anhydrotr| Itate, glycerin bis-(anhydrotrinellitate) nonoacetate
and dotecenyl sudbéraie naryaytituladbmititdhod] thexalpllasveight hramkectere&)f dent ai ni ng

at least t rimar nes econdar am nes inclu C|IC
polyaninesw@ﬁ@nggméwgg% ﬁ@‘ f?%ﬁ?%ﬁ“XF??g?HVPQh@O¥ T4

t et raet hyl ep@aRENLATIPE Eapalblt SHEh SRRy SvABt @@ndstv&ﬂhr%&m@rg\ﬁ% m& bp'dx ne

di am ne, 2- nethylpentanethylene di am ne al i phati ¢ polyam ne, |sophorone

di am ne, lreSnpiith thergxaentien that léshv;lfwemhgmulhﬂ agg mmmyﬂmgecgmmmeymt hane,

nor bor nene dlam ¥ xane: .pi radi n type
pol yam nes QUEH %“”“%?%ﬁ?%%% pf%ggéi?a S0RE B SERE&

1, 4- bi s( 2- afARINA- glaaiphyicm@pwn)ﬂm@fafoaﬁlgmps Qi aAkyRREd, frimPelay@s nes such
as di am nodi phenyl net hane, m phenyl ene di am ne, di am nodi phenyl sul f one,

dlethyltolu@ﬂé&@PQﬁVﬁ@Hm%rlnethylene bi s(4- ami nobenzoate), -46-

ol | S RE ™ of mul g ol e S AR RR AR e PR R PR 6 O i
I X Xn X mE:lﬁdQﬁc]vola: tybyﬂﬁenﬁMhsug;l’soﬂ'pas@her@l Wblagresmpnd(uedmyﬁtrvobayl group or

al kyl group [019 ove de cri bed hardeners y be used al one, or by
bl endi ng tv&%%h ﬂ%? ﬁ%ﬁ&ﬁﬁé?§ E%ﬁ?ﬁFﬁﬂﬁﬁﬁFﬁngﬁ °F§H8% i onal group, or

even two Or 4{JRERIIISFHERBE ShenbPBLiR, RiHe Hofikied fredpeth@nal groups within
such a rangéggs %%?ﬁtoﬂge?r%kt #ronﬁ?hz po& ﬁ?%groﬁ fhe ability to cure

epoxy r esi ndicydipenadiorsnaifiddmyenchesparpdybtypé pemelapsd satli a3g

e oLt g S SR e AR PR . 105

el ectrical RdphtHIREWARE Raihs Mﬂ\@@ﬁhhr@rﬁfme and/or biphenylene skeletal structure; and
bisphenol compounds.

[0194] Examples of hardeners comprising at least one acid anhydride functional group
include tetrahydric anhydride, hexahydric anhydride, methyltetrahydrophthalic
anhydride, methylnadic anhydride, hydrogenated methylnadic anhydride,
trialkyltetrahydrophthalic anhydride, methyleyclohexene tetracarboxylic dianhydride,
phthalic anhydride, trimellitic anhydride, pyromellitic anhydride, benzophenone
tetracarboxylic dianhydride, ethylene glycol bis-anhydrotrimellitate, glycerin
bis-{anhydrotrimellitate) monoacetate and dodecenyl succinic anhydride.

[0195] Examples of hardeners containing at least two primary amines or secondary
amines include alicyclic polyamines such as diethylene triamine, triethylene tetramine,
tetraethylene pentamine, m-xylene diamine, trimethylhexamethylene diamine,
2-methylpentamethylene diamine aliphatic polyamine, isophorone diamine,
1,3-bis-aminomethylcyclohexane, bis(4-aminocyclohexyl)methane, norbornene diamine

“and 1,2-diaminocyclohexane; piperadine-type polyamines such as
N-aminoethylpiperadine and 1,4-bis(2-amino-2-methylpropyl)piperadine; and aromatic
polyamines such as diaminodiphenylmethane,‘m-pheny]ene diamine,

diaminodiphenylsulfone, diethyltoluene diamine, trimethylene bis(4-aminobenzoate),



Furthernore, it is preferable to use aromatic polyam ne type hardeners in
view of the closeness of adhesion and noi sture resistance. Furthernore,
when consi dering that the enbodinent of the present invention is a

i quid encapsul ating resin conposition for use in an underfill, it
shoul d preferably be liquid at roo#étenperature (25 O, speC|f|c

exanpl es of such aromatic pol yam ne type hardeners that are avail abl e
including t r Gl = 0-2, X =
Cor and R P RRESRELS<Hl G ARG Rl it 1R 1 (AT o iz

2004- 35668 #ymil37970 (where n = average 0.3, X =H and R=CH3 in
Formula 1). [0199] The anpbunt of the hardener should preferably be in the
range of 0.6-1.4, nore preferably 0.7-1.3, by active hydrogen equival ent
in the hardener with respect to the epoxy equivalent in the epoxy resin.
If the active hydrogen equivalent of the hardener is less than 0.6 or
nore than 1.4, the reactivity and heat resistance of the conposition are
| argely reduced, and is therefore undesirable. However, if the functional
groups contained in the hardener are acid anhydride groups, then since
two carboxyl function groups are derived froma single acid anhydride
functional group, the calculation is perforned on the assunption that
there are two active hydrogens per acid anhydride -48- functional group.

[ 0200] Exanples of the inorganic filler used in the underfill 112 include
talc, baked clay; unbaked clay; silicates such as mca and gl ass; oxides
such as titaniumoxide, alumna, silica, fused silica (fused spherica
silica, fused crushed silica), synthetic silica and crystalline silica,;
carbonat es such as cal ci um carbonate, nagnesi um carbonat-e and

hydrotal cite; hydroxi des such as al um num hydroxi de, nmagnesi um hydr oxi de
and cal ci um hydroxi de; sulfates or sulfites such as barium sulfate,
calciumsulfate and calciumsulfite; berates such as zinc borate, barium
nmet abor ate, al um num borate, calcium borate and sodi um borate; and
nitrides such as alumnumnitride, boron nitride, and silicon nitride.
These inorganic fillers my be used alone or as a m xture. Among these,
fused silica, crystalline silica and synthetic silica powders are
preferable for being capable of inproving the heat resistance, nvisture
resi stance and strength of the resin conposition. [0201] Wile the shape
of the inorganic filler is not particularly limted, it should

preferably be spherical in viewof the filling ability. In this case, the
average particle size fo the inorganic filler should preferably be
0.1-20 mcrons, nore preferably 0.2-8



mcrons. |f the average particle size exceeds 0.1 mcrons, the viscosity
of the resin conposition decreases, thus inproving the filling ability,
and if it exceeds 20 m crons, the conposition does not tend to result in
resin clogging when the conposition is filled into the gaps in the

sem conductor device. [02021 The s#f-ane coupling agent used in the
underfill 112 is not particularly limted as to its nolecular weight or
struc a as it has a chem cal structure including a hydrocarbon
nniet@ﬂ%g mﬁbhﬁﬂgﬂfunction group is bound and a silicon atomto which an
al koxy group is bound in a single nolecule. Exanples include epoxy silane
coupling agents such,as -glycrdqﬁypr pyl tTj met hoxygj | ane,

3-gl yci doxypropyl tri'etoXysilape,” ~]gl yci doxypr opyl~ tri net hoxysi | ane,
3-gl yci doxypropyl et hyl ¢i
trimet hoxysil ane;  si
bound such as 3-netha
3- net hacryl oxypr opyl
di met hoxysil ane, 3-ngthacryl oxypr gpyl et hyl d_ith Xysi | ane and

3-acryl oxypropyl trimethoxysilahe; am nosil coupling agents such as
N- am noet hyl at ed ani nopropyl net hyl di al koxyxi | ane, N ani noet hyl at ed

am nopropyl trial koxysilane, 3-am nopropyl -49- trinethoxysilane,

3-am opyl i il phenyl - -y-am nopropyl trimethoxysil ane,
N—phe@%?ﬁy-gnﬂ%@%&%ﬁ%%*ﬁ%fe?ﬁ%%&iiIane, N- phenyl - y- am nobut yl

t ri met hoxysKl anydrapldrdbppiretkyl greyp am nobut yl tri et hoxysilane; intrinsic
o no %15{8 ne Cgﬁgl%lﬁ %%é{gg%%&g Ridlerierg may be (36d alone) or by bleadig BV 5r e

N-( 1, 3- di mehfiubREEWhth il RB&esBmb Fnb@InBOME, bydvi PRI hidid KBdRBd

N- (benzyl i dene)-3-(triethoxysilyl)propylam ne have been protected by
reacting w tntainieg @iffersnidnunchiprid ppdpswithie sush p range renvt togdstrpdt frag thegeatt s such
as 3- ner capt.opt. | .. Il hoxysi | ang and 3- ner t opropyl net hyl
i ot hoxy o P0e PR b RS S 0 e EERLBBIAPRN |1 ons
t o mer capt osdnliadpdudeidalic3ghagenbiTedis shl efofatic pdeeon9pd Hardshesdeh as
bis(3-triethoxysi|y|prop | Ytetrasul fi de and ) ] )

bi s(3-tri et REERMG Y pipesstes phes heat traistangeand plesirgal 3nd meshangeakprppgiliesc oupl i ng
agents may b@rthe%@r’e,hyig f)ﬁke)lzﬁ)‘fgto u@?&mﬁﬁ%oi}%nhﬂ% %e AkABR Ok VQ% ditne! N9 tY\D or
nore types. In the case of the present invention, epoxysilane coupling
agent s are prehes afrdbesiaranti anpishyge resibtatdey diuytheigood whehemederegttat thee
surfaces of ngﬁ%ratgi and §eni.ondUﬁlo% deviqes %the sol der resist on
the subst r afB EHPFECEEE PISETYMHHER Soniatid P @B AN St PPRRECIR 8 de
surfaces of irsdnlin@@fill, iCMbRa prefMBIPBRSIduai R réoRRInbABAYeNS, spbdfd | NSi C

am nosi | ane cou?ling agents and
examples of such aromatic polyamine type hardeners that are available including the

hardeners disclosed in JP H10-158365 A (where n=0-2, X = C2H5 and R = H in Formula
1) and the hardeners disclosed in JP 2004-35668 A, 137970 (where n = average 0.3, X =11
and R = CH3 in Formula 1).

[0199] The amount of the hardener should preferably be in the range of 0.6-1.4, more
preferably 0.7-1.3, by active hydrogen equivalent in the hardener with respect to the
epoxy equivalent in the epoxy resin.  If the active hydrogen equivalent of the hardener
is less than 0.6 or more than 1.4, the reactivity and heat resistance of the composition are
largely reduced, and is therefore undesirable. FHowever, if the functional groups
contained in the hardener are acid anhydride groups, then since two carboxyl function
groups are derived from a single acid anhydride functional group, the calculation is

performed on the assumption that there are two active hydrogens per acid anhydride



mer capt osi | ane coupling agents are preferred for having very good
adherence to silicon nitride surfaces and polyimades on silicon chip
surfaces. [0203] The net hod of adding the silane coupling agent can be an
integral blending technique of simultaneously blending, dispersing and

m xi ng a coupling agent when mxi#A% the silica filler and organic
materials during the process of producing the resin conposition; a

mast er batcil'&n gﬁg gipe of first dispersing and dissolving a coupling
agent into t g&xy resin, aromatic am ne hardener and/or other organic
addi t[p20es ot her Ehamplestohmemolrgm fmlieﬂdsectmblﬁmrdaiﬁanm intlhéatalolbekli Ng i Nt o

the resin c osition nd a technj que em cal | nndrf ing the
silica fill e &%P#‘%i’c%ayf%\ 5 ik e Tk FPh‘geSasgl&lhft“ 8P 8Hdd.  Any of
these bl endjpginaBiiROdSsed Qflcaqmgecpsgﬂérr&gl siTRY, RQda &gtk @rhsrg smﬁée srray be used.

More preferably, t he nmaster bat t echni que or a bl ending nmethod
conbi ni ng th@Cm&@M@ﬁmhbeﬁcmxmeehmhquekmmvhﬂmheem@@hwwnumﬂ@haﬁamhlIy

nodi fying t ace, | ayer a unif esrn onposrtron
1o be” obt ai Mo HptS B8 S oSy R iy Tttesih R SRRt i ane

havi ng epoxl@idREead; ALREAEE: sulffesPRhbbirach ermeterhawuegsue&%yd groups is a
pol ymer having 1, 3-butadi ene nononers as repeating units in the

mol ecul e, afftFyhailifgberatas srchge righioratndapim giergors ter demigre barae. not - 50-
particul arl . . ecul es.
The ' number A b8 alfculhdte D e & RN LA ol ARG P o

| east 400 asdl sélicommmigtde. 4Dféﬁe,mdil’gr§rﬁac fﬁresflﬂarya;lehlpedjarbne hraasraamgremf Aatong east 600

and at nost 3000. If the ecul ar is at |east ,.the resin
conposi t i onP% Hdelicy ¢ Qﬁr‘%rﬂrrataﬂ%ﬂer%geﬂleﬁagﬂgfrief B Prefeﬁvgeeﬁoa‘ferge and if
the nol ecul gLaMebdfbrRgShdHht FEXELEH nfsiRe regltrertetan&styehgmm YesRf the
resin conposition w |l Rot be too high, allow ng good productivity to be
achi eved. #erwsitiothe nunber-average nol ecul ar weight is the

styr -converte l.ec ain th th The
contg@?}ﬁf t he eg€§5ﬂ§F§ﬂ6§ mg@’”?%ﬁf m&%@ﬂﬁgfgh 8@60 nor e,

it can be nprpehbRILd sphesfaaoluvﬁew bﬂh@ﬁl‘l1h§alﬁlﬁl§3x)ln th@shde, tﬂﬂﬁve@d’g@ﬁﬁhbi@ am ne
hardener wi t hout separatio and if 10%is not exceeded i s possible

to form se#f8 ﬂ&neprs%m%fer{ﬁ*eeld@rqferblhm 173 migrgng nwéemrrﬁeraé'rr 0%l ch reduced
stress and gede. as the
above requr?Enegtgfgféhgg%%£¥ﬁg%%uggmﬁg@i é%gmﬁgﬁﬁgngﬁggkgﬁg} or bl ock
copol yner. camip@kifibidecthdee thustmproeing therfillidgebgity arcltitic exceddt 20 mftrdnitlee case,

it should eferabl in at |east 30 wt % of repeatin i.ts of
1, 3- but adi effE"RPBHEME Snoter@ﬁeree%“ B GLATPEITEEY oA e TSRV { yr ene
but adi ene r pabeL)in 1HNRRiCSHAkEb] Rvice.

[0202] The silane coupling agent used in the underfill 112 is not particularly limited as

to its molecular weight or structure as long as it has a chemical structure including a
hydrocarbon moiety to which a function group is bound and a silicon atom to which an
alkoxy group is bound in a single molecule. Examples include epoxy silane coupling
agents such as 3-glycidoxypropyl trimethoxysilane, 3-glycidoxypropyl triethoxysilane,
3-glycidoxypropyl trimethoxysilane, 3-glycidoxypropylethyl diethoxysilane and

2-(3 4-epoxycyclohexyl)ethyl trimethoxysilane; silane coupling agents to which acrylate
groups are bound such as 3-methacryloxypropyl trimethoxysilane,
3-methacryloxypropyl triethoxysilane, 3-methacryloxypropylmethyl dimethoxysilane,
3-methacryloxypropylethyl diethoxysilane and 3-acryloxypropyl trimethoxysilane;
aminosilane coupling agents such as N-aminoethylated aminopropylmethyl

dialkoxyxilane, N-aminoethylated aminopropyl trialkoxysilane, 3-aminopropyl



rubber) and epoxylated ABS. [0206] In addition to the ingredients
descri bed above, the underfill may include other additives such as

di luents, pignments, flane retardants, surfactants, |eveling agents,

def oam ng agents and the |i ke as needed. As the nethod of producing the

resin conposition for formng the underfill 112, the ingredients are
di spersed and kneaded using equi pffént such as a planetary mixer, a three
roll mll, a heated two roll mll, an automatic kneader or the I|ike,

then def oa%mmow@aﬁ@ﬁwfﬁbp&?yl@mﬁxymné ROPREyI M OIBhdgrEpy1 PO tions of the
raw material, it 1s possible to performa heat” treatnment at atnospheric

pressur e or trigethexysilattut edtienyl-ersminapropyl trikihpxyailaneMhehatyliv-emirabigel i n whi ch

reactions et ween.t he resin an he har.denger . or decofposition
reactions o?mf%%xjfsél?beeag %%njflﬁgarnélﬂﬁ%él?ﬁl?e R eEpe 2 8}0512%5an e, to
50-200 C, b@ﬁn Bitls Qher6i the1GinRiiPhied E@0ps of AGkdiokiladB adulp)ing AGhBEhcBan be
performed within a tenperature of 5-35 C and 12-96 hours, during or as a
| ast step i# YA ¢mspebsividenghti(tristhediglybproedasineppd07] As the nethod of

filling and [ : : Bl I ; and
mil (i ayer SORerTare) 108 sp e R PELAAER: bR PRSI BRI e
“under fi | | 11Rstonet brenldehpdesnihdraapasilaie thiping szeihe sivhat 3-ieeagiepiopgnduct or

device 100 and the_resig -51- conposition to formthe underfill 112, then
to apply thBeEyiansapg Simegrtoprymsthsidmeoxysiang adisjasioulirg 102, then

to al low i taéeﬁts%ﬂfr%ﬁg LIy AuhQioHAR n@caﬁ@ﬁﬂﬁe %pﬁ[%ghﬁt@ﬁyth@i@ﬂail on, but it
is al so possibleto incorporate nmethods such as tilting the sem conductor

devi ce 100dermpesitiongudise bisB-tpethewsilyépropylfetretitdesndo accel erate filling

for the purposes of .shorteni th roduction .cycle. . The filled resin is
cor ed by helreRg T eHPRer D aaes aRuRuoF bRy BlS s e 5 hour o
Here, the tprpgualyttd NhEf hiybeGadl Déhe o BEREHRAO bIBoReRes.C Uk iddask S |
perfornmed by changing the tenperature in stages, such as by heating to
100 C for 1°HbrpresenonTesieH cRRXyHiant IoHp inseeaBRrerTeg ab favhavs r{lgdelg] Wil e
an_embodi meplo Qi Be B 5 &Riacds BYEDRD AR RSER M HELED R RAY oot 1
reference t0 the draw ngs, this 1s on y an exarrpcle of the present

i nvention, amthewasirgesurfaodshelyi@aideangeliren tisip aréicg@sd kilé sirfapd 308cofror
exanple, while the lamnar structure of the nultil ayer substc{aate 108 was

that of a nflFRY LPEPoianscPyriing 28E WA GMPOVERe cOrphng 3R G hove

enbodi ment , yeRgkEsihSe BRplink@dtd &1 hRRrbNR: 8ing RR:RIGAMELRSR stbist rate is
possi bl e. Additionally, specCific exanples of coreless substrates include

cor el ess subittidegtdarecadgiolyimnides afsilvpixchiasrefaees(resi n | ayer) and ei ght

layer [%2({35 esin | anke rsr?efhod of adding the silane coupling agent can be an integral blending
technique of simultaneously blending, dispersing and mixing a coupling agent when
mixing the silica filler and organic materials during the process of producing the resin
composition; a master batch technique of first dispersing and dissolving a coupling agent
into the epoxy resin, aromatic amine hardener and/or other organic additives other than
the silica filler beforehand, then blending into the resin composition; and a technique of
chemically modifying the silica filler surface layer with the coupling agent beforehand.
Any of these blending methods, or a blending method combining these may be used.
More preferably, the master batch technique or a blending method combining the master
batch technique with the method of chemically modifying the silica surface layer enables
a uniform resin composition to be obtained.

[0204] The underfill 112 may contain a polybutadiene having epoxy groups as needed.

A polybutadiene having epoxy groups is a polymer having 1,3-butadiene monomers as

repeating units in the molecule, and the molecular weight and binding structure are not



[0210] Additionally, while the [ am nar structure of the nultil ayer
substrate 108 in the above enbodi nent was 1-2-1, 2-2-2, 3-2-3 or 4-2-4,
ot her lam nar structures are possible. For exanple, conditions for the
coefficient of thermal expansion and glass transition point of the
underfill 112 simlar to those of fhe above enbodi nent can be achi eved
with |amnar structures of 1-2-3 type, 1-2-5 type, 3-2-1 type and 5-2-1
type. Additj.of lind: i : b corel ess
substrat e, ]:)aﬁ%ﬁlr%ﬁm%tgggs Ig?rgs%sée?ya&gée%%g??;;%g&gF}Jquorﬁé%%%h?ﬂ-h I@ayer ed type is
used. [ 021ljunfgdateragnalolegylanvdighe istpheferably tri thampege of ablgdst $l0end @8nash t he

above enbodjnent was dnterposer. it may be a h t f circuit
boar d such 400 ort pisrBiap e SrRe Drifeast bRt aom PPy i bl i
durabi lity &gt Rbitaoh, Wetfid @5PESkontiPati 8 RBGSaih the lLRBDGkIbK €

condi tions even when silicon chips 102 are flip-chip nounted directly
onto the nsmhertyranrl if he molpagarigeight dogsoet dxiasil 400, thén thieisqesity dfsansi on of

the core 104_.of .. not.her board. i s ,adequately.s |, and.t he. conditions
for coet i ianrorar SRE LIRS BOBE fieh AN Ponta R o Bl PO e
underfill 1fi&eahembatiet-sfetd molsanmpleght is[thsbAdncHenebel avjecilhevdges ent
i nvention shall be eﬂglained by providi ng working -52- exanples and

conpar at i ve*R¥3BadidRe Cifuethad  ghecint HfARRaRETIOROYRS Shstd pisfeplynst r ued as
bei ng i m tgehof 0 A Be LHBRM: PR 5,264 HQ&@%Qﬁ{tgtheneg‘;%%g%ﬁﬁgfo%aﬂg rform ng

t he bel ow descri bed exanples, the present inventor t echni cal

dat abase r edmine hagdérer #ithqut edphyption emnt if hij s hotreackeddd, BismotsiintoBakel ite to
perform sinulations of the stress cal culations explained. in connection
T h Emboa FBe S HPR G DEPRI R e 18 BHRHERbs For a thin
FC- BGA. Theadleigehdn eAMERL@rs used a circuit board of 3-2-3 structure, a
package size of 50 nm per side and a silicon <chip size of 15 mm per side
and all308] ckness @ long3s fapbdve reqPTrB@Y arptistiedgt may bdrerandeomeipelymes of t he

simul ati on t stre al.cul.ations., 214 a.resul. f.the
ol ot o, St RS Fork A Rl R S LRy 8 hER Mt Bl e |
100, the cogiohidgiré@atbigtoritdi@sti@kt BXABRS tepentinf uhilbef ¢obatadidde WaOmet.ar ge, so

in areas where the thickness of the core 104 was at nost 500 pmor |ess
(core thi cPrawiesabydhpdrmeriedrdsspR (irensdatagdions ubber NBS (RiGtle sfy t he four

requisites bebérh&nd'a@&‘kaifatecﬂﬂsm protection of the silicon chip 102, (ii)
protection of the solder bunps 100, (iii) reduced warpage of the silicon

chi p BRB] and (i \b)adsitiinge the gralimisistcritie] Zoove Hteivodertll maphenclufle bthet of t he
under f i1l 1g'cgdit%}es gub:l? ass c!liﬁilgntg UE ! ae%tessﬂa?r]:e rlt:etgredagti lsiur gc?an%sh{egeli%og ’enpso matter how
t he » PLEMENts, 5 r & agents,

defoaming agents and the like as needed. As the method of producing the resin

composition for forming the underfill 112, the ingredients are dispersed and kneaded

using equipment such as a planetary mixer, a three roll mill, a heated two roll mill, an

automatic kneader or the like, then defoaming in a vacuum. In order to remove volatile

portions of the raw material, it is possible to perform a heat treatment at atmospheric

pressure or under reduced pressure, within a temperature range in which reactions

between the epoxy resin and the hardener or decomposition reactions of the respective

ingredients do not occur, for example, to 50-200 °C, beforehand or during production.

Additionally, aging can be performed within a temperature of 5-35 °C and 12-96 hours,

during or as a last step in the dispersion and mixing process.

[0207] As the method of filling and encapsulating the gaps between the silicon chip 102
and multilayer substrate 108 of the semiconductor package 100 with the undertill 112,

the conventional method is to heat the semiconductor device 100 and the resin



coefficient of thermal expansion and glass transition point of the
underfill 112 were adjusted. [0215] On the other hand, with the

sem conduct or packages 100 according to Enbodinents 1-4, the coefficient
of thermal expansion of the core was small, so even in the areas where
the thickness of the core 104 was 5080 pmor |ess (core thickness 400 pm
and 100 pm, it was possible to satisfy the four requisites of (i) lowk
film protectj . i i bl )ecr j sol der
e i e e L T S

pr ot ecti on tgsiliesichigd D2 then &t allow 10D spriel ihiolthesgap bf ntelres ofi regpdlafyt dckiorl 12 at
the side surfaces of the silicon chip, 102, hy adjustjng the coefficient
of ther mal e R PO PRSI RGP R GG RF | 115
[0216] The tiloPMailthy &R of XA RBHANE tHRILHQLRBHinE Gor RS purYostg resul ts of
the above sinmulation by nmeans of enpirical data, and further to verify
t hat they wihotterties the preigtiohextle. eViarfiligh easintiheuresi hydwitinglygtina | ayer
structure ig_other n @53 S ture,, Th bel o [V exanpl es were
per f or med o%mfﬁrg %%?% 05?0 O\%lggiéofﬁ’éi'(ﬁ:%ﬁodlf ti é{ﬁlée’ &I Pac: arggm%i;?ic%ne “and chi p
si ze whi ch sk that theh&dsirthgGOgiotnh @i chingin@hesibipidratutedn staj¥ssic By

bel ow descri bed exanpl es, the gr esent inventors believe they have been

able to protketingg 104 fpr t haur fellowed By bertingle 1ah§vier 3hewit-at i on are correct .
[0217[1)20?3] Raw !Vat\/ﬂ{ife% er_gf)odhlngﬂkfith rebdl @%Qr?h&s'bg Je@&ib'é@%o%ﬁﬁ' al's of
the liquid resin conpositions for formng the insulating resin |ayer
wer e as f ol tefimsnce foQZIBhwings, tHiyiamay en &esgiple ol the Nowelt avettiopeandyamatse resi n
(Lonza Japan, Primaset,Z PT-30, Mv approx. 700) [0219] (2) Cyanate Resin
2: Novol ac PYFERUSEASPS 225 HP!¢ Lonza Japan, Prirmmset PR 60, Mv appr ox.
2, 6002deP220]  ( 3)olHaRple SRR IhNardinaindRIRMP the M IMIRRr S3H3RAL B8RS N (Asahi
Kasei, AroCyB-30) [0221] (4) Epoxy Resin : Biphenyl di net hyl ene type
epoxy resi nthahgfp oty sletrattO8 BE00g a coppldd jn theekoyafrabpdinpes thgreis po] - ( 5)
Phenol Resip ... Bi phenyl di |.ene. type phenol, r.esin, (N poon Kayaku,
GPH- 103, h])r/e ?lﬁoﬁ%%%éia\g}g”g%?% sfﬁ@}mf%%fﬁ Srl]D?%) glr%%y’ Sﬁg‘gflﬁ)cnexim&éopol ymer
of bi phenyl efaeiless bdtiateadluldt 6426168 OhbsiTat@QOXYsting 8 dix laydrd (ResBIH)Y) agdl OUP
endcap (Japan Epoxy Resin, YX-8100H30, wei ght average nol ecul ar wei ght
30000) eight layers(resin layers).

[0210] Additionally, while the laminar structure of the multilayer substrate 108 in the

above embodiment was 1-2-1, 2-2-2, 3-2-3 or 4-2-4, other laminar structures are possible.
For example, conditions for the coefficient of thermal expansion and glass transition
point of the underfill 112 similar to those of the above embodiment can be achieved with
laminar structures of 1-2-3 type, 1-2-5 type, 3-2-1 type and 5-2-1 type. Additionally, the
multilayer substrate 108 may be a coreless substrate, in which case a six-layered type or
an eight-layered type is used.

[0211] Additionally, while the multilayer substrate 108 in the above embodiment was
an interposer, it may be another type of circuit board such as a motherboard. In that
case, similarly excellent durability is exhibited with respect to changes in temperature
conditions even when silicon chips 102 are flip-chip mounted directly onto the
motherboard, as long as the coefficient of thermal expansion of the core 104 of the
motherboard is adequatély small and the conditions for coefficient of thermal expansion
and glass transition point of the underfill 112 are satisfied.

Examples

[0212] Herebelow, the present invention shall be explained by providing working



[0224] (7) Phenoxy Resin 2: Coplyner of bisphenol A type epoxy resin and
bi sphenol F type epoxy resin, with epoxy group endcap (Japan Epoxy
Resin, Epicoat 4275, weight average nolecul ar weigth 60000) [0225] (8)
Curing Pronmoter : |Imdazole conmpound (Shikoku Chem cal s,

1- benzyl - 2- phenyl i m dazol e) [0226]-5¢9) Inorganic Filler |: Spherical
fused silica (Denki Kagaku Kogyo, SFP-10X, average particle size 0.3 m

0227 10ea | .ai exémple | ent i oi. . '
[ ] ( );!H&kgémi&mﬁkilﬁé 2 §;§9ﬂ§ﬁ%%g%8guaﬁﬁr§ghaﬁabéém&a&egps

SO 32R, average particle size (11) Inorganic Filler 3:

Spheri cal f beeglimitddite the@tindinenhdesaB@I BGR, average particle size 0.5 m

[ 0229 2) Couply agent. : Epoxyxi | ane, t cqupling.agent i ppon
Uni ool 17) " sBSoAE g gAY i dhRea BB b T or
For m ng | nsubigtidal@htdRas rlatud@te Hip-digy RLekiANstodel 8t RIFRURLBaRAitd B Berkdd@r edi ent s
are given with the solid part as the standard. [0231] 2.1 Preparation of

Li qui d Resi Amehipesil thestess cflgtatippreplaiged insonneetiongviRdahpdigpet - 54- 15

parts by wej . Of i . . i ght e Resin 2,
10 parts byke%egitdg tthe(%é%&%%)@(‘fggg PO ghr?gfo%h%@r«?éc\gj ﬂv\%pgr%tm(%/‘%%%;esnol Resin
were used, tudedseircdigiong of B-aSetrue@dke] apackagetifdf 6t hy e tioaadatsilkbandar d

t enperat ure. _[0_232]1 Next, 10 parts by weight of Inorganic Filler 1, 50
parts by wePYREZOM 1P G ReA Are andm thickpespot £ for ECBGA mgyntipgiege of a

coupl i ng agediyiht & thEsRAGE ol 1R st QL BhcuPfiod00 parts by wei ght of
Inorganic Filler 1 and Inorganic Filler 2 were added, and a hi gh-speed
stirri0AY] appar atAss: re@a¥ ofithe dintubntion, iwithtcheveniésal thinfE§FBAMtypenut es, resul ting

in Liquid Resi, it .. [0233] 3..P ot f Carrj i th
rsal ol g R b epobS o elsath o B el B Rn by e ey Rosi n
Layer A-1 A3, $9ih hiesdwhetSBe tRakWsSI 8 tROdoYET0h Waetends 308 hltdwés@rﬁ&efi ' m

e

(Mtsubishi Polyester Film Diafoil) as a carrier. [0234]
above- ment i ghegess 490yrepnd g8 Ly dtvend diffiqupt te paislly itepfper rrRpdsites Edidowds tion 1

SRS, SOGHSHILIN O S T oLty e BB 7, 01 2L
at the cent efduadd vdigage af thé @licoh khip tLdPearl (1Y) Prothicti@Cdghidit.delamination of the

fillet of the underfill 112 at the side surfaces of the silicon chip 102, no matter how the

coefficient of thermal expansion and glass transition point of the underfill 112 were

adjusted.

[0215] On the other hand, with the semiconductor packages 100 according to
Embodiments 1-4, the coefficient of thermal expansion of the core was small, so even in
the areas where the thickness of the core 104 was 500 um or less (core thickness 400 pm
and 100 pm), it was possible to satisfy the four requisites of (i) low-k film protection of
the silicon chip 102, (ii) protection of the solder bumps 100, (iii} reduced warpage of the
silicon chip 102, and (iv) protection against delamination of the fillet of the underfill 112
at the side surfaces of the silicon chip 102, by adjusting the coefficient of thermal
expansion and glass transition point of the underfill 112.

[0216] The below-given examples were performed to verify the results of the above
simulation by means of empirical data, and further to verify that they will be established
even when the circuit board layer structure is other than a 3-2-3 structure. The
below-given examples were performed on the basis of various conditions for package

size and chip size which were the basic conditions of the simulation. With the

below-described examples, the present inventors believe they have been able to prove



[0235] The insulating resin |ayer side was |lam nated with a protective
film (polyethylene) to produce a Carrier with Insulating Resin Layer

A-1. [0236] 4. Production of Prepreg with Carrier A glass fabric (Unitika
G ass Fiber, E02Z-SK, width 360 mm weight 17 g/n2) was used as the
fiber fabric. [0237] Additionally,-58he Carriers with Insulating Resin
Layer A-1 (two pieces) obtained above were used as a first and second

carrier wth insulati e sl Bl BYEE arek%38] Wil e peeling the protective

films of the #I rst and second carriers with insulating resin |ayers, the
i nsul [@217hg t.eRaw Nlayred odiigldsRain Cdnepogidon i ers with insulating resin

| ayers were pl acef% agai nst th %_ur_faces of the fiber fabric so that the
fiber fabric was ["pEY PitgidtP dte Hne resihtoaPogions iy frmying tBe ©sylpfingne wi dt h

direction, andiRtiAcbedomsisng-a lamnating roller 24 at a reduced
pressure of 750 Torr and 80 C. [0239] Here, in the area inside the width
di r ect0?8h ofl) t Rganhiefesin t:ab¥dvelac tyhecyamstenesin (lngza Jepai Prithaspel -3 Mes of t he
first and second7&?rriers with insulating resin |ayers were attached to
the respect fRFE”s(rfaces of the fiber fabric, while in the area outside
the wogtoh @) r egdnh@RResh 2:t MovbiabEPe faRAté fesin (IRMz4 ASAH, Blih @t PIE&I, Mw ayer

sides of the first and second carriers -55- with insulating resin |ayers
wer e attacherPr®eZe¥eh ot her. [0240] Next, the attached product from above

was p d r ] es. t ' : type hot drying
appar BEb sl Co TS M Abpd kA TR ARG
appl i a1 on(4pf Epoxe Reinh e, Bipleshyilkdirhaiigyldna tygpe ppep F@th Wigpon GayakiavC-3000241] 5.
Production of Miultilayer Printed Wring Board As an inner circuit board,
a printed WRPREDBGEESF i nsul ating | ayer thickness 0.6 mmand with

Ci r cujgb®) Of (5£1 PrieHbitRedif] Cl 1dikRethPlere] hinoftedi hyakMidprERaCci ng L/ S
= 50 !rﬂS%) ng}\fvas used. [Ozglg?éTheﬂg?arrit}rgr%Lﬁgn one gllqg;ggggh{ he

above- descr hixboxypeaivrategt 208X h carrier was stripped and renoved to expose

the i ating,resin, | ayer i.th the carrier on the. other, side still
Forat (s PR e fblg, cethirty B RN Pk Bl RO Ehe 11 er
was at t achedith@pox @tdpehdlap (JapantBpexaReMeY I8HOHED @dight ek Chbledilk board,
and subj ected to nolding using a Meiki Vacuum Lam nator MLP under

condi ti ons ®Fig8t3RMWard pressure to a reduced pressure of 750 Torr, 80 C,

Ther oartlr (InEEearnas SofEl Bhspsa A vpe i R Sha Bl BERE. e
at 200 C, teoxyesin with spoty grop éndeyp@apam Epolyaiesin, Epidomt4erh, weightragerbgear d f or
eval uati on. molecular weigth 60000}
[0225]  (8) Curing Promoter: Imidazole compound (Shikoku Chemicals,
- 1-benzyl-2-phenylimidazole)
[0226] (99 InorganicFiller1: Spherical fused silica (Denki Kagaku Kogyo, SFP-10X, average
particle size 0.3 pm)
[0227]  (10) InorganicFiller2: Spherical fused silica (Admatechs, 5O-32R, average particle
size 1.5 ym)
[0228] (11} Inorganic Filler 3: Spherical fused silica (Admatechs, SO-25R, average particle
size 0.5 um)
[0229] (12} Coupling agent: Epoxyxilane type coupling agent (Nippon Unicar, A-187)
[0230] 2. Preparation of Liquid Resin Composition for Forming Insulating Resin Layer
Herebelow, the amounts of the ingredients are given with the solid part as the

standard.

[0231] 2.1 Preparation of Liquid Resin Composition 1 for Forming Insulating Resin Layer



[0243] Furthernore, the above steps were repeated to produce 2-2-2 type,
3-2-3 type and 4-2-4 type nultilayer printed wiring boards. [0244] 6.
Production of Underfill The raw materials of the liquid resin conposition
used for the underfill are as follows. [0245] (1) Epoxy Resin 1:

Bi sphenol type epoxy resin (DI C, EXA-830LVP, epoxy equivalent 161)

. [0246] (2) Epoxy Resin 2: TrifunctPonal glycidyl amine (Japan Epoxy
Resin, E-630, N, Nbis(2,3-epoxypropyl)-4-(2,3-epoxypropoxy)aniline,
epoxy equi val ent 19darl by WORAIF bt iREH 8 NEYarts By QBB ff CRAaBYindMone type
har dener (N ppon Kayaku, Kayahard AA,

3, 3' - di et hyparig by weightatiEpextriRgtie ayd HWarHabeweightiohBheaglRegin werrtused 8y [ 0248]
(4) Silane Coupl.i nt ; 0 ila oupl i ng agent (Shin-etsu

Chem cal , %ﬁ%ﬁ&ﬁ@%ﬁﬁggﬁTﬁ%gﬁ%é%%¥%6&%?@?#3?%%%§5%Iane, nol ecul ar wei ght
236. JP23pP249] ( SNeAJD fatty By deight@NnSteh RIS Silladiclsd pavie bt Meighek Incchaim cal ,

E- 1800- 6. 5, nunber average nol ecul ar meight 1800, epoxy-nodified

pol ybut adi efiler2apher papsdrsejsht o)r cagrling peat with pspaseine 9telek PO0martebicheni cal

| ndustries, i J ! 2 (ﬁ&?@% @é%é (7)
Filler: SpH€9?@§FME§%ﬁﬁg@¥gggfﬁﬁggﬁg2%%%%2§ﬁ§?&§§%ﬁﬁét CP%%hgrl a
silicas SE-#&ipafdtusmayeasedgestipdtetrésalt dor 30 mbnuResTrenltingSOLIGBid(Ravier age particl e

size 1) andCSC>E2 éaverage particle size 0.5 m mxed at a weight ratio
of 45:40: 15-PBRPEEE fvel y. [0252] Using these raw materials, underfills

OF- 1 b@3r-9 WeIRcRhePes e Wil Ralilig RAiXLAG: ratios (portions by weight)
shown in Table 1. Additionally, the glass transition tenperatures (C) by

TMA anal ysi %1 ahwdedien pi Girdertvgthdhsulatiog Resin lewgrafwdi on (ppm C) of the

resul ting underfi,lls 1 to,UF9 wer sured. .T s renent results
are shown in Ta E%PfHﬁrbﬁ%ET“F$Q%F§Y%$ﬁ Eﬁ?%%ﬁgﬁﬁﬁﬂgﬁgﬁﬁ%%ﬁﬁ Trade Nane
UF1 UF2 UF3rdUfediettfibn, DBoil)asa &dner,UF9  Bi sphenol F EXA- 830LVP 100 100 90 70

60 45 30 10 70 %ﬁoxy epoxy resin Resin Trifundional E-630 0 0 10 30 40
55 709581 30 ci d The ahovermenionerberaicr Apeated &viththaldayid Rasmbemensiiosd 39 40 45

48 53 55 6 10b4§ned above using a comma coater, dried for 3 minutes in a dryer at 150 °C, and a 20
pm thick, 410 mm wide insulating resin layer was formed at the center of the carrier in
the width direction.

[0235] The insulating resin layer side was laminated with a protective film
(polyethylene) to produce a Carrier with Insulating Resin Layer A-1.

[0236] 4. Production of Prepreg with Carrier

A glass fabric (Unitika Glass Fiber, E02Z-SK, width 360 mm, weight 17 g/m?)
was used as the fiber fabric.

[0237] Additionallﬁ the Carriers with Insulating Resin Layer A-1 (two pieces) obtained
above were used as a first and second carrier with insulating resin layer.

[0238] While peeling the protective films of the first and second carriers with
insulating resin layers, the insulating resin layer sides of the carriers with insulating resin
layers were placed against the surfaces of the fiber fabric so that the fiber fabric was
positioned at the center of the carriers in the width direction, and attached using a
laminating roller 24 at a reduced pressure of 750 Torr and 80 °C.

[0239] Here, in the area inside the width direction of the fiber fabric, the insulating
resin layer sides of the first and second carriers with insulating resin layers were
attached to the respective surfaces of the fiber fabric, while in the area outside the width

direction of the fiber fabric, the insulating resin layer sides of the first and second carriers



am ne hardener Silane Epoxysilane coupling coupling agent KBM403 5 5 5 5
55555 agent Additive Stress reducing E-1800-6.5 555555555

agent Diluent DGVE 2 2 2 2 2 2 2 2 2 Filler Spherical Adnmatechs 273 280
282 292 297 306 308 319 d37 nthetic silica Silica Content (W% 65% 65%
65% 65% 65% 65% 65% 65% Resin d as$%transition tenperature C 70 80 90 100
110 120 130 140 Property Coefficient of thermal expansion 27 27 26 26 26

26 26 25 (PpihinSlladrd3ed 1afers PEOGkehdd0D eRh off@f11 conduct or Package Further,
the 1-2-1 type, 2-2-2 type, 3-2-3 type and 4-2-4 type nultilayer printed
Wi ri ng248bar ds, umEey thie hitachesgirpdnctfrdm Bjge amgipasiedifer@rmivhtiepthrangh e used to

produce sem conductor packa by flip:-chi ynting.in the, conbi nati ons
shown in Tagc]f &s" -Cgr.wef'ﬁg%@fe %ﬁ?%é’ﬁﬂp? L?‘Hlé Sestgomﬁgoér?fdﬂ%%gfﬂﬁgc aéges wer e

subj ect ed t feabAdnt RBAIUPHlIcBIbNA Bresd@d) the@itihg/intaYprdpeghdith chiter.r esul ts are
shown in Tables 2-6. Aside from Conparative Exanple 5, all of the

sem cldrfdlict or PrreeRinges MykEayer FrintedoeingfexBui | dup | ayer conposi tions
shown in Table 7'Ashﬁ?nher[c%%oaLdng%ixﬁtggl?zﬁl i?gjarlczpf)f 61@\.141&%1%3%;5{ @AlcEnexl ructure

1-2-1 1-2-1 structure structuré ness Core CTE (ppm C)
in planar 106 iin ardiwighairtgs oCorceit Gldknésp pauG) civcuit dlthlend cirbiitcdpaessl./8li r ect i on
Bui | dup CTE_&W' an 30 3 Tg Range when substituting 95-145 95-145
Substrate ST g? B B¥ffess Underfill Conposition UF2 UF8 T C 80 140

[0242] - The carrier on one side of the above-described prepreg with carrier was stripped
and removed to expose the insulating resin layer, with the carrier on the other side still
remaining. The insulating resin layer side of the prepreg with carrier was attached to
both sides of the above-described inner circuit board, and subjected to molding using a
Meiki Vacuum Laminator MVLP under conditions of standard pressure to a reduced
pressure of 750 Torr, 80 °C, 0.5 MPa for 30 seconds, followed by 120 °C, 1.5 MPa for 60
seconds. Thereafter, the board was subjected to a 1-hour heat treatment in a dryer at
200 °C, to result in a 1-2-1 type multilayer printed wiring board for evaluation.

[0243] Furthermore, the above steps were repeated to produce 2-2-2 type, 3-2-3 type
and 4-2-4 type multilayer printed wiring boards.

i0244] 6. Production of Underfill

The raw materials of the liquid resin composition used for the underfill are as
follows.

[0245] (1) Epoxy Resin1: Bisphenol type epoxy resin (DIC, EXA-830LVP, epoxy equivalent
161)

[0246] (2) Epoxy Resin2: Trifunctional glycidyl amine (Japan Epoxy Resin, E-630,
N,N—bis(Z,3—epoxypropyl)-4—(2,3—ep0xyprop0xy)anﬂine, epoxy equivalent 97.5)

[0247]  (3) Hardener: Aromatic primary amine type hardener (Nippon Kayaku, Kayahard
AA, 3,3 -diethyl-4,4'-diaminodiphenylmethane, amine equivatent 63.5)

[0248]  (4) Silane Coupling agent: Epoxysilane coupling agent (Shin-etsu Chemical,
KBM-403E, 3-glycidoxypropyltrimethoxysilane, molecular weight 236.3)

[0249] (5) Additive1l: Low stress additive {(Nisseki Chemical, E-1800-6.5, number average
molecular weight 1800, epoxy-modified polybutadiene rubber)

[0250] (6) Additive2: Diluent (Wako Pure Chemical Industries, diethylene glycol monoethyl



CTE (ppmi' C) 27 26 Sem conductor Reliability Test SAT Cbservation pass
pass Conductivity Test Result pass pass [0257] [Table 3] 1 Ex. 3 1 Ex.
4 ExX. 5 Ex. 6 Ex. 7 EX. B Ex. 9 Substrate Structure 2-2-2 2-2-2 2-2-2
2-2-2 2-2-2 2-2-2 2-2-2 substrate substrate substrate substrate
substrate substrate substrate Core5SFhickness 0.2 0.2 0.2 0.2 0.4 0.4 0.4
Core CTE (ppmC) in planar 11 11 11 11 11 11 11 direction Core CTE
(ppmM C) in diferkBcif)16 16 16 16 t hi ckness direction Buildup CTE (ppm *C)
30 30 30 30 30 30 38 Tg Range when substituting 80-115 80-115 80-115
80- 116285- 18% BBerl 3%ph8Heal FHtheBurilsh (dreat&hs, gotthatie spherick sibss SIMPEr f i | |

Conposition, UF2 UF3. UF4 S _UR 4 UF7 T C 80 90 10 80 100 130 q
CTE (ppmi ' CJFYYPBHEIEE 78 95 ?‘"‘gé‘%’zéjﬁa@éar%e REfEaEEoY a?%%(?'?tﬁ ﬂﬁVFrf‘%e PRELT® SAT
Cbser vat i 0nsike (PAGH) BSEd NASRiNERB0 684DFSRsRasRly. Conductivity Test Result
pass "pass pass pass pass pass pass -58- [0258] [Table 4 MO NV COOTr r
O LL"I2RI N W C7 Ustng@ewg @wivhpriplsgunderiils NF-1ap NFQ wereprem@ra withthe O co N VNI
wMOMO _ Nm%(it?‘g rat(laos?portions by weight) shown in Table 1. Additionally, the glass transition

temperafures (°C) by TMA analysis and coefficients of thermal expansion (ppm/°C) of

the resulting underfills UF1 to UF9 were measured. The measurement results are

shown in Table 1.

[0253] [Table1]

Contents | Generic Name Trade Name UFt [ UF2 [ UF3 | UF4 | UFS | UF6 | UF7 | UF8 | UF9

Bisphenol F
Epoxy epoxy resin EXA-B30LVP | 100 | 100 | 90 | 70 60 | 45 | 30 10 70
Resin Trifunctional
alycidyl amine E-630 0 0 0 | 30 [ 40 5 | 70 | 90 | 30
Aromatic primary
Hardener amine hardener Kayahard AA 34 39 40 45 48 53 55 61 45
fé'ﬁ;f?ng Epoxysilane KBM-403 5 |5 5085|555 ]|5]s
agent coupking agent
Addtive ggeerff reduciog |\ eqg0065 | 5 | 5 | 5 | 5 | 515 | 5| 5|5
Diluent DGME 2 2 2 2 2 2 2 2 2
: Sphericat
Fillar synthetic silica Admatechs [ 273 | 280 | 282 | 202 | 297 | 306 | 308 | 319 | 157
Silica Content (wt%} 65% | 65% | 65% | 65% | 65% | 65% | 65% | 65% | 50%
Resin Glass transition temperature {°C} 70 80 80 [ 100 | 1O [ 120 | 130 | 140 | 100
Propesty Coefficient of thermal expansion 07 97 % % % % % % 37

{ppm/~C)

[0254] 6. Production of Semiconductor Package
Further, the 1-2-1 type, 2-2-2 type, 3-2-3 type and 4-2-4 type multilayer printed
wiring boards, underfill resins UF1-UF9 and silicon chips were used to produce
semiconductor packages by flip-chip mounting in the combinations shown in Tables 2-6.
[0255] The resulting semiconductor packages were subjected to SAT observation and
conductivity tests. The results are shown in Tables 2-6. Aside from Comparative
Example 5, all of the semiconductor packages used the core and buildup layer

compositions shown in Table 7.
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[0256] [Table 2]
Ex.1 Ex. 2
1-2-1 1-2-1
Substrate Structure structure | structure
Core Thickness 0.4 0.4
Core CTE (pp/°C) in planar 1 1
direction
Core CTE {ppm/°C) in
thickness direction 16 16
Buildup CTE {ppm/°C} 30 30

Tg Range when substituting

Substrate StructurefThickness | 45 1 95145

Underfill Composition UF2 UF8
Tg{°C) 80 140
CTE (ppm/°C) 27 26
Semiconductor Reliability Test

SAT Observation pass pass
Conductivity Test Result pass pass

[0257]  [Table3]

8
382

pzd

Ex.3 Ex. 4 Ex.5 Ex. 6 Ex.7 Ex.8 Ex. 9
2-2-2 2-2-2 222 2-2-2 222 | 222 2-2-2
Substrate Structure substrate | substrate | substrate | substrate ; substrate | substrate | substrate
Core Thickness 0.2 0.2 0.2 0.2 0.4 04 0.4
Core CTE (ppm{°C} in planar
direction 1 11 i 1 1 t 1
Core CTE (ppm/°C) in -
thickness directicn 16 16 16 16 16 16 16
Buildup CTE (ppm/°C) 30 30 30 30 30 30 30
Tg Range when substituting g :
Substrate Structure/Thickness 80-115 80-115 80-115 80115 85-135 85-135 85-135
Underfil! Composition UF2 UF3 UF4 UFS Ur2 UF4 UF7
Tg(°C) 80 80 100 110 80 100 130
CTE (ppm/°C} 27 26 26 26 27 26 25
Semiconductor Refiability Test
SAT QObservation pass pass pass pass pass pass pass
Conductivity Test Result pass pass pass pass pass pass pass
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Bui | dup CTE (ppmi' C) 30 30 Tg Range when substituting 75-125 75-125
Substrate Structurel Thi ckness Underfill Conposition UF2 UF6 T C 80 120
CTE (ppm *C) 27 26 Sem conductor Reliability Test SAT Qbservation pass
pass Conductivit Test Result pass pass [0260] [Table 6] Conp. Conp.
. Comp. Conp. Conp. Conp. Ex. 6 Ex,¥%-Ex. 2 Ex. 3 Ex. 4 Ex. 5 Substrate
Structure 3-2-3 3-2-3 3-2-3 3-2-3 3-2-3 3-2-3 substrate substrate
substﬁ%g]e S[kﬂ)(ﬁé ate substrate substrate Core Thickness 0.4 0.1 0.2 0.4
C+E (ppm C) in planar 11 11 11 11 15 11 direction Core CTE
(ppmC) in 16 16 16 16 25|16 _thickness direction Buildup CTE (ppm'C) 30
30 30 30 46 30 Tg Range WphEr’subSt¥tting 85-135 77.5-105 80-115 85-135
80- 115 80- [I5 Substrate ptpuetur g4 ckness Underfill Conposition UF1l
UF5 UF6 UFESOREE Y™ T C 7Guwdd®| 2806140 90 90 CTE (ppnf *C) 27 26 26 25
26 37 Sem caavduetsor Rel 1 abid4 ty TDdst| SAT Observation pass fail (chip
fail (chi pJ £ ATE @rovibin pbrai || (ghi p fii || cracked cracked cracked cracked

del am nate*‘*'"3‘?“‘?‘“"*'““'r ivity lTest Resubti{fail fail fail fail fail. fail -60-
[ 0261] [Tabf%(;(z dlﬁggl n Tr adetsName Parfs b Weight Core Buil dup
Buildup CTE (ppm/°C) 30 30

Tg Range when substituting

Substrate Structure/Thickness 75125 75125

Underfill Composition UF2 UF6
Tg(°C) 80 120
CTE (ppmi°C) 27 26
Semiconductor Reliability Test

SAT Observation pass pass
Conductivity Test Result pass pass

[0260]  [Table 6]

Comp. Comp. Comp. Comp. Comp.

Ex1 | Ex2 | Ex3 | Ex4 | Exs | COMP-ExB

323 3-2-3 3-2-3 3-2-3 323 323
Substrate Structuze substrate | substrate | substrate | substrate | substrate substrate
Core Thickness 0.4 0.1 0.2 0.4 02 0.2
Core CTE {ppm/°C) in planar
direction 1 1 11 1t 15 1l
Core CTE (ppm/°C) in
thickness direction 16 16 16 16 % 16
Buildup CTE (ppm/°C) 30 30 30 30 46 K]
Tg Range when substituting : ’ i
Subsirate Structure/Thickness 85-135 | 775105 | 80-115 85135 80-115 80-115
Underfill Composition UF1 UF5 UF6 UF8 UF3 UF9
Tg(°C) 70 10 120 140 80 90
CTE (ppm/°C} 27 26 26 25 26 ¥
Semiconductor Reliability Test :

) fail (chip | fail {chip | fall (chip | fail {chip fail

SAT Observation pass cracked) | cracked) | cracked) | cracked) | (delaminated)
Conductivity Test Result fail fail fail fail fail fail




Novol ac type cyanate resin:

Lonza, Primaset Cyanate Resin 19.7 25.0

PT- 30, wei ght average nol ecul ar wei ght 700 Bi phenyl di net hyl ene type epoxy

resin:
275, wei ght
. resin and

Japan Epoxy Resin,

Ry

30, 00@eRj P
VEH 7851- 3

Epoxy Resin N ppon Kayaku,

NC- 3000, epoxy equivalent 11.0 24.7
aver age nol ecul ar wei gth 2000 Copol yner of bi phenyl epoxy
Phenoxy Resin bi sphenol®% epoxy resin wth epoxy endcaps:
YX- 8100H30, weight 10.0 average nol ecul ar wei ght

i met hyl ene type phenol resin: Hardener Meiwa Kasei,
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[0262]

[0263]

[0264]

<Summary of Evaluation Results>

Fig. 9 is a graph for explaining the results of thermal cycling tests on a thi.n
FC-BGA type semiconductor device use a I-2-1 type interposer. The experiment was
performed under conditions wherein the coefficient of thermal expansion of the underfill
was fixed at 26 ppm/°C. The horizontal axis of this graph represents the thickness (mm)
of the core and the vertical axis represents the glass transition temperature (°C) of the
underfill by TMA analysis. The same applies to Figs. 10-12 to be described below.

The evaluated categories were (i) low-k film protection of the silicon chip 102,
(ii) protection of the solder bumps 100, (iii) reduction in warpage of the silicon chip 102
and (iv) protection against delamination of the fillet7 of the underfill 112 on the side
surfaces of the silicon chip 102. In the graph, a black circle indicates that a defect
occuired in one of the categories in the experiment, a grey circle indicates that the
resistance was high but there were no cracks and therefore that the sample passed, and a
white circle indicates that the sample passed all categories. The same applies to Figs.
10-12 to be described below.

As can be seen in this graph, the glass transition temperature Tg (°C) of the

underfill by TMA analysis satisfies the relationship 75 < Tg < 112.5T + 95 where T (mm) is



10-12 to be described bel ow. [0264] As can be seen in this graph, the
glass transition tenperature Tg (C) of the wunderfill by TMA anal ysis

‘ satisfies the relationship 75<_ Tg < 112.5T + 95 where T (nm) is -61- the
t hi ckness of the core. Additionally, the equation 25T +75 <Tg <_ 100T+95
_which is an even stricter conditi®h is also satisfied. Furthernore,
since the nunber of buildup layers in a 1-2-1 type interposer is three

| ayers or |&sghickhdss 8 tROop@t WAbikiBSatil; e SUMRN29P 20Tt 106D Fodl Ghich 125T + 95.
[0265] Fig. 10 is a graph for explaining the results of thermal cycling
tests in a dnbven stE@rBaAlitigngealseniidiedd fotthbermdayiine thesiungernof Puiddi® t ype
interposer., The experinent was. tﬁerformerﬂ undgr condi t | onst.vvrg:? ein the
coefficient 2ot TRermatPERISEET STVSF Y Ha o uftet T 1P mee f9R8F At *26 ppni C.
[ 0266] As cax 19%efos. N this graph, the glass transition tenperature Tg
(© of the wunderfill by TMA analysis satisfies the relationship 75< Tg <
112. 9%263] 95, as #Fig- 10hea grapfefopexplairieg the psultsiof fharmaheiing tesiainjayhint he
equati on 25J- < . +, 9 1ch is.an.even stricter condition is
50 sati oriGHCARRe Huhiidorae Mo 12 oBE B0y Bl ShRInERRA 1 0
2-2-2 type peafoanr@Darler dofdidbnslvaREdin the tiefflcRyest Shetidl cafanfTOSbf t8d vhdeder s, it
al so satisfies the equation 25T + 75<_ Tg <_ NOT + 95. [0267] Fig. 11 is
a graph forVerhttPRB™ ke results of thermal cycling tests in a thin

FC- BGodsy Pe sem oQnduetoln, ey gréphtk Qﬂsﬁraﬁéiﬁéxﬁteﬁlﬂ}@mké‘l‘ﬁ‘@%ﬁ’ufe_- The
experinment was performed under ‘condi'tions whereln the "coefficient of

t her mal expankifdibydMA hrelyais geisfidsithie relaganship Xed Tat 1R26TpPHaCin thOREBE As can

be seen in thi raph, .t.he glass transitiqgn.te ure Tg (C) of the
underfill bEtf/‘e R v 9@%‘&0@&" Pheeqpation ig‘ef‘?%’ﬁaﬁgi%iﬁ@fﬁa% Wi ‘%" eé)e’ilz. 5T +
95, as in tHBct&8Rifdn is Afsaltsiidd.l HutREm@Rdsihddendmbér dRBdupABidihanal |y,
the equation 25T + 75< Tg < 100T + 95 which is an even stricter

condi tion i 523038 injerppsef ¥ atdeasHavnt lpkersand @t medt pig dayemset Asgrepféstieghe  pui | dup

| ayers in a, 2-2- yhe, hnt oger is at least four layers and at nost six
| ayers, it eqélfti%&ggt ?%?Jlr%'éﬁ{oﬁe%quati on 25T + 75< Tg < 100T + 95. [0269]

Fig. @&7] s a graply. {105 a gesph @k iphihifidi®e Feasltsl of thefrhal tyrtingmabts Biyaathinng tests in
a thin FC BGA type sem conductor device using a 4-2-4 type interposer.

The exper i nERBCARPe spRicPBuRetdyitaRinEDher HPE HECRpET eilhe PREIBIEIPS ci ent of
thermal ex p?.ﬁ_ﬁméh Hdef DRAMBASIHebdird the WaFicfeh¥ G GhedhalRpRBA 5 th Qriblin As can

be seen in is graph, the glass transition tenperature Tg (C of the
was fixed at 26 ppm/°C.

[0268] As can be seen in this graph, the glass transition temperature Tg (°C) of the
underfill by TMA analysis satisfies the relationship 75 < Tg < 112.5T + 95, as in the case of
the 1-2-1 type and the 2-2-2 type. Additionally, the equation 25T + 75 < Tg < 100T + 95
which is an even stricter condition is also satisfied. Furthermore, since the number of
buildup layers in a 2-2-2 type interposer is at least four layers and at most six layers, it
also satisfies the equation 25T + 75 < Tg < 100T + 95.

[0269] Fig. 12 is a graph for explaining the results of thermal cycling tests in a thin
FC-BGA type semiconductor device using a 4-2-4 type interposer. The experiment was
performed under conditions wherein the coefficient of thermal expansion of the underfill
was fixed at 26 ppm/°C.

[0270] As can be seen in this graph, the glass transition temperature Tg (°C) of the
underfill by TMA analysis satisfies the relationship 75 < Tg < 112.5T + 95, as in the case of
the 1-2-1 type, the 2-2-2 type and the 3-2-3 type. Additionally, the equation 25T +75 <

Tg < 100T + 95 which is an even stricter condition is also satisfied. Furthermore, since



underfill by TMA analysis satisfies the relationship 75 < Tg < 112.5T +
95, as in the case of the 1-2-1 type, the 2-2-2 type and the 3-2-3 type.
Additionally, the equation 25T + 75 < Tg < 100T+95 which is an even
stricter condition is also satisfied. Furthernore, since -62- the nunber
. of buildup layers in a 2-2-2 type baterposer is at |east seven layers, it
also satisfies the equation 75< Tg < 75T + 95. [0271] The experi nent al
resul ts gi VRBnARRYBr @R Yk Ral SATPL Bferbdler X RULITEM, Blyers GRAG T ONS

cont ai ni ng t he oﬁi &ﬁ[ %a?%ns%in ?ﬁg @%ﬁhﬁgﬁ$§ﬁkgesubtgagctuaIIy satisfy
the four Heqﬁmsﬂmeqmmmn15$TgﬁﬂﬂTk95iIn1protection of the silicon chip
102, (iJ) protectjon of th sol der nps .10 reducti on i n warpage
of t h[éygf licon cm%exfﬁrf“%{ﬁag “(SFV)gIY?PBF%VEF %g"il?fg%s ”ﬁi%’fpﬁ’f‘r‘i“ﬂﬁ{ﬂl on of the
fillet of thadkbeebhthintn %ﬂe?op%atﬁago@@%e%ha{mﬁfaﬁ%eseﬁs d-RQIpdakitspar chip
102, thus denonstrating that the Sinmulation results are reliable. [0272]
Addi ti onal | fpur jeguisiees off (O bavek ﬁhnaprotehfeonaqaatsth Cﬁ@dOI@I)@IQQCQOEﬂT#h@S was
satisfied ases. of the pe, the
3903 type ST PR GRSt b te st 1 oo P S LS Reie et on
25T + 75< _aghphstdele@fidatitn %heﬂw&sﬁ’thé SndRrfBitin? &1 Bk sidCRtlids bome sikas al so
satisfied. That is, these equations were found to be satisfied

regardl ess 8P {Rehisrtemopyreng halbe sigplation igrdts afeggPBle- Furt hernore, when

t he r of bui LRYELS bt ' SeL t legs, it was
foungﬂﬁﬁgt t he eéﬁgﬁggn@ ggnﬂﬁ?kﬂ%&%%g + %@§Qﬁﬁlcﬁ“%%?F%aﬁly covers

a W der ramgecHdfiéte cﬁshfofelqaulai i e, -2 Z’ grpe; tﬂé@ 5fﬁpd'arﬁﬁhe wag tyleso
satisfied. However, even qﬁthls nber of buil dup |ayers

in the intefpoienallidreahrase sedyation B +s7a‘?ﬁT§1$&8‘E%?? %ﬁﬂde fids&iiat i on 75< Tg
< 112.5T + QRqwes %gglsgﬁag@q %apgnﬁgségqu@a&gw&&aznﬂdméés gmar i bed above,

the present invention been expl ai ned based exanpl es thereof.
These exanpk%gdhﬁeﬁﬁ@nnmpemthamSEWmnples and those skilled in the art
wil | gnlze t varlou her ations are possible, and that
such PEEETT cart SR Rets Wi SR i e M PR el

i nvent i on. lelliySis fodthd tﬁ@tﬂhé &RRdNISLY + FHLTD4 1258 + 0% Shiich pediaBpeves at he
sem conductor device of the present invention is capable of suppressing
damage to t Wilesenpetbititie eartienelpiscle <ddsT ©9% @ﬁﬁﬁé‘fpé@tﬁf@l c hleiges eveand i s

useful for lnr{pg Qa}éé Dheh t}\% nhr%hér%l? 171!1110%1%5 la LIEQL Hﬁ’e@@és%ﬁ%asmgp&] 189 for
achi eving conpact'ness, wel g ormance in cellular
t el ephones, satibfadtionbf e d@ﬁnorcmmrgasmm o vgdsfnaﬂ degietl bt coomadtictal. - 63-
[0274] As described above, the present invention has been explained based on
examples thereof. These examples are no more than examples, and those skilled in the
art will recognize that various other modifications are possible, and that such
modifications also belong within the scope of the present invention.
Industrial Applicability
[0275] As described above, the semiconductor device of the present invention is
capable of suppressing damage to the semiconductor device due to temperature changes,
and is useful for improving the reliability of high-density mounting for achieving

compactness, light weight and high performance in cellular telephones, digital video

cameras and digital still cameras.



CLAI M5 [1] A sem conductor device characterized by conprising: a circuit
board conprising a core and a buildup |ayer; a sem conductor el enent
connected to said circuit board via netal bunps; and an encapsul ating
resin conposition filling the gap P&t ween said seniconductor el enent and
. said circuit board; wherein the thickness of said core is at nost 500 pm
the coefficient of thernmal expanerLgam$n the planar direction of said core
from roomtenperature to the glass transition tenperature is at nost 15
ppn C, the coefficient of thermal expansion in the thickness direction of
sai d re from : fransition tenperature is
at m)[g 18 ppm C;A%%E)é&gdglgﬁ (?%:v#rgﬁ%&%&? ﬁde@n%ﬁﬁré%?éénsi on of said

encapsul ati ng r eskifcuttdo@dsbhprising f HeEnd adbmldupnper;at ure to the gl ass
transition tenperature is at |least 15 ppmiC and at_ nost 30 ppm C, and
the glass transi FEHTEHPRreRmsREeoraecieayo 3 cuont baged yia metabliungs; and

encapsul ating r%ﬁb&a%ﬂﬁﬁf? ﬂeEihQ&n&%ﬁibﬁ%l]iﬁ%d&%@p HANENISAA semifonlidarsy 112. ST +
95, where T (mm) is the thickness of said core. [2] A sem conductor

devi ce accogletengartdosas! ciiruit boardnybereinn t he t hi ckness of said core is at
nost 200 pm [ 3] Atﬁngm co du(ﬁt or, devi Cﬁ) according to claim1, wherein the
coefficient of tHENRIeSS kPN OR ROt AL anar direction of said buildup

l'ayer from room werpanadidbendrthal &BansbhdsSte blaAt ikt of AMMRFAtd e s at
nost 35 ppm C. [4] A sem conductor device according to claim1, wherein

t he gl ass toamdsmpeniureteip slegtipnatiorgempratyie iamast 1Serid™Gencapsul at i ng
resin conposition satisfies, the equatio 5T + 73<.Tg <. + 95,
where T (mm) is 'Ec eecg‘%f I(%tﬁtztggmg%exg%}ﬂ né%rg%l%g‘fss S\Irescg?n %fosﬁigl]fgrggrro "devi ce
accordi ng tmofltéhpardnirewhide glats tdbilorClefmpethiirdioamtbst BFpicses at | east
seven buildup layers, and the glass transition tenperature Tg (C) by TMA
of said encapsul A5AGHFEYE P eBRBEMSIogA! @i retrselatingresipeiiRAoPBfN 75 < Tg <

75T + 95, -fbxn rWeﬁp&at(lM ﬂ{e%latsp@ar{sﬁioﬁ %l\%ﬂﬂ; is %fal'e;g:-t } p%_l/"d Ol oA

sem conductor device according to claim1, erein sald circuit board
conpri ses atodt@@ppmfGundand at nost six buildup | ayers, and the gl ass

transition tenperature Tg (C) by TMA. sai.d. encapsul afing resin
conposi tion sati € glags ?‘TpégIOI(l te}npe%tur% z 8&) by ana(fysﬁ‘. 0%'531 encapsulating
resin composition satisfies the equation 75 < Tg < 112.5T + 95, where T (mm) is the

thickness of said core.

2] A semiconductor device according to claim 1, wherein the thickness of said core

is at most 200 pm. '

[3] A semiconductor device according to claim 1, wherein the coefficient of thermal
expansion in the planar direction of said buildup layer from room temperature to the

glass transition temperature is at most 35 ppm/°C.

[4] A semiconductor device according to claim 1, wherein the glass transition
temperature Tg (°C) by TMA of said encapsulating resin composition satisfies the

equation 25T + 75 < Tg < 100T + 95, where T (mm) is the thickness of said core.

(5] A semiconductor device according to claim 1, wherein said circuit board
comprises at least seven buildup layers, and the glass transition temperature Tg (°C) by

TMA of said encapsulating resin composition satisfies the equation 75 < Tg < 75T + 95,



equation 25 T + 75!'c Tg < 100T + 95, where T (mm) is the thickness of
said core. [7] A sem conductor device characterized by conprising: a
circuit board conprising a core and a buildup |ayer; a sem conductor
el ement connected to said circuit t#&ard via nmetal bunps; and an
encapsul ating resin conposition filling the gap between said

sem conduct ere%l(ﬁ{ﬁﬁ{}ttheqﬁfékqse 'Oqsﬁ;é(rzoc%gu board; wherein said circuit board
conprises at nost ree burldup layers; the thickness of said core is at

nmost 500 m the coefficient of thermal expansion in the planar direction
of said core from roomtenperature to the glass transition tenperature

i s atlfhost 15 pprYsemicepdicosdevisearertingle chive b rereredissidrdrghbaar  he
t hi ckness dj i i : 1.9 the gl ass
EJr%fsésod@ 1604 tR@ b & QB sui 68?1511616;5 n?géﬁ %:Ecgﬂﬂg glg%sl{faﬁ&&&m

transition tenperature is at nost ficient of thernmal

expansi on ofenpaiathre i @Pshyl A oiaidesiapsudaing osint domuposifianaatisfiedhe t enper at ur e

0ihe 9 Sz LLard {80 LSRRl LS B B0 L oSt 0

said encapsul ating resin conposition satisfies the equation 50 T + 75<
Tg < 125T7 + 95, where T (mm) is the thickness of said core. [8] A
sem c@hduct or deVA Emicohdircte devi¢exbatadisrizedbypompicinigs: a circuit board

conprising a coreaCi';}“r:ludtbe(l)arbduciml,nd}J1 mI a o%aind%bsﬁcrlﬂ clgneg_uct or el enment connected
to said circuit BSErd vVia netar bunps: cand - dn efcapsul ating resin

conposi tion fill iagnicheiug@pelBrinseninebai tdl sH@ il BeH1d bRMmet#berpHinand sai d
circuit board; wherein the thickness of said core is at nost 500 m said
core is formed bynicRPPBYANAE Feity camppsiion fidlingdhe sap betiyieernsald! sewicprlu€@kposi ti on

conprising @He{ﬂ&ﬁ@ﬁﬁ%é&&%h@boa%;%%&ﬂl resin, an epoxy resin and an
er, and -

i norganic fi 5- curing; the coefficient of thermal expansion
of said encapsul atidrgcuid®hnd conppes ditch@hthrde boildupdarrs enperature to the

glass transition te rature is at |ea 15 ppm C and at nost 30 ppni C
and the gl ass tré&%&@ﬁ'@fﬁs#éﬁﬂ&rﬁisﬁf‘@f’*éé%@' by TMA analysis of said
encapsul ating  r efd ReFiGERQE ikkin eghdicH th 8% fidA8: BRHEIN B 5hid &t i< 112. 5T +
95, where T (nm is the

room temperature to the glass transition temperature is at most 15 ppm/°C;

the coefficient of thermal expansion in the thickness direction of said core from
room temperature to the glass transition temperature is at most 18 ppm/°C;

the coefficient of thermal expansion of said encapsulating resin composition
from room temperature to the glass transition temperature is at least 15 ppm/°C and at
most 30 ppm/°C; and

the glass transition temperature Tg (°C) by TMA analysis of said encapsulating
resin composition satisfies the equation 50 T + 75 < Tg < 125T + 95, where T (mm) is the

thickness of said core.

[8] A semiconductor device characterized by comprising:
a circuit board comprising a core and a buildup layer;
a semiconductor element connected to said circuit board via metal bumps; and
an encapsulating resin composition filling the gap between said semiconductor
element and said circuit board; wherein
the thickness of said core is at most 500 pum;
said core is formed by impregnating a fiber substrate with a resin composition

comprising a cyanate resin, a phenol resin, an epoxy resin and an inorganic filler, and



t hi ckness of said core. [9] A sem conductor device characterized by

conprising: a circuit board conprising a core and a buildup layer; a

~ sem conduct or el enent connected to _said circuit board via netal bunps;
and an encapsul ating resin conpo§?%ion filling the gap between said

. sem conductor elenent and said circuit board; wherein said circuit board

conpri ses aduriipst three buildup layers; the thickness of said core is at

most 500 m said core is formed by inpregnating a fiber substrate with a

resin conpositi othe cesstigant of thgymal expansien ef siskanFrpsatpigaerdl corwesifion an epoxy

resin .and orjl Fb%grg( E&at{&e hl:) ﬂ{ la%ganSlﬁgll; iengeragupeels gtqg%s'{ fg%pﬁWc a?l]::l aE her nal

expansi on of sal apsul at | g resin conposition room tenperature
to the gl asmodt B@psn/td;andt enperature is at | east 15 ppniC and at nost 30

ppm C; and the glass transition tenperature T TVA anaIyS|s of
sai d encapsul at i HY 8 3FEEFHHERFFEERIUOES SOy %“a{Yﬁ’é Oéﬁlfaana@ﬁ“ + 75 <_

Tg < 125T +Qr corﬂmﬂhgn ;tléﬁ%e'eéud"tlgﬁ 754 ’hg £KPEES 9%) fwhg.é'ﬂm% (She

thickness of said core.

9] A semiconductor device characterized by comprising:

a circuit board comprising a core and a buildup layer;

a semiconductor element connected to said circuit board via metal bumps; and

an encapsulating resin composition filling the gap between said semiconductor
element and said circuit board; wherein

said circuit board comprises at most three buildup layers;

the thickness of said core is at most 500 pm;

said core is formed by impregnating a fiber substrate with a resin composition
comprising a cyanate resin, a phenol resin, an epoxy resin and an inorganic filler, and
curing;

the coefficient of thermal expansion of said encapsulating resin composition
from room temperature to the glass transition temperature is at least 15 ppm/°C and at |
most 30 ppm/°C; and

the glass transition temperature Tg (°C) by TMA analysis of said encapsulating
resin composiﬁon satisfies the equation 50T + 75 £ Tg < 125T + 95, where T (mm) is the

thickness of said core.





