1 SPECI FI CATI ON SEM CONDUCTOR DEVI CE AND METHOD FOR MANUFACTURI NG

SEM CONDUCTOR 5DEVI CE BACKGROUND 10 TECHNI CAL FI ELD [ 0001] The
present invention relates to a sem cofductor device, and particularly
relates to a sem conductor device having a plurality of stacked

sem conductor chips and a nethod for manufacturing a 15 sem conduct or

devi ce. BACKGROUND ART [0002] In recent years, |ighter, nore conpact
and nore sophisticated sen conductor devices are generally required in the
20 industry, and a dense integraldeen9kagkggtroni c conponents and a dense
installation of electronic conponents are progressed. Sem conductor packages
enpl oyed for these electronic equi pnents are mniaturized and have nultiple
pins, and further, substrates for packagi ng el ectronic conmponents i ncl udi ng
sem conductor 25 packages are also mniaturized. [0003] 2 package include a
stack structure, in which a plurality of sem conductor chips are stacked on

an inter spRfesipRURR Halecs VRAGH G iERAt Uty SlcRd P ekngeskegRftet or chip

and a smal |l er sem conductor chip are stacked in such structure, the |arger
5 DEVICE

BACKGROUND

10 TECHNICAL FIELD
[0001]
The present invention relates to a semiconductor device, and
particularly relates to a semiconductor device having a plurality
of stacked semiconductor chips and a method for manufacturing a
15 semiconductor device.
BACKGROUND ART
[0002]
In recent years, lighter, more compact and more
sophisticated semiconductor devices are generally required in the
20 industry, and a dense integration of electronic components and a
dense installation of electronic components are progressed.
Semiconductor packages employed for these electronic equipments
are miniaturized and have multiple pins, and further, substrates
for packaging electronic components including semiconductor
25 packages are also miniaturized.
[0003]

Typical semiconductor packages that achieves a high-density



5 sem conductor chip is nounted on the interconnect substrate and the
smal | er sem conductor chip is nounted on the |larger sem conductor chip.
[00041 On the contrary, a package-on-package (POP) structure is 10 proposed
for another type of a structure including a stacked conbination of a |arger
sem conductor chip and a snaller sem conductor chip, in which the smaller
sem conductor chip is nounted on the nounting substrate (see Japanese Patent
Lai d- Open No. 1-17-183,426 (1995) and Japanese Patent Lai d-Qpen No.

H7- 249,736, 48(; éﬁpae a[%QQEL structullé1 %%CQhEGE SULUCLAI &, @sSubstrate

|nclud|ng a“second sem conductor chip 'mount ed 't her'eon 1's unted on a

mount | B8xsub3kEa ey I daludbng Bcilrad SeH-CaRSuELonEHY hminGed { hereon. 20

For exanpl e en the first sem conductor chip is smaller than the second

senlcomgggtgrcg$5fhagﬂy% %Q0¥919§§&f'é&ﬂid&%ﬁ%&t@?thfb'éh&'Ees%b4§§r0f t he

chips is provided. [O In the POP structure, it 1s required

that t @%mﬁ@&!ﬂ&ué‘@o@%kﬁlﬂvb%tr%a*sgat§e<§|J?r@tsrdc%mslt)fu@%‘{‘@ﬁ@rﬂa harle first
sem conductor chip and a space for nounting the second seni conductor chip is

ensyr ed il cbhguARNtING Subsbhiatd of QOR7]linterbuhhédt dlstheqd nagents,
Japanese Patent Lai d-Open No.
the smaller semiconductor chip is mounted on the larger
semiconductor chip.
[0004]

On the contrary, a package-on-package {(POP) structure is

10 proposed for another type of a structure including a stacked
combination of a larger semiconductor chip and a smaller
semiconductor chip, in which the smaller semiconductor chip is
mounted on the mounting substrate (see Japanese Patent Laid-Open
No. H7-183,426 (1995) and Japanese Patent Laid-Open No. H7-249,736

15 (1995)) .

[0005]

In such POP structure, a substrate including a second
semiconductor chip mounted thereon is mounted on a mounting
substrate including a first semiconductor chip mounted thereon.

20 For example, when the first semiconductor chip is smaller than the
second semiconductor chip, the above-described relationship in the
sizes of the chips is provided.

[0006]

In the POP structure, it is required that the mounting

25 substrate is electrically connected to the first semiconductor

chip and a space for mounting the second semiconductor chip is

ensured in the mounting substrate.



1-17-183, 426 discloses a configuration of a sem conductor device, which is
provided with a bunp el ectrode having a height, which 5 larger than a

t hi ckness of the sem conductor chip mgunted on the nounting substrate. Then,
anot her substrate having anot her sem conductor chip nounted thereon is

di sposed on such bunp el ectrode, and these are electrically connected to
ensure an el ectrical conduction between the sem conductor chip on the 10
substrate and the nounting substrate. [0008] In addition, in a
senicoq@@@ﬁzr assenbly as set forth in Japanese Patent Laid-Cpen No.
1-17-249,736, "J"-shaped | eads are provided in the assenbly, and a bottom of

a lead in thecsupper:lb MR tiQNiPEmbAes ASE8IHNel PacoHP! B8 4D HWRRer
surface of a lead in the | ower portion of the assenbly. [0009] Patent

l'i teratyireg gk, Japanese Jatent cbak dgtPendN .o tHE- 58Ri 43Rded-patrticki terature 2
Japanese Patent Laid-Open No. H 7-249,736 [0010] However, a stress is

exerted;Arht he PHHPI@dELGLHRGde Bhmbheldeatbdshenvangher m@l ghd sturiyhi S
encountered in the conventional POP 25 structures descrl%ed above to cause a

bregk imrgee bHAR £lEcld@desobft hgel SafhcirtsRg ahepnaMeidae draithure. It is
considered this is because a larger difference exists between a coefficient

of 4 temahgexpessiade of Thie, suhstiat esand rateorbti 64 efotdfert her mal
expansi on of the bunp el ectrode for the vertical electrical conduction or

bet weensemicoatihtebenthiyf rdueteal trypansiion dfspbled! eadsadd mgoef fi ci ent of
t hermal expansion of the substrate, and
electrode, and these are electrically connected to ensure an
electrical conduction between the semiconductor chip on the
10 substrate and the mounting substrate.
(0008]
In addition, in a semiconductor assembly as set forth in
Japanese Patent Laid-Open No. H7-249,736, "J"-shaped leads are
provided in the assembly, and a bottom of a lead in the upper
15 portion of the assembly is cocupled to an upper surface of a lead
in the lower portion of the assembly.
[0009]
Patent literature 1
Japanese Patent Laid-Open No. H7-183,426
20 patent literature 2
Japanese Patent Laid-Open No. H 7-249,736
[0010]
However, a stress 1s exerted on the bump electrode or the
lead when a thermal history is encountered in the conventional POP
25 structures described above tc cause a break in the bump electrode

or the lead, causing a conductive failure. It is considered this

is because a larger difference exists between a coefficient of



5 in addition, because |arger bunp el ectrode and |arger |ead that are

t hi cker than the thickness of sem conductor chip are enpl oyed. DI SCLOSURE OF
THE | NVENTI ON 10[ 0011] Accordi pg to one aspect of the present
invention, there is provided a sem conductor device, conprising: a first
resin substrate on which a first sem conductor chip is nounted ; a second
resin substrate on which a second sem conductor chip is 25 nounted ; and a
resin spacer, joined to a front surface of the first resin substrate and to

a back (gurfa¢ecfbaldie s egoRfer 85H & SHRS AL @, c88r kNl edihe f H@RLayr face of
the first resin substrate is electrically connected to the back surface of

the Se%@lBQnEB@nr@@ﬂhé%ﬁy BlEct WOES &idY tthe KestNcsPachicd.Sidiisposed in a 20
circunference of the first sem conductor chip on the surface of the first

resin subshraisn anhameeel B EBerfidsdnSYH ¢aBdMa! OLxShi i drs o gpased in a
space section provided anong the first resin substrate, the second resin

subst r atgapAqt hecd st 12PRCBF PRethel Siaaceoaf ot hend i sigdsthesis) sHistrate.
25[0012] In the conventional configurations described above in terms 5 via

el estr adesqdguehors tumse Thuger WheRo healctirbaat ARAL 1 Precesisest ahber the
assenbly operations are conducted in the manufacturing process, the

substrate thiepsy e tWe thocRnéds gef sdrfilcenaneecbetmpgemidhengaelbuci ent of
t hermal expansi on of the substrate and 5 the coefficient of thernmal
expansi on of bunp. Thus, reliability in the coupling between the substrate
and the electrode may be insufficient. [0013]

DISCLOSURE OF THE INVENTION

10 [0011]

According to one aspect of the present invention, there is
provided a semiconducter device, comprising: a first resin
substrate on which a first semiconductor chip is mounted ; a
second resin substrate on which a second semiconductor chip is

15 mounted ; and a resin spacer, joined to a front surface of the
first resin substrate and to a back surface of the second resin
substrate, so that the front surface of the first resin substrate
is electrically connected to the back surface of the second the
resin substrate, wherein the resin spacer is disposed in a

20  circumference of the first semiconductor chip on the surface of
the first resin substrate, and wherein the first semiconductor
chip 1s disposed in a space section provided among the first resin
substrate, the second resin substrate and the resin spacer on the
surface of the first resin substrate.

25 [0012]

In the conventional configurations described above in terms

of the background technology, the substrates are mutually coupled



On the contrary, in the present invention, the resin spacer 10 is provided
between the first resin substrate and the second resin substrate, and the
first sem conductor chip is disposed gn the space section provided anong the
first resin substrate, the second resin substrate and the resin spacer. The
resin spacer is provided between the resin substrates, in place of providing
the 15 bunp electrode, so that a difference in the coefficient of thernal
expansi on between the upper and | ower substrates and the spacer can be zero
or redyggdelbeadhdis tdheddchigpd. StTiess Qhed MeLEi CAlataRMIepkbeBsweth an

el ectric conduction, and leading to a reduction in the bending of the

substr atre ert PRE €DYsdriDichbREt oS Cs RASR NdNc2Bdt e {19d Marl&ld@birhihgy. [0014]
More specifically, in the region provided with the resin spacer, the whole

nenber Sfreasthetfid ralpdresica §§b§é£%tkﬁaﬁﬂ) duRe tsegongdrgesidy ssdhehrate forma
mul tiple-layered material, which 25 | eads to an increased thickness of the

whol e mgltvephethayeied irataki 8k, tisdridiatexpapendhngr ofhd heu@siResHhgt rat e
can be effectively inhibited even if a heat treatnent process is 6

congucted kBethecimiufactuei-ngl PEASESSI A 1T pluhg. assemd)] Yrdirieeessty[ 0015] In
addi tion, when a bunp el ectrode is provided between the resin substrates as

i n the igoRventb@Bind ecitnekagyher ehigdti nealey andl ahgeel i fiRienes ba
coefficient of thermal expansion between the resin substrate and the bunp
el ect r ddeudtii ebemis. conposed of the netallic elenent is caused . On the
contrary, the first resin substrate, the second resin substrate and the
resin gpaaeén are conposed of resin materials in the present invention, a
difference 10 in coefficient of thernmal expansion between the resin
substrat e andnt heereshttraapacen icaerptatemel ynvemalbey . tAbuss s irhepaerdi ng
created due to a difference in coefficient of thermal expansion between the
coiponerst proandbe hmrweecf taet fveby redimbidudtrate and the second resin
substrate, and the first semiconductor chip is disposed in the
space section provided among the first resin substrate, the second
resin substrate and the resin spacer. The resin spacer is
provided between the resin substrates, in place of providing the
15 bump electrode, so that a difference in the coefficient of thermal
eXpansion between the upper and lower substrates and the spacer
can be zero or reduced, leading to reducing a stress of a vertical
connection with an electric conduction, and leading to a reduction
in the bending of the substrate, thereby inhibiting a decrease in
20 the joint reliability.
[0014]
More specifically, in the region provided with the resin
spacer, the whole member from the first resin substrate tc the
second resin substrate form a multiple-layered material, which
25 leads to an increased thickness of the whole multiple-layered

material, so that a bending of the resin substrate can be

effectively inhibited even if a heat treatment process is



[ 0016] 15Si nce a bending of the resin substrate can be effectively inhibited
in the present invention as described above, a |local stress concentration on
t he sem conductor chip nounted on thegresin substrate created by a warpi ng
of the resin substrate can be inhibited. Thus, failures in the sem conductor
chip represented 20 by, for exanple, a crack in the chip, delamnation of
the chip peeled off the substrate can be inhibited. [0017] I n
addition, since the resin spacer is provided in circunference of the first

resin substhrete, i dnthd Ranbirhst u2ons PR LAUGHERE - ChP 4 SsdiisR0$8S LSt he

space section provided anong the first resin substrate, the second resin
substrgtyg1gnd the resin spacer in the present invention, a space for
nmounting the 7 first sem conductor chip between resin substrates can be

stably ensured. :48018In Acgrndbnguhp anatheldeaspestoffathepdesenthenvention,
there 5 is provided a sem conductor device, conprising: a first resin

subst r alegiansubs€rateed iasStinS @Ak COMBSHOroreNl RebBnBDYGY edrl 2 iseegnd resin
substrate on which a second sem conductor chip is nmounted ; and a resin

spager ,1:698tagt et méride anf copffsuiécer OftHdrealli Espafiesdm athelehatieand to a
back surface of the second the 10 resin substrate, so that the front first

resin swhshratiestsated esld teal bymge oaneet edid ahtihea secomtbdasl mfsthstrate,

wherein the resin spacer is disposed in a circunference of the first
metallic element is caused . On the contrary, the first resin
substrate, the second resin substrate and the resin spacer are
composed of resin materials in the present invention, a difference

10 in coefficient of thermal expansion between the resin substrate
and the resin spacer is relatively smaller. Thus, the bending
created due to a difference in coefficient of thermal expansion
between the components can be more effectively inhibited.

[0016)

15 Since a bending of the resin substrate can be effectively
inhibited in the present invention as described above, a local
stress concentration on the semiconductor chip mounted on the
resin substrate created by a warping of the resin substrate can be
inhibited. Thus, failures in the semiconductor chip represented

20 by, for example, a crack in the chip, delamination of the chip
peeled off the substrate can be inhibited.

[0017]
In addition, since the resin spacer is provided in
circumference of the first resin substrate, and the first

25 semiconductor chip is disposed in the space section provided among

the first resin substrate, the second resin substrate and the

resin spacer in the present invention, a space for mounting the



sem conductor chip on the surface of the first resin substrate, wherein the
first sem conductor chip is disposed in a space 15 section provi ded anong
the first resin substrate, the secondjresin substrate and the resin spacer
on the surface of the first resin substrate, the first resin substrate

i ncludes a buildup layer, which is forned of insulating |ayers containing
resin and conductor interconnect |ayers that are alternately stacked, each
20 of the conductor interconnect |ayers being electrically nmutually coupl ed
via cordugtofehAysldudtermedi bnodheeat aohesupbriecd N4l &ld Rgabayers, the
second resin substrate includes a buildup |ayer, which is fornmed of

i nsul athagrkayers containing resin and conductor interconnect |ayers that
are alternately stacked, each 25 of the conductor interconnect |ayers being
el ectrijpahBy mutual l'y coupled via conductor layers fornmed in the via holes
of the insulating |ayers, wherein, anong insulating |ayers of the buildup 8
layer of at heastqone tof dnbenkirstps@sidy suksbrakenanthider saGorder-esi n
substrate, in at |least one insulating |ayer, an average coefficient of

t heg mali sexpansded 2lmd cangubssr adevidp apepdikeayt on fofstt erpenat ure range
of from25 degree Cto a glass 5 transition point thereof is equal to or

| ower tshaat30tpps degreee aCfiapt semiavaiageoeoehi pcieniowftdder gal expansi on
al ong a substrate thickness direction for tenperature range of from 25

degr ee secbadargs as subysansitti on polct 4 herceo ssmeqoadudtooorcHipwes t han 30
ppn’ degree C. 10[ 0019] When a netallic bunp electrode or a lead is
di sposedubetdeenndea sgzdthr apbeseas ¢onttduet eclonyéht aofiedbntt estnfelcegyf it i s
difficult to reduce a difference in coefficient of thermal expansion between
t he subtder di estomtsimisugpsaraesi andnth tehéamit ahrifecbunp Blectacode tbeor a
difference in coefficient of thernmal expansion between the substrate

coh® ai mesgnasrlestmand schehatt aheéi tréomad1rGh rheivostbsrsgtesiimce t he resin
spacer is disposed between the first resin substrate and the second resin
subst r a&tlectandably @fnndedefl ot thesseraubgesanesubheraecomharesinntsabstrat e
and the resin 20 spacer may be configured to contain a resin in the present
i nvent irtéF1nasHa¢deriehcd spesedet ni ai enicwifergacaabt ekipansicit bet ween t he
first resin substrate and the resin spacer and a difference in coefficient
of therseicerpapsPbririba weeihehausbrendfr édien fdybst Fas b aitbsti@teesi n spacer

can be reduced. This can o . .
wherein the first semiconductor chip is disposed in a space

15 section provided among the first resin substrate, the second resin
substrate and the resin spacer on the surface of the first resin
substrate, the first resin substrate includes a buildup layer,
which is formed of insulating layers containing resin and
conductor interconnect layers that are alternately stacked, each

20 of the conductor interconnect layers being electrically matually
coupled via conductor layers formed in the via holes of the
insulating layers, the second resin substrate includes a buildup
layer, which is formed of insulating layers cocntaining resin and
conductor interconnect layers that are alternately stacked, each

25 of the conductor interconnect layers being electrically mutually
coupled via conductor layers formed in the via holes of the

insulating layers, wherein, among insulating layers of the buildup



25 reduce a frequency of a generation of a conductive failure. [0020] In
addition, in the conventional POP structure, a larger 9 warpage is
generated in the substrate when a thegmal history is encountered, and the
sem conductor chip is elimnated fromthe substrate. On the contrary, the
present invention is configured that, anong insulating |ayers of the buil dup
| ayer of at |east one 5 of the first resin substrate and the second resin
substrate, in at |least one insulating |ayer, an average coefficient of

t her mah jexpagsi on @&leng chihecsubst ratesd nlsanesdhsepdi OO Heerpebatur e
range of "from25 degree Cto a glass transition point thereof is equal to or

| over thann30uppidegree Gr aBfsarnomyernee e98ffisient 0 Lfther mal
expansion along a substrate thickness direction for tenperature range of

from 23.degr eeltt tr ar@drass ErpassidOmIRRignt thBEERPitd SirfAuale to or | ower
than 30 ppm degree C. Therefore, when the sem conductor device encounters a

ther malyiRbst 06y, ft deegstra@uvar pagee off tthenf DESHef €8¢ T SUbst I@kesor the 15
second resin substrate is reduced. This allows reducing a generation of a

congluctcirvast ai dburgo vet weereblie i ki egtaY esd norsubsicr-atBaando them fddgitee C,
sem conductor chip, or a generation of a conductive failure between the
secondanheskf subsidateedtdctibat secotith el eepdision £hiriy Pprsawisdiraget he

sem conductor device with 20 an inproved joint reliability. [00211 In
addi ti enickhes$idstedtasinn feubstnpt eattord aanigrgoresirom 1helggesienCcspacer, and
t he second resin substrate containing resin are stacked in the present
i nvent igdassandatdier Wrolpeimenbeerésdm 4 equ28 ftor st te@sén Subst3tabemi/o t he
second resin substrate forms a resin nultiple-layered material having |arger
t hi cknelegredhérefore, a stiffness of the whole sem conductor device is
i nproved, leading 10 to a difficulty in causing a warpage in the whole
seid corldadtor
When a metallic bump electrode or a lead is disposed between
the substrates as in the conventional technology, it is difficult
to reduce a difference in coefficient of thermal expansion between
the substrate containing a resin and the metallic bump electrode
15 or a difference in coefficient of thermal expansion between the
substrate containing a resin and the metallic lead. On the
contrary, since the resin spacer is disposed between the first
resin substrate and the second resin substrate, and all of the
first resin substrate, the second resin substrate and the resin
20 spacer may be configured to contain a resin 1n the present
invention, a difference in coefficient of thermal expansion
between the first resin substrate and the resin spacer and a
difference in coefficient of thermal expansion between the second
resin substrate and the resin spacer can be reduced. This can
25 reduce a frequency of a generation of a conductive failure.

[0020]

In addition, in the conventicnal POP structure, a larger



devi ce, thereby providing the sem conductor device with | ower possibility of
causing a conductive failure. Further, since the resin spacer is provided in
circunference of the first resin 5 sugstrate, and the first sem conduct or
chip is disposed in the space section provided between the first resin
substrate and the second resin substrate in the present invention, a space
for nmounting the first sem conductor chip between the first resin substrates
and the second resin substrate can be stably ensured. 10[ 0022] In
such C%%pagé | sagdnan@ cbiaypr tRE $esd s ahibRgal eefmOf Hihefyi kdup | ayer
may preferably contain a cyanate resin, and in particular, the cyanate resin
may prehebahtyr&e, amovokagemYabadect @SidhipAceoEdi Aond ¢ UGhrC @Rkl gurati on,
a coefficient of thermal 15 expansion of the insulating |ayer along the
substr atiest ppt@ne aH reet icontandyp coefddicont iabehhesiels expangueadt her eof

al ong a substrate-thickness direction can be certainly reduced. [9023]
Furtherthaitt bSoryefrenakitenghabyats| eastheom@iotiupheafér séf 2t nesisn sugstrate
and the second resin substrate includes a core |ayer wherein a through hole
proyi ded whehfarsontKnosubayest e safidrited seachberesash deunft ratienstihakt ng

| ayer, and said conductor layer in the through hole is coupled to the
conductleasitnbee comnectt iingy éayet, t e beddadigp doayet cient asfmethermand t hat an
average 25 coefficient of thermal expansion along a substrate inplane

di r ect iecipaabidhealsrsultaiel sgbkayete of nplhenecarieckayen for tenpewnatwee range of
from25 degree Cto a glass transition point 11 thereof is equal to or

| ower traael2f pprdndelyy elegCeeafidtana aybrage raoefitionemdiof ttheerwdl iexpansi on
al ong a substrate thickness direction of the insulating | ayer of the core

| ayer feguatletperntinveenr dhge GP ppomiebraedheend to avegtass doedddictifoh poi nt
5 thereof is equal to or |ower than 20 ppm degree C. In such configuration,
a tesi wii ghensal nexpatding bdyeg of stlhetdre thagenessndBienst iwrcfamat e resin,
and further, it is preferable that the cyanate resin is a novol ac cyanate
resi n. Yeo@2aptuoe nramif Wfodrom 2psdpyederatiice at gaasa peansisfianh@obak| dup

thereof is equal to or lower than 30 ppm/ degree C.
Therefore, when the semiconductor device encounters a thermal
history, at least a warpage of the first resin substrate or the
15 second resin substrate is reduced. This allows reducing a
generation of a conductive failure between the first resin
substrate and the first semiconductor chip, or a generation of a
conductive failure between the second resin substrate and the
second semiconductor chip, providing the semiconductor device with
20 an improved joint reliability.
[0021]

In addition, the first resin substrate containing resin, the
resin spacer, and the second resin substrate containing resin are
stacked in the present invention, and the whole member from the

25 first resin substrate to the second resin substrate forms a resin
multiple-layered material having larger thickness. Therefore, a

stiffness of the whole semiconductor device is improved, leading



| ayers are di sposed across the core |layer, and coefficients of thernmnal
expansi on of the insulating |ayers of the buildup | ayers disposed in
substantially symetric |ocations across the core layer are nutually
equi val ent. As described above, coefficients 15 of thermal expansion of the
insulating |ayers disposed in the symetric | ocations across the core |ayer
are selected to be mutually equivalent, so that a warpage of the insulating
| ayer di sposed across the core layer is symetrically generated. This all ows

i nhi bi ti;ng @i genaraty an ehudi Merpagerffyd he sHbsikEl €. sl dRiicrbhe
equi val ent coefficient of thermal expansions of the insulating |ayers of the

bui | dugelayer tnehdilesohatiagdihd efaneendnceoef bbeli@ntyah tibeeral expansion
between the 1 nsulating |ayers disposed in the symmetric |ocations across the

core | ay@kib$l ZE€y B OMcL@UAL hOocOidlOWere tthanubeppnidegies Gin2B[ 0AR5] It is
preferable that the resin spacer includes a core |ayer having an insul ating

| ayer waena spsedducd @rdvayes is ®foMindedent?2 witbhé aiAdyw aughnhole, in the
insulating |ayer of the core |ayer, an average coefficient of thermnal

expansisapsakeng, adnd nHeade rdir eshi @shditdreapepat or @i spsgel ah them 25 degree
Cto a glass transition point thereof is equal to or |ower than 12

ppn deghaeeCsebt Bt pvvaderaget eoed fited erilrsaf rebef nehbexpansized aheng a
t hi ckness direction for tenperature range of from25 degree Cto a gl ass
t r ansi tse@pngorat it herteafraite equahe tragerdtodervehbhaon 202 ppdcedegree C. Havi ng
such configuration, a difference between a deformation volune of resin
spacer mandtandeflos nfatrisdn seoliomedoftt et dregstbetmeenf tH fhestf imestinr esin
substrate and the second resin substrate can be reduced. This all ows
reduci mybatgehes atndrnhef sacoodduetivesflatinate betweenstdiel v esismrspacer and
the first resin substrate, or between the resin spacer and the second resin
subst r 08220 0026] 15Further, in such configuration, it is preferable that
t he
In such case, at least one layer of the insulating layer of
the buildup layer may preferably contain a cyanate resin, and in
particular, the cyanate resin may preferably be a novolac cyanate
resin. According to such configuration, a coefficient of thermal
15 expansion of the insulating layer along the substrate inplane
direction and a coefficient of thermal expansion thereof along a
substrate-thickness direction can be certainly reduced.
[0023)
Further, it is preferable that at least one of the first
20 resin substrate and the second resin substrate includes a core
layer wherein a through hole provided with a conductor layer is
formed in the inside of a insulating layer, and said conductor
layer in the through hole is coupled to the conductor interconnect
layer of the buildup layer is formed , and that an average
25 coefficient of thermal expansion along a substrate inplane

direction of the insulating layer of the core layer for

temperature range of from 25 degree C to a glass transition point



resin spacer includes a buildup layer which is fornmed on the core | ayer and
which is fornmed of insulating | ayers containing resin and conductor

i nterconnect |l ayers that are alternatgly stacked, each of the conductor

i nterconnect | ayers being electrically 20 nutually coupled via conductor

| ayers formed in the via holes of the insulating |layers, and that, anong
insulating layers in the buildup |ayer of the resin spacer, in at |east one
insulating | ayer, an average coefficient of thermal expansion along an

i npl anendireget i o1 ttemper abyee ﬁr@éﬁngobpfnr/@g%]?ée degrffl Gnt avaridge gl ass
transition point thereof is equal to or |Iower than 30 ppnidegree C, and an

aver agece@el £i&ehens aherhan NekpexpPadisiARndl angubssebsd ratieknisgkness
direction for tenperature range of 13 from 25 degree Cto a gl ass

transi HieacpPbMtot hefeahsisacangl 14 eorofl ewer cbhanm SR pyr degree C. [ 0027]
A resin of the insulating layer in the core layer of the 5 resin spacer and

a resi meppetheurdstHrfd B Fayer 26 ddeedw kdup hayes ofaridie ibesbpispacer
preferably include a cyanate resin, respectively. In particular, it is
pref er abkecb® CONMA@IA aonevollaseeydnal @0 ¢p asgtde cyamat eucasi n. [ 0028]

10l n such configuration, it is preferable that the resin spacer is conposed
of a subsfhiateatairerialreswhi ¢h tise simgdlatihg thgesubStutad earat enyal of at
| east one of the first resin substrate and the second resin substrate. The
resin spatetingsa coypesed rebia, sahdgt fattthemyt éri ab, pwhifetelilses sihaicl aheto the 15
substrate nmaterial of at |east one of the first resin substrate and the
second ayesikhesubsin ate,a sovbhat ayahdferrsmsia.in coefficient of thermal
expansion of the spacer with the first resin substrate or with the second
resin dobgdiate can be considerably reduced.
10 In additicn, it is preferable that a pair of the buildup
layers are disposed across the core layer, and coefficients of
thermal expansion of the insulating layers of the buildup layers
disposed in substantially symmetric locations across the core
layer are mutually equivalent. As described above, coefficients
15 of thermal expansion of the insulating layers disposed in the
symmetric locations across the core layer are selected to be
mutually equivalent, so that a warpage of the insulating layer
disposed across the core layer is symmetrically generated. This
allows inhibiting a generation of a warpage of the substrate.
20 Here, the equivalent coefficient of thermal expansions of the
insulating layers of the buildup layer includes that a difference
in coefficient of thermal expansion between the insulating layers
disposed in the symmetric locations across the core layer is zero
or equal to or lower than 5 ppm/degree C.
25 [0025]

It is preferable that the resin spacer includes a core layer

having an insulating layer where a conductor layer is provided



20 This allows reducing a generation of a conductive failure between the
resin spacer and the first resin substrate, or between the resin spacer and
the second resin substrate. [0029] Inaddition, it is preferable that the
first resin substrate 25 has a planar geonetry of substantially rectangul ar,
and the resin spacer is provided al ong each side of the rectangul ar geonetry
of the first resin substrate. The resin spacer is provided along all 14
sides of the first resin substrate, so that the second resin substrate can

be st alli¥h$HPROFE Esigrahca@nPanedhyi {hs @ £any gupati n efe prd diapgrt he
spacer in sone side(s) of the first resin substrate. 5[ 0030] Furt her,

it is phebeeabbe thatritdenti bt theshal sfsinsabe hsosgnaectgddne first
sem conductor chip via a bunp and the second resin substrate is connected to

t he secandcseshCondutdne rehtiupeVirange Mrcﬁﬂ@S\/\’d@gf}éé\ @ncdindentiskl filled
therein is mounted in a 10 periphery of each of the bunps, the underfil

bei ng conpesedonf pdinesiHe rirer sakquhDseo ebastdwe rmauhus? i ot daseherg at
125 degrees centigrade is 150 MPa or nore and 800 MPa or |ess. The underfil
i s sel egicednt avbayge atvedfdstieat nodut iusrmofl Wixiphingianr angeg of thiemnzs8 MPa to

800 MPa, so that the peripheries of the bunp are firmy 15 fixed, preventing
a craclkdiirecthenbfiop. tdrd@3Et vAecoadgagot of faur thhietdegspect tof 4 hg apsesent
invention, there is provided a sem conductor device, conprising: a first
resin sutasistiat enopoirtii adhearebifr $6 senaronduot doweli phas DOwpred degae20 second
resin substrate on which a second sem conductor chip is mounted ; and a
resi n spacéeyidgsposteddetiveentaohr ontdsirdraneecobet heetli | a stefroggianisobst rat e
and a back surface of the second resin substrate, so that the front surface
of the fdluse pésiassubgiaare and el defoimalion conneet ed a0 tdwstback sdrface
of the second the
10 the first resin substrate and the second resin substrate can be
reduced. This allows reducing a generation of a conductive
failure between the resin spacer and the first resin substrate, or
between the resin spacer and the second resin substrate.
[0026]
15 Further, in such configuration, it is preferable that the
resin spacer includes a buildup layer which is formed on the core
layer and which 1is formed of insulating layers containing resin
and conductor interconnect layers that are alternately stacked,
each of the conducter interconnect layers being electrically
20  mutually coupled via conductor layers formed in the via holes of
the insulating layers, and that, among insulating layers in the
buildup layer of the resin spacer, in at least one insulating
layer, an average coefficient of thermal expansion along an
inplane direction for temperature range of from 25 degree C to a
25 glass transition point thereof is equal to or lower than 30

ppm/degree C, and an average coefficient of thermal expansion

along a substrate thickness direction for temperature range of



25 resin substrate, wherein the resin spacer is disposed in a circunference
of the first sem conductor chip on the surface of the first resin substrate,
and the first sem conductor chip is {b disposed in a space section provided
anong the first resin substrate, the second resin substrate and the resin
spacer on the surface of the first resin substrate, wherein a first adhesive
menber, including an adhesive first resin |ayer that is capable of 5
adhering the first resin substrate to the resin spacer and a first electric

conducteof,ndhspgseikd 1 theaf bigks resdii@Wer polisic PEQVILed jhetuwegn the first
resin substrate and the resin spacer, wherein a second adhesive nenber,

i ncl udi;pg8Readhesh v $prondefesinc| ayer that is capable of adhering the
resin spacer to the second reSin 10 substrate and a second electric

conduct;@podisposed in the second resin |ayer, is provided between the resin
spacer and the second resin substrate, wherein the first resin substrate is

el ectricall yaconpected e tihgul 88k Rg SPREET ithkadghotberdydstorekaetric
conductor of the first adhesive nenber, and wherein the second resin 15

subst r at@ ihSsphest rarenld yeeonneet gk tihddlatnes NasPAces HHy wghd%e second
el ectric conductor of the second adhesive nmenber. [0032] en a

met al | i1Gybunpr et getrade, epadekepte fordilspasedubet ¥eepaidte: seshrates as in
t he conventional technology, it is difficult 20 to reduce a difference in

coef fi clegptcoi véher maln @xpanshdar peiween drikgesubstres ecoantial Bing a resin
and the netallic bunp electrode or a difference in coefficient of thernal
expansirefrobetweemdte =gt bat eheoyadiengeainesin and the netallic lead. On
the contrary, since the resin spacer is disposed between the first 25 resin
substr gto@2and t he second resin substrate, and all of the first resin
substrate, the second resin substrate and the resin spacer may be configured
tol@ontai n aInesunhicerihiegypreésent i161is nuerfdremlecatdatferenosim coeffici ent
of thermal expansion between the first resin substrate and the resin spacer
and a ditfcerensecompaoat foifcireatbst rate medleréxpanshonh bet weiem lizhre tsecond
resin substrate and the resin spacer can be reduced. This can
the substrate material of at least one of the first resin
substrate and the second resin substrate. The resin spacer is
composed of a substrate material, which is similar to the
15 substrate material of at least one of the first resin substrate
and the second resin substrate, so that a difference in
coefficient of thermal expansion cof the spacer with the first
resin substrate or with the second resin substrate can be
considerably reduced.
20 This allows reducing a generation of a conductive failure between
the resin spacer and the first resin substrate, or between the
resin spacer and the second resin substrate.
[0029]
In addition, it is preferable that the first resin substrate
25 has a planar geometry of substantially rectangular, and the resin

spacer is provided along each side of the rectangular geometry of

the first resin substrate. The resin spacer is provided along all



5 reduce a frequency of a generation of a conductive failure between the
first resin substrate and the second resin substrate. In addition to above,
in the present invention, a first electric conductor and a second el ectric
conductor are disposed between the first resin substrate and the resin
spacer and between the second 10 resin substrate and the resin spacer,
respectively. At this tinme, it is concerned that differences in coefficient
of thermal expansion between the first electric conductor and the first
resin substrat ec@ndibeiweenihheusecone elsecthhe epadiiedHld ardihhe second
resin substrate may be increased. Nevertheless, the first 15 electric
conduct@bsangté hearseeonrd agll echiipso confjueisotospayed asi it evi ding a coupling to
the substrate and the resin spacer, respectively, and the thickness thereof
i S not chhf¢erat han dhersedtdcagdiied apahirp innkbke &hee punpreleet Fodet f or
coupling between the substrates, unlike the conventional technol ogy.
Ther ef eeginas@sthtdffeer ence in deformati on vol une between the substrate and
the electric conductor can be reduced when thermal history is encountered,
i nh$ bi t[l00ng0& generation of a conductive failure. [0033] In addition, the
first resin substrate containing resin, the 25 resin spacer, and the second
resin substratetcont aitniing presenalai e Sackeed ifhrsherpsasentbstmaert ien, and
t he whol e nenber fromthe first resin substrate to the second resin
subst r aventotas o rEisiat skhinohdupte: |cyigr @damat bunal arhtibeg skeapger
t hi ckness. Therefore, a stiffness of the whole sem conductor device is
i npr ovedsiheadbpgrate addickhneatey i Wausieagnd wampagediatarhehwhol éa
sem conduct or device, thereby providing the sem conductor device with | ower
5 possidbbhinpy &fid cghesiaig ancondecfile fidilledr sheFginhes mainied tithearesin
spacer is provided in circunference of the first resin substrate, and the
fitet semiebaductbreadt] pli $hai bpdked ihe tiedegpate Bekrd crrmposeidded Bet ween
the first resin substrate and the second resin substrate in the present
i nvent irt6é81Namgpatta f o\hoEG Reaktiagnetiel TS st asepprbaBRkicitorl ohidgIkeedeen t he
first resin substrates and the second resin substrate can be stably ensured.
[ 0034] centigragy Bgditd 8F2 P Raye s ¥ereart hass onfhie alqﬁjﬁtréﬂll%{c bunp,
for exanple, is provided as a_nenber for. coupling the first resin 15
subst r dt% SEdeFRed e i S acef AR R TR Pérwégﬁbmi%g“¥ﬁﬁf§€C§ﬁ8mresin
substrate to the resin spacer er, when only _the netallic bugggis
ce

provi dedl ¥Fpeks @H%@@ﬁ%ré¥b§h8£b¥ﬁ%Iﬁﬂﬁﬁ*ﬁﬁéﬁstﬁé S By §ort

eNEOUNtELS 2 LRETIRLinY 3 U %ex®ld Bhe bump.

[0031]

According to further aspect of the present invention, there
is provided a semiconductor device, comprising: a first resin
substrate on which a first semiconductor chip is mounted ; a

20 second resin substrate on which a second semiconductor chip is
mounted ; and a resin spacer, disposed between a front surface of
the first resin substrate and a back surface of the second resin
substrate, so that the front surface of the first resin substrate
is electrically connected to the back surface of the second the

25 resin substrate, wherein the resin spacer is disposed in a
circumference of the first semiconductor chip on the surface of

the first resin substrate, and the first semiconductor chip is



certain possibility of generating a crack is considered. This 20 possibly

i nduces a conductive failure. On the contrary, in the present invention, the
first adhesive nenber having the firstselectric conductor disposed in the
first resin layer is provided between the first resin substrate and the
resin spacer, and the second adhesi ve nenber having the second electric
conductor 25 disposed in the second resin |layer is provided between the
resin spacer and the second resin substrate. In the present invention, the

first eliepbsig sondughoe apdiibe secanddekrehyi eneonduat esare 18
reinforced wwth the first resin layer and the second resin |ayer,

respeckiyet Yat @na il 108908 exeih eshya dhe hhasthel eedid gpeerdushornhand the
second el ectric conductor are distributed to the first resin layer and the

second s:@$hBe | @ &fhe fagRECEEYehYsulshr dtal, anérgenes ation alinasetack in the
first electric conductor and in the second electric conductor can be

certai Rle}bpf eveitedirhanhebyhesivditing aegenelayéonciRft asceagupleverfailure
in the sem conductor device. [0035] 10Furt her, en only an electric

congluct@hek sngli shosEd hetrween shiesdidtsd toeshs sebsh raifandnthe ressn spacer
as in the present invention, a load of the resin spacer and the like is

exertegdlentthe @etidics eaBgustorin @hd e reentealy, ldyert,hasppesented
invention, the first electric conductor is disposed in the first resin
| ayer, bEbwabhcthsefives assadhsubsgrdte dnidr sher essin ssfogiargt eherthntie resin
spacer. The |oad fromthe resin spacer and the |ike can be distributed to
t he fi sgttondsadhdaiyer membeaddibhcudimgy tane atihestvel sstaricc regiductger t her eby
reducing the |oad exerted to the first electric conductor. 20 In addition to
above, tdiam Larcachiad ageadbeef hecthearedien sbtaenedo byhaissposdngeshe second
adhesi ve nmenber between the second resin substrate and the resin spacer.
[ 00B6] substrate and a second electric conductor disposed in the second
resin layer, is provided between the resin spacer and the second
resin substrate, wherein the first resin substrate is electrically
connected to the resin spacer through the first electric conductor
of the first adhesive member, and wherein the second resin
15 substrate is electrically connected to the resin spacer through
the second electric conductor of the second adhesive member.
[0032]
When a metallic bump electrode or a lead is disposed between
the substrates as in the conventional technology, it is difficult
20 to reduce a difference in coefficient of thermal expansion between
the substrate containing a resin and the metallic bump electrode
or a difference in coefficient of thermal expansion between the
substrate containing a resin and the metallic lead. On the
contrary, since the resin spacer is disposed between the first
25 resin substrate and the second resin substrate, and all of the

first resin substrate, the second resin substrate and the resin

spacer may be configured to contain a resin in the present



In such configuration, it is preferable that the first resin 25 substrate
has a conductor interconnect layer in a front surface thereof, the second
resin substrate has a conductor interigonnect |layer in a back surface

t hereof, the resin spacer has conductor 19 interconnect |ayers in front and
back surfaces, respectively, that the conductor interconnect |ayer of the
first resin substrate is electrically connected to the conduct or

i nterconnect | ayer of the resin spacer through the first electric conductor,

that thevéneomduct ofi firekehe®MeCiod fviefi et bheriseernd &x@singisybstrate is
electrically connected to the conductor interconnect |ayer of the resin

spacer pbbresghtideriseeondseh estisdtcraenduet he aasht hadaddie ahtir st el ectric
conductor and the second electric conductor are conposed of solder. 10[0037]

Accor ddagrepetdd sircerkifgieaséhonf tdHeaugh sabdesiot hestenrgdueher skadsd connect
| ayer of the first resin substrate is coupled to the conductor interconnect
| ayer etsthestilesiratepacer thantkeshe gonrductan bat esdorwect Thageeanf the
second resin substrate 15 is coupled to the conductor interconnect |ayer of
t heb r esenuspag efredqifeercef ofea getatdtion wicti oosdeat be farined between sol der
and the conductor interconnect |ayer of the first resin substrate, between
sol der tandfi het coreductsabst htiee canhedte |sagendofeshe sw@sitiragpaceiinand bet ween
sol der and the conductor interconnect |ayer of the 20 second resin
subst r atidit Tom st@aldbows, piovide ngredmntsaemveahdost ox Tendtcelwicthian i nproved
joint reliability. [0038] In addition, it is preferable that a first
resi n kaypéncoér tdrel fa rsetoadheséver rentverduandraasecdinspasesi beltaygen offiet he
second 25 adhesive menber contain an epoxy resin and an acrylic rubber. The
first fessh rayer adtiragesendniche esiain sperear end ohgossd ¢hemateendl s
containing an acrylic rubber, so that a reduced el astic
10 resin substrate and the resin spacer, respectively. At this time,
it is concerned that differences in coefficient of thermal
expansion between the first electric conductor and the first resin
substrate and between the second electric conductor and the second
resin substrate may be increased. Nevertheless, the first
15 electric conductor and the second electric conductor serve as
providing a coupling to the substrate and the resin spacer,
respectively, and the thickness thereof is not thicker than the
semiconductor chip unlike the bump electrode for coupling between
the substrates, unlike the conventional technology. Therefore, a
20 difference in deformation volume between the substrate and the
electric conductor can be reduced when thermal history is
encountered, inhibiting a generation of a conductive failure.
[0033]
In addition, the first resin substrate containing resin, the
25 resin spacer, and the second resin substrate containing resin are

stacked in the present invention, and the whole member from the

first resin substrate to the second resin substrate forms a resin



20 nmodul us is achieved and an enhanced adhesiveness to the firs
substrate, the resin spacer and the second resin substrate is a
the first adhesive nenber and the second adhesive nenber. Furth
resin layer and the second resin |layer 5 are conposed of mater

contai ni ng epoxy resin, so that an enhanced heat resistance and
noi sture resistance are achieved for the first adhesive nenber

second adhesive nenber. [0039] 10It is preferable that the sold
al l oy gantapné o @rdeastet el OhaviHE 18l-geent 5isphesd ed fiamrbh
consisting of tin (Sn), silver (Ag), bismuth(Bi), indium(In),

copper s¢Ca¥nesd ediHd @polit séii@sefhetall getvhat theidprstepdhes
a cured product of an adhesive agent containing 15 the first re
curingtagendiexhiwity ng thesihyxa actipbdey iandhsokidele and ddnatuc
adhesi ve nmenber is a cured product of an adhesive agent contain
secondde@sts, | ayefsbya prdiii Agnagend sxfiideinbuRgot h@ed 1 e wlicdh Mioka
Further, it is preferable that the curing agent exhibiting the

act vi bypsksbal Chem €t alauedngodndoedund wive fgicarboxyfugiieiy ancca
group that is capable of reacting with epoxy group. In such fir
menber resdnsepanslr aidhesiowe deanberiscuifitireg cagent tiexhi hidtd ngstih
activity present in the first resin layer and in the second res
noves tsabanriate erdrat eHeethieen 28midmndanductbipi né ed copeet ihay

t resin

chi eved for
er, the first
al s

an enhanced
and t he
er is an
g, gsoup
zinc (Zn) and
hyegnmenber is
sin layer, a
the second
ing the

rand sol der.
20 fl ux
thacti onal
st adhesi ve
e flux
in |ayer
ee and sol der

with an inproved efficiency during the cure process. This allows ensured

j unct i epabet neeni arhemondedt betvekreridendectt| ayein asubsotader and
provi ding an electric coupling therebetween. [0040]

second resin substrate in the present invention, a space for

10 mounting the first semiconductor chip between the first resi

substrates and the second resin substrate can be stably ensu

(0034]

heheby 21

n

red.

In addition, it may be considered that only a metallic bump,

for example, 1is provided as a member for coupling the first
15 substrate to the resin spacer and a member for coupling the
resin substrate to the resin spacer. However, when only the
metallic bump is provided, stress concentrates on the bump w
the semiconductor device encounters a thermal history, and a
certain possibility of generating a crack is considered. Th
20 possibly induces a conductive failure. On the contrary, in

present invention, the first adhesive member having the firs

resin

second

hen

is

the

t

electric conductor disposed in the first resin layer is provided

between the first resin substrate and the resin spacer, and

second adhesive member having the second electric conductor

the

25 disposed in the second resin layer is provided between the resin

spacer and the second resin substrate. 1In the present invention,

the first electric conductor and the second electric conductor are



In addition, the first electric conductor of the first adhesive nenber and
the second el ectric conductor of the second 5 adhesive nenber nay be
conductive particles, respectively, the first resin substrate may be

el ectrically connected to the resin spacer, through the conductive particles
of the first adhesive nenber, and the second resin substrate may be
electrically connected to the resin spacer through the conductive particles
of 10 the second adhesive nmenber. According to such configuration, an

ani sot reph€oeoddugtitve el lfirst oreexamesr ARy baeesptoyed-dam theekirst
adhesi ve nmenber and the second adhesi ve nenber. [0041] 15In addition, it is
pref er allspetbateiiie drid sttreesen subsiddte has diesndtdceiridienhaanneet | ayer
in the front surface and an insulating |layer is provided on the conductor

i nt er camaechel ayesnd @ lastiracexpnseciair lastdiatpabtted tdheleorfdustor

i nterconnect | ayer, that the second resin substrate has a conductor 20

i nt er careat 1hayerand tthee sbackdsuefacelagnrd ,amespsat ate g ey ehaiksapr ovi ded
on the conductor interconnect |ayer so as to expose at |least a part of the
confluctgeneirat fosonhectcdaamkenin that fihet redsict rgpacendhasorc ardudnothe

i nterconnect layers in front and back surfaces, respectively, that the
conductgerenpaet ect esc afortthetbrrr sén 2% aghesiivie ynprbeentthdpdsedebgt ween t he
resin spacer and the first resin substrate provides a coupling between the
conductiohibnt éngomnpotedadyien of &heorfiducttiveedian lsubsimatlee exposed fromthe
22 insulating | ayer and the conductor interconnect |ayer of the resin
spacer ,seaigonbattohedaonsuct i ve particles of the second adhesive nmenber

di sposed between the resin spacer and the second resin substrate provides a
coupl i N@oB&éIween the conductor interconnect 5 | ayer of the second resin
substrate exposed fromthe insulating |ayer and the conductor interconnect

| ay8r of theFusSharspaedy 010042 eFaFt hb?  canducd opr éfedapvesachdretwggbng t he

conductive ' _ _
the first resin substrate and the resin spacer as in the present

invention, a load of the resin spacer and the like is exerted on
the electric conductor. On the contrary, in the present invention,
the first electric conductor is disposed in the first resin layer,

15 which serves as adhering the first resin substrate with the resin
spacer. The load from the resin spacer and the like can be
distributed to the first resin layer, in addition to the first
electric conductor, thereby reducing the load exerted to the first
electric conductor.

20 In addition to above, similar advantageocus effect can be cbtained
by disposing the second adhesive member between the second resin
substrate and the resin spacer.

[0036]
In such configuration, it is preferable that the first resin

25 substrate has a conductor interconnect layer in a front surface
thereof, the second resin substrate has a conductor interconnect

layer in a back surface thereof, the resin spacer has conductor



particles of the first adhesive nenber provided between the resin 10 spacer

and the first resin substrate, the conductive particles disposed between the
resin spacer and the insulating |ayer,provided on the first resin substrate
are di sposed so as to be wedged intolthe insul ating layer, and that, anong

t he conductive particles of the second adhesive nenber provided between the
resin 15 spacer and the second resin substrate, the conductive particles

di sposed bet ween the resin spacer and the insulating |ayer provided on the

second, é}:é‘o tha Sré” Jf?&?éeaquds%agﬁb ﬁr?gcg\ét‘fh%%ge’&tﬁ(lvgﬂgé' pgu ati ng

| ayer. e conductiv es di spose er r and the

i nsul a&gg%wﬂt@ 1Pl'i:8¥hgﬁqﬁie<9@ Y Urstreest posulistnate cat6.05posed so as

to be nto the Insulatin at the conductor interconnect

| ayer Q e&%@i fﬁ? é&%ﬁbBtéHbééréﬁéaé%ﬂ&%%%grfERQ%#&E%AéE%”l%&'ngkayﬁé can be

certalnFy couple he conductor interconnect [ayer of the resin Spacer

via thecconduslioe 23:08ht thLes: S WllRily LBRacoucting papticl es

di spose en the resin spacer the Insulating layer provided on the

fi f§t &eﬁau?é&bsltr{taetr%o%ecg' moeledois%%s skeohe yegﬂedﬁdagteawelsﬂ

insul ating layer, so that the ctonductor interconnect |ayer of the second

resin substsalfl BXREsSE-EEAM S Nend N RLBY | AYEFcSate e 16gkt-abrl yngoupl ed
to the conductor 7i nterconnect |ayer of the resin spacer via the conductive

parti clre§1n5=£;9£we’§;‘l through FHEUS&Eond leliegtRh el 86ABh& dMatarddhenaendyeti ve
particle is fornmed of a core material of resin, which is coated with a

met al | ifg r&t | 81410044 ]cchalipt 8ddikd Gthe |§e_do$1dpé§é_§tflpé edrrictibheak-gsi n spacer
is conposed of a substrate nmaterial, which is simlar to the substrate

mat er i abmpbsaéd deagfigene of the first resin substrate and second resin
substrate. The resin spacer is conposed of a substrate material, which is
simh | arfobe7that of at |east one of 15 the first resin substrate and the
second resin substrate, so that a difference in coefficient of thernal
expansi on of Atberdiasd ntcspader cohf hgilitet ifdr, stthireagh solbsd  attheor W th the
second resin substrate can be considerably reduced. This allows surely
reduci egnduttequanarohneatsiagen condiectfiivetf aekum esliettwaer tibe
coupled to the conductor interconnect layer of the resin spacer,
and the conductor interconnect layer of the second resin substrate
15 1is coupled to the conductor interconnect layer of the resin spacer.
Therefore, metallic junctions can be formed between solder and the
conductor interconnect layer of the first resin substrate, between
solder and the conductor interconnect layer of the resin spacer
and between solder and the conductor interconnect layer of the
20 second resin substrate. This allows providing the semiconductor
device with an improved joint reliability.
[0038]
In addition, it is preferable that a first resin layer of
the first adhesive member and a second resin layer of the second
25 adhesive member contain an epoxy resin and an acrylic rubber.

The first resin layer and the second resin layer are composed of

materials containing an acrylic rubber, so that a reduced elastic



20 resin spacer and the first resin substrate or between the resin spacer
and the second resin substrate. [0045] According to further aspect of the
present invention, there is provided g sem conductor device, conprising: a
first resin 25 substrate on which a first sem conductor chip is nounted ; a
second resin substrate on which a second sem conductor chip is nounted ; and
a resin spacer, disposed between a front surface of 24 the first resin
substrate and a back surface of the second resin substrate, so that the

front suplace of 148 JLSLeshne SBSIIRLENLS  GLECLLT callne Gangected Lo the

back surfaceé of the secon hé reésin substrate, resin spacer is

di sposedoif 8uf,claagLence; ol cghie f Lot cAETLeORMCL LR QD Lhe surface

of the first résin substrate, an e first sem conductor s di sposed

in a Sﬁécgcﬁ?&écﬁ’%&ﬁ' Q¥eded  among,dhe, d in{eﬁ'&)eq:eﬁb@ §H£’S§écﬁc5enﬁ aHAgsgggond

resin substrate and the resin spacer on the surface of t irst resin

substrat, e%erﬁﬁf‘cé?etﬁre%%' k?ré%réésijrptlﬁg/’é%e'tbﬁijpfﬁgi Q@é’o;{?ﬁr‘%%ge?%ge}i st

resin substrate an he resin spacer, allic first capabl e

of §0ua'riene0&§§s%& rst _rrfa‘%%ir@a%bé&'it?éﬁqig% {eggxge%g'mpag@rtha%nqnmﬂei n a

metallic seco unp is provided betwe esi n spacer and the second

resin BhshEBkSod e dmLabhie seqond Bumhchel g cpRebl foofsdacsoupling the

second resin substrate to the resin spacer. 046 In the present

inventiQnictbg FESIHhSRAGEE LSnPLOVd deguRet weenthbesdidsd Jgrishveubstrate
and the second resin substrate, and the first sem conductor chip is disposed

in theaspgaee.section 20 provided anong the first resin substrate, the second
resin substrate and the resin spacer. Wile the first bunp for coupling the
first r@enpjsubstrate to the resin spacer and the second bunp for coupling
the second resin substrate to the resin spacer are

10 It is preferable that the solder is an allcoy containing at
least two or more elements selected from the grcup consisting of
tin (Sn), silver (Aqg), bismuth(Bi), indium (In), zinc (Zn) and
copper (Cu). In additicn, it is preferable that the first
adhesive member is a cured product of an adhesive agent containing

15 the first resin layer, a curing agent exhibiting the flux activity
and solder, and that the second adhesive member is a cured product
of an adhesive agent containing the second resin layer, a curing
agent exhibiting the flux activity and solder.

Further, it is preferable that the curing agent exhibiting the

20 flux activity 1is a chemical compound centaining carboxyl group and
a functional group that is capable of reacting with epoxy group.
In such first adhesive member and second adhesive member, a curing
agent exhibiting the flux activity present in the first resin
layer and in the second resin layer moves to an interface between

25 the conductor interconnect layer and sclder with an improved
efficiency during the cure process. This allows ensured junctiocn

between the conducter interconnect layer and solder, thereby



provided in the present invention, the space for disposing the 25 first
sem conductor chip is fornmed with the resin spacer, such that it is not
required to formthe bunp to be thicker and larger than the first

sem conductor chip, unlike the conventional 25 configuration. This allows
achieving a reduced difference in deformation volune between the substrate
and the bunp when a thermal history is encountered, thereby inhibiting a
generation of a conductive failure in the sem conductor device. 5[0047]

gen: : e failure in onduct 5[ 0047
than K6V ST The| {4 eF KR COMbuLtbr CRERC OBAB] Hore. the first bunpe may

be pronggﬁ inthe first resin 10 substrate and in the resin spacer,
respective b, and the second bunps may be provided in the second resin

substrate and.! mdne diesiespaser .o feanact gl oV agauah eanf | gurati on,

a stabl e coupling can ovi de et ween t Irst resin substrate and the

resin aeﬂgsfv@;}ﬁemﬁa gns §§&%ie§§%§&i§“9§%§% oAk the resipql5spacer.

[ 0049] e sem conduct or escri above can be manuf act ured

accor diagﬂeé.@vé ggex&%ﬂ %%yngep&%mi%e @%)rtécﬂsgbogeégécm&%ﬁ Yeing a

sem conduct or Vi ce, ich 1s 20 forned by depositing a se resin

substrate-pn & i ral i8Skl ANPSHE ade QR wahelh ashhéste 58 ¢opduekon el enent
is nounted, the second resin substrate being deposited on a side of the

first %E§EQ:§U@§E6§§H3ﬂ%@ahohéﬁcﬁi&étpéﬂﬂ%ciﬁgi69”@H§tﬁﬁr§% epR i ke nnunted,_
and the second resin substrate on which a second 25 sem conductor elenment is

nounteQembEQ?réﬁd‘ﬁhé‘%éh6n§p§§§£niéhﬂgﬁﬁ%Q%eﬂaQG%@e@ibéﬁﬁiJéﬂﬁﬁ resin
substrate and the second resin substrate, the resin spacer having a
conduct-ghnext 8Ai HEHNRWER spacer through the conductive particles of

10 the second adhesive member.

According to such configuration, an anisotropic conductive film,
for example, may be employed for the first adhesive member and the
second adhesive member.

[0041)]

15 In addition, it is preferable that the first resin substrate
has a conductor interconnect layer in the front surface and an
insulating layer is provided on the conductor interconnect layer
sO0 as to expose at least a part of the conductor interconnect
layer, that the second resin substrate has a conductor

20 interconnect layer in the back surface and an insulating layer is
provided on the conductor interconnect layer so as to expose at
least a part of the conductor interconnect layer, that the resin
spacer has conductor interconnect layers in front and back
surfaces, respectively, that the conductive particles of the first

25 adhesive member disposed between the resin spacer and the first

resin substrate provides a coupling between the conductor

interconnect layer of the first resin substrate exposed from the



26 an interior thereof along a thickness direction, and then a

t her no- conpressi on bondi ng thereof are carried out to provide an
electrically coupling between the first resin substrate and the second resin
substrate via the conductor. 5(2) The nethod for nmanufacturing the

sem conductor device as set forth in the above (1), in which the resin
spacer is disposed in the periphery of the first sem conductor el enent.

(3) The nmethod for manufacturing the sem conductor device as set forth in

the aboxgy (DL fehe bIIDASLA ALY SUPSLEAN S, o NINO A0 7 Lhey fesin

spacer, 1S enp r manuracturin he “sem conduct or

devi ce as et 1r th in Lhecabovs () il LCN, | heyd eaidd subshLal g ncl udes

a space” sec ion can house TSt sem conduct or el enen erein.

15(5 h t t L : ] i .set forth i
any_ of EREEEEbV By P Hast T Wt RECPE AT RE SREL AT [ i ned 1o

th ' - h ' fijl t ' :
eIZp[?%pggﬁgﬁ%fﬁv%géggg aa?%§gﬂﬁ§§¥§¥ﬁ%ﬁ%}gggnﬁﬁﬁ é%%%?ﬁ%gegﬁgnggﬁ$conductor
devécelgge§e$f é”éé&ohﬂ ?Qgiﬁf%PBE eo%xggge@b9¥5h( e H%sﬁ%gtihgh“h'Ch the

second resin substrate I1s Joined to the reSin spacer through an adhesive

filmtRhateexhibiig %n%h%gBEOiﬁP delet Yayer of Whd & 418! Q%Qc&?r :
manuf actari ng the sem conduct or devi ce as sgt forth in the above (6), in
whi ch tiigsadhesive filmcontains a 25 resin conponent and an conductive

conmponent. ~(8) The nmethod for manufacturing the senmi conductor device as set
forth in thepapener (A ilsnprliEehabhe wanduGhing cRBPORRNIctGRARt ai ns 27

sol der powder.

particles of the first adhesive member provided between the resin

10 spacer and the first resin substrate, the conductive particles
disposed between the resin spacer and the insulating layer
provided on the first resin substrate are disposed so as to be
wedged into the insulating layer, and that, among the conductive
particles of the second adhesive member provided between the resin

15 spacer and the second resin substrate, the conductive particles
disposed between the resin spacer and the insulating layer
provided on the second resin substrate are disposed so as to be
wedged into the insulating layer. The conductive particles
disposed between the resin spacer and the insulating layer

20 provided on the first resin substrate are disposed so as to be
wedged intc the insulating layer, so that the conductor
interconnect layer ¢f the first resin substrate exposed from the
insulating layer can be certainly coupled to the conductor
interconnect layer of the resin spacer via the conductive

25 particles. Similarly, the conductive particles disposed between

the resin spacer and the insulating layer provided on the first

resin substrate are disposed so as to be wedged into the



(9) The nethod for manufacturing the sem conductor device as set forth in

t he above (8), in which the adhesive filmis capable of form ng a conductor
portion through an aggregation of the,solder 5 powder by heating thereof.
(10) The nethod for manufacturing the sem conductor device as set forth in

t he above (9), in which the sol der powder is aggregated by a heating through
t he t her nb- conpressi on bonding. (11) The nmethod for nmanufacturing the

sem conductor device as set 10 forth in any of the above (1) to (10), in

which g, berpComReeStop, bondng, L ¢ats] S sut by head g andye
Seconds,cons (320, TR Tetbote Lot menul et a0cLhe, seconducter devi ce o

49| ;
set for In any O apbove | er no conpressi on

bondi ng.t8a0anglchad 4 803 Bl nelaslaas.e RiRGEsSpoct 181y npt had Lot

in
manuf acturing sem conductor device, which i ositing a second

re;in_gggggga@faqﬂﬁgc£ﬁ&@585§§i %§§%§&£gte on which a first sem conductor

chip is nounted, the second res strate being deposited on a side of the
first 2Qouesin substrate that the first the sem conductor chip is nounted,
and the second resin substrate on which a second sem conductor chip is

mounted , whepeiReA rasiik $RREEEabSe dirgposed behweepitbedivshJesin
substrate and the second resin substrate, the resin spacer having a

conductermext epdi N ANrRYgR 8D bPtALdOf, tWhELEOt s28.8t &gy H ki ckness
direction, and wherein the nmethod conprises: disposing a netallic first bunp
bet weent-he1fkrgf1mesin substrate and the resin spacer and di sposing a
nmetallic second bunp between 28 the second resin substrate and the resin
spacer ;[oaad)t herno- conpression bonding the first resin substrate, the resin
spacer and the second resin substrate. (14) The nethod for manufacturing

t hepsem condugt gdd demdrce ias isepréréoste ithdthehabeweifldpacdn whi ch the
first bunps are provided on the first resin substrate and the resin spacer,

respectdowgbyedantl 4 hasecand haopsiar e Wi dedsonithe seconrd resin
substrate and the resin spacer, respectively. (15) The nethod for
manuf aclubisicpgt & heasemiadonduatolcdeyVi @ asf @k first resin substrate
and second resin substrate. The resin spacer is composed of a
substrate material, which is similar to that of at least one of
15 the first resin substrate and the second resin substrate, so that
a difference in coefficient of thermal expansion of the resin
spacer with the first resin substrate or with the second resin
substrate can be considerably reduced. This allows surely
reducing a frequency of causing a conductive failure between the
20 resin spacer and the first resin substrate or between the resin
spacer and the second resin substrate.
[0045]
According to further aspect of the present invention, there
is provided a semiconductor device, comprising: a first resin
25 substrate on which a first semiconductor chip is mounted ; a

second resin substrate on which a second semiconductor chip is

mounted ; and a resin spacer, disposed between a front surface of



10 forth in the above (13) or (14), in which, in the disposing the netallic
first bunp between the first resin substrate and the resin spacer and

di sposing the netallic second bunp bg% en the second resin substrate and
the resin spacer, adhesion tapes havi‘gean adhesive resin layer is disposed
between the first resin 15 substrate and the resin spacer and between the
second resin substrate and the resin spacer, and wherein, in the

t her noconpressi on bonding the first resin substrate, the resin spacer and

the second_resin substrate, the first bunp extends_t hrough the adhesion tape
i S pos bt iRer THE FUCSELRLS] A AT SUShTCEhaE 2077 SHGPEpacetn and t ho

second b extends through the adhesi on tape, di sposed betwee he  second
esin SUBSLFaL®: iRl HE LOSi - SPacti a6 THE MbtROGF IO TRGFAGEDr i ng t he
sem conduct or,_device as set fqgrth in the abov 15 in which each of the
adhest O FURRS: 8 1 e oaReckeank Ul Koo GURA2GRNY bi t Te S Hot  vi 1y
and havi ng _carboxyl.ic group.and/or_phenaolic hydroxyl group, a thernosetting
resin §ﬁ893 ? Wt apqeas%lhgrgégi ﬂée 5%3”( fﬂao?ﬁelﬁeéfx%gﬁ‘%#j ‘Hafuf act uring the
seni conduct ot _devi ce set..forth in th bove, (16 N whi t he

*hef mopACPRE=f Bl 312 Hpharsky Craliart R Bata ha W T s o act ur i ng
the sem conduct or devic s _set orth d.n_any of th bove (.15). to (17), in
whtch (e Bahe bt peeehse nare i snsebr PR Sk red on
surfac%f%f an o§$d'z %j%péggg.g S f% ﬂﬂ&?%.%%%eEhgngi {edqggjon-processing
is carriedsut at é egree % §o§ one mnute’in an a %Dé% efic air, a

copper .s%isggaﬁg,d(”%é io%%)%ig@%iﬁhgukﬁ e %%%ekgée%ggrgg%gafcebry.o%o chie

fol | owng 0 of higher than Ooxi de-Té€duction

rate (W50 Liofalamas soneentialion of Axyeen (O)cafier. ragueton

proces tom ¢ concentration of oxygen er oxi di Zi'ng rocess)] x

1090(thﬂﬁl§slﬁroé¥gég:H@%@gghpghgﬁkf¥ggwﬁéé?%N@LH§§rate and the resin

spacer, the metallic first bump being capable of coupling the
first resin substrate to the resin spacer, and wherein a metallic
second bump is provided between the resin spacer and the second
resin substrate, the metallic second bump being capable of

15 coupling the second resin substrate to the resin spacer.
[0046]

In the present invention, the resin spacer is provided
between the first resin substrate and the second resin substrate,
and the first semiconductor chip is disposed in the space section

20 provided among the first resin substrate, the second resin
substrate and the resin spacer. While the first bump for coupling
the first resin substrate to the resin spacer and the second bump
for coupling the second resin substrate to the resin spacer are
provided in the present invention, the space for disposing the

25 first semiconductor chip is formed with the resin spacer, such
that it is not required to form the bump to be thicker and larger

than the first semiconductor chip, unlike the conventional



20 [ 0050] The above and ot her objects, advantages and features of the
present invention will be nore apparent fromthe foll ow ng description of
certain preferred enbodi nents taken iy conjunction 25 with the acconpanying
drawings. [0051] Fig. 1 is a perspective view, illustrating a configuration
30 of a sem conductor device in first enbodi nment. Fig. 2is a
cross-sectional viewof Fig. 1 along line AAA". Fig. 3 is a perspective
view, illustrating a configuration of a sem conductor device in second

e”bOdiGBH%igé¥gé&od4 i%h?sc%9§§W§e %ﬂi e%gvhe¥%8£cgégﬁ‘é%é¥éﬁaé ij;ne B-B'.

Fig. 51s a cross-sectional view scribing a configuration of the

sem COHQESE%tP&%’ix}bg.uim% BEERE neEWé’dédB%'%tr]@tgi dnd Qt}il%akggﬂi Ahhl GW.

illustrating a two-dinmensional geonetry o resin mat eri al of the

sem congueh of WeMiG& 113 LCELESL &TPAYIJPRRY inhibitifd & gbrle3a®1Bhaps Vi ew
illustrating a tméﬁginen5|ona? geonetry of "a resin base terlaﬁ of the
sem condughQh- gy G& iR Ll E 8t + RODOd MBRMGuctor device.
5 [0047]
It is preferable that a dimensional height of the resin
spacer is higher than that of the first semiconductor chip.
[0048]
Here, the first bumps may be provided in the first resin
10 substrate and in the resin spacer, respectively, and the second
bumps may be provided in the second resin substrate and in the
resin spacer, respectively. Having such configuration, a stable
coupling can be provided between the first resin substrate and the
resin spacer and between the second resin substrate and the resin
15 spacer.
[0049]
The semiconductor device described above can be manufactured
according to the following procedure.
(1) A method for manufacturing a semiconductor device, which is
20 formed by depositing a second resin substrate on a first resin
substrate on which a first semiconductor element is mounted, the
second resin substrate being deposited on a side of the first
resin substrate that the first the semiconductor element is
mounted, and the second resin substrate on which a second
25 semiconductor element is mounted , wherein a resin spacer is
disposed between the first resin substrate and the second resin

substrate, the resin spacer having a conductor extending through



Fig. 8is a plan view, illustrating a two-di nensional 15 geonetry of a resin

base material of the sem conductor device in first enbodi nent. Fig. 9
is aplan view, illustrating a two-diggensional geonetry of a resin base
material of the sem conductor device in first enbodinment. 20Fig. 10 is a
plan view, illustrating a two-di nensional geonetry of a resin base materi al
of the sem conductor device in first enbodi nent. Fig. 11 is a plan
view, illustrating a two-di mensional geonetry of a resin base material of

the sem copauct or tﬁ%‘%@?r é??ﬁ‘g LIc gy ddgg&aion, and Ty 12 15 a

[
perspecpive View, a Sem conduc evice accoréﬁng to third

embod gty FFide 13 L3161 09855801 LORALyiewsof Fig, A2.algng,ine 11-

Fig. 14 1s a cr i ona ew o irst resin su I'g. 15 is a

plan Vie?%’cti:ié%ﬁ); UJd 135CRBAYCLON: 1 ?ﬂ&%&CQBQ?HtSL:l@é’@ate and thgi g. 16 is
EW, "1 strating ayer. ig.

a planvi I hg a conductor interconnect 17 is

a cros%é§§ﬁ3i9 v g LhLustrating a gubstantial part of a sem conductor

devi ce. Ig. is a cross-sectional view of a sem conductor device

accor dipg bo.fouridy erhodLABRL Ol 10e PHLSeRl bANERE P Hevice, 2 EEB- 191is a
cross-sectional view of a sem conductor device according to Fift
enbodi BBty in the above (1), in which the resin spacer is disposed in

the periphery of the first semiconductor element.

{3) The method for manufacturing the semiconductor device as set

forth in the above (1) or (2), in which a resin substrate, serving

10 as the resin spacer, 1s employed.

(4) The method for manufacturing the semiconductor device as set
forth in the above (3), in which the resin substrate includes a
space section that can house the first semiconductor element
therein.

15 {5) The method for manufacturing the semiconductor device as set
forth in any of the above (1) to (4), in which the first resin
substrate is joined to the resin spacer through an adhesive film
that exhibits an electro-conductivity.

(6) The method for manufacturing the semiconductor device as set

20 forth in any of in any of the above (1) to (5), in which the
second resin substrate is joined to the resin spacer through an
adhesive film that exhibits an electro-conductivity.

(7} The method for manufacturing the semiconductor device as set
forth in the above (6), in which the adhesive film contains a

25 resin component and an conductive component.

(8) The method for manufacturing the semiconductor device as set

forth in the above (7), in which the conductive component contains



Fig. 20 is a diagram illustrating a process for 15 manufacturing a

sem conduct or device according to fifth enbodi nent. Fig. 21 is a
diagram illustrating a process for ufacturing a sem conductor device
according to nodified version of fifth enbodinent. Fig. 22 is a
cross-sectional view, illustrating an exanple 20 of a first resin substrate
in sixth enbodinment. Fig. 23 is a cross-sectional view, illustrating an
exanpl e of a second resin substrate in sixth enbodinment. Fig. 24 is a plan
Vi ew an ectional view, illustrating an exanple of a resin spacer
in six?%lgngdggﬁdé 25Fig. 25 is a cross-sectional view, schematically

11 ustradi ag. an &9&6%\&6 LRSI a4 gt 9928 08 3 ser

Cross- Sei)lt | ona VI ew, USt ra!f proces ggg&fldgé manufact uri ng

Sen]COQQQEEOEndﬁwgcéﬁdd% %%%thlgnWEggﬂmﬁh adhe51veFf9hn23 Lf%#%@gla VIeMI

illustrating a process for nanufacturlng a sem conduct or in sixth

embodi meRhinfl 9 cABilt A BbARi¥h e rdldishy ahhR8ga: PERCSS S H S0 1der

5 powder by heating thereof.
(10) The method for manufacturing the semiconductor device as set
forth in the above (9}, in which the solder powder is aggregated
by a heating through the thermo-compression bonding.
{11) The method for manufacturing the semiconductor device as set

10 forth in any of the above (1) to (10}, in which the thermo-
compression bonding is carried out by heating and pressurizing at
0.01 to 10 MPa and 150 to 250 degree C for 10 to 600 seconds.
(12) The method for manufacturing the semiconductor device as set
forth in any of the above (1) to (11), in which the thermo-

15 compression bonding is conducted via a pin-laminate process.
(13) A method for manufacturing a semiconductor device, which is
formed by depositing a second resin substrate on a first resin
substrate on which a first semiconductor chip is mounted, the
second resin substrate being deposited on a side of the first

20 resin substrate that the first the semiconductor chip i1s mounted,
and the second resin substrate on which a second semiconductor
chip is mounted , wherein a resin spacer is disposed between the
first resin substrate and the second resin substrate, the resin
spacer having a conductor extending through an interior thereof

25 along a thickness direction, and wherein the method comprises:
disposing a metallic first bump between the first resin substrate

and the resin spacer and disposing a metallic second bump between



5 manufacturing a sem conductor device in sixth enbodi nent. Fig. 29
is a view, showing a status, in which netallic particles dispersed in an

adhesive filmaggregates to forma corgluctor. Fig. 30 is a
cross-sectional view, illustrating an exanple 10 of a sem conductor device
in sixth enbodi nent. Fig. 31 is a cross-sectional view of a first

resin substrate according to a nodified enbodi nent of the present invention.
Fig. 32°is a cross-sectional view of a first resin substrate according to a

modi i gﬂeeg@e&kmsﬁ sLbecPLES e g iﬂ(}}’éarlteisqlﬁ- spaELD; ea:j»?a |ty 0SS- secti onal

Vi ew 0 a senlponductor dev!ce according to a nodi f 1 ( enbo I ment of the
pr ese”ﬁ:oh@}!@é‘é O -bonding thk9fi P4t CAM B NS Ak 2gr8MBy hd 'ﬂ%gttr{ atlpgra

t wo- di nensi onal geonetry of resin substrate and a resin se material of a
sem conduct L gevi &e JdLiansexappie. . 20 BEST MODE FOR CARRYI NG CUT THE
| NVENTI ON LOO52] Preferabl e exenplary inplenmentations according to the 25

present1isNVeRL i Qi Wd IrRendasehéPerind dief ebpneBnliQctde annexed fkgures. In
all figures, identical nuneral is assigned to an el enent commonly appeared

in ghe rdesar i ptid Dodchg 1By esentwh 3 ivheentiral binpef &Fense- tigebngnfi gures,
and the detailed description thereof will not be repeated.

the first resin substrate and the resin spacer, respectively, and
the second bumps are provided on the second resin substrate and
the resin spacer, respectively,
{15) The method for manufacturing the semiconductor device as set

10 forth in the above (13) or (14), in which, in the dispcsing the
metallic first bump between the first resin substrate and the
resin spacer and disposing the metallic second bump between the
second resin substrate and the resin spacer, adhesion tapes having
an adhesive resin layer is disposed between the first resin

15 substrate and the resin spacer and between the second resin
substrate and the resin spacer, and wherein, in the thermo-
compression bonding the first resin substrate, the resin spacer
and the second resin substrate, the first bump extends through the
adhesion tape disposed between the first resin substrate and the

20 resin spacer, and the second bump extends through the adhesion
tape disposed between the second resin substrate and the resin
spacer.
(16) The method for manufacturing the semiconducter device as set
forth in the above (15), in which each of the adhesion tapes

25 includes a chemical compound exhibiting a flux activity and having
carboxylic group and/or phenolic hydroxyl group, a thermosetting

resin and a thermoplastic resin.



[0053] FIRST EMBODI MENT 5Fig. 1 is a perspective view, illustrating a
configuration of a sem conductor device of the present enbodinent. Fig. 2 is
a cross-sectional viewof Fig. 1 alonggline A-A". In a sem conductor device
100 shown in Fig. 1 and Fig. 2, a first resin substrate 101, an adhesive

| ayer 119, a resin spacer (resin base 10 material 109)1 an adhesive | ayer
121 and a second resin substrate 111 are stacked in this sequence from

under neat h. [ 0054] Thi s sem conductor device 100 has a POP structure,

and a fih$t 1SEMHOQRANGQN nERiP2d25r i %y MNLed  0Bnau SUEf Ak 10k theskirst 15
resin substrate 101, and a second sem conductor chip 131 is nounted on a

surfaceotnt hg secopdwesip) subgtirie Ltk th@Prsb1dbeid ifstisea gonduct or
chip 125 and the second sem conductor chip 131 are sem conductor chi ps,

havi ng gehbai,n-£0i ¢l ements such as transistor and the like formed on a
device-form ng surface of a sem conductor substrate such as silicon

substrat @) affe A& HdK&or’ RBRBELEVEL ¥ng HIR TsbhSEoRgACONAUGHQe GBI Bed25 may
be configured to have a logic circuit, and the second sem conductor chip 131

mays be reenhi gHr 86 tex have aaorempLy) etenent)., 28] QRS6h dhe ddresti cserhgenduct or
chip 125 is disposed in a space section, which is provided anong the first
resin subshral ewddd.the adhesion tape is attached on a surface of an
oxidization-processed copper sheet and a reduction-processing is
carried out at 230 degree C for one minute in an atmospheric air,

a copper oxide-reduction rate of the copper sheet represented by

10 the following formula (1) is equal to or higher than 65 %:

copper oxide-reduction rate (%) =
[1- (atomic concentration of oxygen (0) after reduction
process) / (atomic concentration of oxygen (0O) after oxidizing

15 process) ] x 100

(Formula 1}.

BRIEF DESCRIPTION OF THE DRAWINGS
20
[0050]

The above and other objects, advantages and features of the
present invention will be more apparent from the following
description of certain preferred embodiments taken in conjunction

25 with the accompanying drawings.
[0051]

Fig. 1 is a perspective view, illustrating a configuration



34 the second resin substrate 111 and the resin base material 109 on the
surface of the first resin substrate 101. A thickness of the resin base
material 109 is larger than a thicknegs fromthe surface of the first resin
substrate 101 to an upper surface (back 5 surface) of the first

sem conductor chip 125, and thus a thickness required for carrying the first
sem conduct or chip 125 between resin substrates is ensured by having the

t hi ckness of the resin base material 109. [0057] 10The first resin substrate

101 is 2 5e§éﬂlé&aﬁ$at%tredeméd§ﬁ WA @oullifedp, 103 and a built-up 107 on
a front surface and a back surface of a core 105, respectively. The first

sem conduct ok; ghi p {1L% isJmRunted: a1 Re idst 4B, 103,51 80 ameelnegtr ode (not
shown) on the first sem conductor chip 125 is el éctrically 15 connected to

an el ectrodep{ §ot 3 shown)ocaRpkbhe i b v1awp 1103is¥iratan¥i 4§ ecddiqurmtaddi tion,
the first sem Cconductor chip 125 and the wire 129 are encapsulated wi th an

encapsylrati Bemi &shduckdt dAvRLHT ahi sy RumBaehestr odes 123 functioning as
external coupling termnals are joined to back surface side of the built-up

1075 20[0058Fig. 4 is Bhe-:90GoRdct eshal suhst rat 131131 s16nd esire supstrate
provided with a built-up 113 and a built-up 117 on a front surface and a

back surfacereh.ascos & Libssrespecbhyel yiewl T rsaeendisend conduct or chip 131
is nounted on the built-up 113, and an 25 el ectrode (not shown) on the

second seft gangducéorocing s3hitsn@hecdr idkalilky canpected dnbcarimehect rode (not
shown) on the built-up 113 via a wre 135. In addition, the second

sem conduct orighi p i85 IB3krandethei W iet 35 Ay @ encapsudrd2shadi t h an
encapsul ating resin 133. In the sem conductor device 100, an encapsul ati ng
resin La3dmeaver sftdheretitn bastrnatesiuf ace toke shaisendnd:sresiaviegbshrate 111
[ 0059]
10 first embodiment.
Fig. 7 is a plan view, illustrating a two-dimensional
geometry of a resin base material of the semiconductor device in
first embodiment.
Fig. 8 is a plan view, illustrating a two-dimensional
15 geometry of a resin base material of the semiconductor device in
first embodiment.
Fig. 9 is a plan view, illustrating a two-dimensional
geometry of a resin base material of the semiconductor device in
first embodiment.
20 Fig. 10 is a plan view, i1llustrating a twc-dimensional
geometry of a resin base material of the semiconductor device in
first embodiment.
Fig. 11 is a plan view, illustrating a two-dimensional
geometry of a resin base material of the semiconductor device in
25 first embodiment.

Fig. 12 is a perspective view, illustrating a semiconductor

device according to third embodiment.



5In the sem conductor device 100, the first resin substrate 101 and the
second resin substrate 111 have substantially rectangul ar two-di nensi onal
geonetries, and nore specifically square or rectangle. In the follow ng
enbodi nents, exenplary inplementations of enploying the first resin
substrate 101 and the 10 second resin substrate 111 havi ng square geonetries
W Il be described. In addition, two-dinensional geonetries of the first
resin substrate 101 and the second resin substrate 111 are substantially
same. [0060] piglndhese (Geka-SUOSLEA LS ARLE FaLS of AN LalGel93-and the
core 115 are not particularly limted, but may be thernosetting resins such
as for ;gxanple, an epoxy resin, a cyanate resin and the like. |In addition,
in order to reduce a chip crack caused by a m smatching of coefficients of

thermal expangi ons bed ey dhesec29-691 esiand it he rseqt copduct oL Ghipcand to
inhibit a delam naticn of the sem conductor chip fromthe resin substrate,

it is preferabhe 19 sele¢liaa ¢oefhfici At aft ibhhermbnexpassi on of the resin
substrate to be 10 ppnidegree C or nore and 30 ppnidegree C or |ess.

25[ 906%hterconnedheldyesi.n base material 109 is joined to the front surface
of the first resin substrate 101 and the back surface of the 36 second

resin substratg, 114 19 £lackr beakl yi couwliidrhe Eseatcssrface of the first
resin substrate 101 to the back surface of the second resin substrate 111.

I n addijtireRrcoane@dhesjate | ayer 119 and an adhesive |ayer 121 are provided
between the first resin 5 substrate 101 and the resin base material 109 and

bet ween the reginlbase shrelsisaked09omand Hihe,secondt esimg substrate 111,
respectively, and the first resin substrate 101 is electrically connected to

t he resiupshaseianteritalofl@9 seht ooghudte adheskeve | ayer 119 and the second
resin substrate 111 is electrically 10 connected to the resin base materi al
10920t hr ough the. atlhess ve drayerst2tiohal thisy ednki geinatondyctidre dadliesi ve
| ayer 119 and the adhesive |ayer 121 are, for exanple, adhesion tapes.
[ 0062] according to fourth embodiment of the present invention.
Fig. 19 is a cross-sectional view of a semiconductor device
according to fifth embodiment.
Fig. 20 is a diagram, illustrating a process for
15 manufacturing a semiconductor device according to fifth embodiment.
Fig. 21 is a diagram, illustrating a process for
manufacturing a semiconductor device according to modified version
of fifth embodiment.
Fig. 22 1s a cross-sectional view, illustrating an example
20 of a first resin substrate in sixth embodiment.
Fig. 23 is a cross-sectional view, illustrating an example
of a second resin substrate in sixth embodiment.
Fig. 24 is a plan view and a cross-sectional view,
illustrating an example of a resin spacer in sixth embodiment .
25 Fig. 25 is a cross-sectional view, schematically

illustrating an adhesive film in sixth embodiment.

Fig. 26 is a cross-sectional view, illustrating a process



The resin base material 109 is disposed in the circunference 15 of the first
sem conduct or chip 125 on the surface of the first resin substrate 101. In

t he present enbodinent, the resin basg material 109 is a fram ng nenber
surroundi ng the circunference of the first sem conductor chip 125 on the
surface of the first resin substrate 101.In addition, a cross-sectional
geonetry of the 20 resin base material 109 is an annular rectangle, in which
the center is hollowed out. The resin base nmaterial 109 may be a nenber
formed rBy REQGESSING R LesSkRisURSiF@e dRtieca:Rr edetierdiiied mggenet ry by

enpl oyi ng a processi ng net hod such as, for exanple, punching processing,

hol | owi ng pr99ﬁ552ﬂ9hﬁﬁﬂgﬁﬁﬁ bikg, 1mZxrddnll @nprbted@yral ternatively be
configured of having no junction In one resin base naterial 109. [0063] 37

A throyghulRalte.#l eftd edaii tdhaext endidg dhraughxt Resdiesd idp@se material 109
is provided in the resin base material 109. The through-hol e el ectrode 145

is, for exanplig, 2@ #® ectyiagaklyweonduedt g ihl mge&@éwgﬁc&n interior wall
of the through hole 5 extended through the resin base material 109. The

el est r mgaliFyceentustd Renfi cbAtibstof Alewd@phe siathhemsghinkeke plated netallic
| ayer. In addition to above, the through-hole electrode 145 is not limted

to a nenber kaylingo ahal awwst sHEL UG S Uthhtas, aihhweugh-ialse 1pl-at i ng
netallic layer, and alternatively, nay be, 10 for exanple, a solid el ectrode
conposearof cacsomikeirseel mat eni alhdéditedilm therahotes it eoirar aof t he
t hrough hol e extendi ng through the resin base material 109. [0064] A first
el ect r ededhddoecoupl ed to the through-hole electrode 15 145 is provi ded on
the front surface of the first resin substrate 101, and a second el ectrode
143 coupl ed Faogt hgl tiw cugirdsstecet totalbdel ld5 ildupt oot dey on xaephack
surface of the second resin substrate 111. [0065]
10 of a semiconductor device in sixth embodiment.
Fig. 31 is a cross-sectional view of a first resin substrate
according to a modified embodiment of the present invention.
Fig., 32 is a cross-secticnal view of a first resin substrate
according to a medified embodiment of the present invention.
15 Fig. 33 1s a cross-sectional view of a semiconductor device
according to a modified embodiment of the present invention.
Fig. 34 contains diagrams, illustrating a two-dimensicnal
geometry of resin substrate and a resin base material of a
semiconductor device in an example.

20

BEST MODE FOR CARRYING OUT THE INVENTION

[0052]
Preferable exemplary implementations according to the
25 present invention will be described in reference to the annexed
figures. 1In all figures, identical numeral is assigned to an

element commonly appeared in the description of the present



20A resin constituting the resin base material 109 nmay be, for exanple, an
organic resin, and nore specifically, my be a thernosetting resin such as
epoxy resin and the like. In additiomsthe resin base material 109 is
conposed of a material that is simlar to, for exanple, the first resin
substrate 101 and the 25 second resin substrate 111. Mre specifically, it
is preferable that a material of resin base material 109 is selected to be
the sane as the material of the core 105 and the core 115, and in 38

particylgent 10, b, 3 %30akE £8SiMe 10R68k, and thél¥iiig ich configuration,
creations of warpages in the first resin substrate 101 and the second resin

substrakectidt byn et (ea1 MR YU acgz3eeqcarried out after the assenbly
operation in the manufacturing process can be nore effectively inhibited.

Thus, apegnpection failure created between the resin base material 109 and
the resin substrate can be inhibited. Thus, an inproved joint reliability
bet weenrtkRe fuEsHIMmEsi N substrate 101 and the 10 second resin substrate 111
can be achieved. In addition, the use of the cyanate resin provides the
coefficientspef.thersmd Rxppastone Ovidde NaspeehtVAgr #sédhsitpstrabas and the

resin base material 109 nore close to a coefficient of thermal expansion of
t he senifcangdefi esndiiitgar Hestbti 8y the PHe@NSinHed &byt exMiiki.t pngs15 t hese
advant ageous effects. [0067] Tn addition, a |local stress
concentgrakiseBeonidiel sarwcofdacyorl cliighgduentoathe. warpage of the resin
substrates can be reduced. Thus, a deterioration of the sem conductor chip
i s 20 isehibbhadctdheteeliy-eprovi dhogn aim ifipr.ovednpr boyictd ,om Viielsd. rE6068]
The adhesive layer 119 is provided with an electrically conducting region
ext endisutpstlradagh0 1 heradhigssvee | aypsr 119 ,f ar medinnspacegi resdhebesthe
t hr ough- hol e el ectrode 145 faces to the
10 material 109), an adhesive layer 121 and a second resin substrate
111 are stacked in this sequence from underneath.
[0054]
This semiconductor device 100 has a POP structure, and a
first semiconductor chip 125 is mounted on a surface of the first
15 resin substrate 101, and a second semiconductor chip 131 is
mounted on a surface of the second resin substrate 111.
[0055]
The first semiconductor chip 125 and the second
semiconductor chip 131 are semiconductor chips, having certain
20 elements such as transistor and the like formed on a device-
forming surface of a semiconductor substrate such as silicon
substrate and the like, respectively. The first semiconductor
chip 125 may be confiqured to have a logic circuit, and the second
semiconductor chip 131 may be configured to have a memory element.
25 [0056]

The first semiconductor chip 125 is dispcsed in a space

secticn, which is provided among the first resin substrate 101,



25 first electrode 141. The first electrode 141 is electrically connected to
t he through-hol e el ectrode 145 through the adhesive layer 119. Tn addition,

t he adhesive layer 121 is provided wiih 39 an electrically conducting
regi on extendi ng through the adhesive |ayer 121 forned in a region where the
t hrough-hol e el ectrode 145 faces to the second el ectrode 143. The

t hrough-hol e el ectrode 145 is electrically connected to the second el ectrode
143 through the 5 adhesive layer 121. [0069] The adhesive |ayer 119

and thepadhesiye Javer s%%étggyebﬁf%ae%%f r %H%Qééma\’@ﬁ%lw%bdaﬁro“ de

an ensured conduction path ong the stacking direction in region ere the
first %ﬂeekGEE&QQQﬁ?%%ea@qrEPerééﬁpﬂﬂnﬁkEQ%EO@@l143Aa%ﬁaéﬁﬁé% o&ndnwoul d

provi de an insul ation between the resin base material 109 and the resin

SUbStr%E%1h”b9§QQﬁa€é%¥dQ”iogngstYEHﬁéﬁ'ﬂ%a%ax bgifenoed ofon e exanple, an
ani sotropi ¢ conductive film (ACF) n addition, typical adhesives |ayer for

these %EE%&&@'éfr%B@'ﬂy¥s%d%e§9n1§UE§UB§¥eVQOHaEé SH”&&%éB’H%ﬂ%%%@UQBEME
particles, fornmed by coating a polynmer core material with a metallic thin

file @h;%@g{:éfdof Nt AR Layerond@ndd sehb @1258%@@&&3/50%- aghesh¥sst ape
cont ai ni ng sol der powder and a curing agent exhibiting the flux activity in

a resi regd®kB878dr carrying REE thes€oRduchhancpet hcext endi natheem t he
adhesi ve Iayer 119 through the through-hole el ectrode 145 to the adhesive

layer Ibihssopovigled il theuses seniucior tdevtectddss aanduekisvg menber
(not shown) provided in the first sem conductor chip 125 is 25 electrically

connectgdet fate epnduatd.ve nenber (not shown) provided in the second
sem conductor chip 131 via the wire 129, the first resin substrate 101, the
adhesi vy@obayer 119, the through-hole 40 electrode 145, the adhesive |ayer
121, the second resin substrate 111 and the wire 135.
10 The first resin substrate 101 is a resin substrate provided
with a built-up 103 and a built-up 107 on a front surface and a
back surface of a core 105, respectively. The first semiconductor
chip 125 is mounted on the built-up 103, and an electrode (not
shown} on the first semiconductor chip 125 is electrically
15 connected to an electrode (not shown) on the built-up 103 via a
wire 129. 1In addition, the first semiconductor chip 125 and the
wire 129 are encapsulated with an encapsulating resin 127. A
plurality of bump electrcdes 123 functioning as external coupling
terminals are joined to back surface side of the built-up 107.
20 [0058]
The second resin substrate 111 is a resin substrate provided
with a built-up 113 and a built-up 117 on a front surface and a
back surface of a core 115, respectively. The second
semiconductor chip 131 is mounted on the built-up 113, and an
25 electrode {(not shown) on the second semiconductor chip 131 is

electrically connected to an electrode {(not shown) on the built-up

113 via a wire 135. 1In addition, the second semiconductor chip



[0071] Next, a method for manufacturing the sem conductor device 5 100 wil|
be described. First of all, the first sem conductor chip 125 and the second
sem conductor chip 131 are prepared, snd these chips are nounted on the

first resin substrate 101 and the second resin substrate 111, respectively,
and then a wre bonding and a encapsulating with a resin are conduct ed.

10[ 0072] Further, a resin is processed into a predeterm ned geonetry
to manufacture the resin base material 109. For exanple, a resin substrate

havi ng 1a;prgdetiar Bjined 18I gk@eéﬁc@sﬂ%%@eqlem ah 4B AGkangul-at i shape
havi ng a predeterm ned dinension, and then 15 further punched out to renove

a rectangul afp Ca{d &ferR@bhHARt ok r@é\elb;sé abfoai ahngnthes@niulry reeshnibase
material 109. Alternatively, the resin base material 109 may be processed

into acpredst endndigd rgeonmBht Yshyr£mlayichg ebheha Procas shukatiathods) such as
a cutout processing and the like. A through hole is formed in 20 a

predet gookped regi on of the obtained resin base material 109. Typical nethod
for formng the through hole includes, for exanple, a laser processing, a

dribling andihhend i denioArernati yey yee addr eughrheke rayirbedetradeby
enpl oyi ng an etching technol ogy. Then, a netallic |ayer covering the

interiqoiwahll ©fe tde-dndr eeghn25uhol eatics 1f1ar madeviabar M witding process, for
exanple to obtain the holl ow shaped t hrough-hol e el ectrode 145. [0073] 41

Then, tlkethhgslar esidrdaumestlhahel 1@domdthe sadhastveotrayesedikdcatlhg resin base
material 109, the adhesive layer 121 and the second resin substrate 111 are

st ackedguand dheredthedieacked tlayefsl lanwa reateddabhedt pr edenplpirged
tenperature to provide an adhesion 5 between the resin substrate and the
resin bhapéemahest adnsl@F. cAplbhisgtime, fidw fressh sesstrsubdtrlatedlOdeand t he
second resin substrate 111 nmay be conpressively bonded with a predeterm ned
pr é8sursecch@07d$in CAlkdsemmadati Vel yhabimp shecter gdemeti2Beane Jjloibeed onto a back
described. In addition, two-dimensional geometries of the first
resin substrate 101 and the second resin substrate 111 are
substantially same.
[0060]
15 In these resin substrates, materials of the core 105 and the
core 115 are not particularly limited, but may be thermosetting
resins such as for example, an epoxy resin, a cyanate resin and
the like. 1In addition, in order to reduce a chip crack caused by
a mismatching of coefficients of thermal expansion between these
20 cores and the semiconductor chip and to inhibit a delamination cof
the semiconductor chip from the resin substrate, it is preferable
to select a coefficient of thermal expansion of the resin
substrate to be 10 ppm/degree C or more and 30 ppm/degree C or
less.
25 [0061]

The resin base material 109 is joined to the front surface

of the first resin substrate 101 and the back surface of the



surface side of the first resin substrate 101 of the obtained

mul tiple-layered material. As described above, the sem conductor device 100

shown in Fig. 1 and Fig. 2 is obtaineg [0075] 15Next, advantageous effects

for the products of the present enbodinment will be described. In the present
enbodi ment, the opposite electrodes (the first electrode 141 and the second

el ectrode 143) are electrically connected via the through-hole el ectrode 145
in the resin base material 109. The resin 20 substrates are nutually coupl ed

{hrouglLhRar esiih Raseeuaterial 49% &a.hhay, Esu[%m Quatk Iipl reliability

bet ween the resin substrates can |eve S CO d wth the

conventgage Conf iguralison Lhak biyaly (i@‘ipltbngh%%é)&g@ﬂhf@é%po?l ectr ode,

even | spacl ng tvveen the resin strates Is larger Isis 25

achi eV%‘ﬂe%eE&%ff&éﬁ%%s&?é@@“?llIOQ?ﬁ]adbﬂtéoﬁasgn of gaiual hyyeeupl i ng
resin substrates via a bunp 42 electrode, a warpage is easy to be gener at ed

I n the jngsLAg SRSl vunLDart 1g NRUTACEYLEROLRE PEES Sihas id8sCrERed above.
Further, a generation of a warpage causes a stress concentration on a

jungt urserkeghos ph1 (el RUEP e estpade. nfesybli 1991 An@b&aser tégt erioration
in the juncture of the bunp el ectrode. Thus, there a roomfor being inproved
In the jaiRt Lagt idpid ity hebwesa the d&idy $ebshr 8t8s: r4:Q0 44N,
respectively, and the first resin substrate 101 is electrically
connected to the resin base material 109 through the adhesive
layer 119 and the second resin substrate 111 is electrically
10 connected to the resin base material 109 through the adhesive
layer 121. 1In this configuration, the adhesive layer 119 and the
adhesive layer 121 are, for example, adhesion tapes.
[0062]
The resin base material 109 is disposed in the circumference
15 of the first semiconductor chip 125 on the surface of the first
resin substrate 101. 1In the present embodiment, the resin base
material 109 is a framing member surrounding the circumference of
the first semiconductor chip 125 on the surface of the first resin
substrate 101. In addition, a cross-sectional geometry of the
20 resin base material 109 is an annular rectangle, in which the
center is hollowed out. The resin base material 109 may be a
member formed by processing a resin substrate into a predetermined
geometry by employing a processing method such as, for example,
punching processing, hollowing processing and the like. 1In
25 addition, it may alternatively be configured of having no junction
in one resin base material 1085.

[0063]



On the contrary, the configuration of the present enbodi mrent 10 has no bunp
el ectrode joined to the electrode on the surfaces of each of the opposed
resin substrates. Thus, a deterioratipn in the joint reliability caused when
the bunp electrode is provided can be reduced. [0078] 15In addition, in the
present enbodi nent, the nmultiple-layered structure including the first resin
substrate 10], the resin base material 109 and the second resin substrate
111 is provided in the circunference of the first resin substrate 101. Wile

thi nner sem EOE'Mgé?{-h%ﬁiep 200t FBHONES 5 TBJINGSHESE AL G HHDLES sppr e 20

consi der abl e warpage created in the resin substrate, the configuration of

the prgégatm%@ﬂdalgq@tg qgngf%%&? itrhit%e&e\gfeﬁlsagé%g&éﬂmrao@qmgﬁd from

the first resin substrate 101 to the second resin substrate 111

thi nne%hk89§xiﬁa@é J183ic B oaHbsE s al es aye gapLoyedsy TQI@ctrai_'?:ail'lgr eased
stiffness of the 25 multiple-layered structure can be achi eved, thereby

ef f ect icvghy+ Y ?fﬂmo%eggﬂsr%!m&fm wanpage e therdidisthonesin

substrate 101 and the second resin substrate 111. Wen thinner the resin 43

substratesnats emplednea watpagesd ndhe iLgshhosubpid alir. 4anche1iynhibited
by providing the resin base material 109. In addition to above, such

advant agegust eh %ﬁhni%pUDE%rC@Q§&§EéﬁQJ%h%éhbHthﬂeW@Eﬂx&h%@&b&iﬁcreSin
substrate 101, the resin base material 109 5 and the second resin substrate

111 ar eagerposedl Lditthensaseabype, ofhdetgicgh-nb0878lectrode 148 addition,
since the substrate and the resin base material 109 are conposed of resins

in thensem eanekgtay deneerlffviides Hyldew eeristepdfi i ed o exhibit a
reduced difference in the coefficient of thermal expansion between the resin

subst r ahe cagd-hdee Esvinkaget ARt e¢ | Fdyek)9 andauil grsaehv€onf ingyr aki, on, a
war page in the resin substrate can be effectively inhibited in the heat
treat mngatr epenpldé ons wAnduetledt abdercdisasisefbhycopaiativenmaterislt he

manuf act uri ng process. Thus, a conductive failure between the resin
substr atieladdih hehe egigl baseembersfl tHEOY habaghedoby ¢hieenbimpagarefighhe
resin substrate can be inhibited. In addition, a |local stress concentration
on t he thenreshducis ndtgrian 0HB.resin
[0064]
A first electrode 141 coupled to the through-hole electrode

15 145 is provided on the front surface of the first resin substrate
101, and a second electrode 143 coupled to the through-hole
electrode 145 is provided on the back surface of the second resin
substrate 111.

[0065]

20 A resin constituting the resin base material 109 may be, for
example, an organic resin, and more specifically, may be a
thermosetting resin such as epoxy resin and the like. 1In addition,
the resin base material 109 is composed of a material that is
similar to, for example, the first resin substrate 101 and the

25 second resin substrate 111. More specifically, it is preferable

that a material of resin base material 109 i1s selected to be the

same as the material of the core 105 and the core 115, and in



substrate can be reduced by reducing the warping of the resin 20 substrate.
Thus, according to the present enbodinent, an inproved joint reliability
bet ween the resin substrates can be aghi eved, and an inproved production
yield can al so be achieved. [0080] In addition, in the present enbodi nent,
since the through- 25 hole electrode 145 is provided in the resin base
material 109, and the adhesions of the resin base material 109 with the
first resin substrate 101 and with the second resin substrate 111 are

providggrt4§ufg% he, %%h%SEyﬁnéﬁéefeéﬂg and the adhesive |ayer 121,
p

t
respectively, a ‘path for oviding an ‘el ectrical conduction between the
resin ﬁggggfates al ong the stacking direction can be fornmed with a sinple
and easy manner. 5[ 0081] Further, since the frane-shaped resin base

mat eri al 109H§m@%m§m@g\afe9£§oﬁj r&ggt%%gcef%ahb%%%é ri§t dhesin

substrate 101 is provided in"the sem conductor device the resin base

mat eri gk 109, caf MR 15kl YoSURROrind NRJ88I ResilSEnddtena12S 119 gonpared
with the configuration, in which the resin base nmaterial is provided in a

portiomeat theGhdoUHR-eReRs0 atPead ididt aresi-N sUbsIEaNe 10k rTRUSy the
war page in the first ‘resin substrate 101 and the second résin substrate 111

can be jhnhhbi b e £ AQ82hglakBcaddi tdOhe sdReeckhect ead Ny, bagaprrtarial 109 is
provi ded along the circunference of the first resin substrate 101 in the

sem congust oy devhad 10 fatiharpestofei@lpdte@deanthd 1eiCiH"RURErNgL sur f ace
of the first resin substrate 101 having no first sem conductor chip 125

mount ed obhghgorh& are ey efubeethvel yantid iiz8d02@cHor Prey] dimgamarogkact ri cal
coupl i ng between substrates. [0083]
joint reliability between the first resin substrate 101 and the
10 second resin substrate 111 can be achieved. 1In addition, the use
of the cyanate resin provides the coefficients of thermal
expansion of the respective resin substrates and the resin base
material 109 more close to a coefficient of thermal expansion of
the semiconductor chip, resulting in more considerably exhibiting
15 these advantageous effects.
[0067]

In addition, a local stress concentration on the
semiconductor chip due to the warpage of the resin substrates can
be reduced. Thus, a deterioration of the semiconductor chip is

20 inhibited, thereby providing an improved production yield.
[0068]

The adhesive layer 119 is provided with an electrically
conducting region extending through the adhesive layer 119 formed
in a region where the through-hole electrode 145 faces to the

25 first electrode 141. The first electrode 141 is electrically

connected to the through-hole electrode 145 through the adhesive

layer 119. 1In addition, the adhesive layer 121 is provided with



In addition, since the suitable clearance between the resin substrates
easily be selected by adjusting the thickness of the resin base nmaterial 109
in the present enbodinent, a space foyg 25 wire-bonding the first
sem conductor chip 125 can be provide between the resin substrates with a

cert ai
resin

substantially sanme rectangul ar two-di nmensi onal

mat er i

hol | owed out-rectandul ar I nner

enbodi

base nat

nty. [0084] 45 Wil e the exenplary inplementations of the

base material 109 and the second resin substrate 111 having the

Vi i CI.0 .1 0N tr i a
al, 4P9-having ngaBQEiﬁ&ggﬁ?ﬁﬁh%%ﬁégsgggn®%€§§$f§%§3Fﬁh?§ngg
09 are not lintted thereto int

rra e present an

e”bOdi?EBE§-b£QQ§5ke%Bﬁhgech%ﬁbé@§h43¥11Tﬁéetﬁ£8§€55ﬁ6¥é‘éT@ct¥58$5145

illustrating alternative two-

resin

I mensi onal geonetries an

chip

corresponds to the configuration of the present enbodinent. In Fig. 6,

resin
t he ci

[0086] Fig. 6

can

geonetries and the resin base

e present

ngér %@g WAl TRNST P0A 9 %h@ﬂ@h&ﬁ&gﬁﬁﬂéﬂéﬂﬁﬁéa r?&gt?g?reSin

| owi ng

_ ( _ arrangenents of the
basei et erdahs HAnebpodhese i aganms, ot e Puid trawp 103ugh the resin
base material 109 on the built-up 103 and the first senlconducgor

ares onbynibiwstralad, ,and other nenbers are 15 not shown.

125

t he

basgopaterial 109 having an annul ar cross section is provided al ong

rcunference of the 20 built-up 103 of the rectangular first resin

substrate. The adhesive layer 119 and the adhesive layer 121 may be

10

15

20

25

formed of materials, which would provide an ensured conduction
path along the stacking direction in region where the first
electrode 141 and the second electrode 143 are faced, and would
provide an insulation between the resin base material 109 and the
resin substrate in other region, and typically may be formed of,
for example, an anisotropic conductive film (ACF). In addition,
typical adhesives layer for these materials may include an
adhesive tape containing conductive particles, formed by cocating a
polymer ccre material with a metallic thin film, dispersed in a
resin layer, and a self alignment type-adhesive tape containing
solder powder and a curing agent exhibiting the flux activity in a
resin.
[0070]

Since the conduction path extending from the adhesive layer
119 through the through-hcle electrode 145 to the adhesive layer
121 is provided in the semiconductor device 100, a conductive
member (not shown) provided in the first semiconductor chip 125 is
electrically connected to a conductive member (not shown) provided
in the second semiconductor chip 131 via the wire 129, the first

resin substrate 101, the adhesive layer 119, the through-hole



[ 0087] In addition, the two-di nmensional geonetry of the resin base
material 109 is a rectangular, and the resin base material 109 nay be
provided along sides of the first resjy substrate 101. For 25 exanple, Fig.

7 and Fig. 8 illustrate exenplary inplenentations, where the resin base
material 109 is provided along two sides of the first resin substrate 101.
[ 0088] In Fig. 7, the strip-shaped resin base materials 109 are

di sposed in parallel along the opposed two sides of the built-up 103 of
rectang St e t chip
125 is g%?%éé@% i%gag¥é ?gﬁegggﬁw}Q% %%étwgg% %%%§$%5|:£%L§§ﬂ%§%%?%als 109.
[ 0089] ,@q 553 ﬁ%@%h_eyﬂ n Fig. 8 the strip-shaped resin base materials 109

are arrange ong t jacent two sides of the 10 built-up 103 of the
rectanq@bqﬁ first resin substrate 101 to be orthogonal to each another.
[0090] Fig. 9 illustrates an exanple of the resin base materials 109

di sposed al opgyfour ¢t Hgnuféééuff‘rﬁj N rRURSHE BbEadOdor HRdiReFi 9. 9,

the strip-shaped resin base materials 109 are di sposed are arranged al ong

al I sfoupgsi,des 0f dde wdit - up; 108 of fihe neet 2RQUL abedd fHadgSiNfupstrate.
The first sem conductor chip 125 is disposed in a regi on surroundéd by these

resin hase Bt ehd adS-HP se2QEBASM tor chip 131 are prepared, and these

chips are mounted on the first resin substrate 101 and the second
resin substrate 111, respectively, and then a wire bonding and a
encapsulating with a resin are conducted.

10 [0072]

Further, a resin 1s processed into a predetermined geometry
to manufacture the resin base material 109. For example, a resin
substrate having a predetermined thickness is punched out intoc a
rectangular shape having a predetermined dimension, and then

15 further punched out to remove a rectangular center portion,
thereby obtaining the annular resin base material 109.
Alternatively, the resin base material 109 may be processed into a
predetermined gecmetry by employing other processing methods such
as a cutout processing and the like. A through hole is formed in

20 a predetermined region of the obtained resin base material 109.
Typical method for forming the through hole includes, for example,
a laser processing, a drilling and the like. Alternatively, a
through hele may be formed by employing an etching technology.
Then, a metallic layer covering the interior wall of the through

25 hole 1s formed via a plating process, for example to obtain the
hollow-shaped through-hole electrode 145.

t0073]



Fig. 10 illustrates an exanple of the resin base materials 109 arranged in
the four corners of the first resin substrate 101. In Fig. 10, the square
pill ar-shaped resin base materials 109 having a square cross section are

di sposed in the four corners of 25 the built-up 103 of the rectangular first
resin substrate, respectively. Wiile the resin base materials 109 are

di sposed in all four corners in Fig. 10, all corners needed not to be
provided 47 with the resin base materials 109, and, for exanple, diagonally

di sposed tworfon nens. Ay he pLovi dedswidde the regibn.bass: yateljal §1409, and

=] 7
such two resin base materials 109 nay face across the %lrst SgLICOHdUCtOY

chip 125¢ 5&99&2&aﬁe materiB1adgbl i o fr@sill géb@ftiffQ%KPQh%nggbﬁdOf the

resin base material 109 having an annul ar two-di nensional geonetry. In Fig.

11, th%e@@ﬁ“é@ﬁé@ﬁ?ﬁ‘ilﬁ?%&@ baseraat el Al nlA9¢ ks é’é’ljc&ﬁ_ciagjiééghgf@i I't-up

103 of the rectangular first resin substrate, and the 10 in an

annul u%ggfteahgtr§%féc¥&§%m@ﬁéﬁr£%pé@§cd§e I%Oéikgﬁgdé“' érhlatcnieesfiio st

sem conductor chip 125 di sposed therein. [009 n the foll ow ng

embedi mRRlSen di fd 6F ENGES HEOR Bkl Iale @mhqdi BROL Middrbe majonl yadescribed.
15[ 0094] SECOND EMBODI MENT Whi |l e the configuration having the

sem congiyct eEnehi hi fig-fponded, 08h9s A & a9iin aaHbehL al&-dirp Reen il lustrated
inrelation to the sem conductor device described in first enbodi ment, the

20 semise@Bdugtor 1 chinhy iy benbllps coanedpdictowkbe i esiduauhstinate via the
bunp el ectrode. The present enbodi mnent” wi || describe such configuration.
pressure.
[0074]

10 Alternatively, bump electrodes 123 are joined onto a back
surface side of the first resin substrate 101 of the obtained
multiple-layered material. As described above, the semiconductor
device 100 shown in Fig. 1 and Fig. 2 is obtained.

[0075]

15 Next, advantagecus effects for the products of the present
embodiment will be described. 1In the present embodiment, the
opposite electrodes (the first electrcde 141 and the second
electrode 143) are electrically connected via the through-hole
electrode 145 in the resin base material 109. The resin

20 substrates are mutually coupled through the resin base material
109, so that more improved joint reliability between the resin
substrates can be achieved as compared with the conventional
configuration that involves coupling through a bump electrode,
even if a spacing between the resin substrates i1s larger. This is

25 achieved by the following reasocns.

[0076]

In a case of mutually coupling resin substrates via a bump



[ 0095] Fig. 3 is a perspective view, illustrating a configuration
25 of a sem conductor device in the present enbodinent. Fig. 4 is a
cross-sectional view along line B-B pf Fig. 3. The fundanent al
configurations of sem conductor devices 110 showmmn 48 in Fig. 3 and Fig. 4
are simlar to that of the sem conductor device 100 (Fig. 1, Fig. 2), except
that the nmethod of nounting the sem conductor chip onto the resin substrate
is different therefrom 5[ 0096] In the sem conductor device 110, an

el ect 1 adec(ooke SNOU) apovh ded. op L.l preaL.IRUNY | g Siidigce of the firs:

seni conductor chip i's Jjoined to the ‘ele not shown) provided on

the bULbetpa 0G0l bl fishat 851 B Sb3hERke 104 Vha O bumel got r odes

153, an ese ements are electric y connect ed.

addi ti @, +a0.€l §§gi§errféci%t(i'89t oshovg) - pravided.an,t Qgr@éser%tcemgg&%eg surface

of the second’ sem conductor chip 131 is joined to the electro not shown)

provi ded gnifherbul IteyBn1l3 %ée%uﬁﬁeel%%%%aecef%guﬁyﬁﬁ} i “1%%8313?‘ bunp

el ectrodes 157, and these elenents are electrically connected.

Thes spagecbetweend he, fribest uaem coNGuGQr 1ehibpeidor ANgk t herfisl SELERST N
substrate 101 are filled with an underfill resin 151. 20 In addition, spaces

bet ween tRENSESPNKE SRMiGRREYEHOI n ChLD Sj:'ﬁ;’i%ta@@ﬂ@@iﬁf@ﬁ%tﬁfe%inntﬁHbSt rate 111
are filled with an underfill resin 155. [0099]
resin substrates.
[0077]
On the contrary, the configuration cof the present embodiment

10 has no bump electrode joined to the electrode on the surfaces of
each of the opposed resin substrates. Thus, a deteriocration in
the joint reliability caused when the bump electrode is provided
can be reduced.

[0078]

15 In additicn, in the present embodiment, the multiple-layered
structure including the first resin substrate 101, the resin base
material 109 and the second resin substrate 111 is provided in the
circumference of the first resin substrate 101. While thinner
semiconductor chip and thinner resin substrate promotes more

20 considerable warpage created in the resin substrate, the
configuration of the present embodiment can provide thicker whole
resin layers composed from the first resin substrate 101 to the
second resin substrate 111, when thinner individual resin
substrates are employed. Thus, an increased stiffness of the

25 multiple-layered structure can be achieved, thereby effectively

inhibiting a generation of a warpage in the first resin substrate

101 and the second resin substrate 111. When thinner the resin



Since the resin base material 109 is al so provided between 25 the first
resin substrate 101 and the second resin substrate 111 in the present

enbodi nent, simlar advantageous effecis as obtained in first enbodi nent are
al so obtained. [0100] In addition, since the sem conductor chip is
flip-connected to the resin substrate via the bunp electrode in the present
enbodi nent, the device is configured to easily cause a stress 5
concentration on a juncture in the sem conductor chip with the bunp

el ectrQd@st R £@serOfemglieheaonti GaFr@idoOnn 2ReUsesPh dBSstesid Dasgenateri al
109 for providing a coupling between the resin substrates preferably

i nhi bi t$apVRERAGE dribdiRB npeshe s&bst nalesmasart Bat 1@ detgy iekatien of the
sem conductor chip can be inhibited 10 and an i nproved production yield can

al so beaghLe¥edsud D tlantageous R tdier idesehbPEbLRR; déHpRe SsRdeiasqf ol | ows,
focusi ng on such aspects inreference to Fig. 5 (a) and Filg. 5 (b). [0102]

15Fi 9. Wpeh@khbStfr&f 0sSisechbeRahty i B, idHeUskEahi Bgsa@ etfdigur appon of a
sem conductor device, in which substrates to which the sem conductor chips

aresf | ijpdcennesteshdrne s wabkyrsospl Bd atea cbugpsel est radesiavicpgel ar ger
dimensions. In Fig. 5 (a), first electrodes 241 provided on the surface of

the fircst md0esubsirate 201 are coupled to second el ectrodes 243 provi ded on
t he

[0079]
In addition, since the substrate and the resin base material

109 are composed of resins in the semiconductor device 100, the

10 device is configured to exhibit a reduced difference in the
coefficient of thermal expansion between the resin substrate and
the resin base material 109. Having such configuration, a warpage
in the resin substrate can be effectively inhibited in the heat
treatment operations conducted after the assembly operations in

15 the manufacturing process. Thus, a conductive failure between the
resin substrate and the resin base material 109 created by the
warpage of the resin substrate can be inhibited. In addition, a
local stress concentration on the semiconductor chip on the resin
substrate can be reduced by reducing the warping of the resin

20  substrate. Thus, according to the present embodiment, an improved
joint reliability between the resin substrates can be achieved,
and an improved production yield can alsc be achieved.
[0080]

In addition, in the present embodiment, since the through-

25 hole electrode 145 is provided in the resin base material 109, and

the adhesions of the resin base material 109 with the first resin

substrate 101 and with the second resin substrate 111 are provided



surface of the second substrate 211 via bunp el ectrodes 245. [0103] A
first sem conductor chip 225 is provided on the chip-nounting surface of the
first substrate 201, and el ectrodes (4wt 25 shown) provided on the

el enent - nounting surface of the first sem conductor chip 225 are coupled to
el ectrodes (not shown) of the first substrate 201 via bunp el ectrodes 253.
On the chip- 50 nounting surface of the first substrate 201, a plurality of
bunp el ectrodes 245 are di sposed in the periphery of the region where the

first sem ganducd &fvENidye22310S 2liispRsethnd 04Q4T 258 sesond, &M GaRAYGE or

chip 231 i's provi ded over the chip- nounting surface of the second substrate

211, apdpaphetgetyads {inet aphevedt provi deddop: ebg Mt wdmNtHNG8Yhf ace of
t he second sem conductor 'chip 231 is coupled to an el ectrode (not shown) of

the seconrdtrsubstratsnZkhet BEQU@nHUWIP LItachr 0d8SHe57o rrdd QAR a Spaces
between the first sem conductor chip 225 and the resin substrate 201 are

filledgwnbheadndnesdy iddnneesi n 251. I n addition, spaces between the second
sem conductor chip 231 and the second substrate 211 are filled with an
undsr fiflolbgnesi n 255. 15[ 0106] In addition, Fig. 5 (b) corresponds to
the cross-sectional configuration of the sem conductor device 110 of the

present enbodupeRér, [$(E the frame-shaped resin base material 109
surrounding the whole circumference of the first resin substrate
101 is provided in the semiconductor device 100, the resin base
material 109 can more stably support the resin substrate, as

10 compared with the configuration, in which the resin base material
is provided in a portion of the circumference of the first resin
substrate 101. Thus, the warpage in the first resin substrate 101
and the second resin substrate 111 can be inhibited.

[0082]

15 In addition, since the resin base material 109 is provided
along the circumference of the first resin substrate 101 in the
semiconductor device 100, the peripheral region in the chip-
mounting surface of the first resin substrate 101 having no first
semiconductor chip 125 mounted thereon can be effectively utilized

20 for providing an electrical coupling between substrates.

[0083]

In addition, since the suitable clearance between the resin
substrates can easily be selected by adjusting the thickness of
the resin base material 109 in the present embodiment, a space for

25 wire-bonding the first semiconductor chip 125 can be provide
between the resin substrates with a certainty.

[0084]



20Here, in Fig. 5 (a), the larger bunp el ectrodes 245 achi eve a coupling
between the first substrate 201 and the second substrate 211. Since a
contact area between the bunp electroges and the substrate is relatively
smaller in this case, a warpage generated in the first substrate 201 or in

t he second substrate 25 211 in heating operations after the assenbly easily
causes a stress concentration in the juncture region between the bunp

el ectrode 245 and the first electrode 241 in the first substrate 51 201. In

addi tion, inghhice s@EORGesBhSEy Al fp PdranthtSh@S 8 CORE EREd A itQRel S easi |y
generated in the juncture region between the bunp el ectrodes 245 and the

secondpgkeei 8000 L4Ad kHet BeEonsUedsist Isesstiatat 1 velnaBasi lthecauses a
coupling failure between 5 the hunp el ectrodes 245 and the first el ectrode

241 or sihetsgepid elLelkr edet240uld PHOB]-dimensiofl th@imetsiiRege ahBethé r st
sem conductor chip 225 and the second sem conductor chip 231 are coupled to

the resierifgubst¢ ataeri@1lviaot hevhnyp el echredesus ncfbgs-odtapnad stress
concentration is easily caused in the juncture regi on between the el ectrodes

of §hegsenkeeonduptioty ehihps 1anddt det btegr aelethiFodeser Siorad chheaekeséendes
joined to the bunp el ectrode are provided in the device-formng surface in
t he fi Hekcsehedondugicomprebiept 2&bbadidndrite s@eondoldimetd icoadugbonethyp 231,
there is the concern that a stress concentration on the electrodes due to a
war pagenaf thhearesigersuistifatbe caersis msdetmateoiat | IO iare hese léneceéd odes,
of course, and further in other elenents on the device-form ng surface
except theeseoelecthodesscd0[ 8489the followdngt kebcdiherdrs., since no bunp
el ectrode that causes a connection failure is enployed for providing a
coupl i H§O0Béi ween resin substrates in Fig. 5 (b), an inproved joint
reliability can
10 Fig. 6 to Fig. 11, are cross-sectional views, illustrating
alternative two-dimensional geometries and arrangements of the
resin base materials 109. In these diagrams, the built-up 103,
the resin base material 109 on the built-up 103 and the first
semiconductor chip 125 are only illustrated, and other members are
15 not shown.
[0086]
Fig. 6 corresponds to the configuration of the present
embodiment. In Fig. 6, the resin base material 109 having an
annular cross section is provided along the circumference of the
20  built-up 103 of the rectanqular first resin substrate.
[0087]
In addition, the two-dimensional gecmetry of the resin base
material 109 is a rectangular, and the resin base material 109 may
be provided along sides of the first resin substrate 101. For
25 example, Fig. 7 and Fig. 8 illustrate exemplary implementations,

where the resin base material 109 is provided along two sides of

the first resin substrate 101.



be achieved. In addition, further inproved joint reliability 25 between the
el ectrodes can be achieved by providing the resin base material 109 to
reduce a war page of the resin substratge. Further, a reduced warpage of the
resin substrate achieves an inproved 52 joint reliability between the

sem conductor chip and the resin substrate, when the sem conductor chip is

flip-bonded to the resin substrate. [0110] 5 THI RD EMBODI MENT An
enbodi ment of the present invention will be described as follows, on the
basis ohothe annexed figures. First of all, an outline of a sem conductor

device 1 according to the present enbodinment will be described in reference

to Fig. 12 tenFrgy. I 1@ Theisesmbanductsan dg¥kcRatdetnNclddes, aas shown in
Fig. 12 and Fig. 13, a first resin substrate 3 on which a first

sem copdypboEd CiH Ppadall3eMOHDSEE, 1t Rdr egbNs sdstdratt@edpan1vhhgh a
second sem conductor chip 4 is nmounted, and a resin spacer 6, which is in

contact 0wl bh gedtpRfulsur taser of st hediir sibeeshte SUbSE r atre 3iad a 15 back
surface of the second resin substrate 5, and provides an electrical juncture

betyeerehhechdlistior egiip substs adsppard ihhe segond dLalwlgebsbeatesd. Fig.
13 is a cross-sectional viewalong IT-11 direction of Fig. 12. The resin
spacer tGoi sedispased niateaigl s cubhd erence of the first sem conductor chip 2 on
the front 20 surface of the first resin substrate 3, and, on the front
surfacd0oB9the first resin substrate 3, the first sem conductor chip 2 is

di sposed in a space section provided anong the first resin substrate 3, the
second resi nOsubis¢ ratre rargndihhBig esd n BSpacerip-skapdedergsia basst adhesi ve
menber 7A having a first electric 25 conductor 72A disposed in a first resin
| ayer whiAers$aps oM Dekebetrwerged heldrig sther eslijacsubstwatsidesand the resin
spacer 6 (see Fig. 17). Further, a second adhesive nenber 7B having a second
53lel etuiilt-gpntilittadr th2Brdisposehn f iassecondnr eahsit fahrerl02180i bepr ovi ded
bet ween the resin spacer 6 and the second resin substrate 5 (see Fig. 17).
Then, thshpgesal resigacbubspthee. 3 is electrically connected to the resin
spacer 6, through the first 5 electric conductor 72A in the first adhesive
menber [PA%0&nd the second resin substrate 5 is electrically connected to the
resin spacer 6 through the second electric conductor 72B in the second
adhesi ve nengég.7${i¥ky§ffptes an example of the resin base materials

109 disposed along four sides of the first resin substrate 101.
15 In Fig. 9, the strip-shaped resin base materials 109 are disposed
are arranged along all four sides of the built-up 103 of the
rectangular first resin substrate. The first semiconductor chip
125 is disposed in a region surrounded by these resin base
materials 109.
20 [0091]
Fig. 10 illustrates an example of the resin base materials
109 arranged in the four corners of the first resin substrate 101.
In Fig. 10, the square pillar-shaped resin base materials 109
having a square cross section are disposed in the four corners of
25 the built-up 103 of the rectangular first resin substrate,
respectively. While the resin base materials 109 are disposed in

all four corners in Fig. 10, all corners needed not to be provided



10Further, as shown in Fig. 14 and Fig. 13, the first resin substrate 3

i ncl udes buil dup |l ayers 31A and 31B conposed of insulating |ayers 311
containing a resin and conductor interconnect |ayers 312, both of which are
alternately stacked, where the respective conductor interconnect |ayers 312
are 15 mutual Iy coupl ed through the conductor layers 314 formed in via holes
of the insulating |layers 311. Further, the second resin substrate 5 al so

i ncl udes buil dup |Iayers 31A and 31B conposed of insulating |layers 311

cont ai jk pY end esdd rARdseOREUSEDL1d Nier,cannectot ayeimp 132 diRgbhaei ywhi ch are
alternately stacked, 20 where the respective conductor interconnect |ayers

312 ar gjBpbad | e Aidpined st Rh Qugd dheyiceaduct Br thayesSimB I skorBrdrial vi a
hol es of the insulating |ayers 311. Anong the insulating |ayers 311 in the

bui | dupobaygrs Sih and 3:8iafbade heasiriane 0bothey ffdsd 4098 sybstrate 3
and the second resin substrate 5, wherein at 25 | east one insulating | ayer
311, amiaversgel eneffdteirenhipf12hermal expansi on al ong a substrate inplane
direction for tenperature range from 25 degree Cto a glass transition point
t hef eofl0D92]154 equal to or | ower than 30 ppnidegree C, and an average
coefficient of thermal expansion along a substrate thickness direction for

t enper at ure rangedfidmr,omiz5 degitbul tarex ghaskatphesef itOre peisith t hereof is

equal to or |ower than 30 ppm degree C. 5[0112] The configuration of
t he sebmkreendatcs oraldeVicca¥ingl &n benrddsor itheddimedet @dl agdmeltlr-gws. ThFi r st
Resi n Substrat e] First of all, the first resin substrate 3 wll be

descri bed. 1D, Thee famstlareshapsdbstsiat da3ei sateneaber0g hat prbgifiedson
sem conductor chip 2 is nounted on the surtace thereof.
the built-up 103 of the rectangular first resin substrate, and the
10 inside of an annulus of the resin base material 109 is provided
with the first semiconductor chip 125 disposed therein.
[0093]
In the following embodiments, differences from the first
embodiment will be mainly described.
15 [0094]
SECOND EMBODIMENT
While the configuration having the semiconductor chip wire-
bonded onto the resin substrate has been illustrated in relation
to the semiconductor device described in first embodiment, the
20 semiconductor chip may be flip-connected to the resin substrate
via the bump electrode. The present embodiment will describe such
configuration.
[0095]
Fig. 3 is a perspective view, illustrating a configuration
25 of a semiconductor device in the present embodiment. Fig. 4 is a
cross-sectional view along line B-B' of Fig. 3.

The fundamental configurations of semiconductor devices 110 shown



This first resin substrate 3 has a surface of substantially rectangul ar
geonetry. As shown in Fig. 14, the first resin substrate 3 has a core |ayer
32 and a pair of buildup |ayers 31A 148 and 31B, which are opposed across a
core layer 32. The buildup layer 31A is disposed in the side of the front
surface of the core |ayer 32, and has a configuration including insulating

| ayers 311 containing a resin and conductor interconnect |ayers 312, which
are alternately stacked. In the present enbodi nent, the buildup 20 | ayer 31A
is comesedgof3aapl urial.i tyaok §f011exampleatct breehe i feul@idugtbayers 311 and
a plurality of (for exanple, four) conductor interconnect |ayers 312, which
are al dermnatelyo stmicked., FQ4132) Thexdargultabitnghkayethdl b sondtiagpr epreg of
carbon fiber 25 cloth, glass fiber cloth or aligned fibers along a

di r ect ithl, sahicbndredrmeat pednw t they ardsdus stippesadé tesiitSerleut i s conposed
of only a resin conposition. Mdre specifically, the insulating 55 |ayer 311
i s not therefosced with fibers such as carbon fiber, glass fiber or the like.
Here, the resin constituting the insulating |ayer 311 preferably contains a
t hebnod@t®Bhg resin such as, for exanple, epoxy resins, bismaleimde
triazine (BT) 5 resin, cyanate resins. Anmong these resins, it is preferable
to enpl oy a @dyahb¢ esemgiondutypircdéveganatle resiedscinelledenaiowdlosc)cyanat e
resin, bisphenol-A type cyanate resin, bisphenol-E type cyanate resin,

t et r amgtrioyli dbilsphetiot <Eetppé wyanaied resifacendft heel fkest Anong these, it is
preferable to enpl oy a novol ac type 10 cyanate resin. Novol ac cyanate resins
avai | alfleminendutiel e dgiPnsshavimed tive thel Edeihgoehemcalshoorul a. | n

formula, "n" is a positive integer nunber. [0114: [FORMJLA 1]
provided on the built-up 103 of the first resin substrate 101 via

10 bump electrodes 153, and these elements are electrically connected.
[0097]

In addition, an electrode (not shown) provided on the
element mounting surface of the second semiconducteor chip 131 is
joined to the electrode (not shown) provided on the built-up 113

15 of the second resin substrate 111 via bump electrodes 157, and
these elements are electrically connected.
[0098]

The space between the first semiconductor chip 125 and the

first resin substrate 101 are filled with an underfill resin 151.
20 In addition, spaces between the second semiconductor chip 131 and

the second resin substrate 111 are filled with an underfill resin

155.

[0099]

Since the resin base material 109 is also provided between

25 the first resin substrate 101 and the second resin substrate 111

in the present embodiment, similar advantageocus effects as

obtained in first embodiment are also obtained.



15"n" 1S AN ARBI TRARY | NTEGER NUMBER Nunmber of repeating unit "n" in
a novol ac cyanate resin presented by the aforenentioned formula (1) is not
particularly 20 limted, but 1 to 10 45 preferable, and 2 to 7 is
particularly preferable. Repeating unit nunber "n" under the aforenentioned
lower Iimt provides a tendency of easily crystallizing of novolac 56
cyanate resin, which may lead to relatively reducing a solubility for a
general - purpose solvent, resulting in causing a difficulty in handling. On
the othefighand, repeating unit number "n" over the aforenentioned upper
limt provides an excessively higher 5 cross |linking density, which may | ead

to a decreasefl ¥&iefidrESisShaBCehe asdriadiduat o@f iUl &0t MBd-&idndlec@Edt he
like. [0115] Such novol ac cyanate resins may be obtained via a

reacti @a ehe fosirexaRiteata NOyoitRS mhenelleandoae cCoMPOUNGsehtas cyanogen
10 chloride, cyanogen brom de and the Iike. Further, a weight-average

mol ecukaboweh@ht, afhed de@vekacs cyanateimeesicd kasplef eradd v sheksexanpl e,
within a range of fromb500 to 4,500. Further, it 1s preferable to be within

a rangecateht pat HH0 dro 23,000t ure Wai gile avariagadapt €€ wiairp waitghthef | ess than
500 may |l ead to a reduced 15 mechanical strength. Further, a weight-average

nol eculbampwel gbt rade | angecatbant 45060 doay ibeadttionf asi ersccwfethate of the
resin conmposition, resulting in a reduced shelf |ife. [0116] Further, a
pr epol yeednobase ayaratialr @80 nf omyp ber ietiploopedofipt 1 2§ hdtevealoveedessinbed
cyanate resin. A cyanate resin or a prepolyner nmay be enployed al one, or a
conbi natibehrafea mysratdlyesnhilaids a praapelbgnen thy bes enplubpedatelere, a
"prepolyner" typically neans a conmpound obtai ned by, for exanple,
trinerispi ngad aviwrmericofatacsyahatlee regiimondacaorhehmml caredst ilohibAvadl abl e
10 and an improved production yield can also be achieved.
[0101]
Further description will be made as follows, focusing on
such aspects in reference to Fig. 5 (a) and Fig. 5 (b).
[0102]
15 Fig. 5 (a) 1s a cross-sectional view, illustrating a
configuration of a semiconductor device, in which substrates to
which the semiconductor chips are flip-connected are mutually
coupled via bump electrodes having larger dimensions. In Fig. 5
(a), first electrodes 241 provided on the surface of the first
20 substrate 201 are coupled to second electrodes 243 provided on the
surface of the second substrate 211 via bump electrodes 245.
[0103]
A first semiconductor chip 225 is provided on the chip-
mounting surface of the first substrate 201, and electrodes (not
25 shown) provided on the element-mounting surface of the first

semiconductor chip 225 are coupled to electrodes (not shown) of

the first substrate 201 via bump electrodes 253. On the chip-



25 prepolynmer is not particularly limted, hut, for exanple, a prepolyner
containing triner at a ratio of 20 to 50 % . nay be enployed. The
trimerization ratio can be obtained kpp enpl oying, for exanple, an infrared
spectrophotoner. [0117] Further, an epoxy resin, a phenoxy resin or the |ike
may be added to a cyanate resin. Preferable epoxy resin includes one 5
havi ng a bi phenyl al kyl ene backbone. Further, an inorganic filler nmay be
added to a cyanate resin. [0118] In the present enbodi nent, the

respectibMriAgW i@ bayens Bildsarsuampesedoof sigidadl irst et almp and an
average coefficient 10 of thermal expansion of each of the insulating |ayers

311 al engcpoddp|arre el aekpoBed Oin tieTPeeat pheryangerid fa@wn2hhdegree C to
a glass transition point thereof is equal to or lower than 30 ppm degree C,

and antaveraget caeiifddident oef chhetzls expanspopeaf each of the insul ating
| ayers 311 along a substrate thickness 15 direction is equal to or |ower
t han 3Qoppnl degree C. Here, an average coefficient of thermal expansion of
the insulating |layer 311 along a substrate inplane direction for tenperature
range of from 25cdegreemiCdnauatglasisit ragisiitsi propodet dher enfe ichiipref er ably
equal to or |lower than 20 ppm degree C, and an average coefficient 20 of
t her mnoexpangi omr tfcd e itheukatomgd ddyaraldl2al pngn@ substacatredehi ckness
direction is preferably equal to or |ower than 20 ppm degree C. In addition,
an aver(age sbedf) gentided theelaherx pansitdmgoburhece nsiiltdtd gcoayer 311
al ong a substrate inplane direction for tenperature range of from 25 degree
C to asghassen@acteangiip @dlpobntonhbraddfo iam pleferaddt y(rrjuahowa)oprfhi gher
than 3 ppm degree C, and an average coefficient of thermal expansion of the
i nsul atthegskayed J1istaladeg2adlstbstungh vty ekressodésection is
10 [0105]
Spaces between the first semiconductor chip 225 and the
resin substrate 201 are filled with an underfill resin 251. 1In
addition, spaces between the second semiconductor chip 231 and the
second substrate 211 are filled with an underfill resin 255,
15 [0106]
In addition, Fig. 5 (b) corresponds to the cross-sectional
configuration of the semiconductor device 110 of the present
embodiment.
[0107]
20 Here, in Fig. 5 (a), the larger bump electrodes 245 achieve
a coupling between the first substrate 201 and the second
substrate 211. Since a contact area between the bump electrodes
and the substrate is relatively smaller in this case, a warpage
generated in the first substrate 201 or in the second substrate
25 211 in heating operations after the assembly easily causes a

stress concentration in the juncture region between the bump

electrode 245 and the first electrode 241 in the first substrate



58 preferably equal to or higher than 3 ppmidegree C. In the present

enbodi nent, an average coefficient of thermal expansion along a substrate

i npl ane direction of each the insulatging layer 311 is 5 substantially equal,
and an average coefficient of thernmal expansion along a substrate thickness
direction of each the insulating layer 311 is substantially equal. In
addition to above, an average coefficient of thernmal expansion of the
insulating |ayer 311 can be nmeasured by the follow ng manner. A sanple 10

speci mep; of B, MIRAGUBNG 8 eHE Mlordd amokReatasy] atingdayer 311, and while
a sanple specinen is heated to el evate the tenperature froma room

t enper abHEEn 2 idR0rRe bk i @Y ehavat iiRg that eudt drdedaenChetpEt g
enpl oying a thernmal mechanical anal yzer (TMA) (conmercially avail able from

TA | nsStREMBAEY » e 1GAHIGEE849f add Hef oygm@hiionscefréde syl guspgekmen al ong a
t hi ckness direction and along an inplane direction are neasured, and then

coef fi gl.ent st ©fsd henmal vexpanss Oy aten@st he cbhip thiesss didrecbieeReand al ong
the surface direction are cal cul ated. Then, coefficient of thernal

expansicaasbah®ngl ddre-ddeiscknessnditiactiiontandeat edge the sur taeesd8odirection
for tenperature range of from25 degree Cto a glass transition point
t her eoklaterc@d adxated. [0119] In addition, the insulating |ayer 311
preferably has a higher glass transition point. For exanple, the gl ass
transi tfioo08R5 point of the insulating layer 311 is preferably equal to or
hi gher than 120 degree C, and further is preferably equal to or higher than
150 degree Cruftiesgl asisider ahei fiost poemitconbigrtot thep B iamsultaki ng | ayer
311 is nmeasured in conformty with |30-11359-2.
second semiconductor chip 231 are coupled to the resin substrates
10 wvia the bump electrodes in Fig. 5 (a), a stress concentration is
easily caused in the juncture region between the electrodes of the
semiconductor chips and the bump electrodes. Since the electrodes
joined to the bump electrode are provided in the device-forming
surface in the first semiconductor chip 225 and the second
15 semiconductor chip 231, there is the concern that a stress
concentration on the electrodes due to a warpage of the resin
substrate causes a deterioration in these electrecdes, of course,
and further in other elements on the device-forming surface except
these electrodes.
20 [0109]
On the contrary, since no bump electrode that causes a
connection failure is employed for providing a coupling between
resin substrates in Fig. 5 (b), an improved joint reliability can
be achieved. In addition, further improved joint reliability
25 between the electrodes can be achieved by providing the resin base

material 109 to reduce a warpage of the resin substrate. Further,

a reduced warpage of the resin substrate achieves an improved



A sanpl e specinmen of 5 mmsquare is cut out fromthe insulating |ayer 311
and a probe of a TMA apparatus (commercially available from TA I nstrunent)
is put on the sanple specinmen, and aqguantity 5 of a deformation of the
sanpl e speci nen along a thickness direction is neasured while the sanple
specinmen is heated to el evate tenperature froma roomtenperature (25 degree
C) at an elevating rate of 5 degree C/ mnute. Then, a tangent line to a
curve representing a relationship of a change in the thickness of 10 the

sanpl e sPRET FBIL QAN tiNBt §OPET AL iSARLAL Bed R pund; the gkass transition
point, "and then a glaSs transition point is calculated froman intersection

of thigybapgent, JH2@heAsuhachoheday fanpedsi b1 spahhnsulat ikRg Layer 311,
and a 15 conductor layer 314 is provided in the via hole. The conductor

| ayer 3lAsprovdi des an electrical coupling between two conductor interconnect
| ayers 312, which are di sposed over and under the insulating | ayer 311,
respectipyeby. [0121] 20The conductor interconnect |ayer 312 is a netallic

| ayer, and for exanple, an interconnect |ayer conposed of copper. A

t wos di mgnspomedomemet ry of such conductor interconnect |ayer 312 is a
geonetry shown in Fig. 15, in which a plurality of substantially circular
openi ngs 31281 afieodioterrdofNehe phaderan eRlcarged wiew 19f 2ddieegonduct or

i nterconnect layer 312 is also attached in the right-under |ocation of Fig.
15. A dbaleter of tithebapesi 0g pos tarofe:3WRBlghsesf orrexamplfea1300apm In
addition, copper- 60 containing ratio in such conductor interconnect |ayer
312 i sowtlhha af rangamiebnlinoto60ddal Q0 1- dccandipyeferakd ywrsiskhitn a range of
from75 to 85 % Here, a pair of conductor interconnect |ayers 312 di sposed
over amdbudtieent helliindel desngibayern 3kfcarecrutoariy. Sl cuplked.viia. t he
metallic (for exanple, copper) conductor |ayer 314 provided in the via hole
of 18 he Thasakat compdeycer dd¥ice[ D1R2}1udes, asAshshowmiFidei .2 aad €he. bui | dup
| ayer 31B is disposed in the side of the back surface of the core | ayer 32,
and i n@dBudesfirst resin substrate 3 on which a first semiconductor chip
2 1s mounted, a second resin substrate 5 on which a second
semiconductor chip 4 is mounted, and a resin spacer 6, which is in
contact with a front surface of the first resin substrate 3 and a
15 back surface of the second resin substrate 5, and provides an
electrical juncture between the first resin substrate 3 and the
second resin substrate 5. Fig. 13 is a cross-sectional view along
II-II direction of Fig. 12. The resin spacer 6 is disposed in a
circumference of the first semiconductor chip 2 on the front
20 surface of the first resin substrate 3, and, on the front surface
of the first resin substrate 3, the first semiconductor chip 2 is
disposed in a space section provided among the first resin
substrate 3, the second resin substrate 5 and the resin spacer 6.
Further, a first adhesive member 7A having a first electric
25 conductor 72A disposed in a first resin layer 71A 1s provided

between the first resin substrate 3 and the resin spacer 6 (see

Fig. 17). Further, a second adhesive member 7B having a second



10 the insulating |layers 311, the conductor |ayers 314 and the conductor

i nterconnect |ayers 312, which are simlar to that in the buildup |ayer 31A
and further includes the conductor imgerconnect |ayers 313. The insulating

| ayers 311 and the conductor interconnect |ayers (312 and 313) are
alternately 15 disposed. Here, a plurality of (for exanple, three)
insulating layers 311 are provided, and a plurality of (tor exanple, three)
conductor interconnect |ayers 312 are also provided. In addition to above, a
si ng! ee?{@EQHP_&OchrldHcecroCrOﬁQECHi&H@cY%d 313 4 $epbAMI dedin and,d;s digspased in the
| ower nost | ayer of the buildup 1ayer 31B. 20 The conductor i nterconnect
layer 313vi8edl e @mRhe rk8if §9PRSF d Rher eABNgEtoh@YRlsirARGHRAS a8
structure shown in Fig. 16. In Fig. 16, dark sections indicate copper

i nt er caNngetsri&OPPRr.- CaRkal NtRE fatdto rddisuehnsepgust orid nt erconnect | ayer
313 (ratio of the conductor interconnect |ayers 313 occupying in the

25i nsulkatiBgitaYEf )cdric@ e tb0LR3] rAsi rskeareirneFi ghrddyh tihe garecl ayer 32
has an insulating 61 |ayer 321. The insulating |ayer 321 is obtai ned by

pi | § ng caept edet esmiuad Myrbet nof hrLprLgscardiybenefios i 17g el phked prepreg
whi l e heating and pressuring. The prepreg is a fiber such as a glass cloth

i npr egrateddwrédim Siesdtravar bi $8. ellde riesiln yScophectad whplreyedstar
constituting the insulating |layer 321 may be the sanme resin material as

enpl oyepater 6otistdudl ithg theohdsdl attimg lcayeuc8dt ofBtie tha Isdgpnbiayer. The
insulating |ayer 321 preferably contains a cyanate resin, in particular a
novol aadbyanatemerdsem.7H.n addi tion, an average coefficient of thernmal 10
expansi on along a substrate inplane direction of the insulating |ayer 321
for terfPéidafure range of from25 degree Cto a glass transition point
thereof is equal to or lower than 12 ppnm degree C, and an average
coefficient ofirthernuds etpamsiionFatontd aarsuidstor.aflé, t hhekhesst diaséot i on of
the insulating |layer 321 for tenperature 15 range of from 25 degree Cto a
gl ass tsuéasirefens poidhudasebasfidig predis aldity aaduil Bt eompodashvert t han 20

ppm degree C. More preferably, an average coefficient of thermal expansion
al ong ansubstingelayplard ldceraEaipin®dfa ties inngofacPpdutteser 321 for
tenperature range of from25 degree Cto a glass transition point 20 thereof
may be laggaronaeer 1axfers than Pethped ddygicde ace ahfeapately stacked,

where the respective conductor interconnect layers 312 are

15 mutually ccoupled through the conductor layers 314 formed in via
holes of the insulating layers 311. Further, the second resin
substrate 5 also includes bulldup layers 31A and 31B composed of
insulating layers 311 containing a resin and conductor
interconnect layers 312, both of which are alternately stacked,

20 where the respective conductor interconnect layers 312 are
mutually coupled through the conductor layers 314 formed in via
holes of the insulating layers 311. Among the insulating layers
311 in the buildup layers 31A and 31B of at least one of the first
resin substrate 3 and the second resin substrate 5, wherein at

25 least one insulating layer 311, an average coefficient of thermal
expansion along a substrate inplane direction for temperature

range from 25 degree C to a glass transition point thereof is



average coefficient of thermal expansion along a substrate thickness
direction of the insulating |ayer 321 for tenperature range of from 25
degree Cto a glass transition point ghereof nay be equal to or |ower than
16 ppmdegree C. In addition, an 25 average coefficient of thermal expansion
along a substrate inplane direction of the insulating |layer 321 for
tenperature range of from25 degree Cto a glass transition point thereof is
equal to 62 or higher than 3 ppnidegree C, and an average coefficient of

thernaéggéPa@§i6¥1Eﬁw%&gtﬁaﬁU9§t§§ﬁﬁaédﬂéék@?sﬁngiéﬁcééé¥bd§ cole rii psyhating
| ayer 321 is preferably equal to or higher than 3 ppnm degree C. The average

coef fi girepteAfiat N8igMsiexPanshemn Afuddie a2 el REUERAE DY daveit 1331 rean be
nmeasured via the manner sane as the nmeasurenent procedure for the average

coef fi gbpptrofutdersiMe expanshons dedhe icnsyl at§ngsd aeins3tion[ 424 A
through hole is fornmed in such insulating |layer 321 of the 10 core | ayer 32,

and a ¢epdust ofs |ayen 3320kS1pherideth Wot hioh/t Begtés augh hol e. The conduct or
| ayer 322 is a netallic |ayer (for exanple, copper layer), and is coupled to

t hes conductpr interconnect |ayer 312 of the buildup |ayer 31A and is al so
coupled to the conductor interconnect |ayer 312 of the buildup 15l ayer 31B.

[0125] Thé baeki girfracs 6F shshsdnmicindiesbn gubst« at 6131 Bepr ovi ded
with a solder bunp EIl (see Fig. 12 and 13). Such solder bunp 31 is coupled

to thedegndusé®rin rdedfadanaectol aywes. 313 in the buildup 20 [ ayer 318 of the
first resin substrate 3. [0126]
[First Resin Substrate]
First of all, the first resin substrate 3 will be described.
10 The first resin substrate 3 1s a member that the first
semiconductor chip 2 is mounted on the surface thereof.

This first resin substrate 3 has a surface of substantially
rectangular geometry. As shown in Fig. 14, the first resin
substrate 3 has a core layer 32 and a pair of buildup layers 31A

15 and 31B, which are opposed across a core layer 32. The buildup
layer 31A is disposed in the side of the front surface of the core
layer 32, and has a configuration including insulating layers 311
containing a resin and conductor interconnect layers 312, which
are alternately stacked. In the present embodiment, the buildup

20 layer 31A is composed of a plurality of (for example, three)
insulating layers 311 and a plurality of (for example, four)
conductor interconnect layers 312, which are alternately stacked.
[0113]

The insulating layer 311 is not a prepreg of carbon fiber

25 cloth, glass fiber cloth or aligned fibers along a direction,

which are immersed with various types of resins, but is composed

of only a resin composition. More specifically, the insulating



[ First Sem conductor Chip] As shown in Fig. 13, the first

sem conductor chip 2 includes the interconnect |ayer 22 conposed of a
so-called LowK [ayer on 25 the silicpn substrate 21. The function thereof
is not particularly limted, and a | ogic device, a nenory device or a

m xture thereof may be enployed. The LowK |l ayer is provided as the
interlayer insulating |ayer. Here, the LowK layer neans a filmexhibiting a
specific dielectric constant of equal to or lower than 3.3. Typical LowK

| ayers 1izpehude; fomexamnhecresgapi€h | @RS sUeh as Sitd&Orrigeycar bi de
(SI0C), nmethyl 5 silsesquioxane (M5SQ, benzo cycl obutene and the |ike, and

I nor ganj1gskayersr St ras 1hydr oxye sé) sesdue@saneohsSQued; tdie | i ke, and a
porosified filmof such materials may al so be preferably enployed. Such

first sesucendugtodyahizi12pirsfdigipDgathratdisisant takhyosentig rk@iportion in
the front surface of first resin substrate 3. A plurality of solder bunps B2
are di spesedspetyearkdmia el i epbxgent sonductichnatbiipide anghi 44ied i(BFY resin
substrate 3, and the first sem conductor chip 2 is coupled to the first
respn subshr ateadate addiessol drondpunmpssdBLesivpi, cat taterd @lrspavaicbabl e for
the 15 solder bunmp B2 may include, for exanple, tin- bismuth alloy, tin-zinc
al | oy, enipnoleadcadhane S3195PbTySNEHBRD)arant@d trheihskenclie: matveninal s
avai l abl e for the solder bunp B2 may be for exanple, a material having a
coef f i cyanttef rédit i spheand-antwée hiyvaramticangeiaf bigrhdbIpamtgegree C to
25 ppnidegree C. The peripheries of 20 such sol der bunps B2 are filled with
an undenkinbkeUref 2 Aetranmgéhl/iLl blsphenol-F type cyanate resin and the

like. Among these, it is preferable to employ a novolac type

10 cyanate resin. Novolac cyanate resins available here include
resins having the following chemical formula. In formula, "n" is
a positive integer number.
[0114]

[FORMULA 1]

| ~— CH, (!\—cm © FORMULA{ I)

"n" IS AN ARBITRARY INTEGER NUMBER

15

Number of repeating unit "n" in a novolac cyanate resin
presented by the aforementioned formula (I) is not particularly

20  limited, but 1 to 10 is preferable, and 2 to 7 is particularly
preferable. Repeating unit number "n" under the aforementioned

lower limit provides a tendency of easily crystallizing of novolac



The underfill U fills the peripheries of the solder bunps B2 that join the
first resin substrate 3 with the first sem conductor 25 chip 2, and al so
fills the peripheries of the solder byyrps B2 that join the second resin
substrate 5 with the second sem conductor chip 4. Avail able conponent
materials of the underfill Uinclude 64 a liquid thernosetting resin and a
filmthernosetting resin. Anong these, a liquid thernosetting resinis
preferable. This is because a gap between the first resin substrate 3 and
the fitshnsed LONGUCLAN 6By 21 &0 @ GRAheLueeN L SREQAND 16k i gybstrate
5 5 and the second sem conductor chip 4 can be filled wth an inproved

efficieneya ddndhelresent sabeditrentesutihenyndgr&ihdildd is Germesedyof a
resin material, whose coefficient of elasticCity in atnbsphere at 1%5 degr ees

centi gradgahg1 k2. Mg @henBtBeANEhR00 MPaa0R nhegsit Theuflastirc ogpdul us may
be obtained by the followi ng 10 procedure: a paste of the underfill Uis

fornedthe BayeermertRRS 0ppel LoniMMpMddadeabatt el&8s smd1GnGigRdr4 M t hi ck;
the paste is cured in an oven for 30 m nutes at 200 degree C, and then,

nMeasur erepk s aflel k@rddned tyt whycd rENIlda@Ntbest dagrdmedt Retwirt hin an
at nosphere at a tenperature of 125 degree C and at a rate of 1 15 mm m nute;

and anrekastatcarodul isgis ievest ual dyreenhmetbat ed by tHd 11izddeng an initi al
gradi ent of the obtained stress-distortion curve. The elastic nodul us of the
underfiflbL18] my be 150 MPa or nore and 800 MPa or |ess, so that the
peri pheries of the bunps 82 are firmy fixed, thereby preventing a crack in
t he bunps B2suth 26vaidd tdyanate abeoires msheivet betsohderviburpsedzZtave of
| ead-free solder, the material nmay preferably have an el astic nodul us of
equal fod,ofchi gmrpldiam b50oMPa, pleertb Imanel pr ebepabmhy ®gihalast @yanobegher than
200 MPa. In addition, when the solder bunps 82 are of solder having higher
mel®i nghpornte, tdemmeteer babmidy pneéferalblike25 Favehan, & astiigbtrodul us of
equal to or higher than 30 MPa, and nore preferably equal to or higher than
45 MPaaveorgeheoleelerdr WMeigh01281a novolac cyanate resin is preferably,
for example, within a range of from 500 to 4,500. Further, it is
preferable to be within a range of from 600 to 3,000. A weight-
average molecular weight of less than 500 may lead to a reduced
15 mechanical strength. Further, a weight-average molecular weight
of larger than 4,500 may lead to faster cure rate of the resin
composition, resulting in a reduced shelf life.
[0116]
Further, a prepolymer cof a cyanate resin may be employed for
20  the abcove-described cyanate resin. A cyanate resin or a
prepolymer may be employed alone, or a combination of a cyanate
resin and a prepolymer may be employed. Here, a "prepolymer"
typically means a compound obtained by, for example, trimerizing a
monomer of a cyanate resin via a thermal reaction. Available
25 prepolymer is not particularly limited, but, for example, a

prepolymer containing trimer at a ratio of 20 to 50 %wt. may be

employed. The trimerization ratio can be obtained by employing,



Various materials may be enployed for the resin material enployed in the
underfill U. For exanple, an epoxy resin, a BT resin, a cyanate resin or the
i ke may be enpl oyed. A novolac 5 cyapate resin, fornerly described in the
description for the substrate material, is preferably enployed for the
cyanate resin. [01291 It is preferable that the resin materi al
constituting the underfill U contains a poly-functional epoxy resin. This
allows 10 providing an inproved cross |inking density of the cured resin,

t hereb chi, evi j I; ti 130 The underfill U ma
DY 2 Qkﬁﬂ%ﬁgl!yngqﬁFrgkéé %é?ég?%gﬁ&%omgg. ] u ' y

contain an 1norganic filler su l'ica particles. Such configuration

provi deg;a;feduced 15 coefficient of thermal expansion, so that damages on
t he sem conductor chips 2 and 4, between the first sem conductor chip 2 and

the first resjpesabstyalRo3y 23BdiRetyaaR %@SQHdo§Qﬂh§QHQ%Ph9P ghip 4 and
t he second resin substrate g can be nore effectively reduced. 20[0131]

The undgprbil o W neyarkRt 28 A, COpRl fdWhiAgeBbox avt Hfh sy e@Bf baur ation, an
i mproved adhesi veness between the bunp or the inorganic filler and the

under f inhly i §da a1 d ageel Eheiendkind herrtnexpansi o caniberachi eved, so
t hat damageS on the 25 sem conductor chips and between the sem conduct or

chip apdyt be sudsd rd & esanheenpésigf fectively reduced. Avail able coupling
agents include a silane coupling agent such as epoxysilane, 66 am nosil ane

and the (bhke; and a titanate-coupling agent and the like. A conbination
t hereof may al so be enployed. The coupling agent may be in a form of being

di spersed i nthhendi peldercorpobanheof , the urdeetiliie Ofisumyt kg nAayargor m of
bei ng coated onto the 5 surfaces of the inorganic filler such as silica

particles. aAkt esmpddaelor, siheserfastwrimy,bangi aul daaeauslapeexhichbehed. Wen,
for exanple, silica particles are blended, the silica surface processed with
a toupldftnghageal ¢myarbd cenplfogedh $0132] 1hGAnaaves apeyaoefilchephgofint her mal
expansi on of the underfil
inplane direction for temperature range of from 25 degree C to a
glass transition point thereof is equal to or lower than 30
ppm/degree C, and an average coefficient of thermal expansion of
each of the insulating layers 311 along a substrate thickness
15 direction is equal to or lower than 30 ppm/ degree C. Here, an
average coefficient of thermal expansion of the insulating layer
311 along a substrate inplane direction for temperature range of
from 25 degree C to a glass transition point thereof is preferably
equal to or lower than 20 ppm/degree C, and an average coefficient
20 of thermal expansion of the insulating layer 311 along a substrate
thickness direction is preferably equal to or lower than 20
ppm/degree C. In addition, an average coefficient of thermal
expansion of the insulating layer 311 along a substrate inplane
direction for temperature range of from 25 degree C to a glass
25 transition point thereof is preferably equal to or higher than 3

ppm/degree C, and an average coefficient of thermal expansion of

the insulating layer 311 along a substrate thickness direction is



o for tenperature range of from25 degree Cto a glass transition point
thereof is preferably equal to or | ower than 40 ppnidegree C, and nore
preferably equal to or |ower than 30 gpnidegree C. This nore effectively
allows an inhibition of a damage on the Low K 15 | ayer, and an inhibition of
a damage on the peripheral section of the bunps 82. In addition to above,
average coefficient of thermal expansion of the underfill O for tenperature
range of from 25 degree Cto a glass transition point thereof may be

neasur f 0l l.owi iqui d..inj i en i derfill
20 mat E??g%!r%kgﬁéur ugqgﬂttegggaxgg reere'%élaﬁfnglrElj %%?Jgﬂ?ﬁ%é@;ﬁ ag[glpt%ﬁ%ﬁﬁgg%%wout to
obtaineﬁbgg§ﬁe§@ecinen of 5 x 5 x 10 mm The neasurenent for such test

specimen s carried out by enploying "TMAN SS120", conmercially avail abl e

from SEEKQngagé-]Ec%eaff‘ﬁ‘cEQné SPr%ﬁ@ﬁx%lV%xb[Qﬁgi% 2 ShP Absa-hegperature

el evating rate” of 10 degree 25 m nute. [0133] [Second Resin Substrate] 67

A Secoﬁﬂpﬂ§§éﬂiﬁﬁﬁ%ﬁ%ﬁt%f5ea&ﬁ EM@;&&Q&%@En@”@QQ@fﬁﬁﬂb ﬂé? conposed of the
substrate material which is same as that of 'the first resin substrate 3, and

hass t heuhay et S4T1UCIH.815aARq asn tAAlr Lfe LBEfEIE8LnE €5 Rrzithairate 3. Mre
specifically, the 'second 5 resin substrate 5 includes buildup | ayers 31A and

31B andxpa69rsn | ey 32subbt el @renduidsar dt eebhadn A thenf kst resin
substrate 3. The second resin substrate 5 also has a surface of

subst anhisal hyik@ctangul;an geoBBbsYantsidlillaklpads | intAgafi st toesbbve,
substrate 3. Although the second resin substrate 5 is the same nenber as the

10 firgh mesiagsulsdfratecdti Bt higePigs ebaarhedi sENthe tikGuIGEOAF resin
substrate will be indicated with a nunmeral "5", for the purpose of
di sti nquiyshi Byl tdwer eef mkaearéhenf itisd foagdonisgbsimede. 3.A [sQh34E
10 specimen of 5 mm-square is cut out from the insulating layer 311,
and while a sample specimen is heated to elevate the temperature
from a room temperature (25 degree C) at an elevating rate of 5
degree C/minute employing a thermal mechanical analyzer (TMA)
(commercially available from TA Instrument), gquantities of
15 deformations of the sample specimen along a thickness direction
and along an inplane direction are measured, and then coefficients
of thermal expansion along the thickness direction and along the
surface direction are calculated. Then, coefficient of thermal
expansions along the thickness direction and along the surface
20 direction for temperature range of from 25 degree C to a glass
transition point thereof are calculated.
[0119]
In addition, the insulating layer 311 preferably has a
higher glass transition point. For example, the glass transition
25 point of the insulating layer 311 is preferably equal to or higher
than 120 degree C, and further is preferably equal to or higher

than 150 degree C. The glass transition point (Tg) of the



[ Second Sem conductor Chip] 15The second sem conductor chip 4 is nounted on
a front surface of the second resin substrate 5. The second sem conduct or
chip 4 includes the interconnect |ayeyg 22 conposed of a so-called LowK

| ayer on the silicon substrate 21, simlarly as the first sem conductor chip
2. In addition to above, it may be configured 20 that the first

sem conductor chip 2 has a logic circuit, and the second sem conductor chip
4 has a nenory device. Sol der bunps B2 are provi ded between the second

sem conglugt 9f i i Thykand 1t he sesonckd as Ros¥bshl 8 6w bsh Sigy-1anky-as the
sol der bunps for coupling the first sem conductor chip 2 to the first resin
25 subgt kakigl 8. sgheingd] der sbupsqB2-Prievicde ant et eeh rircalirgoupking bet ween
t he conductor interconnect |ayer 312 of the buildup | ayer 31A of the second
resin gulstkrate, Saand thepsesond wew GoRdueher (cOfnehd .y [9432kblResin
Spacer] The resin spacer 6 is a rectangul ar franme-shaped nenber, 5 which is
di sposedonl oAgIeRchrsrdg ok bhe bmrite resiplesupstinée, Jrand Hhanseepnd resin
substrate 5, both having rectangul ar surface geonetries. The resin spacer 6
hasscorduet aerseadt 05 (fcendusimplé NiyarRneal ohayer tigildknez@nduct or | ayer
614) extending through an interior thereof along the thickness direction.
Thi s resiracspaness feHurmel ubese dlise Sulel BpEtdmed 71 s rrecitangtbar
frame-shaped core |layer 62, a pair of rectangul ar frame-shaped buil dup

| ayer s e@kAaandt &l rathireh fare epposed cagreass urbe (20rdcdayerC)62t dhe bui |l dup
| ayer 61A is disposed in the side of the front surface of the core |ayer 62,
and haslavetnhgguatat i 5 nebudend/mitsatieat | Agehayer safddntl S icentai i ng a
resin and conductor interconnect |ayers 612, which are alternately stacked.
| n t he quresentpeadadiitenta, rehet bonsldup dfayechéihdei sncomposedkoksa pfural ity
of (for exanple, three) insulating layers 611 and a plurality of (for

exafpl ehef sampleosercimmn ioveer thaneotpd @ters 652obwhi odd armoualdt shrat el y
stacked. 20 Here, the resin constituting the insulating |ayer 611 is the
same aglele teshaltconstdaioti ngndhehemsuldEissg trapeit 8ar pamd dsgl ass
transition Eoint, a coefficient of thermal expansion along the thickness

di r ect icgAd candtad chednt iafl amtespechepmedt etpgansesaenlong the i npl ane direction
of the[bqg%gating | ayer 611 are the sane as

A via hole is formed in such insulating layer 311, and a

15 conductor layer 314 is provided in the via hole. The conductor
layer 314 provides an electrical coupling between two conductor
interconnect layers 312, which are disposed over and under the
insulating layer 311, respectively.

[0121)

20 The conductor interconnect layer 312 is a metallic layer,
and for example, an interconnect layer composed of copper. A two-
dimensional geometry of such conductor interconnect layer 312 is a
gecmetry shown in Fig. 15, in which a plurality of substantially
circular openings 312B1 are formed. Note that an enlarged view of

25 the conductor interconnect layer 312 is also attached in the
right-under location of Fig. 15. A diameter of the opening

portion 312Bl1 is, for example, 500 um. 1In addition, copper-



25 those of the insulating |layer 311. More specifically, in the insulating

| ayers 611, an average coefficient of thernmal expansion along an inplane
direction for tenperature range of frgm 25 degree 69 Cto a gl ass
transition point thereof is equal to or |ower than 30 ppnidegree C, and an
average coefficient of thermal expansion along a thickness direction is
equal to or lower than 30 ppni degree C. Here, in the insulating | ayers 611,
an average 5 coefficient of thermal expansion along the inplane direction

for teppgraldigyrang® ah Luem eonaearee iGrbecanatassl dyansiih g poi nt
thereof is preferably equal to or |ower than 20 ppm degree C, and an average

coef fi Gii@At n0f thejdreir exBanshono ab®ng the Ehbﬁgﬁgﬁﬁy(ufﬁﬁﬂﬂ anrifiger ef erably
equal to or |ower than 20 ppm degree C. 10 Further, in the insulafing |ayers

611, aprfaverages coefdd ai.enteot, thesiml IXpanshefocal DG Rtk akgetapl ane
direction for tenperature range of from25 degree Cto a glass transition

poi nt t3her @ekpbsedrefear ably uegual ti® afsliaghey Lagsr 33ppradegieaatiyand an
average coefficient of thermal expansion along a substrate 15 thickness

di rgct icenpiled py ed eftadinetequak teoprehinghes, thpped) pprddlegicae 1eyekn3addi tion,
a via hole is fornmed in the insulating |ayer 611, and a conductor |ayer 614
i's provrdedden thechd avihoheleThe clonduchantiayelapdd 351 conposed of the
material sane as that of the conductor |ayer 314. Further, the conductor
i ntercdrneeg 20 | ayer 612 is conposed of the material sane as that for the
conductor interconnect |ayer 312. [0136] The buil dup |ayer 61B is disposed
in the side 8k thewbacok Kiur.f dde ohetlhel tbrre lagyer 362, 1andi standdarin
| ayer-structure and 25 simlar substrate material as the buildup |ayer 31B
enpl oyshar eidksof etipt dyek sMofecspetithealdry, 1aherbs | darpd [iaydndédB i ncl udes
the insulating |ayers 611, the conductor |ayers 614, the conductor 70
10  the insulating layers 311, the conductor layers 314 and the
conductor interconnect layers 312, which are similar to that in
the buildup layer 31A, and further includes the conductor
interconnect layers 313. The insulating layers 311 and the
conductor interconnect layers (312 and 313) are alternately
15 disposed. Here, a plurality of (for example, three) insulating
layers 311 are provided, and a plurality of (for example, three)
conductor interconnect layers 312 are also provided. In addition
to above, a single conductor interconnect layer 313 is provided,
and is disposed in the lowermost layer of the buildup layer 31B.
20 The conductor interconnect layer 313 is, for example, is a copper
interconnect layer, and has a structure shown in Fig. 16. In Fig.
16, dark sections indicate copper interconnects. Copper-
containing ratio in such conductor interconnect layer 313 (ratio
of the conductor interconnect layers 313 occupying in the
25 insulating layer) is 80 %.

[0123]

As shown in Fig. 14, the core layer 32 has an insulating



i nterconnect |l ayers 612 and conductor interconnect |ayers 613 conposed of
the material sane as that for the conductor interconnect |ayer 313. The
insulating |ayers 611 and the conductgr interconnect |ayers (612 and 613)
are alternately 5 di sposed. The conductor interconnect |ayer 613 is disposed
in the | owernost |ayer of the buildup |ayer 61E, simlarly as the conductor

i nterconnect |ayer 313. The core layer 62 is al so conposed of with the resin
material sane as that for the core layer 32, and has the insulating |ayer

321 th%gg ?m’ | 8 d QnsN8aLOnd NBi At ing li@,ysgt@%%e%w %ﬂaﬁ%gi cally, an

average coefficient of thermal “expansion along a substrate inplane direction

of _the rasul alified aXRb021:! OFc S AIMELALUIE B R ARGEN B Fiam-A degree C to a

glass transition point thereof I's equal to or Iower ppni degree C,

and a”p%%ﬁ&égewﬁiﬁgfﬂégt%ﬂb ghqt f%égﬂrfﬁﬁﬂa”%hg”pﬂébf%é”ﬂ% 3 sybstraben
thickness direction of thée insulating | ayer 621 for tenperature range of

from 25.dg05e8sC 10 AhRseghLBAS QN PRBE nt hereodn | s Mieefesall y equal to
or |ower than 20 ppm degree C. More preferably, an average coefficient of

t heg Mm@ Xpansi Qfp &Ry rarsubssf at e imphare idsnest i op ofydrhesingyl apé ng
| ayer 621 may be 20 equal to or lower than 11 ppnidegree C, and an average

coef fi ghentapé tdermlatexpanshonemb ongR rewbsbhat erdtickness direction of
the insulating | ayer 621 may be equal to or |lower than 16 ppm degree C.

Fur t herinsanaayes agsyaoefifli sifethe Gbuiheipralayexpanshoniahong iagsuhgtrat e
i npl ane direction of the insulating |layer 621 for 25 tenperature range of
from 252degreeefabloy adgltasast sasgatdan leeiint thepepfidslaaquahnoctel1ee hi gher
than 3 ppm degree C, and an average coefficient of thermal expansion along a
subst r afyanbheckeaess. 7h dddeetioon of dheadgasubafrngiémyert Ghkring1preferably
equal to or higher than 3 ppm degree C. A through hole is fornmed in such
i ns0l atdxpgnkayerably of subeteoate 1@yenddirandiancondiict amdudygeing22 i s
provided within the through hole. The conductor layer 622 5 is a netallic
| ayer (lbgerexanpie; twopeeathageringand ifsomodpl ddgtee theeac@nduater
i nterconnect | ayer 612 of the buildup |ayer 61A and is also coupled to the
conducttgensnt o opmiett thayerf612 efluahetduid dypelrayban61B. piivedagesien Cspacer
6 as descri bed above may be obtained by punching out a central section from
a substanat enl@veonmposee fdfictthat| ay ethastmalc egpengi th & hengubstbateabat eri al
both of which are simlar as those for the first resin substrate and the
second thésknesabdirente.on 0L3The Aldsweaisirondlayrei gt oor siesiperesiuimespacer 6
is larger than a

15 %ange of from 25 degree C to a glass transition point thereof is

preferably equal to or lower than 20 ppm/degree C. More
preferably, an average coefficient of thermal expansion along a
substrate inplane direction of the insulating layer 321 for
temperature range of from 25 degree C to a glass transition point

20  thereof may be equal to or lower than 11 ppm/degree C, and an
average coefficient of thermal expansion along a substrate
thickness direction of the insulating layer 321 for temperature
range of from 25 degree C to a glass transition peint thereof may
be equal to or lower than 16 ppm/degree C. 1In addition, an

25 average coefficient of thermal expansion along a substrate inplane
direction of the insulating layer 321 for temperature range of

from 25 degree C to a glass transition point thereof is equal to



15 sum of a dinensional thickness of first sem conductor chip 2 and a

di nensi onal thickness of the solder bunp B2, so that a spacing is forned
between the front surface of the firsy sem conductor chip 2 and the back
surfaces of the second resin substrate 5. [0138] 20[ First Adhesive Menber,
Second Adhesive Menber] As shown in Fig. 17, the first adhesive
menber 7A is disposed between the resin spacer 6 and the first resin
substrate 3, and serves as electrically coupling the resin spacer 6 to the
first peshigRabsiiAl & pmpuehrdd rst Adhesi Yee MBIV IHiSentNokhe 25 present
enbodi nent, "a cured product of an adhesive tape’in a filmform (adhesive
agent) cnbPmaddiiionite abene athedistl adheshyss ermer ith b3 BpL linmted to
the cured filmform adhesive tape 72 (adhesive agent), and may be a cured
productngf1ac{hguid,cadhesi ve goentrapiRe ebiihst cadbesi Mghdrengh A is di sposed
al ong respective sides of the first resin substrate 3. The first adhesive
nmenber ppA/bagtales, athier sief&§é nedeay@liciéhA Bavi RGrmd is¥enpbeperdy 5 and
a solder region 72A provided in the first resin layer 71A and serving as a
first ehegtattngonduat gpl Asndbsaussrtddiatien tRedeiddr ddte adheskve tape
constituting the first adhesive nenber 7A contains a resin constituting the
first meskirémyet prbAedsekdesr povslervedenrst cbufFngidie solddermaegi on 72A and
a curing agent 10 exhibiting the flux activity. The solder region 72A is
provi desiphAshaveo @ el umsatashapel @m0 extend through the first resin

| ayer 71A along the thickness direction. Through such sol der region 72A, the
conduct[onzént erconnect | ayer 613 in the buildup layer 618 of the resin
spacer 6 is coupled to the conductor 15 interconnect |ayer 312 in the

upper nost suRf elcecwdh tHrd ebdisl opméadyier BiA dhstbhetingsiayesii2lsovlisthate 3.
More specifically, in Fig. 17, a sign "S" indicates a solder resist of a
res n comsulayengsl,ayer) apronddedoon aywe B326nt sapdotivedadkhsor thee of the
first resin substrate 3, on the front and the back surface of 20 the resin
spacer tBroagld nle he Theorvndndt ohel ek 3dr fiace oftahbisdegrd résin
substrate 5. The solder region 72A forns a netalized connection with the
conducesemphe er cepptactlayayer 6138 bf adwrliegsicn shacerndiatxposed fromt he
solder resist S, and also forns a netalized connection with the conductor

i nt er confesconager BErofl250antpgerineke davbaceldfanthe S ialse resin
substrate 3 exposed fromthe solder resist S. The first resin layer 71A

havi ng CeRPagfes? Vi raspeiiey oF siat ¢ egmmesdr virligradl providiendrdddaithesi on
between the 73 resin spacer 6 and the first resin substrate 3. In the
pr&3entlagfbodifent, the first resin layer 71A indirectly contacts with the

[0125]

A back surface of such first resin substrate 3 is provided
with a solder bump Bl (see Fig. 12 and 13). Such solder bump Bl
is coupled to the conductor interconnect layer 313 in the buildup

20 layer 31B of the first resin substrate 3.
[0126]
[First Semiconductor Chip]

As shown in Fig. 13, the first semiconductor chip 2 includes

the interconnect layer 22 composed of a so-called Low-K layer on
25 the silicon substrate 21. The function thereof is not
particularly limited, and a logic device, a memory device or a

mixture thereof may be employed. The Low-K layer is provided as



resin spacer 6 and the first resin substrate 3 via the solder resist S
5[ 0139] The second adhesive nenber 78 is disposed between the resin
spacer 6 and the second resin substraie 5, and serves as electrically
coupling the resin spacer 6 to the second resin substrate 5. Such second
adhesi ve nmenber 7B includes a second 10 resin |ayer 718 having an adhesive
property and a solder region 7213 provided in the second resin |ayer 71B and
serving as a second electric conductor. in the present enbodinent, the first
adhesi yg.megber) AA and sLhgc s850n8d, adhesicye menber /X arf ey Mehat gured
products of adhesive tapes in fil'mform (adhesive agent). Mre 15
speci ficgaly| ¥xnihe $RCANApEESE N | @Yelecth8 aRdnbhenf i sStefifiSI Rl Byer 71A are
conposed of simlar materials, and the solder region 72B and the sol der
regi on1438rafRac onmposedyph cgi NLbRMK NBfRIrisal fc1dhe, sesondaghesi ve nenber 78
serves as electrically coupling the resin spacer 6 to the second resin
subst r@&%aéicar@yéfse steRdust 811 280 Ni:81ccepnaet (sayey, 6ddHyn the buil dup
| ayer 61A of the resin spacer 6 is coupled to the conductor interconnect
| ayer 313skBgbiexdranenmnst bayes @%cﬁdlt%tléﬂ'@ dup tieyeriigl8 sefq t he second
resin substrate 5 via the pillar-shaped sol der region 728, which is provided
so as teceyhend lhraughuche aseroadokesdildedyeriokdfe 28sdn addiddeon.ikkhe
sol der region 728 of the second adhesive nenber 7B forns a netalized
connectkin@nawbbdtod el eeprduat oF sateneonac sl ayerabd? o gl erasip spacer 6
exposed fromthe solder resist S, 74 and also fornms a netalized connection
w th tkeptopdactor Interconnect |ayer 313 of a bottom surface of the second
resin substrate 5 exposed fromthe solder resist S. Further, the second
adhesi vechefbest 7&nisaidsposedchal oy resiepbked sudesarofidlile teseesahd resin
substrate 5. The second resin |layer 71B having an adhesive property is a
| ayer sgerving as pPreoviminhgsanfadhesi onidset weennt hebstesatre spacer 6 and t he
second resin substrate 5. In

A plurality of solder bumps B2 are disposed between the first

semiconductor chip 2 and the first resin substrate 3, and the
first semiconductor chip 2 is coupled to the first resin substrate
3 via the solder bumps B2. Typical materials available for the
15 solder bump B2 may include, for example, tin- bismuth alloy, tin-
zinc alloy, tin-lead alloy (Sn/95Pb, Sn/63Pb) and the like. The
materials available for the solder bump B2 may be for example, a
material having a ccefficient of thermal expansion within a range
of from 10 ppm/degree C to 25 ppm/degree C. The peripheries of
20  such solder bumps B2 are filled with an underfill U.
[(0127]
[Underfill]
The underfill U fills the peripheries of the solder bumps B2
that join the first resin substrate 3 with the first semiconductor
25 chip 2, and also fills the peripheries of the solder bumps BZ that
join the second resin substrate 5 with the second semiconductor

chip 4. Available component materials of the underfill U include



the present enbodi nent, the second resin layer 71B indirectly contacts with
the resin spacer 6 and the second resin substrate 5 10 via the sol der resi st
S. [0140] Next, a method for napufacturing of the above-nentioned

sem conductor device 1 will be described. First of all, the first resin
substrate 3 and the second resin substrate 5 are prepared. 15 A nethod for
manuf acturing the first resin substrate 3 will be described. In addition to
above, a method for manufacturing the second resin substrate 5is simlar to
the methedqhog manwiactuihgortbenfinsta rashncpubsbeateidy Ldist. of all, a
doubl e- Si ded copper clad |amnate is prepared (board having copper 20 | ayers
for med pgnihenésonta anduptibe thaekosen f Bee Afsihhesi psefatdig | ayer s3234 of the
core layer "32), then through holes are formed in predeterm ned | ocations,

and furhanset Heghonducicen kayerid2? issifromederext3 dhe wwrndueker
i nterconnect |ayers 312 are formed on the front and the back surface of the

i nsul atdehd chbayett $21higd or espest yel YetWdera toebbEachd Ve PMOeRSS+ riher eaf ter,
the surfaces of a pair of conductor interconnect |ayers 312 are roughened by

enpboyisn@gna €ReNE&edIns AetitiicoRduandr thiese 4 nowl 8ki pgliayericnBth are 75
| am nated. Thereafter, via holes are fornmed in the insulating |layer 311 via

a | aserinpiroceasengi direridie | rkethdhereaditeromobyi REPL Pyt ehdeeifiladdi tive
process, the conductor layer 314 is formed in the via 5 hole and further the
conductier conpesconnect reayer m3t2risl f ot encgdcbiont tde d1nsuliaticpg | ayer
311. Such processes are repeated to allow obtaining the first resin
subst r aine aBmokphackli 41 Ak 5t deghbore, cémei pordudison S0 N R4 canneate lkayeBODN t he
| ower nost | ayer of the first resin substrate 3 is the conductor interconnect
| ayer 3P2 010F68441]The elastlNexihpdthes stdydére pbsasheS bg E@pplicddoenhg t he
front and the back surface of thus obtained first resin substrate 3 and
setbnd presieduseabsd rpae <5 ofr ébpevhderfyl1l Themsedbtred thehdva st sem conduct or
chip 2 and the second sem conductor chip 4 are
dimension of 10 mm-wide, about 150 mm-long and 4 mm-thick; the
paste is cured in an cven for 30 minutes at 200 degree C; and then,
measurements are carried out by a TENSILON testing machine within
an atmosphere at a temperature of 125 degree C and at a rate of 1
15 mm/minute; and an elastic modulus is eventually calculated by
utilizing an initial gradient of the obtained stress-distortion
curve. The elastic modulus of the underfill U may be 150 MPa or
more and 800 MPa or less, so that the peripheries of the bumps B2
are firmly fixed, thereby preventing a crack in the bumps B2. In
20 addition to above, when the solder bumps B2 are of lead-free
solder, the material may preferably have an elastic modulus of
equal to or higher than 150 MPa, and more preferably equal to or
higher than 200 MPa. In addition, when the solder bumps BZ are of
solder having higher melting point, the material may preferably
25 have an elastic modulus of equal to or higher than 30 MPa, and

more preferably equal to or higher than 45 MPa, for the underfill

U.



15 nmounted on the first resin substrate 3 and the second resin substrate 5,
respectively. The sol der bunps B2 are provided on the back surfaces of the
first sem conductor chip 2 and the segopnd semi conductor chip 4, the first
sem conductor chip 2 and the second sem conductor chip 4 are nounted on the
first resin 20 substrate 3 and the second resin substrate 5, respectively,
and the solder bunps B2 are nelted in a reflow furnaces, so that the first
sem conductor chip 2 and the second sem conductor chip 4 are fixed to the
first rnesbp;substrate 3 and the second resin substrate 5, respectively.
Thereafter t he periphery of the 25 sol der bunps B2 that provides a juncture

bet ween the UhE%&u§3ﬂi&§¥MQQQtﬂéycbépeﬁbfﬁye&|P%rftﬁ@tré§¥%rhé%é¥¥eﬁate 3 and
t he periphery of the solder bunps B2 that” provides a juncture between 76

the secondosed conductriechi P14y andrdhe. eepa8d LESEPoSHbSIJRf e 5pare filled
with the underfill U respectively. Next, the resin spacer 6 is prepared.

More speehifii cal &yandte &Q@lﬁr§§eﬂﬁeeHQ&QMEEﬂEe ER) l§f bger A exillas is applied
onto the front and the 5 back surfaces of subs e i s conposed of the

| ayer - stbHet Hr fe i N AdihesURSHESE L1 0& el Q:'he Bethr ght WH clbrar@esi m | ar as
those for the first resin substrate 3 and the second resin substrate 5, and
then thepeepbtalmsestiAn ok pherepategd aisheat eot stippinsfigthteutresThereaf ter,
the first resin substrate 3, an adhesive tape 10 constituting the
above- descpiibed first adhesive nenber 7A, the resin spacer 6, an adhesive
tape constituting the second adhesive nenber 73 and the second resin
substrate 5 areideposidetblien thhtstiequednioe maaraisalchonst 11y iard ayer ed
material is heated at a predeterm ned tenperature. A heating tenperature
(adhesiwrielbil enper@aitaier eaapobe-seheciedlacpongi ngsiw. t Nthimténbak of the
sol der powder and the material of the resin in the adhesive tape. The
adhesi weovenpegaturenproveel ecbed tonkindiidgnerityyhaf the aeddd ngstiepper at ure
of the sol der powder and to be equivalent to a tenperature, at which the
resi n ithemebvedchidviry sighent ebdsviewodROuadhesi ve tenperature may be
selected to be higher than, for exanple, 100 degree C, preferably equal to
or higHérl3fhan 120 degree C, and nore preferably equal to or higher than 150
degree C. In addition, it is preferable that the nelt viscosity of the resin
is lower at fThe anadesionl tlempar apukein apnl dtondsing Cpbii htenfsudlewys 25 t he
adhesi on tenperature may be selected to be, for exanple, equal to or |ower
t han 250 ldegr perciclemt pﬁ@ﬁ@rth?l@%ﬂﬁﬂlqn)Rﬂovndﬁérath%mPQ@m degree C. In

addltlon in view of increasing the area 77
15 coefficient of thermal expansicn, so that damages on the

semiconductor chips 2 and 4, between the first semiconductor chip
2 and the first resin substrate 3, and between the second
semiconductor chip 4 and the second resin substrate 5 can be more
effectively reduced.

20 (0131]

The underfill U may contain a coupling agent. Having such
configuration, an improved adhesiveness between the bump or the
inorganic filler and the underfill and a reduced coefficient of
thermal expansion can be achieved, so that damages on the

25 semiconductor chips and between the semiconductor chip and the
substrate can be more effectively reduced. Available coupling

agents include a silane coupling agent such as epoxysilane,



exhibiting lower nelt viscosity of the resin, |ower adhesion tenperature is
preferable. In addition to above, a pressurizing at a predeterm ned pressure
during the adhesion process may al so ¢&x¢ conducted. A pressure for the
pressuri zing operation may be, 5 for exanple, equal to or higher than 1 Ma,
in view of formng the solder regions 72A and 72B with further certainty. In
addition, the pressure may be, for exanple, equal to or |ower than 20 MPa,
and preferably equal to or lower than 10 MPa, in view of further inproving
the joibptnbgliakd lddy tnBuit REY ., afq tharimnGeRPEESS! oy 1 handinag thkme may be
preferably within a range of from 10 to 600 seconds. [0142] Here, the

adhesi vexbapes Wdrp ikitdescrhbeds £ The, adhesikectgps &QFtQHQSCkﬂ?lﬁﬁé'n
constituting the above-described resin 15 | ayers 7%A and 71B, the Sol der
powder ageAst hiWtndd i ke rabaverdeschd hedpeeldar i heghonsi A akedpéaBntrand the
curing agent exhibiting the flux activity (chem cal conpound exhibiting the
flux aefi ¥htyhndAoing t kesgayt be s0ldeforpowdepcand theLrdme agent
exhibiting the flux activity are present in the resin. Wen 20 the adhesive
tape i suk€ated whidie: beiorgadi sposelebefuseenst bellta spareisdiessubstrate 3 and
the resin spacer 6 and between the second resin substrate 5 and the resin
spacer pBtretrhet 5ot Ter ewederoirnst ey residimelktseots Uy adtiigditeda sahénal i gni ng
manner onto the surface of the conductor interconnect |layer 613 in the

bui | dugclraggampls, 25 tike pasthcspacere hlamdetinetsar § ati-fsudfaceonduct or

i nterconnect layer 312 in the an uppernost surface of the buildup |ayer 31A
of t he piricketse@swntls ubsiouatiend, aqedlt fuuryt fver eapt oyédde surface of the
conductor interconnect |ayer 612 in the buildup layer 61A ot the resin
spacer [6186d the surface of the conductor interconnect |ayer 313 in the

| ower nost | ayer of the buildup |ayer 318 of the second resin substrate 5,

t he? eby for mAngavetadd iqiirictieonsofi thotredr gpaoedsn sl der urelgirdnd). | n
addition, the curing agent (not shown) exhibiting the flux activity existed
i n theUr ésicntaigertiasra aangeepfateen ofd degrsel dekopawdlerswitttanshé ipaspecti ve
conductor interconnect layers 312, 613, 313 and 612 with an inproved

ef fici @dpt adhdredh by derefiegabérpeauaki de 94 |hesefr SHRNNA0 SPPRARRITER 6% t he
sol der powder, direct metalized connections are fornmed between the sol der
regi on angAngne Phef¢wdpecciave lecbpdeet wemttdraoAReerm/f dgares $12 3hds613 and
bet ween the sol der region 728 and the respective conductor interconnect

| ayer s™@18 ahfieeibvebi alildwggasl eehipihiorc @dpki AgBagThen g dowsiich adhesi ve
ta E in 15 this manner allows the adhesion by sinply heating at a single

layer, and an inhibition of a damage on the peripheral section of
the bumps B2. In addition to above, average coefficient of
thermal expansion of the underfill U for temperature range of from
25 degree C to a glass transition point thereof may be measured by
the following manner. A liguid injection-encapsulating underfill

20 material is cured at 150 degree C for 120 minutes, and then s cut
out to obtain a test specimen of 5 x 5 x 10 mm., The measurement
for such test specimen is carried out by employing "TMA/SS120",
commercially available from SEIKO Co. Ltd., with a compressive
load of 5 g and at a temperature elevating rate of 10 degree

25 C/minute.

[0133]

[Second Resin Substrate]



tenperature, thereby easily achieving an adhesi on between the substrate and
the resin spacer. However, the heating process for the adhesion is not
limted to the processing at a singletenperature, and, for exanple, a
step-cure process including 20 heating at 150 degree C for 100 seconds and
then heating at 200 degree C for 100 seconds, or a post cure process

i ncl udi ng t her noconpr essi on bonding at 180 degree C for 10 seconds and then
cure in an oven at 200 degree C for ten mnutes, nay alternatively be

conducted. |g addidd asitheypBtakt&ed, conneet p@@seﬁtt&@oé&n@{t 23gparticles
constituting the sol der powder prOV|des t he couplings of sol der in the

adhesi vgrbaped W hiHdheuaspact i Mot £ONAUGHAEH REeEspanesttHayerst8d2, 613,
313 and 612, so that lower 79 conductive resistance and hi gher joint

reliabitkiirty a&&imchimedte] 8143haHese, tH&Qa&@%LBtM@&&@E%ﬂeO'ést Bpagdhesi ve
tape is not particularly limted to any specific resins, and typically, a 5

t her noplfaghecriesi esAnt BebERsgts i Y Nesienspeet facH Xy Urese @kcand
thernoplastic resin and a thernosetting resin may be enpl oyed. Anong these,

in yi ewegfinashibs trftay rrakinkligeansunl di tlayieseosihyand 31 aneSiancodemn xture
of a thernoplastic resin and a thernosetting resin is preferable. 10[0144]
Avai | ablget-hep poph st iarg edicnlag 0ot tipat to L whay IRy rstnré et toumsraspeci.fi c
resins, and typically, for exanple, phenoxy resin, polyester resin,
pol yur ehkabecoesi rgsipolsyibricdeteeSi sl ssiHlaaxaneuedaver si aukpalayitabdeyr esi n,
pol ybut adi ene, pol ypropyl ene, styrene- 15 but adi ene-styrene copol yner,
st yr enecethybebher bytonegng- ssymeher tppod yinerthepdliyatetedin esibstrate 3.
pol yvi nyl butyral resin, polyvinylacetal resin, isobutylene-isoprene rubber,
chl or oprleheughbbes , sqauingamedenr esb st raoy \H disi thiel eabetreshiene asopbkyner,
acrylonitrile-butadi ene-acrylic acid copolyner, acrylonitrile- 20
bul@di enesst yeehe sdpoinarer 3 pol Yheipgsaadeteabed imghon, thecsgidondr ubber may
be enpl oyed. These may be enpl oyed al one, or a
resin substrate will be indicated with a numeral "5", for the
purpose of distinguishing thereof from the first resin substrate 3.
(0134]
[Second Semiconductor Chip]
15 The second semiconductor chip 4 is mounted on a front
surface of the second resin substrate 5. The second semiconductor
chip 4 includes the interconnect layer 22 composed of a so-called
Low-K layer on the silicon substrate 21, similarly as the first
semiconductor chip 2. In addition to above, it may be configured
20 that the first semiconductor chip 2 has a logic circuit, and the
second semiconductor chip 4 has a memory device. Solder bumps B2
are provided between the second semiconductor chip 4 and the
second resin substrate 5, similarly as the solder bumps for
coupling the first semiconductor chip 2 to the first resin
25 substrate 3. The solder bumps B2 provide an electrical coupling

between the conductor interconnect layer 312 of the buildup layer

31A of the second resin substrate 5 and the second semiconductor



conbi nati on of two or nore of these polynmers nmay be enpl oyed. Anobng these, a
phenoxy resin is preferably enpl oyed. [0145] 25In addition, the
above-descri bed thernoplastic resin magy have nitrile group, epoxy group,

hydr oxyl group and carboxylic group, for the purpose of providing an

i nproved adhesi ve property 80 and an inproved conpatibility with other
resins, and typical exanple of such resin nay be an acrylic rubber, for
exanple. This allows providing an inproved filmformng stability for the
adhesi vgitape. Further, a reduced el astic nodulus of the adhesive 5 tape can
be provided, thereby providing an inproved adhesiveness with objects. [0146]
The conpentjof the aforenentioned thernoplastic resin, is not particularly
limted to any specific value, and is preferable 10 to be 10 to 50 % of
the whqkeskgsgpa&onposi tions except the sol der powder, and is particularly
preferable to be 15 to 45 %w. The content wthin the aforenentioned range

al l ows particHbardyin mMp=¢rng tbheafiddldunaabitkbing-sh&IT InckERe
thernosetting resin here is not particularly limted to any specific resins,
andst yphéahl ¥s @€paposdesilbag exeh anidd esi ree Phesdl FesireHurst ranet a)
acrylate resins, unsaturated polyester resins, diallyphthalate resins,
mal ei maglel ERSI HiScAid ke ihi kebsayabe BnlayetdavAngnget sl 2pexyraesi ns,
whi ch exhibits better
geometries. The resin spacer 6 has conductor sections {conductor
interconnect layer 612, conductor layer 614) extending through an
interior thereof along the thickness direction. This resin spacer
10 6 includes, as shown in Fig. 17, rectangular frame-shaped core
layer 62, a pair of rectangular frame-shaped buildup layers 6124
and 61B, which are opposed acrcss the core layer 62. The buildup
layer 61A is disposed in the side of the front surface of the core
layer 62, and has a configuration including insulating layers 611
15 containing a resin and conductor interconnect layers 612, which
are alternately stacked. 1In the present embodiment, the buildup
layer 61A is composed of a plurality of (for example, three)
insulating layers 611 and a plurality of (for example, four)
conductor interconnect layers €12, which are alternately stacked.
20 Here, the resin constituting the insulating layer 611 is the same
as the resin constituting the insulating layer 311, and a glass
transition point, a coefficient of thermal expansion along the
thickness direction and a coefficient of thermal expansion along
the inplane direction of the insulating layer 611 are the same as
25 those of the insulating layer 311. More specifically, in the

insulating layers 611, an average coefficient of thermal expansion

along an inplane direction for temperature range of from 25 degree



20 cure-ability and better shelf life, and the cured material of which
exhibits better thermal resistance, better noisture resistance and better
chemi cal resistance, are preferably empl oyed. [0148] Any of epoxy resins
that are in solid state at a room 25 tenperature and epoxy resins that are
inliquid state at a roomtenperature nmay be enpl oyed for the epoxy resins
here. In addition, the resin may contain an epoxy resin that is in solid 91
state at a roomtenperature and another epoxy resin that is in liquid state

at a reombt gNPeLs WidinskRiisnahboMe ﬁngﬁéaﬁ’i@nagagir@bt$ﬁeﬁdw%@ Bhkhtyoin the
design of the nelting behavior of the resin. [0149] 5The epoxy resin that is

in sol bgnstatLedtc a JrRPENt QFReAE Ukse 1S NRhtPakt teatd ] YedldaNstied to any
specific resins, and typically, bisphenol A epoxy resin, bisphenol S epoxy

resin, snBaRoLI EnNOMAAC BPOXYiHESIH, efl80%0] cROYENEE ERAX3Y @phn, gl yci dyl
am ne epoxy resin, glycidyl ester epoxy resin, tri-functional epoxy resin,

10 quadiegrkenct i onale A@XY heeshiu DAt the 1aivke sy 1 peaerplaye@d Mre
specifically, a solid tri-functional epoxy resin and a creosol novol ac epoxy

resgn rRyrbeccent abNethe rkAns eaphO¥son IRV Reet hEpl hes Rl rdRsiost apee of the
cured material, so that better results can be obtained in a tenperature
cyclinget@stabliré Nrandy eFSUremlss odkered €stto( BCE)lass transition point
thereof is preferably equal to or lower than 20 ppm/degree C, and
an average coefficient of thermal expansion along the thickness
direction is preferably equal to or lower than 20 ppm/degree C.

10  Further, in the insulating layers 611, an average coefficient of
thermal expansion along a substrate inplane direction for
temperature range of from 25 degree C to a glass transition point
thereof is preferably equal to or higher than 3 ppm/degree C, and
an average coefficient of thermal expansion along a substrate

15 thickness direction is preferably equal to or higher than 3
ppm/degree C. In addition, a via hole is formed in the insulating
layer 611, and a conductor layer 614 is provided in the via hole.
The conductor layer 614 is composed ¢of the material same as that
of the conductcer layer 314. Further, the conductor interconnect

20 layer 612 is composed of the material same as that for the
conductor interconnect layer 312,

[0136]
The buildup layer 61B is disposed in the side of the back
surface of the core layer 62, and similar layer-structure and

25 similar substrate material as the buildup layer 31B employs are
also employed. More specifically, the buildup layer 61B includes

the insulating layers 611, the conductor layers 614, the conductor



[ 0150] In addition, the epoxy resin that is in liquid state at a room
tenperature may be a bi sphenol A epoxy resin or a bisphenol F epoxy resin.

In addition, the conbination thereof ympy be enpl oyed. 20[0151] The
content of the aforenentioned thernosetting resin is not particularly
limted to any specific value, and nay be preferably 20 to 80 % . of the
whol e resin conposition except the solder powder, and in particular,
preferably 30 to 70 % . The content 25 within the above range ensures

sufficiigntrebasddic NBAwLUs1af 184 ddienadheshan:rtherahy Rrevisdkng an i nproved
joint reliability. In addition, since higher nelt viscosity of the adhesive

tape caBmpEse8AaiHeYRderi BEr 8Me L \eRL APt PRe s@bdalctRewder from getting
out fromthe adhesion object. [0152] In addition, the configuration of the

resin gaRtatshMe-® 136/ Be3rubbes ald0ws ial L BPEpYesh depesichizon stability in
t he manufacture of the fil mshaped adhesive tape. In addition, since such

confi gubatihenoProvidesnacdecieases edasting BRdyl e of1 tdigaadhesi ve tape,
which | eads to providing a reduced residual stress between the adhesion

obj ect dargotbe. adhesicsaduaper antérgymeed 1Qyadhes: vaenesspoeedt he agesi on
obj ect can be achi eved. [0153] Compounding ratio of a resin in the
adhesi Vewtapestrayae tdfatthef bui exanplgeradlacr yimclanibpers itgecont ai ned at a
ratio within a range of from10 %w. to 50 %w. over the total of the
conductor interconnect layer 313. The core layer 62 is also
composed of with the resin material same as that for the core
layer 32, and has the insulating layer 321 that is similar to the
10 insulating layer 621. More specifically, an average coefficient
of thermal expansion along a substrate inplane direction of the
insulating layer 621 for temperature range of from 25 degree C to
a glass transition point thereof is equal to or lower than 12
ppm/degree C, and an average coefficient of thermal expansion
15 along a substrate thickness direction of the insulating layer 621
for temperature range of from 25 degree C to a glass transition
point thereof is preferably equal to or lower than 20 ppm/degree C.
More preferably, an average coefficient of thermal expansion along
a substrate inplane direction of the insulating layer 621 may be
20 equal to or lower than 11 ppm/degree C, and an average coefficient
of thermal expansion along a substrate thickness direction of the
insulating layer 621 may be equal to or lower than 16 ppm/degree C.
Further, an average coefficient of thermal expansion along a
substrate inplane direction of the insulating layer 621 for
25  temperature range of from 25 degree C to a glass transition point

thereof is equal to or higher than 3 ppm/degree C, and an average

coefficient of thermal expansion along a substrate thickness



15 constituents of the adhesive tape except the sol der powder. The
conpoundi ng ratio of the acrylic rubber of 10 %w. or higher allows
inhibiting a decrease in the filmformability and further inhibiting an
increase in the elastic nodulus of the cured adhesive tape, thereby further
i nproving the adhesiveness with the 20 adhesion object. In addition, the
conpoundi ng ratio of the acrylic rubber of 50 %w. or lower Inhibits an
increase in the nelt viscosity of the resin, allow ng the sol der powder

MoVi Ng 4t QeLPELS WA a4 %sh*ﬂ@tfx@@d}@ér\/%z@HQePré\iféPak_f)w theficept ginty.
[ 01541 25In addition, the conpoundi'ng ratio of the epoxy resin over the

total @fighbe €RASt] thaNLegEethe adhesi@nt aBecexXSepiridie i$0kder, powder may
be, for exanple, within a’range of from20 %. 83 to 80 % . The

h
CO”DOUEQEGQafﬁﬁéC&éﬁeﬂ|EQ1OBf29h8W@@réﬁld¥th%Q,eQ§&r£S;6HH%d%%Efhﬁ%éﬂt el astic
nmodul us of the adhered tape, thereby inproving the joint reliability. In

addi ti @ny thepcommundiinginat he ehrdlh eRaxy resénced @t ayer komer
further 5 enhance the nelt viscosity prevents the sol der powder from getting

out5fram threadhesd anvelj @¢br tRherehy, iddipkirt 1Agen) degi®ase dolpl be {®i nt
reliability. [0155] In addition, in view of allow ng the sol der powder

novi ng the wbhhistdhefesiconweth Bager ta@inty, the bsisadd ilciyent cla spafigure
that the curing tenperature of the resin is higher than the nelting
t enper atuaesof cé gl edltdehpovdetuasoriistussedntat etaydbraispecithecal |y, the
curing tenperature of the resin may be higher than the nelting point of
sol der thy 1d0pdegyee 2mr mbeereait dmqurefeeaablysbyiZéd degreem@yobenore. | n
addition, a configuration of exhibiting |ower nmelt viscosity of resin at an
adhesi ebthénpériay usenamyigbeupr ef esatel de@156h Heowe, a aswtigtivaget enper at ur e of
a resin may be determ ne as, 20 for exanple, an exotherm c peak tenperature
of lan adhesseeé tApehadaseredtundeura widridithieosubft aatempareatiaile batp rate of
10 degree of C mnute by enploying a differential scanning cal orineter
(DSC). Jfo¥B7Ifh are similar as those for the first resin substrate and
the second resin substrate.
[0137]
A dimensional height of such resin spacer 6 is larger than a
15 sum of a dimensional thickness of first semiconductor chip 2 and a
dimensional thickness of the solder bump B2, so that a spacing is
formed between the front surface of the first semiconductor chip 2
and the back surfaces of the second resin substrate 5.
[0138]
20 [First Adhesive Member, Second Adhesive Member]
As shown in Fig. 17, the first adhesive member 7A is
disposed between the resin spacer 6 and the first resin substrate
3, and serves as electrically coupling the resin spacer 6 to the
first resin substrate 3. Such first adhesive member 7A is, in the
25 present embodiment, a cured product of an adhesive tape in a film

form (adhesive agent). 1In addition to above, the first adhesive

member 7A is not limited to the cured film-form adhesive tape



Lead free solder, for exanple, may be enpl oyed for solder 25 constituting
the sol der powder in the adhesive tape. Lead free solder is not particularly
limted to any specific type, and is preferably an alloy containing at | east
two or nore elenents 84 selected fromthe group consisting of tin (Sn),
silver (Ag), bismuth(Bi), indium(In), zinc (Zn) and copper (Cu). Anong
these, in consideration of the nelting tenperature and the nechani cal
properties, it is preferable to enploy an alloy containing Sn such 5 as an

al l oy qfgRBsBhe b)) 0%nAf PP~ AY-LlburdRy %Eb@Mchoﬁma I R d B%hleb@e [0158]

The nelting tenperature of the sol der powder be, for exanple, equal to

or h'QQ%FnEhan$%QQhQ%&f%@hgélﬁéqWQﬂﬁEEW@phﬁ é@s?gg@@ 40y faisghetiyhan 130

degree in view of sufficiently ensuring the Tlowability of the resin

duri ng stihesagheshOreafstt hesafhesbyerdwape. | Mhaddi t0mdida veehbhBer
tenperature of sol der powder may be, for exanple, equal to or |ower than 250

degree 76, iaptugeefermblsy equah toyer 11oWehvt RgnaR3fdegnee deopkertyl ew of 15
inhibiting a deterioration of elenents provided on an adhesi on object such

as subsihrabesoTiép @id dnhazhi keodddddnt htcadhest ore onreratjcon71p0359] Here,
the nelting tenperature of solder may be determ ne as, 20 for exanple, an

endot heemvpagkat enperaituee cot ri Becsahdeiorpowder di s seddedreasrednunder a
condition of a tenperature ranp rate of 10 degree C/ m nute by enploying a
DSC. detail, the adhesive tape constituting the first adhesive member
7A contains a resin constituting the first resin layer 71A, solder
powder constituting the solder region 72A and a curing agent
10 exhibiting the flux activity. The solder region 72A is provided
to have a columnar shape so as to extend through the first resin
layer 71A alcng the thickness direction. Through such solder
region 72A, the conductor interconnect layer 613 in the buildup
layer 61B of the resin spacer 6 is coupled to the conductor
15 interconnect layer 312 in the uppermost surface of the buildup
layer 31A of the first resin substrate 3. More specifically, in
Fig. 17, a sign "S" indicates a solder resist of a resin
{insulating layer) provided on the front and the back surface of
the first resin substrate 3, on the front and the back surface of
20  the resin spacer 6, and on the front and the back surface of the
second resin substrate 5. The sclder region 722 forms a metalized
connection with the conductor interconnect layer 613 of the resin
spacer 6 exposed from the solder resist S, and also forms a
metalized connection with the conductor interconnect layer 312 of
25 an uppermost surface of the first resin substrate 3 exposed from

the solder resist S. The first resin layer 71A having an adhesive

property is a layer serving as providing an adhesion between the



[0160] In addition, in view of allow ng the sol der powder noving to 25 the
surface of the conductor interconnect |ayers 312, 613, 313 and 612 with
further certainty, it is sufficient tpsconfigure that the nelting
tenperature of the solder powder is |ower than the curing tenperature of
resin. [0161] In addition, a particle dianeter of the sol der powder
may be sel ected in accordance with surface areas of the conductor 5

i nterconnect |ayers 312, 613, 313 and 612 and di stances between the

conduct @tk 6rconnechd aner g1 342, 1 &13, 313c2pd.632. rthe yeancpapticle
di aneter of the sol der powder may be, for exanple, equal to"or larger than 5

pm  andnphaffLab! Y 1RAYal sk 085 h al Gy than 1101 Pet 1§ NeoH WS aggr egat i ng
the sol der powder with a certainty on 10 the surface of the conductor

i nt er copregt shayer s 3kd, 02351348 Ah BLApskRaaddityon,cheJrear particle
di aneter of the sol der powder may be, for exanple, equal to or smaller than

100 pmyreandrpgeferably equal to or smaller than 50 pm in view of
selectively formng the solder region in the surfaces of the conductor Ib
intercqmnecty |ayers 312, 613, 313 and 612, and ensuring an insulating
performance of the adhesive tape in regions except the conducting regions

thereof . Her ehet BecomBnmPaistivel fedibaneteri Oiditkbessal defwaandere rayihe
measured by, for exanple, a laser diffraction scattering process. 20[0162]

| n addisplaear then€oimourdiond ratin aibddretsobdeangoyeiered st he adhesive tape
may be equal to or larger than 20 parts by weight, provided that the total
conponeflkstolcihey tapelexgephet hes sl gercepowden tise asseoredl riegibe 100 parts
by weight, in view of 25 providing an inproved joint reliability, and
pr ef er ahbilbyptequal 5t 0 DrcH aegendt hdne dyparetdelny 7Rei gbiuddn & seconber hand, in
view of inproving the filmformability of the adhesive tape, the ratio may
861be emwah feyer &imlHaeringhan 280epavd propewtyghhd fprendidied riekhatnt he t ot al
conponents of the tape except the sol der powder is assunmed to be 100 parts
by wei gi2B, pandipeafior difley sequatl tesor smwd €iBt had 230vipey tess lay seepglit .
electric conductor. 1In the present embodiment, the first adhesive
member 7A and the second adhesive member 7B are similar cured
products of adhesive tapes in film form (adhesive agent). More
15 specifically, the second resin layer 71B and the first resin layer
71A are composed of similar materials, and the solder region 72B
and the solder region 72A are composed of similar materials. The
second adhesive member 7B serves as electrically coupling the
resin spacer 6 to the second resin substrate 5, and the conductor
20  interconnect layer 612 in the buildup layer 61A of the resin
spacer 6 1s coupled to the conductor interconnect layer 313 in the
lowermost layer of the buildup layer 31B of the second resin
substrate 5 via the pillar-shaped solder region 72B, which is
provided so as to extend through the second resin layer 71B.
25 In addition, the solder region 72B of the second adhesive member

7B forms a metalized connection with the conductor interconnect

layer 612 of the resin spacer 6 exposed from the solder resist S,



5[ 0163] The curing agent exhibiting the flux activity is a chem cal
conpound havi ng functional group, which is capable of inducing a reduction
of an oxide filmof the solder powder;gsurface so as to be electrically
joined to the conductor interconnect |ayers 312, 10 613, 313 and 612, and is
al so capable of binding with a resin. Further, the curing agent exhibiting
the flux activity preferably has a reduci ng power for inducing a reduction
of an oxide filmon the conductor interconnect |ayer surface to renpove such

oxi de f3nlyms 1 EQT £ &XRIMRY %et@@@ﬂe&h@bﬁﬁ%ﬂﬂld%o%H%h”%h@”c@ﬂﬂ%%xﬁﬁs'” the curing
15 agent exhibiting the flux activity may have carboxylic group and

functi qnak rgheNeC maéyérs 368pabl & 9t T @AGkIrac bR EROXYe ARUR<sTHPI cal
functional group that is capable of reacting with epoxy group include, for

exarrpl %,ub%@&geéyi)Ié:x;g;ra@ap,fremdméyéow&u&,esa@tng gr pypcd tehe kkkend
20[ 0164] A suitably sel ected chem cal conpound enployed for the

curi ng R9eRE vexhkkbdd M tRedh kyysagtd My r2eeardh g sdde s ype of the
sol der powder, in view of renoving the oxide filmon the surface of the

sol der qaowdar rduth ngiddteaadhgsi ommpracess r22ifyphoat T ifigiagenh includes:
for exanple, chem cal conpounds having one phenolic hydroxyl group in the

nol eculsaheSieh BSoRERZAOIIG aCillyet Ofdi-Eirfiad paeetHEngCid addheneh,
al kyl phenol, 87 naphthol and the Iike; polyphenol conpounds such as

bi phenQJe,twbkédr oNdli Nediey spasercbnghd ©ed echeind rekhy| selynerdiphienolrn
et hyl i dene di phenol, isopropylidene di phenol, pyrogallol,
hydr oxydhed pegeenonanbdqhilmenagl uheneécandl tdidnl Llkeer ANDRO Hdiese;t 1y pol yphenol
conpounds are preferable, in view of providing better flux activity. [0165]
| n addiddnaBctihei thertiec ale scanmppaondr ek hirhl ttiheg sthendll tixsin substrate 5
10 via the solder resist S.
[0140]

Next, a method for manufacturing of the above-mentioned
semiconductor device 1 will be described. First of all, the first
resin substrate 3 and the second resin substrate 5 are prepared.

15 A method for manufacturing the first resin substrate 3 will be
described. 1In addition to above, a method for manufacturing the
second resin substrate 5 is similar to the method for
manufacturing the first resin substrate 3. First of all, a
double-Sided copper clad laminate is prepared (bcard having copper

20 layers formed on the front and the back surface of the insulating
layer 321 of the core layer 32), then through hcoles are formed in
predetermined locations, and further, the conductor layer 322 is
formed. Next, the conductor interconnect layers 312 are formed on
the front and the back surface of the insulating layer 321,

25 respectively, by a subtractive process. Thereafter, the surfaces

of a pair of conductor interconnect layers 312 are roughened by

employing a chemical sclution, and these insulating layers 311 are



activity is preferably a curing agent exhibiting the flux activity, 10 which
exhibits a flux activity and al so serves as a curing agent for a
thernosetting resin. This elimnates 7& need for a cleaning process of a fl ux
agent after the solder-juncture process. Further, since the curing agent
exhibiting the flux activity has a reactivity with thernosetting resins, so
that outgassing is 15 reduced, thereby reducing a contam nation of

el ectroni c conponents, and/or an action as an ionic inmpurity is prevented,

t her eby spEgyexd i ng a corrosi on of conductive nmenbers. [0166] Typical curing
agent exhibiting the flux activity includes, 20 for exanple, a chem cal

conpoundehay e cariRoxphes groURs rmiPiigak hehent caht LameuRE havi §9a a
carboxylic group includes, for exanple, straight-chain or branched

al kyl carbexybiscatdithg ear bRxylike acidereueheds By OSME1 S GRY ROXyhic acid or
the like. [0167] 25Typical al kylcarboxylic acid 1ncludes, nore specifically,

chem caldeempountscdepr esenteddbytdha dyelrl omingsf osmed id kthe via
HOOC- (01-12),"-COOH(I1) 88 In the above-described formula (I11), "n" is an

i ntegehondnbed fueME the20ondictsidiirntenconfe¥t eva pdr balcane Agrasangnt he
flux activity, the
each of the insulating layer 311. Such processes are repeated to
allow obtaining the first resin substrate 3. In addition to above,
the conductor interconnect layer in the lowermost layer of the
first resin substrate 3 is the conductor interconnect layer 313.
10 (0141]

Next, the solder resist S is applied onto the front and the
back surface of thus obtained first resin substrate 3 and second
resin substrate 5, respectively. Thereafter, the first
semiconductor chip 2 and the second semiconductor chip 4 are

15 mounted on the first resin substrate 3 and the second resin
substrate 5, respectively. The solder bumps B2 are provided on
the back surfaces of the first semiconductor chip 2 and the second
semiconductor chip 4, the first semiconductor chip 2 and the
second semiconductor chip 4 are mounted on the first resin

20 substrate 3 and the second resin substrate 5, respectively, and
the solder bumps B2 are melted in a reflow furnaces, so that the
first semiconductor chip 2 and the second semiconductor chip 4 are
fixed to the first resin substrate 3 and the second resin
substrate 5, respectively. Thereafter, the periphery of the

25 solder bumps BZ that provides a juncture between the first

semiconductor chip 2 and the first resin substrate 3 and the

periphery of the solder bumps B2 that provides a juncture between



out gassi ng during the adhesion and the elastic nodulus and the 5 gl ass
transition tenperature of the cured adhesive tape, "n" in the
above-described formula (I1) is preferably from4 to 10. "n" of equal to or
hi gher than 4 can reduce an increase in the elastic nodulus of the cured
adhesive tape due to an excessively shorter distance across the cross link

i n nmol ecul ar of epoxy resin, 10 thereby inproving the adhesive property with
t he adhesi on object. On the other hand, "n" of equal to or |ower than 10 can

i nhi bi tha dessfasmiRohR8cebASth G PAHUshef sbhengwread adhesiyactape due to
an excessively | onger distance across the cross |link in nolecular of epoxy

resin, sthefebyed WitdheknknMan@ytAgL t he jreispect eléBPi | iNdkt ,19h@168kin
Typi cal chem cal conpounds represented by the above-described fornula (11)

i ncl udgpater exarepaadipi cMaed petikaF14¢, [ {00 (AdR)At000H) 1, sebacic
acid when n = 8 [(HOOC- (01-12)6-000H)], and 20a conpound when n -10

[ (HOOCefbbid)déht00MHE] soll8d69%esist S iEypbpaliearomes ithLdroxybha agéd _
i ncl ude, nore specifically, chem cal conpounds having at |east two phenolic
hyds oxyphcgr eupfddesong aokabst astanic kawippgedt of ealsé onercarkaxyhie group
that is 25 directly bound to aromatic group in one nolecular. Such chem cal
conpoundshi ticd uderstfrartecexmatpleal parzi e fachdcHesty adinvidsrsaechtasse, 3-
di hydr oxybenzoi ¢ acid, 2,9- dihydroxybenzoic acid, gentisic 89 acid (2, 5-
di hydr axybene of tr=cird)s,in2 s6bs trdyelroxylenhei secachd, redsidr stibhydroxybenzoi c
acid, gallic acid (3,4,5- trihydroxybenzoic acid) and the |ike; naphthoic
aci d dendvahéeweshsuyehtasllsdet domyadt by 2onapht hab <t mdied,i s3 phnched
di hydr oxy- 2- napht hoi ¢ acid, 3,7- 5 dihydroxy-2-naphthoic acid and the |iKke;
phenol phthal T reaittedi, phbnolfiast dragirt mabsitkete[ 8170] adhesiveTyppeal curing
agent exhibiting the flux activity may Include, nore specifically, sebacic
acl@®@ awdngentusing ddied above-described first adhesive member 7A, the
resin spacer 6, an adhesive tape constituting the second adhesive
member 7B and the second resin substrate 5 are deposited in this
sequence, and such multiple-layered material is heated at a
predetermined temperature. A heating temperature (adhesion
15 temperature) can be selected according to the material of the
solder powder and the material of the resin in the adhesive tape.
The adhesive temperature is selected to be higher than the melting
temperature of the solder powder and to be equivalent to a
temperature, at which the resin is melted. At this point of view,
20 adhesive temperature may be selected to be higher than, for
example, 100 degree C, preferably equal to or higher than 120
degree C, and more preferably equal to or higher than 150 degree C.
In addition, it is preferable that the melt viscosity of the resin
is lower at the adhesion temperature, and at this point of view,
25 the adhesion temperature may be selected to be, for example, equal

to or lower than 250 degree C, and preferably equal to or lower

than 200 degree C. 1In addition, in view of increasing the area



10 descri bed above, one of or both of which may be contained therein. In
addition, it is nore preferable that the curing agent exhibiting the fl ux
activity is a chem cal conpound havi ngy carboxylic group and the
above-descri bed phenolic hydroxyl group. In addition to above, the conpound
may alternatively have only one 15 of carboxylic group and phenolic hydroxyl
group. [0171] It is sufficient that the curing agent exhibiting the
flux activity is present in the exterior of the sol der powder, and for

exanpl exnhtBer S defwRowder and-dde: £ W R ageBtn eXthRlt iRGehen20 fl ux
activity may be separately dispersed in the resin, or the curing agent may

be adherggetorihe surfracergbithe solLderi thewder ghbsher sd pa-dsRutheingsin.
Since the curing agent exhibiting the flux activity exists in the exterior

of theassohdgredponderinetheredsh g AgeHg exki BuhEsdoh Nerdddbs agli ¥iky nmoves to
interfaces 25 between sol der and the conductor interconnect |ayers 312, 613,

313 an@cbignmittedn inprevedref foeiencprdsungzt hg ashesiion Pa9cess, thereby
achieving direct contacts between sol der and the conductor 90 interconnect

| ayers f%l_2ex§1ﬂ{31e,3jéiﬁ&|1d t613r Hhitsealdraws 1i MPRPViAGvide Joifdtmighi ekl ity.
In addition, since the curing agent exhibiting the flux activity is present

i n thespeaen, rédieor(li2ag aagent B cat hef iadheredet0atifey r esin awdtihian, i nproved
efficiency to 5 enhance the elastic nodulus or the glass transition

t enper aher prédgirofmdyheer eson. ek, equal tbnoadibwd©rchdnn 201 BRa pf
inproving the flux activity, the conmpounding ratio of the curing agent
exhi bi anAgptraéefdhixy actiavi ty 40 foret ehdnotidl Meansin twient s foffutrbheeadhesi ve
t ape except the sol der powder nay be, for exanple equal to or higher than
0.1 Y%Mimpraningredieriaing eqlakbibitoy. hifghehetrhaa dhétmo-dampaedistibon, in vi ew
of decreasing the nmelt viscosity of the resin during the adhesion process,
t h£0 colpadndgngimatiay bk phefeuvabhyg vagenin exlmabgei of firen 19 fouxCactivity
for the total constituents of the adhesive tape except the sol der powder may
be, fomeexanple equal to or Iower than 30 % ., and preferably equal to or
| ower than 10 %t . [0173] More specifically, when the adhesive tape contains
an epoxyl4z]
Here, the adhesive tape will be described. The adhesive
tape contains the resin constituting the above-described resin
15 layers 71A and 71B, the solder powder constituting the above-
described solder regions 72A and 72B, and the curing agent
exhibiting the flux activity (chemical compound exhibiting the
flux activity). Among these, the solder powder and the curing
agent exhibiting the flux activity are present in the resin. When
20  the adhesive tape is heated while being disposed between the first
resin substrate 3 and the resin spacer 6 and between the second
resin substrate 5 and the resin spacer 6, the solder powder in the
resin melts, migrating in a self-aligning manner onto the surface
of the conductor interconnect layer 613 in the buildup layer 61B
25 the resin spacer 6 and the surface of the conductor interconnect

layer 312 in the an uppermost surface of the buildup layer 31A of

the first resin substrate 3, and further onto the surface of the



20 resin, the conpounding ratio of the curing agent exhibiting the flux
activity for the epoxy resin contained in the adhesive tape may be, for
exanpl e equal to or |lower than 50 %w3g and preferably equal to or |ower
than 30 9% . Having such configuration, an overloading of the curing agent
is elimnated, providing an 25 inproved cure-ability. [0174] 91 other
curing agent, which is different fromthe curing agent exhibiting the fl ux
activity, in the resin, or other resin functioning as a curing agent nay be

cont ai peddubfer Sjlnt‘%%n%&?cngaf@@nélé SiN@hePBLELGUD A Ve 14T 8¢ tReANY
speci fic compound, and typically phenolics, amnes, thiols may be avail abl e,

and in,eangi desadi on 0fy the EgAEALYIdy tMd RohRe-ePPXInT&ESIdhrld 1R physi cal
properties of the cured product, phenolics may be preferably enpl oyed.

10[ 0176k 3 in the Phanahiee hayBptopaiid Giakhy hhyktethd & amheSRRELAKC
conpounds, and in view of physical properties of the cured adhesive tape,

hi - f unctisopakyPst MaXE 9,5 tREeESY abd i rky Rt ah 1phenehtesod Ncliwdechker exanpl e,
bi sphenol A, tetranethyl bisphenol 15 A, diallyl bisphenol A, biphenol,

bi sphengirdk, dbaddy|rdjisphenol 1, addisiphenek, ctiet igkigmhemnek, sABRAY

novol ac phenol s, creosol novol ac phenols and the like, and in view of the
mel t Vies@ebhtyng the react bvkiyiw tdxiheepoxyheesksianth dhe physi cal
properties of t%e cured product, phenol novol ac phenols and creosol novol ac
20 pheneksrmayebec prigfesabbyrepph@yediith the respective conductor
interconnect layers 312, 613, 313 and 612 with an improved
efficiency, and, in order to remove oxide films from the surface
10 of the sclder powder, direct metalized connections are formed
between the solder region 72A and the respective conductor
interconnect layers 312 and 613 and between the solder region 72B
and the respective conductor interconnect layers 313 and 612,
providing electrical couplings. The use of such adhesive tape in
15 this manner allows the adhesion by simply heating at a single
temperature, thereby easily achieving an adhesion between the
substrate and the resin spacer. However, the heating process for
the adhesion is not 1imited to the processing at a single
temperature, and, for example, a step-cure process including
20  heating at 150 degree C for 100 seconds and then heating at 200
degree C for 100 seconds, or a post cure process including thermo-
compression bonding at 180 degree C for 10 seconds and then cure
in an oven at 200 degree C for ten minutes, may alternatively be
conducted. In addition, the metalized connection of the solder
25 particles constituting the solder powder provides the couplings of

sclder in the adhesive tape with the respective conductor

interconnect layers 312, 613, 313 and 612, so that lower



[0177] In addition, in view of ensuring the cure of the resin, the
bl ending ratio of the curing agent may be for exanple equal to or higher
than 5 %w., provided that the total tonponents of the tape 25 except the
sol der powder is assuned to be 100, and preferably equal to or higher than
10 % . In addition, in view of inproving the flowability of the resin
during the adhesion, 92 the blending ratio of the curing agent may be for
exanple equal to or lower than 40 % ., provided that the total conponents
of t hecbae@c@f&@péesti@eca%@ledgﬁdpﬁy%%r 145188 9@?@@591?@%% Rnd cpeef erably
equal to or lower than 30 %W . 5[0178] In addition, the adhesive tape may
furtheqoqqgﬁain a curing catalyst. The configuration of containing the
curing catalyst allows further ensuring the cure of the resin during the
manuf act ure gértherdhesiive abapeaplO[ fdY Hhe adhesiPHi t A e £YJthg cat al yst
may be sel ected according to the type of the resin, and for exanple, an

i m dazehetseaporng havitke acMBhyi Hgepoiid rekiAs) degregeari gher may be
enpl oyed. Excessively lower nelting point of such imdazole conpound nay 15
i ndeice tearhbplasti® Rfsithear eskfmbsettimpdbeshye bape heftaest be sol der
powder noves to the surfaces of the conductor interconnect |ayers 312, 613,

313 andnhéidopsest hatrddin sin@oAcehaatbddiati ngnstabhemepupd idigplefyesihorter shel f
life of the adhesive tape is caused. Therefore, the im dazol e conpound

havi ng ailbagnehésag 20 yiekwnb ok eguatfdmmatrilhicghendt hate 50 idegisee yCoEs
preferable. Typical imdazole conmpound having a nelting point of 150 degree
C or hitgpkeresig) utlesi @ plkeny| ahyde axypladtdaz ekein2apienytherdroretthyhghydr oxy
i mdazole and the like. In addition to above, the upper limt of the nelting
poi nt ofssuchsi preferald econpound is not 25 particularly limted, and may be
suitably sel ected according to, for exanple, an adhesion tenperature of the
adhesi @1lddpe.
Available thermoplastic resin is not particularly limited to
any specific resins, and typically, for example, phenoxy resin,
polyester resin, polyurethane resin, polyimide resin, siloxane
conversion polyimide resin, polybutadiene, polypropylene, styrene-
15 butadiene-styrene copolymer, styrene-ethylene-butylene-styrene
copolymer, polyacetal resin, polyvinylbutyral resin,
polyvinylacetal resin, isobutylene-isoprene rubber, chloroprene
rubber, polyamide resin, acrylonitrile-butadiene copolymer,
acrylonitrile-butadiene-acrylic acid copolymer, acrylonitrile-
20 butadiene-styrene copolymer, poly vinyl acetate, nylon, acrylic
rubber may be employed. These may be employed alone, or a
combination of two or more of these polymers may be employed.
Among these, a phenoxy resin is preferably employed.
[0145)]
25 In addition, the above-described thermoplastic resin may

have nitrile group, epoxy group, hydroxyl group and carboxylic

group, for the purpose of providing an improved adhesive property



[0180] 93 In addition, the conpounding ratio of the curing catal yst
may be, for exanple, within a range of from0.01 %M. to 5 %w., provided
that the total conponents of the tapeggxcept the solder powder is assuned to
be 100. The conpounding ratio of the curing 5 catal yst of equal to or higher
than 0.01 %v. provides further effectively exhibiting the functions as the
curing catalyst for the epoxy resin, thereby presenting a further inproved
cure-ability of the adhesive tape. In addition, the conpounding ratio of the

curing et ahystpveauahnotei gt evweri dhai ne Yt s1 RE ovi des 1 fur t her
i nproved shelf 1ife of tﬁé adhesive tape. [0181] I n addi tion, the

adhesi v&  kaPe HBYs &SGRt AhY Be Shih aNt&-AQWPL-1RGeAJCAL e%gq%nfi guration of
contai ning the silane coupling agent all'ows further enhanced adhesi veness of

the 15;3adResi ¥eotaPed @nt hepadhesi pmebisetingT¥RAEAl i ) | @1e tgeupl i ng agent
i ncl ude epoxysil ane coupling agents and aromati c-contai ni ng am nosil ane

coupl i R@nagent st t heirkihke, andedidicds Sifstiiel APLT@s COMtdeN adhekeast one
of these. Alternatively, for exanple, both of these may be contai ned. The

conpounrdbigcaatv® wiodikedsi kaseeB) soplding agenhpp@yedesdHeerivexanpl e,
within a range of fromabout 0.01 %v. to 5 %w., provided that the total
conponents ehjébestape except the sol der powder is assumed to be 100. [0182]
Next, the multiple-layered material having the first resin 25 substrate 3,
t he adhesuee tape, the resin spacer 6, the adhesive tape and the second
resin substrate 5 is cooled. This allows a cure of the resin in the adhesive
t ape, therebyhsatotiadmi nr tthe a94renedi 1drons thermapil ebt 1 beresirderi sr egi ons
72A and 72B join between
nct particularly limited to any specific value, and is preferable
10 to be 10 to 50 %wt of the whole resin compositions except the
solder powder, and is particularly preferable to be 15 to 45 3%wt.
The content within the aforementioned range allows particularly
improving the film form-ability.
[0147]
15 The thermosetting resin here is not particularly limited to
any specific resins, and typically, epoxy resins, oxetane resins,
phenolic resins, (meta) acrylate resins, unsaturated polyester
resins, diallyphthalate resins, maleimide resins or the like may
be employed. Among these, epoxy resins, which exhibits better
20 cure-ability and better shelf life, and the cured material of
which exhibits better thermal resistance, better moisture
resistance and better chemical resistance, are preferably employed.
[0148]
Any of epoxy resins that are in solid state at a room
25 temperature and epoxy resins that are in liquid state at a room

temperature may be employed for the epoxy resins here. 1In

addition, the resin may contain an epoxy resin that is in solid



the first resin substrate 3 and the resin spacer 6, and between the second
resin substrate 5 and the resin spacer 6, respectively. Thereafter, the

sol der bunps Bl are provided on the back surface 5 of the first resin
substrate 3 to obtain the sem conductor device 1. Such sem conductor device
1 is mounted on the circuit board via the sol der bunps Bl on the back
surface of the first resin substrate 3. [0183] 10Next, advantageous effects
for the products of the present enbodiment will be described. According to

the presept gbodidmnterbieatoll g Adyait aoegys, elfectincan e obtal ned,

in addition to the advantageous eftects simlar In the aforenenti oned

embodi MBRLS LPatdePresenh eohodiiEMe. aRnakeLags, s oalfid.ertnahc1ngt her mal
expansion along a substrate inplane direction of the insulating layers 311

in thetbdi Fdupihayery 31Anande318n 0br tfige fd 13t nepbRaSuBstsAtES @Rd it he
second resin substrate 5 in the Sem conductor déevice | for tenperature range
of frompZaogdegree Cto a glass transition point thereof is equal to or |ower
than 30 20 ppm degree C, and an average coefficient of thermal expansion

al ogg a substrhat gpdky ckngss tdbreeti o &f1 thetarsubat hngodray@hpedbiuird the
bui l dup layers 31A and 31B of the first resin substrate 3 and the second
resin subsbtaperbidulde semicedductaiy dpacaeil tesiheMmatatypecahange of
from25 degree Cto a glass transition point 25 thereof is equal to or |ower
than 3@ippREndegs egpdsy Hissnal bovshacdi evidpgxg reducpdohenali ohogelgemati ons
of the buildup layers 31A and 313 al ong the substrate inplane direction and
al ong thexy9bedin ecttancaf nbhelsubspsal erddinGkpegsidwhednind keorgl hi story
is encountered for the sem conductor device 1. Therefore, warpages of the
first mesin,sybgttdgle 3tamdepheysecond, resiHfusuhsbnat eefhoar easadyced. 5
Thus, a generation of a conductive failure between the first resin substrate
3 and tdquedtirstnseiwrcondpetgr rehip &r aritke d igenarat benembl @yezbndiicteve
failure between the second resin substrate 5 and the second sem conduct or
chip 4 speeifedatcky, Pproodiidi ngithenseiwmcondyoigr rdevicend avidreozeli nproved
joint reliability. 10 Further, the insulating layer 311 of the buildup |ayer
3111 ofmavhéati estxy estgirsmbgt bat eoBtaimed.he Thisubal owy 1rayervidyl the t he
bui | dup |l ayer 31A of the second resin substrate 5 are very closer to the

sol der tinenps 1B2¢es agickrtdtecdf ohe anec@asitigriaflf, esbtethby ketieat nssedtshe sol der

bunps 82 are nelted. Therefore, warpages of
can be obtained in a temperature cycling test or in a pressure

15 cooker test (PCT).
[0150]
In addition, the epoxy resin that is in liquid state at a
room temperature may be a bisphenol A epoxy resin or a bisphenol F
epoxy resin. In addition, the combination thereof may be employed.
20 [0151]
The content of the aforementioned thermosetting resin is not
particularly limited to any specific value, and may be preferably
20 to 80 %wt. of the whole resin composition except the solder
powder, and in particular, preferably 30 to 70 %$wt. The content
25 within the above range ensures sufficient elastic modulus after
the adhesion, thereby providing an improved jcint reliability. In

addition, since higher melt viscosity of the adhesive tape can be



15 the substrate 3 and 5 to be generated during the nelting of the sol der
bunps B2 can be reduced, providing the sem conductor device 1 with an
inmproved joint reliability. 10184] Wygn a netallic bunp el ectrode or a | ead
i s di sposed between 20 substrates as in the conventional technologies, it is
difficult to reduce a difference in the coefficient of thermal expansion

bet ween the substrate containing a resin and the netallic bunp el ectrode or
a difference in the coefficient of thermal expansion between the substrate
cont ai B-RgeRedieSint AN LhevEBt ahdithd erd de25pNather cantdaningl Buthe present
enbodi ment, the resin spacer 6 is disposed between the first resin substrate
3 and trhemses®nshiasidn svhstrate 5, such that the first resin substrate 3,
the second 96 resin subsirate 5 and the resin spacer 6 can be configured to
containongsins. This allows reducing the difference in the coefficient of

t hermal expansi on between the first resin substrate 3 and the resin spacer 6
and the diffenengeidiod,heneoebhifcoenitdn 21t heemaks expadsi Omibet ween the
second resin substrate 5 and the resin spacer 6. Therefore, a generation of
a copnduetiyvect aibpere deweeant hepfdved depsisntsuhsttabelidand the second
resin substrate 5 can be reduced. In particular, in the present enbodi nent,
both omahh€attisd sesibe Substeniged anddike segond Tesdddisibstratacd 10 are
conposed to have simlar |ayer-structure and conposed of simlar substrate
mat er i aluchandnfiguteriont beoreden spdoerfedscdsetappbsesbdilisd mifl ahesubstrate
as enployed for the first resin substrate 3 and the second resin substrate
5. Moredspecvéi cabd )y, wHid deefisi to emtowdfdinkie amakdexpans: Oduafll theefsr st
resin substrate 15 3 along the substrate inplane direction and al ong the

di r ect benweent hiee subistaiatne cbheck nass, thchedbesfivectame, ofn timgruskedexpansi on
of the second resin substrate 5 along the substrate inplane direction and

al bhg tlbediventionaf thieeasdhbstieoate@ idiitcknesbe andietwd.coeffici ent of

t hermal expansi on of the resin spacer 6 along the 20 substrate inpl ane
directii®a>dnd al ong the direction of the substrate thickness can be provided
to be substantially equivalent, so that a generation of a conductive failure
can be preveRpeHowdng wadrcaioAt §, rabEh I tiher pdhehi ge ofgPe gnaahdeunt ered f or
t he sem conductor device 1. 25[0185] ~ Further, in the present

enbodi mBAt, £hE ¢RFWE B§ PayElsC3MUbbeIRls gontanded Mt of & ofirst resin

substrate 3, the second
within a range of from 10 %wt. tc 50 %wt. over the total of the

15 constituents of the adhesive tape except the solder powder. The
compounding ratio of the acrylic rubber of 10 %wt. or higher
allows inhibiting a decrease in the film-formability and further
inhibiting an increase in the elastic modulus of the cured
adhesive tape, thereby further improving the adhesiveness with the

20 adhesion object. 1In addition, the compounding ratio of the
acrylic rubber of 50 %wt. or lower inhibits an increase in the
melt viscosity of the resin, allowing the soclder powder moving to
the surface of the conductive member with further certainty.
[0154]

25 In addition, the compounding ratio of the epoxy resin over
the total of the constituents of the adhesive tape except the

solder powder may be, for example, within a range of from 20 %wt.



97 resin substrate 5 and the resin spacer 6 are configured to contain a
cyanate resin, in particular a novolac cyanate resin, so that generations of
war pages in the first resin substrates®, the second resin substrate 5 and
the resin spacer 6 can be reduced with 5 further certainty. [0186]

Further, the first resin substrate 3 containing the resin, the resin spacer
6 and the second resin substrate 5 to containing the resin are stacked to
forma multiple-layered material of the 10 resins having a certain thickness
and st abt Bngskt ommre copsting esg Nrsubstaratae3oanto engi NGt @ighersecond resin

substrate 5. Therefore, even if the first resin substrate 3 and the second
resin substeatend ArfFideshgnetatoi benddulneenbs the sdidfgesspef the whol e
sem conductor device 1 is inproved, and thus a generation of 15 a warpage
for thehehebe setHcarduecher jdent cesllidrs liinki. bi tedaddherehy theesenting the
sem conductor device 1, in which a generation of the conductive failure is
i nhi bi tedpothdiherszatiin tietheespnty erdyddi BENBD the. re@silowepacearthet s
di sposed in the circunference of the first resin substrate 3, and the first
20 Semetbadoet e a1y Ziissopbunt preventishe hepacédsecpivaie prfavindgdt betaveen t he
first resin substrate 3 and the second resin substrate 5, so that a space
for nowati hgot hehd iadtessen cbnduct orhextelyy 2nbeébweeng tdhelddrester ési bhe
substrates 3 and the second resin substrate 5 can be stably ensured.
25[ 0187piktr thkrgbilnittyhe present enbodinent, in the insulating layers 98 3
and the second resin substrate 5, an average coefficient of thermnal
expansil®ds>along a substrate inplane direction for tenperature range of from
25 degree Cto a glass transition point thereof is equal to or |ower than 12
ppn degr ee Clnaaddini @verlageiew of allowing the solder powder moving
10 within the resin with a certainty, it is sufficient to configure
that the curing temperature of the resin is higher than the
melting temperature of the solder powder as discussed later. More
specifically, the curing temperature of the resin may be higher
than the melting point of solder by 10 degree C or more, and
15 preferably by 20 degree C or more. In addition, a configuration
of exhibiting lower melt viscosity of resin at an adhesion
temperature may be preferable.
[0156]
Here, a curing temperature of a resin may be determine as,
20 for example, an exothermic peak temperature of an adhesive tape
measured under a condition of a temperature ramp rate of 10 degree
of C/minute by employing a differential scanning calorimeter (DSC).
[0157]
Lead free solder, for example, may be employed for solder
25 constituting the solder powder in the adhesive tape. Lead free

solder is not particularly limited to any specific type, and is

preferably an alloy containing at least two or more elements



5 coefficient of thermal expansion along a substrate thickness direction for
tenperature range of from25 degree Cto a glass transition point thereof is
preferably equal to or |ower than 20 gpm degree C. This allows reducing
deformati ons of the core |ayers 32 along the substrate inplane direction and
along the 10 direction of the substrate thickness, when a thermal history is
encountered for the first resin substrate 3 and the second resin substrate
5. This allows reducing the generations of warpages in the first resin

subst r ak.e e3t8Rdr g SRCQRAupesbAs SPST] dlre t3nWi(ER) f usthelr carhai nty.

15[ 0188] Further, the resin spacer 6 is designed to have the buil dup
|ayersb@%ﬁu@H@Bﬁﬂﬁ:ﬁﬂQuBUWEh?[1ziﬁbtn@ﬂ|%%@'%EFEQI|@N@Y§ 6dbref thhgebui | dup
| ayers 61A and 61B, an average coefficient of ermal expansi on al ong an

i npl ane ndicbast §OFaf Qin tEMREEahll £if@ngenRfraftem 20d 26hdegerrEcho a gl ass
transition point thereof is designed to be equal to or |lower than 30

ppnl degrepeeriafd an ayveragerepeéftsi@plaf ahharml expansiion ghobdca

t hi ckness direction for tenperature range of from?25 degree Cto a gl ass

t r apsi tisoanpail bby thereekii, s adesi gpght Ebagequal ah0adloy ayersrt-hanc30 ppm
degree C, so that a 25 reduced | evel of deformations of the resin spacer 6
can be taehilexed, when a thermal history is encountered for the sem conductor
device 1. Further, in the insulating layer 621 in 99 the core | ayer 62 of

t he redinsspacer 6, an average coefficient of thermal expansion along an

i npl ane direction for tenperature range of from25 degree Cto a gl ass
transiti on p@hetmébeiepftdmpedasiugneds ticthdesdgigal pbeder hawese,t Hamr 12

ppnf degree C, and an 5 average coefficient of thermal expansion along a

t hi cknessmgileecéqonl ftor drepghat utleam akfije defgrbeofh 25ndegree @ity a gl ass
transition point thereof is designed to be equal to or |lower than 20 ppm
degPee eQuaThice af|loiwher rtédoceédl| deeteofC,defoviari ohsswoff tdientdyi n spacer 6,
when a thermal history is encountered for the 10 sem conductor device 1.

[ 0189] ensuring| hhadtiavagility maythe emigi dewreédat hhe adiissimmetfakthec bunp,
for exanple, is provided as a nmenber for coupling the first resin substrate
3 to thehesdva Spaeer B addisinenbelhe frorltdagpltemgeraeure of solder

powder may be, for example, equal to or lower than 250 degree C,
and preferably equal to or lower than 230 degree C, in view of
15 1inhibiting a deterioration of elements provided on an adhesion
ocbject such as substrate, chip and the like during the adhesion
operation.
[0158]
Here, the melting temperature of solder may be determine as,
20 for example, an endotherm peak temperature of the solder powder
itself measured under a conditicon of a temperature ramp rate of 10
degree C/minute by employing a DSC.
[0160]
In addition, in view of allowing the solder powder moving to
25 the surface of the conductor interconnect layers 312, 613, 313 and
612 with further certainty, it is sufficient to configure that the

melting temperature of the solder powder is lower than the curing



15 second resin substrate 5 to the resin spacer 6. However, when only the
nmetallic bunp is provided, stress concentrates on the bunp when the

sem conduct or device encounters a theggmal history, resulting in generating a
crack. This induces a conductive failure. On the contrary, in the present
invention, the first 20 adhesive nmenber 7R having the first electric
conductor 72A disposed in the first resin layer 71A is provided between the
first resin substrate 3 and the resin spacer 6, and the second adhesive
nenber ZRpBayinge tde seaend el ectric conductor 72B di sposed in the second
resin layer 71B is provided between the 25 resin spacer 6 and the second
resin guhgtnate 5. The first electric conductor 72A is provided to extend
through the first resin layer 71A, and the periphery thereof is covered with

the 100 firsh kesitidByes phkAicBnil afdosr e theceptddheseandagl petric
conductor 723 is provided to extend through the resin |ayer 71B, and the

peri phewy ethegeos dccoeveiredwit hhstheasecordsr 85i fihé ay&iduékdr Therefore, the
first electric conductor 72A and the second 5 electric conductor 72B are

rei pf oricedrwbhhetheldydrst 3nesi p1Bayer3 EhA @and the sesodtbdLsefweayer 713,
respectively, and stresses exerted to the first electric conductor 72A and
t he seaodrdcehaatror inorduchoec?218yeare 3i2st vilbyut 2d3tend el X.i r Ther askn | ayer
71A and the second resin |ayer 713, respectively, so that a 10 generation of
a crackarmithe flisasétet et the sohdectmiwde2Amangdben fhe oecqrie,ekeatii c
conductor 723 can be certainly prevented, thereby inhibiting a generation of
a conduct iovelbagéurtham 4 he, sentconelietadrl ydeviueé flo $0O1CMger than 10
um, in view of aggregating the solder powder with a certainty on
10 the surface of the conductor interconnect layers 312, 613, 313 and
612. 1In addition, the mean particle diameter of the solder powder
may be, for example, egual to or smaller than 100 pym, and
preferably equal to or smaller than 50 pum, in view of selectively
forming the solder region in the surfaces of the conductor
15 interconnect layers 312, 613, 313 and 612, and ensuring an
insulating performance of the adhesive tape in regions except the
conducting regicns thereof. Here, the mean particle diameter of
the solder powder may be measured by, for example, a laser
diffraction scattering process.
20 [0162]
In addition, the compounding ratio of the solder powder in
the adhesive tape may be equal to or larger than 20 parts by
weight, provided that the total components of the tape except the
solder powder is assumed to be 100 parts by weight, in view of
25 providing an improved joint reliability, and preferably equal to

or larger than 40 parts by weight. On the other hand, in view of

improving the film-formability of the adhesive tape, the ratio may



15Further, when only an electric conductor is disposed between the first
resin substrate 3 and the resin spacer 6, a load of the resin spacer 6 is
exerted on the electric conductor. Omsdhe contrary, in the present

enbodi nent, the first electric conductor 72A is disposed in the first resin
| ayer 71A, which serves as 20 adhering the first resin substrate a wth the
resin spacer 6. The load fromthe resin spacer 6 can be distributed to the
first resin layer 71A in addition to the first electric conductor 72A,

t her ebyer egligi N tdie shaadeexerie 3@ dahe sf by she ehigct rdoGarduehar A I n
addition to above, simlar advantageous effect can be 25 obtained by

di spositRgal heomar sadheshyec apahsicet? habweenad herserand sf gskimsybstrate 5
and the resin spacer 6. [0191] 101 Further, in the present

embodi #BNbe LhHe FORGUGHOLel ShE) CONgalefleaytly6dgud N thebuhdupr| ayes 618 of
the resin spacer 6 is coupled to the conductor interconnect |ayer 312 in the
upper mast sarfaasy afeilghe .bui | dup | ayer 31A of the first resin 5 substrate 3
t hrough such sol der region 72A. Further, the conductor interconnect |ayer
6125i n [phe3bui | dup | ayer 61A of the resin spacer 6 is coupled to the
conductor interconnect |ayer 313 in the uppernost surface of the buil dup
| ayer 318 of Thbecsenoncgeesi axsubst fraf ecHe tthuaugbt sucty sial decheagcanh 728.
Therefore, 10 nmetallic junctions may be forned between the sol der regi on 72A
and t heompodugdtiavimg éueanhensl | gyarp, 3Ldich thecépdaisie regsiimdsshsgyrate 3 and
bet ween the sol der region 72A and the conductor interconnect |ayer 613 of
t he reskeduspaceroH,arancinet 4l lincof wist isoislerapobacef csurddideetsween the sol der
region 72B and the conductor 15 interconnect |ayer 612 of the resin spacer 6
and bebeeenetheisollder] aiegidoho 728 amhdund oconduet ovnneattterlegemecBllayer 313
of the second resin substrate 5. Therefore, a generation of a conductive
falPur &1lBet Weemanthed Yesiandspacetrs® earkbilee ofi psndiegivitdulbstreatin. 3 and a
generation of a conductive failure between the resin spacer 20 6 and the
second Fugsharsubke ranrd g edAnbeexiduiddda shevifdingpethe Senbeendueboy devi ce
1 with an inproved joint reliability. .

has a reducing power for inducing a reduction of an oxide film on

the conductor interconnect layer surface to remove such oxide f£ilm.
For example, when the resin contains an epoxy resin, the curing

15 agent exhibiting the flux activity may have carboxylic group and
functional group that is capable of reacting with epoxy group.
Typical functicnal group that is capable of reacting with epoxy
group include, for example, carboxylic group, hydroxyl group,
amino greoup and the like.

20 [0164]

A suitably selected chemical compound employed for the
curing agent exhibiting the flux activity according to the type of
the solder powder, in view of removing the oxide film on the
surface of the solder powder during the adhesion process.

25 Typical curing agent includes: for example, chemical compounds
having one phenolic hydroxyl group in the molecular such as

benzoic acid, formic acid, acetic acid, phencl, alkylphenol,



[0192] Further, since the solder regions 72A and 728 are forned to
have col umm-shape in the present enbodi nent, the regions can have 25
relatively |arger contact areas w th ghe conductor interconnect |ayer 312 of
the first resin substrate 3, with the conductor interconnect |ayers 612 and
613 of the resin spacer 6 and with the 102 conductor interconnect |ayer 313
of the second resin substrate 5, thereby reducing the conductive resistance.
[0193] Further, since the adhesive tape containing a resin, solder 5 powder
and a ¢HphNH-RGRH t@ehiRickE NgolhdrldiX RebbMhbY &Screny %m%%ehelt, he present
enbodi nent, when the adhesive tape is heated whil e being di sposed between

the fi hghirbgsimorsdibstdsat-eidoaNtdde-HASI heSRACLH YR alipHeoween the second
resin substrate 5 and the resin spacer 6, the solder powder in the resin

nelts, efhgl adiémg diprandQ, sekdpadh @i dihenanpaenoD} mpfh@ysiuifiigce of the
conductor interconnect layer 613 in the buildup |ayer 61B of the resin
spacer hgdandyher stirinace , ophl deogonsduetloandnt e conpect Amyer tBdédej n the an
upper nost surface of the buildup |ayer 31A of the first resin substrate 3,
ands f upbhgphend D ddmcsribaaee opr¢ frerakdrgudhoridd ohteredniiect bkayer 612 in
t he buildup layer 61A of the resin spacer 6 and the surface of the conductor
i nt er cannectctayery 313 in the | owernost | ayer of the buildup |ayer 31B of
the second resin substrate 5, thereby forming netallic junctions. Therefore,
even iflOopé6ii ons of the surface of the conductor interconnect 20 | ayers 613,
612, 313 and 312 are covered with the solder resist S, the conductor
i nt er connect Thayedst can bdéenvhealtyl complaectdwetkhibi teng aihwt f.1ux0194]
Further, since the resin spacer 6 is forned to have a
activity 1s preferably a curing agent exhibiting the flux activity,
10 which exhibits a flux activity and alsc serves as a curing agent
for a thermosetting resin. This eliminates a need for a cleaning
process of a flux agent after the solder-juncture process.
Further, since the curing agent exhibiting the flux activity has a
reactivity with thermosetting resins, so that outgassing is
15 reduced, thereby reducing a contamination of electronic components,
and/or an action as an ionic impurity is prevented, thereby
preventing a corrosion of conductive members.
[0166]
Typical curing agent exhibiting the flux activity includes,
20 for example, a chemical compound having carboxylic group.
Typical chemical compound having carboxylic group includes, for
example, straight-chain or branched alkylcarboxylic acid,
carboxylic acids such as aromatic carboxylic acid or the like.
[0167]
25 Typical alkylcarboxylic acid includes, more specifically,

chemical compounds represented by the following formula (ITI)

HOOC- (CH;),—COOH  (II)



25 rectangul ar frane-shape and is disposed along all sides of the first
resin substrate 3 in the present enbodi nent, the second resin substrate 5
can be stably supported, as conpared gg¢th a 103 configuration of providing
the spacer in sonme side(s) of the first resin substrate 3. [0195] Further,
since the underfill Uis selected to have an 5 elastic nodulus of within a
range of from 150 MPa to 800 MPa in the present enbodi nent, the peripheries
of the bunps 32 are firmly fixed, preventing a crack in the bunps 32. [0196]
Furtheryn kow dibgh&cidd & i¢Rastraphufa | o) LowKikaygr ) ns&f&d MemHe ra% rom
interlayer dielectrics are used for the first sem conductor chip 2 and the
second ¢se eognductor chip 4. An average coefficient of thermal expansion of

the underfill U for tenperature range of from 25 degree Cto a gl ass
transi tiroRdpet nén} het esfew 9rdpsighethd areeaual £ioxoact biedy,t hae 40
ppnf degree C, 15 so that a reduced | evel of deformations of the underfill U

can be aghize¥etqgwhen iy tiwer rEhebi 64 aind itheerqadnt er addulherahy theduci ng a
damage on the Low K layers of the first sem conductor chip 2 and the second

senbconfdueisorrahs pt fon [tk a2Qr e QURTH EMBERIIVENResive tapfe,sem"canduct or
device 8 of the present enbodinment will be described in reference to Fig.
18. Thiutd embodidentrited dafrimguaedI hats tgre fliradl yadhesi 4 e- ararther "AA and t he
second adhesi ve nenber 73 include the solder regions 72A and 723,
respectdfvelgpal Onot die &jheontthany4 aaisemdaordact ancdesseelB wife tlaspiesent
enbodi ment includes a first adhesive nenber 8A, which has a first resin
| ayer 8ialulandofohitkictuncsl paiheisciest &XA dushitoh aar exdesposeldy |sharfterf i r st
109
distance across the cross link in molecular of epoxy resin,
10  thereby improving the adhesive property with the adhesion object.
On the other hand, "n" of equal to or lower than 10 can inhibit a
decrease in the elastic modulus of the cured adhesive tape due to
an excessively longer distance across the cross link in molecular
of epoxy resin, thereby further improving the joint reliability.
15 [0168]
Typical chemical compounds represented by the above-
described formula (II) include, for example,
adipic acid when n = 4 [ (HOOC- (CHz),~COCH) ],
sebacic acid when n = 8 [ {(HOOC-(CH;)s~COOH)], and
20 a compound when n =10 [ (HOOC-(CH;)10—-COQH) J.
[0169]
Typical aromatic carboxylic acid include, more specifically,
chemical compounds having at least two phenolic hydroxzyl group in
one molecular and having at least one carboxylic group that is
25 directly bound to aromatic group in one molecular. Such chemical

compounds include, for example: benzoic acid derivatives such as

2,3- dihydroxybenzoic acid, 2,4- dihydroxybenzoic acid, gentisic



resin |layer 81A and serve as a first electric conductor. The sem conductor
device 8 of the present enbodi nent al so includes a second adhesi ve nenber
8B, which has a second resin |layer 818, and conductive particles 82B, which
are disposed in the second resin 5 |layer 81B and serve as a second electric
conductor. The sem conductor device 8 has a configuration simlar as for the
sem conduct or device 1, except that configurations of the respective
adhesi ve nenbers are different. The first adhesive nenber 8A serves as

el ect rigealyl y2 couplimgirohebeasbic shacdr, ©,%0 4OniAecofjbsizdiesipigubstrate 3.
Adhesi ve tapes produced by di spersing conductive particles 82A in the first
resin kayer 48w Qixadheniiegathe, coauct iave dpast b ¢best 82ApRkgbReosyr f ace of
the first resin layer 81A or a liquid adhesive agent produced by dispersing
the copdugli ¥gd paid i1GIkes 83AntRothedid skeriostivéaysicHaB81A4may be enpl oyed
for the first adhesive nmenber 8A. The first resin |ayer 81A is an insulating
| ayer @@Vlyﬂgoﬂ%—@d’hﬁﬂit\h@i@r apedt y3, shdiiprevoaes? afa@dhesiondiet ween-t he
first resin substrate 3 and the resin spacer 6. The first resin |ayer 81A

i ndbr eetihydeoryartrapMthibithacidr std rigsd nikebsphahelphtand itnhe ahési n spacer 6
via the 20 solder resist S. Here, the conponent of such first resin |ayer
81A i s diphepal tacid ard yhei niiked to any specific conpound, and typically, a
thernoplastic resin, a thernosetting resin, or a mxture of a thernoplastic
resin gud7ajthernosetting resin may be enpl oyed. For exanple, in

consi deration of the conductive 25 resistance stability in the coupling

bet ween t he Fgpitakpacemd agrdtt Brhibitsing édien fdubsbcat el tdy afayer
experiencing a heat stress or a noisture absorption, a thernosetting resin,
or a mixturdepfmere EediHecabpl ass¢lcacissiariandnd géer hoisetading resin nmay be
preferably enployed. Further, taking the filmformability into account, a

m X0 ur elestrabefetlnm asiec of esk nbapldl &f twhdchosert bageens imashy hbeennr e
preferably enployed. 5 Here, the thernosetting resin enployed for the first
resin |layeddg8tions Hotipawtrecnrai¢yahiartthed toecanyrspeciddnd resins, and
typically epoxy resins, oxetane resins, phenolic resins, (nmeta) acrylate
resi ns,exgﬁ!@atamt@ae polyesCEi Vi BYi b, 2 dileniypht Ranaeend ¢5HEY mal ei ni de
resins and the |ike are enployed. Anong these, 10 epoxy resins and (neta)
acryl at@rPesyhsC T Wh &¢hithPt aPpEe T&STuedablENP Yl antely Betvér ISREPE i fe,
and the cured material of which exhibits better thermal resistance, better
noi st ur'é® PELLELaMcE’ AP Set LtEF EHBRP'E MegsipdtaRBatiyelyplierer &5y ERpl oyed.
Further, when a thernosetting resin is eanO{ed, a curing agent 15 may be
added. “SuCRTEOFY htf et P&InBrepartF diia®y ™l PEPERd to any specific
conpouq%, and typically an addition-polynerization type, an

ani oni c &gﬂﬁnerization type, a cationic-polynerization

It is sufficient that the curing agent exhibiting the flux
activity is present in the exterior of the solder powder, and for
example, the solder powder and the curing agent exhibiting the

20 flux activity may be separately dispersed in the resin, or the
curing agent may be adhered to the surface of the solder powder
dispersing in the resin. Since the curing agent exhibiting the
flux activity exists in the exterior of the solder powder, the
curing agent exhibiting the flux activity moves to interfaces

25 Dbetween solder and the conductor interconnect layers 312, 613, 313
and 612 with an improved efficiency during the adhesion process,

thereby achieving direct contacts between solder and the conductor



type curing agents may be enpl oyed, when an epoxy resin or an oxetane resin
is enployed for the thernosetting resin. Arong 20 these, in consideration of
a bal ance of cure-ability and shelf lI4de, an anionic-polynerization type, a
cationic-polynerization type curing agents may be preferably enpl oyed.

Typi cal |y avail abl e ani oni c-pol yneri zati on type curing agent nay be tertiary
am nes, and typically avail able cationic-polynerization type 25 curing agent
may be Lewis acids. Further, imdazole curing agents encapsul ated in

M crocapsdlesnnat ahiyiessashaf egis cuiNGinagent . exhi bi tinguWeetikpkoadhgsi ve
property, cure-ability and shelf life, 106 may be nore preferably enpl oyed.
For exampl ¢oigt NCIriegncapsyl atgdaddi dazgl e1deei ved apoxy gund may be
enpl oyed. Besides, when a (neta) acrylate resin, a maleinm de resin or a

di al | yphhhph ety res s aophoyed,ia diealentadhcahe i Rédigt ahemayirbggenpl oyed,
5 though it is not particularly limted thereto. Anmong these, peroxide-based
conpouRdsner cai hdagee reanpounds, radtirchviexhibhi impettet drdianeecof to
cure-ability and shelf |ife, may be preferably enployed. [0198] 10Furt her,

t ough iehhbscaoth@agiidstul-ambyul s éedico dErysspeandici @onmpapedarukbe

thernopl astic resin enployed for the first resin | ayer 81A may be

el ast oneys. oFothexaryilne, reactive el astonmers such as phenoxy resins,

pol yester resins, polyurethane resins, polyimde resins, siloxane-nodified
pol yi m[@e7eési ns, 15 pol ybut adi ene, pol ypropyl ene, styrene-butadi ene-styrene
copol yners, styrene-ethyl ene-butyl ene-styrene copol yners, pol yacetal resins,
pol yvi nyl but ¥nadddesiars, ipolyewnyf atababvirssithe, filspbatyl ertsi,sdpeene
rubbers, chl oroprene rubbers, polyam de resins,

acr yl omompilied buy aditerme-ocopbkymer sng aoyepitomixtii bl eihat Hot enex 20tagiyyic acid
copolynmers, acrylonitrile-butadi ene-styrene copolyners, poly vinyl acetate,
nylons fost yhenectsbpmrassd icopotynef oy Wdhesdubbease agrlcarie thick sohdgrbe

enpl oyed al one, or a conbination of two or nore of the above el astoners may
al so b@owAproped. P4 n faddierrbalet peuabdie dedéahbedthdreriwpliadt-ircapdsi ns 25
may have nitrile group, epoxx,group, hydr oxyl group and/or carboxylic group,
for th®rghepesey o¥dyaiprevPrghaghadhesive pridper £ ofdat cBhpdti Bitkt 9Twi t h
other resin. An acrylic rubber, 107

decreasing theé melt viscosity of the resin during the adhesion

process, the compounding ratio of the curing agent exhibiting the
15 flux activity for the total constituents of the adhesive tape

except the sclder powder may be, for example egqual to or lower

than 30 %$wt., and preferably equal to or lower than 10 %wt.

[0173]

More specifically, when the adhesive tape contains an epoxy

20 resin, the compounding ratio of the curing agent exhibiting the

flux activity for the epoxy resin contained in the adhesive tape

may be, for example equal to or lower than 50 %wt., and preferably

¢

equal to or lower than 30 %wt. Having such configuration, an

overloading of the curing agent is eliminated, providing an
25 1improved cure-ability.

[0174]

In addition to above, the adhesive tape may further contain



for exanple, may be enpl oyed for such resin. [0199] In addition, an
adhesi veness applying agent nmay be added to the first resin |layer 81A, for
t he purpose of enhancing an 5 adhesi wg property for an adherent object. The
avai | abl e adhesi veness-applying agent is not particularly limted to any
speci fic compound, and typically, silane coupling agents,
titanate-containing coupling agents, phosphate ester and the |Iike may be
enpl oyed. In addition, in order to inprove the cure- 10 ability, the
f1 owabikiby Q&‘ﬁrgﬂ Neall, nghiandi § he menkabi ribby ofe therifrig slgehesi n | ayer
81A, a reactive diluent may be enployed for an insul ating adhesi ve tape. The
avai | abkgikeactd i didiu@nbcti i NPl Rartecwbaihy bFndded t@asapy specific
conpound, and typically an epoxy-based reactive diluent nay be enpl oyed,
when amugpeXynilfy LS Okia Yetiangy es RohsagAplioyed. On the ot her hand,
when a (nmeta) acrylate resin, a maleimde resin or a diallyphthalate resin
is enplioyed] a (neta) acrylate resin-containing reactivity diluent may be
enpl oyed. Further, for the purpose of enhancing a thernmal resistance of the
first resin rayetuSidy izyeh® bBPhovepdhei A grovntinetéabid idry, sprchimdegani c
filler may be added. The inorganic filler is not particularly limted to any
speci f icompated] adnd angitoppilgaphgnosi ¢4 camirsesithTRLEf tapdosiddaidrbleal ci um
carbonate, zinc oxide, titanium oxide, bariumsulfate, alumna and the |ike
may be aendployechs 22000 of the fdwctciondycwivk pastemdes r@2Ansende as
electrically coupling the resin spacer 6 to the first resin substrate 3.
Such 108 pbpdicdl verqrarrttiebest 824e arwratbprpdutt cuplenyl dldannagdbeo any
specific material, and typically, a netallic particle, a resin core
mat er i @lreferallgleamslaredserami c core material, which is coated with an
el ectroccnductive material, may be enployed. 5 Typical netallic particles
ava? | adllé7hére may be conposed of various types of netallic materials such
as nickel, iron, alumnum tin, |ead, chromum cobalt, gold, silver and the
li ke, nmetal &htogbicsreisainogxpdesicehabln,ligrigehi te and specifice. A pol ymer
sel ected froma group consisting of epoxy resins,

compounds, and in view of physical properties of the cured

adhesive tape, bi-functional or more is preferable. Typical
phenolics include, for example, bisphenol A, tetramethyl bisphencl
15 A, diallyl bisphenol A, biphencl, bisphenol F, diallyl bisphenol F,
tris phenol, tetrakis phencl, phenol novolac phenols, creosol
novolac phenols and the like, and in view of the melt viscosity,
the reactivity with the epoxy resin and the physical properties of
the cured product, phenol novolac phenols and creoscl novolac
20 phenols may be preferably employed.
[0177]

In addition, in view of ensuring the cure of the resin, the
blending ratio of the curing agent may be for example equal to or
higher than 5 %wt., provided that the total components of the tape

25 except the solder powder is assumed to be 100, and preferably
equal to or higher than 10 %wt. In addition, in view of improving

the flowability of the resin during the adhesion,



10 urethane resins, nelam ne resins, phenolic resins, acrylic resins,

pol yester resins, polystyrene resins, styrene-butadi ene copolyners and the

| i ke may be enployed for the resin caze material. In addition, a conbination
of two or nore of these polyners may al so be enployed. In addition, a
metallic thin filmcoating may be 15 exenplified as the avail able

el ectroconductive material covering the core material, and typically, for
exanple, a single elenent or a combination selected from gold, nickel,

si | ver theopP&Kdirg NGt ibl Bf tREI &l irRaldgadic iy absini Qe ehi:ke sy be
enpl oyed. The thickness of the nmetallic thin ¥i|n1coating IS not

parti cykarbye 2 HdnmaedwtandpfoFi@x@mpae, thaytdeaw ddigbr@ntange ehefrom 0. 01
pmto 1 pm Excessively thinner nmetallic thin filmcoating causes an

unst abkepeoeptdpty tiet Bolleen pakdsr and 2suesdi vel ye t i kemndc patifegaleagi | y
causes an aggregation. In addition, the nmetallic thin filmcoating nmay be

pr ef er agliyl appl ded amrirf enehy30ntwc t he surface of 25 the core material .

Uni form coating elimnates an unevenness or a chipping of the coating,

t hes ebyoaechi eving an i nproved el ectrical coupling. [0201] The second
adhesi ve nmenber 8B serves as electrically coupling the resin spacer 6 to the
second resi nIsudbsditaten,5 théhadsesi vart genfiagufatt bar ascrerplroyedut-angt he
first adhesive nenber 8A 5 may al so be enpl oyed for the second adhesive
menber cBBal{bt e specidondablhyatide «f mdramimihertlad asrienploayedysor the first
adhesi ve nmenber 8A may al so be enployed for the material for the second
resi n kayews 8fiB;ttend arisardngi the para i ébeaseeipl dyeichd dihet he conducti ve
particles 82A may al so be enployed for the 10 conductive particles 82B

servi ngaasfapeusecdhdhel edhestveomieet or. The second resin layer 81B is an

i nsul ating | ayer having an adhesive property, and provides an adhesi on
bel%eeﬁoﬂﬁélsecond resin substrate 5 and the resin spacer 6. The second
resin [ayer 81B indirectly contacts with the second resin substrate 5 and
the 15 resi nSsphelele uhiac Katsdyaerngedisstsedecthe aecordintilesitie nenber
81B provides an el ectrical coupling between the resin spacer 6 and the
second t¥BSi Af stttrefie 5 anfofop] e xRl e s Gie 1B da hel € grdiRUnge DgEiPlcRes 82A

of the first , .
melting point of 150 degree C or higher may be employed.

Excessively lower melting point of such imidazole compound may

15 induce earlier cure of the resin in the adhesive tape before the
sclder powder mcoves to the surfaces of the conducteor interconnect
layers 312, 613, 313 and 612, so that it is concerned that
unstable coupling or shorter shelf life of the adhesive tape is
caused. Therefore, the imidazole compcound having the melting

20 point of equal to or higher than 150 degree C 1is preferable.
Typical imidazole compound having a melting point of 150 degree C
or higher includes Z2-phenyl hydroxy imidazole, 2-phenyl -4-methyl
hydroxy imidazcle and the like. 1In addition to above, the upper
limit of the melting point of such imidazole compound is not

25 particularly limited, and may be suitably selected according to,
for example, an adhesion temperature of the adhesive tape.

[0180]



20 adhesi ve nenber 8A di sposed between the resin spacer 6 and the first
resin substrate 3 are di sposed between the surface of the conductor

i nterconnect layer 613 in the buil dupdayer 61B of the resin spacer 6 and
the surface of the conductor interconnect |ayer 312 |ocated in the uppernost
surface of the buildup |ayer 31A of 25 the first resin substrate 3. The
surfaces of the conductive particles 82A directly contact with the surface
of the conductor interconnect |ayer 613 of the resin spacer 6 and with the
surface 11018fagde CANJdUGLOEchpbERE DNt ilayer tBd 2cinidde-uithdup | ayer
31A of the first resin substrate 3, so that the first resin substrate 3 is
el ectrinagl by, cg@ﬁ@ﬁaﬁ@l@q Whenigsh NrHRACRIT Erohnoaddi $won tootthetconductive
particles 82A of the first adhesive nenber 8A 5 di sposed between the resin
spacer pghoahded hendd rgie reskd subsbéiaits dareecdiaposetd-qat wern sbhaesol der
resist S provided on the surface of the resin spacer 6 and the sol der resist
S provigdedeenit hessimdnee et the. fTHstcoagsiundsustaat® & drer theingt he ot her
conductive particles 82A are wedged into the solder resist S 10 provi ded on
t hessurdaaagyet dhe=desi rospackt gbhdr attthrt e 030kder pesvysdesS furawheded on the
surface of first resin substrate 3. [0203] Simlarly, sone of the conductive
parti cleggsc82Bvely tdihisacdnd abdbesuvet itenbers 8Bedtgspbsed-dretlween fbhe resin
spacer 6 and 15 the second resin substrate 5 are di sposed between the

sur f acehef ephey congiuct aheireber ppasect inqyerfuGtBeirnimpectrd lcupe-1 ayer 61A of
the resin spacer 6 and the surface of the conductor interconnect |ayer 313

| ocat ecbiiditheof oWer noBtesswef depeof Iheadsliitlidup EhyecoBidBirafingheasécond
resin substrate 5, and are in direct contact 20 with the conductor

i nter carinébe Fayens Gl lysd 3f3equal addiar drwedt hbancondtct iprevpdesi cl es 82E
of the second adhesi ve nenber BB di sposed between the resin spacer 6 and the
setdnd fngsharsibsteeae Bedife ldifspos ethdetdbesi veheapel der resi st S provi ded
on the surface of the resin spacer 6 and the solder resist S provided on the
25 surfl#éélaf the second resin substrate 5. Further, the other conductive
particles 82B are wedged into the solder resist S provided on the surface of
the resin spafepdgbt il the s6lhgeive 143re exstalsoprevidea areitle@esur f ace of

second resin substrate 5. [0204] , o .
coupling agent. The configuration of containing the silane

coupling agent allows further enhanced adhesiveness of the
15 adhesive tape to the adhesion object. Typical silane coupling
agent include epoxysilane coupling agents and aromatic-containing
aminosilane coupling agents and the like, and it is sufficient to
contain at least one of these. Alternatively, for example, both
of these may be contained. The compounding ratio of the silane
20 coupling agent may be, for example, within a range of from about
0.01 %wt. to 5 %wt., provided that the total components of the
tape except the solder powder is assumed to be 100.
[0182]
Next, the multiple-layered material having the first resin
25 substrate 3, the adhesive tape, the resin spacer 6, the adhesive
tape and the second resin substrate 5 is cooled. This allows a

cure of the resin in the adhesive tape, thereby maintaining the



Here, the mean particle dianeter of the conductive particles 82A may be
sufficient to be not smaller than a di stance between 5 the surface of the
conductor interconnect |ayer 613 in tdwe buildup layer 61B of the resin
spacer 6 and the surface of the conductor interconnect |ayer 312 on the
uppernost surface of the buildup layer 31A of the first resin substrate 3.
Simlarly, the nmean particle dianmeter of the conductive particles 82B nay be
10 sufficient to be not smaller than a distance between the surface of the
conduct-ghdh pt &5 £ONNEGHil-RAY €he 6421 ddy theyibwisl dup hayer2B 1Ry i6f HelGeEgSi N
spacer 6 and the surface of the conductor interconnect |ayer 313 on the

| ower mpst sufface-oin teshubtdup dyahe3l@soh tpecseconhiePctweuhstrate 5.
Mean particle 15 dianeters of the conductive particles 82A and 828 may be
measur edebyecedpd oyd ich auetrpast b cired sihee rasahyzpacor @ |laspecparkiele size
anal yzer and the like. Alternatively, the conductive particle 82A, 82B may
be vi sitheycabser yvethevisaladarebeabs OBl My eseepdedndnt tiee Ibde samdatben a nean
particle dianmeter nay be calculated. 20 In addition to above, the conductive
parbi clogs tB2Af ansk 823 iar eubet rhten 3 eb tabtprinmahy pantcai@sstcandemraye be
secondary aggregated particles. [0205] Next, a nethod for manufacturing the
sem conducBach desmiperRizboenpeoycagl sicmduntetl adhelse vel mmenttetboBAdand t he
second adhesive nenber 88 will be described. The first resin substrate 3 on
whi ch tvie fhessobadsn domgsc Bor ophilpe Zodcsk mounibed, of hehselCiorsdt mesin 112
substrate 5 on which the second sem conductor chip 4 is nounted and the
resin spheérateade manufactured by the nethods simlar as enployed in the
previ ous enbodi ments. Next, the first resin substrate 3, an adhesive tape
consti tl¢flBAg the first adhesive 5 nenber 8A, the resin spacer 6, an adhesive

tape constituting the
Next, advantageous effects for the products of the present

embodiment will be described. According to the present embodiment,
the following advantageous effects can be obtained, in addition to
the advantageous effects similar as in the aforementioned
embodiments. In the present embodiment, an average coefficient of
15 thermal expansion along a substrate inplane direction of the
insulating layers 311 in the buildup layers 31A and 31B of the
first resin substrate 3 and the second resin substrate 5 in the
semiconductor device 1 for temperature range of from 25 degree C
to a glass transition point thereof is equal to or lower than 30
20 ppm/degree C, and an average coefficient of thermal expansion
along a substrate thickness direction of the insulating layers 311
in the buildup layers 31A and 31B of the first resin substrate 3
and the second resin substrate 5 in the semiconductor device 1 for
temperature range of from 25 degree C to a glass transition pecint
25 thereof is equal to or lower than 30 ppm/ degree C. This allows
achieving a reduced level of deformations of the buildup layers

31A and 31B along the substrate inplane direction and along the



second adhesive nmenber BB and the second resin substrate 5 are deposited in
this sequence. Then, such nultiple-layered material is subjected at a
predeterm ned pressure, and is heatedhmt a predeterm ned tenperature.
Heating of such multiple-layered 10 materi al causes the resins in the resin
| ayers 81A and 818 being nelted, and pressurizing of such nultiple-Ilayered
mat eri al causes the conductive particles 82A and 828 being depressed into
the solder resist S . Further pressurizing of the nultiple-layered nmateri al
causesdt beceondust itre Rapktehes 824 ands§28nbei Aotddrgandwisebed het ween the
conductor interconnect |ayers 312 and 613 and between the conduct or

i nt er cenpeghtayertc¥lInandefil@ondicasididelaget 0. abmvere ®ire, h@at-papesat ure for
heating the nmultiple-layered material, it is preferable that the elastic
modul ugrothé hei eonductinveupat tacd €5 G2A tards828nar eedtirgheibstthanet be el astic
20 nodul us of the solder resist S. Such configuration allows the conductive
parti ches 82&uasg. 828 bei ng wedged into the solder resist S. Further, the
glass transition point of the solder resist S may be preferably equal to or
| over trhas, t hegdérenparianuce focoheattding tfae 1lomkt bpteedrayareedimgtereéaln | f the
glass 25 transition point of the solder resist Sis equal to or |Iower than

t he t espesatare 3 anchedkl fdrshesanl ddmpluetioayehéd Predret ialgenetratannbef ensur ed
that the conductive particles 82A and 828 be wedged into the sol der resist
S. [02@6Fcnductive Accidrudienpetwethet ipr esenindembodn nentstasatde scenbetdhabove,
the foll ow ng advant ageous effects can be obtained, in addition to the 5
advant ageous séfiuirsiwuiost ahipat | yreimdumedaspiaviden@ftdreenent i oned

enbodi ments. In the present enbodi nent, the conductive particles 82A in the
first s¢hespPvdupermbercv8Acalewdilpasediiiovied vedgedrehtabitlhiévsol der resist S
provi ded on the surface of the resin spacer 6 and the solder resist S

provi désrshe1o the nulacénef laper f3¥stol ddenbyiubdtp atavyey. 33Pnlfathy, the
conductive particles 82B in_the second adhesive nenber 8B are disposed to be
wedged fitfed rheinoiwhatnagsi st asdpklewi e 16 inHelavef atk! off tthé resin spacer
6 and the solder resist S provided on the surface of the second resin

subst r ®a 19uPThayes otld °& 1HedPSERnDarRse lc 8USEHET BYe t hea o VR¥dt PFesparti cl es
82A and 82B di sposed between the solder resists S against the contacts of
the conQuéhRvEOHART iRYES 82a and BPEF i EFosed Bethwee P iiRcteshduceor

i nterconnect |layers 312 and 613 and between the conductor interconnect

| ayer s "§83 YREN 612 Wt erhEUEBRdREt dFe iMitldffonnéagretore, warpages of

15 the substrate 3 and 5 to be generated during the melting of the
solder bumps B2 can be reduced, providing the semiconductor device
1 with an improved joint reliability.
[0184]

When a metallic bump electrode or a lead is disposed between

20 substrates as in the conventional technologies, it i1s difficult to
reduce a difference in the coefficient ¢f thermal expansion
between the substrate containing a resin and the metallic bump
electrode or a difference in the coefficient of thermal expansion
between the substrate containing a resin and the metallic lead.

25 On the contrary, in the present embodiment, the resin spacer 6 is
disposed between the first resin substrate 3 and the second resin

substrate 5, such that the first resin substrate 3, the second



20 layers 312, 613, 313 and 612 can be prevented. This allows providing the
sem conduct or device 8 with an inproved joint reliability. [0207] Further,
in the present enbodi nment, the conduci@r 25 interconnect |ayers 312, 613,
313 and 612 are in contact with the conductive particles 82A and 825 to
provi de el ectrical conductions anong the first resin substrate 3, the resin
spacer 6 and the 119 second resin substrate 5, and thus no netali zed
connection is formed between the conductor interconnect |ayers 312, 613, 313

and 612-and &hesGonduct e pREticdas $aheand 82B hsa-ddidlyugehevgrk can be
conducted. 5[ 0208] FIFTH EMBODI MENT A sem conductor device 10 of the present

enbodi pBAta v | e digrsdesehibed] 1bis refRianceche &igferditcang 28e The adhesive
tape containing the sol der powder and the conductive particles 82A and 10

82B di spesed-Withidt therhesi Sxpayeish HhhweédBrn81A and BEBni suesptoyed for
t he adhesi on between the resin spacer 6 and the first resin substrate 3 and

the adheshanthetmeam tshaceestnaspaces frdedehhe secad dRFirAcsuhsteate 5 in
third enbodi nrent and fourth enmbodinent. On the contrary, in the present

enbedi mBEBtmal hexgesiibnlbesPacer tife i sedipudplredihostiher fateSts magi ahsubstrate 3
and the resin spacer 6 is coupled to the second resin substrate 5 via

met al | iresbanpsacdd ler aspeetsraf ea sjanidrarciva bhat eobnde iakorefentéoned
enbodi ments. As shown in Fig. 19, the conductor interconnect |ayer 613 of
t he resenwspacete & lirstcoupliadstiost it e ANdumct ohe 280etii®reenneetibkayete 312 of
the first resin substrate 3 via a first netallic bunp 11. Such multiple
first Buppa B4 asdudidposedpalohguraespdct ithe prdssniofentthelifienst beshn
substrate 3 and the resin spacer 6. Lead free solder, for exanple, nay be
enpl oyed tbe fhest iretirbunpstiatdeddarfd edesekbdendi seqiot séustireakably limted
to
10 are composed to have similar layer-structure and composed of
similar substrate material, and further, the resin spacer 6 is
composed of similar substrate as employed for the first resin
substrate 3 and the second resin substrate 5. More specifically,
the coefficient of thermal expansion of the first resin substrate
15 3 along the substrate inplane direction and along the direction of
the substrate thickness, the coefficient of thermal expansion of
the second resin substrate 5 along the substrate inplane direction
and along the direction of the substrate thickness, and the
coefficient of thermal expansion of the resin spacer & along the
20 substrate inplane direction and along the direction of the
substrate thickness can be provided to be substantially eqﬁivalent,
so that a generation of a conductive failure can be prevented with
a certainty, when a thermal history is encountered for the
semiconductor device 1.
25 [0185]

Further, in the present embodiment, the insulating layers

311, 321, 611 and 621 of the first resin substrate 3, the second



25 any specific type, and is preferably an alloy containing at |east two or
nore el enments selected fromthe group consisting of tin (Sn), silver (Ag),

bi snut h(Bi ), indium(In), zinc (Zn) aw copper 115 (Cu). Anong these, in
consideration of the nmelting tenperature and the mechanical properties, it
is preferable to enploy an alloy containing Sn such as an alloy of Sn-Bi, an
alloy of Sn-Ag-Cu, an alloy of Sn-1n or the like. Alternatively, a

sol der-pl ated copper 5 post may al so be enployed for the first bunp 11. The
peri pheeyi f sgpigir fid St ahdNPBe Lle 2e dpa@kirdeda e t bord gy @S Rol aygtaidA so as
to surround the first bunp 11. More specifically, a condition that the first
bunps ilcexhend tdyieUghnt Bert eshTed ayelovolaci syphovd dedsir],0289Lhd0Furt her,

t he conductor interconnect |ayer 612 of the resin spacer 6 is coupled to the
conducteheiat scoealarbayer 3d3kf dihetseeend s@SétrsUbSL I ahe Bevbada
second nmetallic bunp 12. The second bunps 12 are di sposed al ong respective
si des etsthestesitntspacendotandrédion sgcoRrd wesan Isébsddaierl withuch second
bunmp 12 15 may be conposed of the material simlar to that for the first
bunp 1liurTher pesitphierty.of such second bunps 12 are provided with the resin

| ayer 71A so as to surround the second bunp 12. More specifically, a

condi ti[ongthat the second bunps 12 extend through the resin layer 71A is
provi ded. 20[ 02101 Next, a method for manufacturing such

sem conduct oFudevece tH® Mildstbeedés csubdrad.atAs 3shonnaimikg che?2@estihe second
bunmp 12 is provided in the conductor interconnect |ayer 313 of the second
resin shbstreaie fhaddexts, ahbethéersécduinrebin supsovatded ito tdeat2b5nconduct or

i nterconnect | ayer 613 of the resin spacer 6. Heights of the first bunp 11
and t héhsecestn bunp st2zakey be poefier abllticfler lexanpd enatwitikilnod thage of
from3 pmto 300 pm The thickness of 116 equal to or smaller than 300 pm
cahl pr a¢sdesahavitg [ tdeghach bhigekesst icow staatéondincen védef dillkgte with a
certainty, when a thermal history is encountered for the sem conductor

devi cerggin substrate 3 and ending to the second resin substrate 5.

Therefore, even if the first resin substrate 3 and the second
resin substrate 5 are designed to be thinner, the stiffness of the
whole semiconductor device 1 is improved, and thus a generation of

15 a warpage for the whole semiconductor device 1 is inhibited,
thereby presenting the semiconductor device 1, in which a
generation of the conductive failure is inhibited. Further, in
the present embodiment, the resin spacer 6 is disposed in the
circumference of the first resin substrate 3, and the first

20  semiconductor chip 2 is mounted in the space section provided
between the first resin substrate 3 and the second resin substrate
5, so that a space for meounting the first semiconductcor chip 2
between the first resin substrates 3 and the second resin
substrate 5 can be stably ensured.

25 [0187]

Further, in the present embodiment, in the insulating layers

321 of the respective core layers 32 of the first resin substrate



On the contrary, the thickness of equal to or larger than 3 pmcan 5 provide
ensured coupling between the resin spacer 6 and the first resin substrate 3
and between the resin spacer 6 and thggsecond resin substrate 5. Anpbng

t hese, the heights of the first hunp 11 and the second bunp 12 may
preferably he equal to or larger than 45 pm On the contrary, a distance
between the first hunp 11 and 10 the second bunp 12 is, for exanple, 300 pm
[ 0211] Thereafter, an adhesive tape constituting the resin |ayer 71A

i's prepangd. SUCh-AYRESILE nt R8st Sasd M| &l a%cLhge agdhest e drapgrof the
af orenenti oned enbodi nents, except that no sol def 15 powder is contai ned.

More speeirfihgakkyand for %ll?)rn%f ar abbsr to-canfaiReaqt bux: 86t iadt y- conpound
havi ng carboxylic group and/or phenolic hydroxyl group (curing agent

exhi bi tdepget-heutd UXardfd ioh trybm asthegrmset tiong Kests ancha diker pephastic
resin. Further, the atorenentioned thernoplastic resinis preferably a 20

phenoxy heesbh. i Theqidr sto esiiBwsubshiate pprl/Aegadhes] vand ape semsykt uting
the resin layer 71A the resin spacer 6, the adhesive tape constituting the

respn lyeriélénangr tdierseqoraphasion sMbsly at gubsargrstackachdss this
sequence, and then a thernoconpression bonding is conducted. This allows the

first kumectior5fextesntidictilteoughgt her atihesiRgedtgpee di sppsedilbeisween t he
first resin substrate 3 and the resin spacer 6, and also allows the second
bunp 12 rextsendongpdhiougiertidhd atopeseatdionedqadhesovert bper Yhandisposed
bet ween the second resin substrate 5 and the resin spacer 6. The
sem congugtenrdevice THid saldbivai nedubing utdfcpmacesss $O2UY dareaddition to
above, the adhesive tape enployed in the 5 present enbodi nment is that when
t he adhesieas Bapelosg atheachedtonta supiace dfreanioxi dndadiony prihecessed
copper sheet and a reduction- processing is carried out at 230 degree C for
onéUm nlitrecitnoanot tins phardta agier thackopper wheinde- cbdurd] oni gtatry afs t he
copper sheet represented by the following fornula (1) is equal to or higher
10 t hareriz@u¥teThe fouxthectiiivisty resnposmiebthad ea 3r eddcting powerd freisiinduci ng a
reduction of an oxide filmon the conductor
substrate 5. This allows reducing the generations of warpages in
the first resin substrate 3 and the second resin substrate 5 with
further certainty.
15 (0188]
Further, the resin spacer 6 is designed to have the buildup
layers 61A and 61B and further, in the insulating layers 611 of
the buildup layers 6lA and 61B, an average coefficient of thermal
expansion along an inplane direction for temperature range of from
20 25 degree C to a glass transition point thereof is designed to be
equal to or lower than 30 ppm/degree C, and an average coefficient
of thermal expansion along a thickness direction for temperature
range of from 25 degree C to a glass transition point thereof is
designed to be equal to or lower than 30 ppm/ degree C, so that a
25 reduced level of deformations of the resin spacer 6 can be

achieved, when a thermal history is encountered for the

semiconductor device 1. Further, in the insulating layer 621 in



i nterconnect | ayer surface to renove such oxide film The copper

oxi de-reduction rate, which is sufficient for renoving the oxide filmto
prevent a generation of a coupling faidure, is equal to or 15 higher than 65
% Further, in consideration of enhancing a junction probability and a
junction reliability in various environnments after creating junction, it is
preferable that the copper oxide-reduction rate is equal to or higher than
75 25, and nore preferably equal to or higher than BO % On the contrary, it

20 is Q%%f@6@@'fé§é¥ﬂ6zao%0998rr@éiQQﬂﬁﬁﬁﬁc%ﬁOQnré%ékéééf%Hé%fiEQeHE Lpver
than 95 % [0213]  Here, the condition for the copper oxide reduction process

(at 23Qh@§ﬂé§ee>€f>afr§§id?1n%l%guéﬁ) iMpldnd@yideser bhetlor g AtdBer edHgei ONn

effect of the conpound exhibiting the flux activity for copper oxide

exhi bi g atomp tenpeyiuce tBi ghgrasban-ahd®hbhngoPet th&fedthe scompound
exhibiting the flux activity, the copper oxide 118 reduction tenperature

can be d%léii%%@&lyté? hangeghaby tbher chepd € alhaeompoppsl,/ @xkidy td Nantshenf | ux

activity. the contrary, it is preferable to enploy |ead free sol der such

as §n/ 3velPhgé 22de HEIG @A tChE ERe BndPG=had oh2d ToHe s eeni@knedr- 58Bi (139
degree C) and the 5 like for the first bunp 11 and the second bunp 12. The

mel ti ngiipetnt sn of orasdefratheserahd@yomrfaceausl dtgres ¢ awern thans230 degree
C. Therefore, in the present enbodi nent, the copper oxide reduction

t enper atrahei of o2 3tb dagree réoirsi engd OMathd Besbdesquéherd eduqiower thAr 1S
selected to be one mnute, in consideration of 10 tinme required for nelting
t he compoppd/edddbid ig tThesf blkoactd viddnded wetéabot i defonmnialt iansuoface of
copper oxide and then exhibiting a reduction effect, and also in
consi dehat reninfspacar itat woerni a thermaeldudtstonyef s eetcoyrGZt4ld ¥54A tbpper
oxide (CuO reduction rate is represented by the followng fornula (1), and
cahObe saogubnddctyr tdwerifogl llowi ng manner: (Definition)
[0189]
In addition, it may be considered that only a metallic bump,
for example, is provided as a member for coupling the first resin
substrate 3 to the resin spacer 6 and a member for coupling the
15 second resin substrate 5 to the resin spacer 6. However, when
cnly the metallic bump is provided, stress concentrates on the
bump when the semiconductor device encounters a thermal history,
resulting in generating a crack. This induces a ceonductive
failure. On the contrary, in the present invention, the first
20 adhesive member 7A having the first electric conductor 72A
disposed in the first resin layer 71A is provided between the
first resin substrate 3 and the resin spacer 6, and the second
adhesive member 7B having the second electric conductor 72B
disposed in the second resin layer 71B is provided between the
25 resin spacer © and the second resin substrate 5. The first

electric conductor 72A is provided to extend through the first

resin layer 71A, and the periphery thereof is covered with the



copper oxide-reduction rate (%9 = [1- (atom c concentration of 20 oxygen (0)
after reduction process)/(atom c concentration of oxygen (0) after oxidizing
process)] x 100 (Formula 1). (Measuregent Method) (1) A copper sheet of
having a thickness of 70 pm (commercially available fromMtsui Mning &
Smelting Co., Ltd., 3EC-3, 2-3 pm25 thick) is soft-etched with a
comercially avail able etchant solution. (2) The soft-etched copper sheet

i s oxidizing-processed within an 119 oven of an atnospheric air at 220

degr ee :G Eor r30; i1 NS 7163) A AONeS) V& 1ARBBhd 2P BIAULK g AL ached

onto a surface of the oxidizing-processed copper sheet, and then is

reduct i-QRyREESesEa M thihiabdat fosphsld ¢rablght tR30-Leal ag e f ofgone
mnute. 5 (4) Wthin 1 mnute after the reducglon process of the operation

(3), thesadRespyeifirans ¢oapPepENtS & StdNYi0R the sskdaceofint hgver
reducti on- processed copper sheet are renoved with acetone. (5) The copper

sheet ahger therLesmyalnef rfhstresds compenentsots72 AR atel ketransferred
into a vacuum desi ccator, and then a 10 vacuumdrying is conducted to dry

thessurfiaeerof thejcarnerahaet. rdmaddidd Qicht hge COPPAr 1shEeet 1h$est Or ed
under a condition of maintaining a vacuum atnosphere until an el ectron

spect r 03@0R%df Oke CiiRicRIre8Ral YoiSr (B ArSipasul eaBp! 4 canducked. (6) 40
angstromthick surface portions of the copper sheet, which 15 has been

processe@d reblint oMt e tihie seXiedatt oNc pEQERES 0randnohnd ena@ngidiela copper sheet,
whi ch has been additionally reduction-treated, are renoved via a plasnma

pr ocessilRgt r Sybsegiientdry 72at art cdconeenideat kenthe Oiamd fakiar e aeasured by
ESCA (commercially available from ULVAC-PH 1Inc.). The plasma- 20 processing

and t hg1ESGAdMeRs us&fm rakenCoAgect BIR Wirdiipecaivatyumatimsphere. The
pur pose of renoving the 40 angstromthick surface portions of the copper

sheet s dayelrbe i phasiies MreEeSShNghé st itsteldIctate aondndtarenoa ehdt he oxi di zed
surface during the handling in nmeasurenents. 25 In addition, ESCA
measur ementecondi é1ants-ienpbayadtber wmramdef ekkrowsnl {iprevented,
Phot oel ectron-escapi ng angl e: 45 degrees;
thereby inhibiting a generation of a conductive failure in the
semiconductor device 1.
[0190]

15 Further, when only an electric conductor is disposed between
the first resin substrate 3 and the resin spacer 6, a load of the
resin spacer 6 1s exerted on the electric conductor. ©On the
contrary, in the present embodiment, the first electric conductor
727 is disposed in the first resin layer 71A, which serves as

20 adhering the first resin substrate a with the resin spacer 6. The
load from the resin spacer 6 can be distributed to the first resin
layer 71A, in addition to the first electric conductor 723,
thereby reducing the load exerted to the first electric conductor
72A. In addition to above, similar advantageous effect can be

25 obtained by disposing the second adhesive member 7B between the

second resin substrate 5 and the resin spacer 6.

[0191]



120 (ii) X-ray source: AIK a ray (nonochrone); (iii) Analysis range: 0.B mm
0. (7) A copper oxide-reduction rate is calculated by the above formula (1).
5[ 0215] According to the presgpy enbodi nent as descri bed above, the
foll owi ng advant ageous effects can be obtained, in addition to the

advant ageous effects substantially simlar as in the aforenentioned

enbodi nents. The resin spacer 6 is disposed 10 between the first resin
substrate 3 and the second resin substrate 5, and the first sem conductor

chip 2 is moygtedein fhe 8pace Sect baf pAlded aTalgaLhe L TSt resin

e
Substrate 3, e second resin substrate 5 and the resin spacer 6. Wile the

first WERrLnhk: SOULI 19 S b6 ELESLLIRSI 13RSt akeod g, Llianesin spacer ©

a
and 15 the second 2 for coupling the second resin substrate 5 to the

_ : e . - 1 for.
resin g%%%e@ 9§ebéﬁﬁﬁeék%$ Re Bgnﬁﬁéﬁg¥xln%%ggghgsg}t%£¥ SPBCE nf o

di sposi first sem conductor chip 2 is forne e resin spacer 6,

such thalelrtiob® BOLSQIIT edel 0uf O e SoIer Jpups Fo-be tdijcker and

| ar ger an the first sem conductor 20 chip, unlike the conventi onal

conti gun Al Thi shallgnsRehieYhos Adduced di &hergaces.ih deformation
vol ume between the first resin substrate 3 and the first bunp 11 and between

the secopdhtesin; SUOSEL AR D l_%?,@rt B2 SEEQME BB ah2 Y"Qgé‘r s 1eJemRlchi story
is encountered, thereby inhibifing a generation of a 25 conductive failure

;inrtsPerrze;%irIirr]qC@BQééEOS fevii1 02461 ndNkdiRiddte f i hskrbYMRedd fHfecaupling the
in the uppermost surface of the buildup layer 31B of the second
resin substrate 5 through such solder region 72B. Therefore,

10 metallic junctions may be formed between the solder region 72A and
the conductor interconnect layer 312 of the first resin substrate
3 and between the solder region 72A and the conductor interconnect
layer 613 of the resin spacer 6, and metallic junctions may be
formed between the solder region 72B and the conductor

15 interconnect layer 612 of the resin spacer 6 and between the
solder region 72B and the conductor interconnect layer 313 of the
second resin substrate 5. Therefore, a generation of a conductive
failure between the resin spacer 6 and the first resin substrate 3
and a generation of a conductive failure between the resin spacer

20 6 and the second resin substrate 5 can be reduced, providing the
semiconductor device 1 with an improved joint reliability.
[0192]

Further, since the solder regions 72A and 72B are formed to

have column-shape in the present embodiment, the regions can have

25 relatively larger contact areas with the conductor interconnect

layer 312 of the first resin substrate 3, with the conductor

interconnect layers 612 and 613 of the resin spacer 6 and with the



121 substrate 3 to the resin spacer 6 is provided in the resin spacer 6 in
the present enbodi nent, the configuration is not limted thereto, and as
shown in Fig. 21, the first bunps 11pmgy be provided in both of the first
resin substrate 3 and the resin 5 spacer 6. Simlarly, the second bunps 12
may be provided in both of the second resin substrate 5 and the resin spacer
6. Having such configuration, the coupling between the first resin substrate
and the resin spacer and the coupling between the second resin substrate and

the r e%o@ldﬁeeﬁggﬁ}f&%r%}cﬁbhxysﬁ abl iéﬂ;eaclire_ %%%Meﬁaﬂéﬁ QPLVENT

The present e nt w be descri bed main on a nethod for

Tenuf aGhurLRY Ao 38 RPRANCLORAdeYi be. A mthod for manufacturing a
0} e

sem conduct vi ce 1 ncludes depositing a second 15 resin substrate on a
first rgsigajsubstrate on which a first sem conductor element (first
sem conduct or chip) is nounted, the second resin substrate being deposited

on a Sid? OfEb?%h&i!Séiﬂéé“ﬂ%eSHB§EE§§§_E£EE édﬁ%aﬁh&ﬁb &h§é§fﬂﬁ‘éﬁy®%910r
element is nounted, and the second resin substrate on which a second 20

SenkCoiRker a8l efenirirky MERtedxnher 8l thd @SR sRAERItY Si dickpasgdqbet ween
the first resin substrate and the second resin substrate,” the resin spacer

havi ng i& ¢pRAPetoEnEXHliR@ntNr QHER &k idHrRISioe theeepd lang antihkckness
direction, and then a therno-conpression bonding thereof are carried out to

provi decamg2aiepestd ikadaencoupl Engsbetaeen sbethbEst 3ras nrsuhskiate and
the second resin substrate via the conductor. Fig. 22 is a cross-sectional

view, iddadshr 8t kARG Berexaphe ebcbhe fédist J@sitRatd28 subsiHatsihig. 23 is
a cross-sectional view, illustrating an exanple of the second resin

substr adeicelri g, 24ei siKldidepowdphann vilew and ranen 0ss- segtdong v ew,
illustrating an exanple of the resin spacer. Fig. 25 includes
Cr 09s- seatfi-anabhnvh@Weanner onto the surface of the conductor
interconnect layer 613 in the buildup layer ©1B of the resin
spacer 6 and the surface of the conductor interconnect layer 312
in the an uppermcost surface of the buildup layer 31A of the first
resin substrate 3, and further onto the surface of the conductor
15 interconnect layer 612 in the buildup layer 61A of the resin
spacer 6 and the surface of the conductor interconnect layer 313
in the lowermost layer of the buildup layer 31B of the second
resin substrate 5, thereby forming metallic junctiocns. Therefore,
even if portions of the surface of the conductor interconnect
20 layers 613, 612, 313 and 312 are covered with the solder resist S,
the conductor interconnect layers can be mutually coupled with a
certainty.
[0194]
Further, since the resin spacer 6 is formed to have a
25 rectangular frame-shape and is disposed along all sides of the

first resin substrate 3 in the present embodiment, the second

resin substrate 5 can be stably supported, as compared with a



5 schematically illustrating the adhesive film Fig. 26 is a cross-sectional

view, illustrating the manufacturing process of the sem conductor device.
Fig. 27 includes plan views, illustrapkng the manufacturing process of the
sem conductor device. Fig. 28 is a plan view, illustrating manufacturing

process of a sem conductor 10 device. Fig. 29 is an electron m croscope
phot ogr aphy, showing a condition of nmetallic particles dispersed in the
adhesive film which aggregate to forma conductor. Fig. 30 is a

Cross- %%ﬁ?fh@ﬁ‘@éti’dr?‘%f Bbyshiali i %a@é%”@kes%e as B Honguehar rdeyi ce.

[0218] 15A preferable enbodi nent of met hod for manufacturing sem conduct or
devi ce Wik}, be-gdesgrd ked based on an annexed figures. (First Resin Substrate
and First Sem conductor Chip) First of all, a first resin substrate
(first (gybstrate) 400 and a first sem conductor chip (first sem conductor

device) 2 are 20 prepared. A surface of the first resin substrate 400 in the

upper side (pRperesurdidce tHthHdegﬁillﬁJka%bqggtwﬁtfblﬁg%éhiﬁt
sem conductor chip 2 nounted thereon, serving as a sem conductor el emenL.

Thes f i kShokesiRodURS I3t @14Q0ni § eheed ricaldby gonngss ed, taydt beaf i hst
sem conductor chip 2 through the solder bunps B2, 25 simlarly as third to

fifth emdodraeats.enkhRiipent phehy ©éridselsder BH@H&nﬁ%s&ﬂEa&b'E@Qmmyth a
first underfill materials 404. This allows providing an i nproved joint

reliabidiixkby, bﬁi@@@ﬂnkﬁﬁa &zgckl1§ttm@shmp%u@§trate 400 and the first

seni conduct or chip 2. The first resin substrate 400 is also provided wth
pad porfoiioas 401 and pad portions 402 on both sides of first resin substrate
400, which are capable of coupling with other electrode. In order to 5

provi di ng el gatthen) |y @uplicngsibetveamitheipad post i) ardvihg pad
portions 402, conductors (netallic posts) 403 are provided in the first
resdn suybshrattaddbd Gielastiracexseaduddd qugh thheff rsst seéeisdandsidhstr at e 400.

10219 chip 2 and the second semiconductor chip 4. An average
coefficient of thermal expansion of the underfill U for
temperature range of from 25 degree C to a glass transition point
thereof is designed to be equal to or lower than 40 ppm/degree C,

15 so that a reduced level of deformations of the underfill U can be
achieved when a thermal history is encountered, thereby reducing a
damage on the Low-K layers of the first semiconductor chip 2 and
the second semiconductor chip 4.

[0197]
20 FOURTH EMBODIMENT
A semiconductor device 8 of the present embodiment will be
described in reference to Fig. 18. Third embodiment is configured
that the first adhesive member 7A and the second adhesive member
7B include the solder regions 72A and 72B, respectively. On the
25 contrary, a semiconductor device 8 of the present embodiment

includes a first adhesive member 8A, which has a first resin layer

81A, and conductive particles 82A, which are disposed in the first



10Typically available material for the first resin substrate 400 is, for
exanpl e, a base material conposed of a resin conposition containing a
thernosetting resin. This provides beipyer heat resistance and | ower water
absorption. .Typical thernosetting resins include, for exanple: novol ac
phenolic resins 15 such as phenolic novol ac resins, creosol novol ac resins,
bi sphenol A novol ac resins and the |ike; phenolic resins such as

non- nodi fi ed resol phenolic resins, resol phenolic resins typically as

0i 1 - ikl 1L 65! 5 INERR] € 8SLES; Hhle A i E endhdibd ungrl |, {1 axseed
oil, walnut o1 and the like; bisphenolic epoxy resins 20 such as bi sphenol

A epOXYch§ShASuctbSRIEARL B 8ROXYe rﬁéé%@%%bagmghkealwviq{&qt JBROXY resins

such as novol ac epoxy resin, creosol novolac epoxy resin an e |1 ke; epoxy

resins Suchijagdii PRENYlen®ROX¥R! e5h iSh 3 the lbka: rL&sh NsyNavigng t Ljazi ne

ring such as urea resins, nelanine resin and the |ike: unsaturatéd polyester

25 resicgubl $PB! 51, e JeshRs; wROLY ULES hane tesi ng; 4l ald ypht halate resins;

silicone resin; resins having benzooxazine ring;, cyanate (ester) resins; and

theslikeyefMONE LheSE Y aRaLesEeshdSeddtrik2@opantigHl arpfiovol ac cyanate
resins) is preferable. This allows the first resin substrate 400 to exhibit

| over thenmBhahingarasxransi eas h02201i pikhe iahosement i onedeScaprat e resins”
is neant to include cyanate resins and prepolynmers of cyanate resins. The

af or enepbiiengdusyanals, sl BRYePe oiRinedibyratobnexanplie by reacting
hal ogenat ed cyanide with a phenolic conpound, and pre-polynerizing thereof,

Vi a heatdspgcasveesihd£ide Meiecspestd i €ad daorentQ t ypecal r sy analesikesi ns
i ncl ude novol ac cyanate resin, bisphenolic cyanate resin such as bi sphenol -A

cyanat exdh@eir-ngabisphenals Bleyaratel 1 gsédupltielyr aet hykibi sphenols kocyanat e
resin and the like. Anong these, it 1s preferable to enploy a novol ac
cyaoat e HeeSiiRst Thesialdubas ranel BPr ongskdieat thesksbadtiucke ¥y an increased

cross 15 linking density, and an inproved flammbility of the resin
conposidiispessihgvobrbucyiarabartesias haE henzere fiirpg, redich dem Bares t he
chem cal structure at higher nol ecular proportion, and thus is easy to be
car boniczeddhp®22{ | £ 128 Thendafoai epepbrohel NGA3 actoyahat sur &sienofavael abl e
here first resin layer 81A or a liquid adhesive agent produced by
dispersing the conductive particles 82A in the first resin layer
15 81A may be employed for the first adhesive member 8A. The first
resin layer 8lA is an insulating layer having an adhesive property,
and provides an adhesion between the first resin substrate 3 and
the resin spacer 6. The first resin layer 81A indirectly contacts
with the first resin substrate 3 and the resin spacer 6 via the
20 solder resist S. Here, the component of such first resin layer
81A is not particularly limited to any specific compound, and
typically, a thermoplastic resin, a thermosetting resin, or a
mixture of a thermoplastic resin and a thermosetting resin may be
employed. For example, in consideration of the conductive
25 resistance stability in the coupling between the resin spacer 6

and the first resin substrate 3 after experiencing a heat stress

or a moisture absorpticn, a thermosetting resin, or a mixture of a



i nclude for exanple, the conpounds presented by fornula (1) described above
in the aforenenti oned enbodi nents. [0222] Wi ght - average nol ecul ar wei ght of
t he af orementi oned 25 thernosetting riggjn is not particularly limted to any
speci fic val ue, and wei ght-average nol ecul ar wei ght of 500 to 4,500 is
preferable, and 600 to 3,000 is particularly preferable. The 125

wei ght - average nol ecul ar wei ght of | ower than the aforenentioned | ower
limt of the range causes a tackiness when a prepreg is manufactured, which

I I
may eacqle op1autyal r e%'dlhr? t eorgh@rﬁ&%t?ﬁﬁ{ C}festl'ﬂemhﬁsave[%‘gé;‘f;é Jﬂfi repregs

are nmut uaI y cont act contrary, he wei g cuI ar

wei ght éﬁ?ﬂyygger Fhamd he afig \J? EEI@D blﬁ'?gtﬁ9£0 e causes

excessi v y faster reactlon to a ure |n I’T'D di ng and a

reduced,int gt- Layer - pegld Qasrt%%' %taé‘@ﬁeax‘{@eé‘ éﬁé'r%oséch%&EPeéﬂq tﬂ%y’?‘b%' reui t

board. The wei ght - aver age nol ecul ar wei ght of the aforenentione

ther mosgltd R FESLD1 FBdm Qﬂggpsured with, for exanple, a gel perneation
chronatogra%hi (GO 6Q' Content of the aforenentioned

thesnoseitd, ”théeﬁh@r&c@@éﬂﬁﬁi& %relsxncgﬁpﬁé,ﬁea &) heS 129 PAES LulAfdyy |11 m ted
to any 15 speC|f|c value, and is preferable to be 5 to 60 %v. of the whole

resin compasi hbensaranch Rarity qubkakky 48 40, 59, Wirici sepigé eraki e. The
content |ower than the above-described lower |imt may cause reduced effects

for hi ghgyi heymahok@sisdance oxRdahewess INer PHer@iBanstoins Andhdthg cont ent
hi gher t'han the above-described upper 20 1i'mit may cause hi gher Cross

l'i nki ngsdensitky rebDEE fagi Nt 3 e p¥ ol esBsr theyieRy HeduCpgia: et ure
resi stance. [0224]

resins, maleimide resins and the like are employed. Among these,

10 epoxy resins and (meta) acrylate resins, which exhibits better
cure—ability and better shelf life, and the cured material of
which exhibits better thermal resistance, better moisture
resistance and better chemical resistance, is preferably employed.
Further, when a thermosetting resin is employed, a curing agent

15 may be added. Such curing agent is not particularly limited to
any specific compound, and typically an addition-polymerization
type, an anionic-polymerization type, a cationic-polymerization
type curing agents may be employed, when an epoxy resin or an
oxetane resin 1s employed for the thermosetting resin. Among

20  these, in consideration of a balance of cure-ability and shelf
life, an anionic-polymerization type, a cationic-polymerization
type curing agents may be preferably employed. Typically
available anionic-polymerization type curing agent may be tertiary
amines, and typically available cationic-polymerization type

25 curing agent may be Lewis acids. Further, imidazole curing agents
encapsulated in microcapsules, which is a latent curing agent

exhibiting better adhesive property, cure-ability and shelf life,



In addition, the aforenmentioned resin conposition may preferably contain an
inorganic filler. This allows further 25 reduced thermal expansion. Typical
inorganic fillers includes, for examplgs silicates such as talc, baked clay,
non- baked clay, mca, glass and the |ike; oxides such as titanium oxide,
alumna, 126 silica, fused silica and the |ike; carbonates such as cal ci um
carbonat e, nmagnesi um carbonate, hydrotalcite and the |ike; hydroxi des such
as al um num hydr oxi de, nagnesi um hydroxi de, cal ci um hydroxi de and the |ike;

sul f at g@éﬁ%efﬁg}iﬁt%%}l@s e ggggam Sib £ W q@',cguméy&é@é%sﬁ%k%hum

sul fit ates as zinc te, barium netaborate, boric

aci d_alumiaumy cabupl AN DRLA! SonBBlLEH U P WAl 189dLUM BOL AlL; ,agglehhg i ke;

nitrides such as alum num nitride, boron nitride, "silicon nitri and t he

| i ke. 3)t Beseiatd LA A1 B RAREERYbr rdUsPd 1A S egnt SRy erabl e.
This allows a reduced thermal expansion while the electrical properties are

mei nt ainad, [0223b1oyed, o Maak paEtbel e dianmker ool bhecRf pspnEnt i oned

inorganic filler Is not particularly limted to any specific range, and is

15 prefiaRhy 10. 04 L6 H-tmBu1ardymoi e pLefiafallty 0. ZmbRg 2:Kkfom  The
particle diraneter of the inorganic filler |ower than the above-descri bed

| over |ddWdxipEOBEEe8 AdhdditiRaseda¥bsefsid Yedfpcinv@dl Niyeheh Whiigilh iy | ead to
adversely affecting a workability in manufacturing prepreg. On the contrary,

the pargdidles dhangtero2tlycgher 1t hanathespbova-idescrhbede UupRereddpTit May
cause a phenonenon of a sedinentation of the inorganic filler in the
var ni shemd10428]. Furt hernore, spherical silica having nmean particle
di aneter of equal to or smaller than 5.0 um (in particular, spherical fused
25 silipa)eg)s preferable, and in particular spherical silica having nmean
particle dianmeter of 0.01 to 2.0 pmare preferable. This allows an inproved
| oadi ng of tlRirtherganbagt idtl €rs not particularly limited to any

specific compounds, the thermoplastic resin employed for the first

resin layer 81A may be elastomers. For example, reactive

elastomers such as phenoxy resins, polyester resins, poclyurethane

resins, polyimide resins, siloxane-modified polyimide resins,

15 polybutadiene, polypropylene, styrene-butadiene-styrene copolymers,
styrene-ethylene-butylene-styrene copolymers, polyacetal resins,
polyvinylbutyral resins, polyvinylacetal resins, isobutylene-
isoprene rubbers, chloroprene rubbers, polyamide resins,
acrylonitrile-butadiene-copolymers, acrylonitrile-butadiene-

20 acrylic acid copolymers, acrylonitrile-butadiene-styrene
copolymers, poly vinylacetate, nylons, styrene-isoprene copolymer
acrylic rubbers and the like may be employed alcne, or a
combination of two or more of the above elastomers may also be
employed. 1In addition, the above-described thermoplastic resins

25 may have nitrile group, epoxy group, hydroxyl group and/or

carboxylic group, for the purpose of improving an adhesive

property or a compatibility with other resin. An acrylic rubber,



[0227] Content of the aforenentioned inorganic filler is not
particularly limted to any specific value, and is preferably 50 to 80 % .
of the whole resin conmpositions, andigopre preferably 60 5 to 70 % . The
content within the above range allows a | ower thermal expansion and | ower
wat er absorption. [0228] When a cyanate resin is enployed for the

af orenenti oned thernosetting resin, it is preferable to additionally enploy
a 10 first resin exhibiting |lower hygroscopicity than the aforenmentioned

CyanatﬁoEeék£hpﬂ3ﬁfﬁd¥ b%W§ngo§@@r§¥EQn£§§&%E%H?e of hygroscopic.
Specifically, it is preferable to enploy an epoxy resin for the

af orengptboned first resin. The aforenmentioned epoxy resins typically

i ncl ude, for exanple, phenolic novolac 15 epoxy resins, bisphenolic epoxy

resins, naphthalgas &ROXAN 68hBSivéidds algpllang geaxy fepins Rpddat e |ike.
Anong t hese, aryl al kylene epoxy resins are préferable. This allows an

| nprovedeant pssotder andek sehiabhtidne #fubrebssoaki Bghpietdeatnent. [0229]
20The af orenenti oned aryl alkyiene epoxy resin neans an epoxy resin having

ones o JAMESi & Yhrabdo e e rghAURdREFerd 2PRALI NITHAI dvaFiib1@xanpl e, Xyiyiene
epoxy resins, biphenyl dinethylene epoxy resins and the |ike are included.

Among thesei vehehemdpldiingt Aykene; epaxy paesinslarey pIahiedable. aBiyphenyl

di mret hyl ene 25 epoxy resins may be represented by, for exanple, fornula

(TTI). spe236lc compound, and typically, silane coupling agents,
titanate-containing coupling agents, phosphate ester and the like
may be employed. 1In addition, in order to improve the cure-

10  ability, the flowability during heating, and the workability of
the first resin layer B1A, a reactive diluent may be employed for
an insulating adhesive tape. The available reactive diluent, is
not particularly limited to any specific compound, and typically
an epoxy-based reactive diluent may be employed, when an epoxy

15 resin or an oxetane resin is employed. On the other hand, when a
(meta) acrylate resin, a maleimide resin or a diallyphthalate
resin is employed, a (meta) acrylate resin-containing reactivity
diluent may be employed. Further, for the purpocse of enhancing a
thermal resistance of the first resin layer 81A is to improve the

20 joint reliability, an inorganic filler may be added. The
inorganic filler is not particularly limited to any specific
material, and typically, silica, Aerosil™ (fumed silica), calcium
carbonate, zinc oxide, titanium oxide, barium sulfate, alumina and
the like may be employed.

25 [0200]

The conductive particles 82A serve as electrically coupling

the resin spacer 6 to the first resin substrate 3. Such



Formula 111 128 Nunber of repeating unit "n" of biphenyl dinethylene epoxy
5 resin presented in the above fornmula (Il1) is not particularly limted to
any specific nunber, and is preferablhygl to 10, and in particular preferably
2 to 5. The nunber of repeating unit "n" |lower than the above lower limt
causes an easy crystallization of biphenyl dinethylene epoxy resin, |eading
to relatively reduced 10 solubility for general -purpose solvents, so that a
difficulty in handling nay he caused. On the contrary, the nunber of

repeat igqUBtLve rﬁapf.fldl%rsg@mt hap the ;?a%\i%uqaeﬁp LM te£aus6$ 2 reduced
flowability of the resin, so that a nolding failure may be caused. [0231]

15Cont %?tec@h&hfﬁa@élolrﬁrm%kjoe?gl&aiﬁ rae$der&a(1'lﬁ‘cp§££t£éli@r 2 GRAXY resin) is
not particularly [imted to any specific value, and is preferably 1 to 55

%t . OfccrBenuhol €41 834 LCQTRASI bi 0ASrar@id dovePREEEEYA BF l)h RNefigrably 2 to 40
owt. The content |ower than the above |ower |init may cause a deterioration

in the ZQtegagiiNidy Ofecerapahauresid it idet enkoros i Gipidydde noisture
resi stance of the obtained product, and the content beyond the upper limt

nayscausgiaal edeesr thearalicnesi stairsnld 0232] mihepsetgitoneioage nol ecul ar
wei ght of the first resin (in 129 particular, epoxy resin) is not

parti culaafibyisl tpbéedot ancanyl 1Speaatbeiyas uaictang thekwel ghtomyeiage el ecul ar
wei ght of 500 to 20,000 is preferable, and 800 to 15,000 is particularly
pref er alilne. 12be, wehghiiayeragalopl geld ars Meieghtinaf t hewerkd hawttzhe

alloys, metal oxides, carbon, graphite and the like.

A polymer selected from a group consisting of epoxy resins,

10 urethane resins, melamine resins, phenclic resins, acrylic resins,
polyester resins, polystyrene resins, styrene-butadiene copolymers
and the like may be employed for the resin core material. 1In
addition, a combination of twoc or more of these polymers may also
be employed. 1In addition, a metallic thin film cecating may be

15 exemplified as the available electroconductive material covering
the core material, and typically, for example, a single element or
a combination selected from gold, nickel, silver, copper, zinc,
tin, indium, palladium, aluminum or the like may be emplcoyed. The
thickness of the metallic thin film coating is not particularly

20 limited, and for example, may be within a range of from 0.01 um to
1 pm. Excessively thinner metallic thin film ccating causes an
unstable coupling with terminals, and excessively thicker coating
easily causes an aggregation. In addition, the metallic thin film
coating may be preferably applied uniformly ontc the surface of

25 the core material. Uniform coating eliminates an unevenness or a
chipping of the coating, thereby achieving an improved electrical

coupling.



5 aforenmentioned lower |imt of the range may cause a tackiness in the
prepreg, and the wei ght-average nol ecul ar wei ght of higher than the

af orenenti oned upper limt of the range nay cause a reduced inpregnation
into the base material when a prepreg is manufactured, thereby failing to
obtain uni form products. The 10 wei ght-average nol ecul ar wei ght of the

af orenentioned first resin may be neasured with, for exanple, a GPC. [0233]
When a cyanate resin is enployed for the aforenentioned thernosetting resin,
it is ppeberable to additionally enploy a 15 phenolic resin. This allows
controlling the reactivity of cyanate resin. Typical phenolic resins

i ncl ude, forrpxas@tshd nRHRlsaGcPhenBL C3E exiRes hE8SElephenQlilg resins, aryl
al kyl ene phenolic resins and the like. Anong these, aryl al kylene phenolic

resins cane1Phef el inTBpscal! ewso fird helcohapreyed andrisalder cragk 20
reliability after soaking pretreatnment. [0234] Typi cal aryl al kyl ene

phenol isg mf @8 NSon Mcutde i chok s exapPbe o ene phespl d ehdesicngembepheay|
di met hyl ene phenolic resins and the |ike. Bi phenyl dinethyl ene phenolic

rlessn Ry Besoeps es@IRdd25obythé e @xaipRldde st 0e Mabmbdd \@B. [ §1228] fornul a
() specifically, the similar material as employed for the first
adhesive member 8A may also be employed for the material for the
second resin layer 81B, and the similar particles as employed for
the conductive particles B82A may also be employed for the
10 conductive particles B82B serving as the second electric conductor.
The second resin layer 81B is an insulating layer having an
adhesive property, and provides an adhesion between the second
resin substrate 5 and the resin spacer 6. The second resin layer
81B indirectly contacts with the second resin substrate 5 and the
15 resin spacer 6 via the solder resist S. The second adhesive
member 81B provides an electrical coupling between the resin
spacer 6 and the second resin substrate 5.
[0202]
Here, some of the conductive particles 82A of the first
20 adhesive member BA disposed between the resin spacer 6 and the
first resin substrate 3 are disposed between the surface of the
conductor interconnect layer 613 in the buildup layer 61B of the
resin spacer © and the surface of the conductor interconnect layer
312 lcocated in the uppermost surface of the buildup layer 31A of
25 the first resin substrate 3. The surfaces of the conductive

particles 82A directly contact with the surface of the conductor

interconnect layer 613 of the resin spacer 6 and with the surface



130 "n" 1S AN ARBI TRARY | NTEGER NUMBER Nunber of repeating unit "n" of

bi phenyl di nmethylene 5 phenolic resin presented by with the above formul a
(TV) is not particularly limted to any specific nunber, and is preferably 1
to 12, and in particular preferably 2 to B. The nunber of repeating unit "n"
| ower than the above lower limt nmay cause a reduced thermal resistance. On
the contrary, the nunber of 10 repeating unit "n" of |arger than the above
upper limt causes a reduced conpatibility with other resins, thereby

det eri gfrat{,00:8n MREKADI kY corfd-£ hus, otz 1pr efer gblig,; {H336l./Lentept of the
aforenmenti oned phenolic resin is not 15 particularly imted'to any specific

val ue, g@ndnisspr&f erably slpberabe WM s Pftpbhe (Whok - £esidy ;Gonpesi-theas, and
is particularly preferably 5 to 40 %w. The content |ower than the above

lover ki it e MBY: £AUSIE 2 dehertonatd ahd Ndshe therarl e resistangeioand the
content beyond the upper |imt may cause a reduced property of |ow 20
t her mal,t@xpapsh@fetive particles 82A of the first adhesive member 8A
5 disposed between the resin spacer 6 and the first resin substrate
3 are disposed between the solder resist S provided on the surface
of the resin spacer 6 and the solder resist S provided on the
surface of the first resin substrate 3. Further, the other
conductive particles B2A are wedged into the solder resist S
10 provided on the surface of the resin spacer 6b and the solder
resist S provided on the surface of first resin substrate 3.
(0203]
Similarly, some of the conductive particles 82B of the
second adhesive member 8B disposed between the resin spacer 6 and
15 the second resin substrate 5 are disposed between the surface of
the conductor interconnect layer 612 in the buildup layer 61A of
the resin spacer 6 and the surface of the conductor interconnect
layer 313 located in the lowermost surface of the buildup layer
31B of the second resin substrate 5, and are in direct contact
20 with the conductor interconnect layers 612 and 313. 1In addition,
other conductive particles 82B of the second adhesive member 8B
disposed between the resin spacer ¢ and the second resin substrate
5 are disposed between the solder resist S provided on the surface
of the resin spacer 6 and the solder resist § provided on the
25 surface of the second resin substrate 5. Further, the other
conductive particles 8Z2B are wedged into the solder resist S

provided on the surface of the resin spacer 6b and the solder



[0237] The wei ght-average nol ecul ar wei ght of the aforenenti oned phenolic
resin is not particularly limted to any specific value, and the

wei ght - aver age nol ecul ar wei ght of 4QQito 18,000 is 131 preferable, and 500
to 15,000 is particularly preferable. The wei ght-average nol ecul ar wei ght of
| ower than the aforenentioned lower limt of the range may cause a tackiness
in the prepreg, and the wei ght-average nol ecul ar wei ght of higher than the 5
af orenenti oned upper limt of the range nay cause a reduced inpregnation

into theshasesnBl&fidfla Wherna BLEPI&Y dsS Smpubactyredsddierghy sfailing to
obtai n uni formproducts. The wei ght-average nol ecul ar wei ght of the

af or emgnbipaped phenolic resin nay be neasured with, for exanple, a GPO
10[ 0238] A conbi nation of the above-nentioned cyanate resin (in

particul ar, peyel aen&yanat @arestny aldhadtayl takkybedec-PhanQlr¢ ikeskn
provides a control of cross linking density, thereby inproving the

adhesi wenensybst weerr tdienretal banfbt hénai@sirmn+hih[ 823 tance betheehher nore,
when a printed circuit board is manufactured by enpl oying a conbi nati on of

t hesabeve- geRthoaest aanaicpduesbh (hteRanced! anyePoFDl ah eyenatelaesin), a
phenolic resin and an aryl al kyl ene epoxy resin %ln particul ar, biphenyl

di met hylagae eppxyf 2hd @sisih, spatét cell@id Yhengne¥ede dbfredisd Qdaldustaki | ity can
be in obtained. [0240] The af orenentioned resin conposition is not
parti culndelkyohhstt ethyar @y spechéiGopesidst andrhtei sf pitef erdblkigpt o cont ain
a 25 coupling agent. The above-descri bed coupling agent provides an inproved
wet t abillayey BbAI of etHeades saf rebén abavesdascii.bedifhbesnbgettthengernasi n and t he
above-described inorganic filler, so
particle diameter of the conductive particles 82B may be
10 sufficient to be not smaller than a distance between the surface
of the conductor interconnect layer 612 in the buildup layer 61A
of the resin spacer 6 and the surface of the conductor
interconnect layer 313 on the lowermost surface of the buildup
layer 31B of the second resin substrate 5. Mean particle
15 diameters of the conductive particles 82A and 82B may be measured
by employing a wet particle size analyzer or a laser particle size
analyzer and the like. Alternatively, the conductive particle 82A,
82B may be visibly observed via an electron microscope and the
like, and then a mean particle diameter may be calculated.
20 In addition to above, the conductive particles 82A and 82B are not
limited to primary particles, and may be secondary aggregated
particles.
{0205]
Next, a method for manufacturing the semiconductor device 8
25 employing such first adhesive member 8A and the second adhesive

member 8B will be described. The first resin substrate 3 on which

the first semiconductor chip 2 is mounted, the second resin



132 that uniform cohesion of the thernosetting resin and the inorganic
filler over the fiber base material or the |Iike can be achieved, thereby

provi ding an i

nproved heat resistancejzin particular, an inproved

anti-solder crack reliability after soaking pretreatnment. 5[0241] It is

preferable to
consi sting of,

enpl oy one or nore coupling agent(s) selected fromthe group
for exanpl e, epoxysilane coupling agent, titanate-containing

coupling agent, ami nosilane coupling agent and silicone oil-containing
coupl i Rapageate J An tinecaboME- sdbbitesEniiBeHdGeUPt | i gents. ndhhsedl | ows
particularly enhanced wettability of interface of the resin and the

i norganhg thél&dsid heneby prové didigiRidtuirbbepy i o awathdigakinesh st agce.

[ 0242] Content of the above-described coupling agent is not 15 particularly

[i i t edpb0opay

spagid pgevabue, ershidenits . pr gket abte tfa e @e@5nto 3 parts by

wei ght for the above-described inorganic filler of 100 parts by wei ght, and
0.1 tosgbparise by, wei ghheksvpardpe Waidty tpeehgr el efi rbe agoaakent of | ower
than the above lower |imt may cause an insufficient coverage for the

i No§ gankfbed $A) e reeadi Bgater det er erakikhget hepadanitagaotisgefiect of the

i nproved heat

resi stance, and the content of higher than the above upper

limt meyoadvedisediweaikabbrt BR #@hcticoorecbaddragit osdettaaiter 8t ang a fl exur al
strength or the Iike. The content of coupling agent within the above range
provi deepbeited ialtdrice seflu@bcbdot Mradyvashagenust gf Tects/caltiamatdrbyl t he use
of the coupling agent. [0243] 133

is subjected at a predetermined pressure, and is heated at a

predetermined temperature. Heating of such multiple-layered

10 material causes the resins in the resin layers 81A and 81B being

melted, and pressurizing cof such multiple-layered material causes

the conductive particles 82A and 82B being depressed into the

solder resist S . Further pressurizing of the multiple-layered

material causes the conductive particles 82A and 82B being

15 sandwiched between the conductor interconnect layers 312 and 613

and between the conductor interconnect layer 313 and 612. 1In

addition to above, at the temperature for heating the multiple-

layered material, it is preferable that the elastic modulus of the

conductive particles 82A and 82B are higher than the elastic

20 modulus of the solder resist S. Such confiquration allows the

conductive particles 82A and 82B being wedged into the solder

resist 5. Further, the glass transition point of the sclder

25

resist S may be preferably equal to or lower than the temperature
for heating the multiple-layered material. If the glass

transition point of the solder resist S is equal to or lower than
the temperature for heating the multiple-layered material, it can

be ensured that the conductive particles 82A and 82B be wedged



Alternatively, the above-described resin conposition may additionally
contain other additives such as a cure accelerator, an antifoam ng agent, a
| evel ing agent, a pignment, an antioxhdgnt agent and the |ike, as required,
in addition to the conponents 5 descri bed above. [0244] The first
resin substrate 400 can be obtained by stacking one or nore plies of a
prepreg, which is formed by dissolving the resin conposition as descri bed
above in a solvent to prepare a 10 varni sh, and then penetrating such

varni shipt epa £ hesr basespagerial . Alternatively, it can be al so obtained
by stacking one or nore plies of a film which is forned by applying the

varni shopneg support film Typical fiber base materials include: glass fiber
base materials such as glass cloth, non-woven glass fabric 15 and the |ike;

pol yam de- contabRiNg resithef bhersnsushb@simelty ar deseeshdy fdhiet, anematic
pol yam de resin fiber, wholly aromatic polyam de resin fiber and the |iKke;

pol yestrey1eanhgi AivchtRglonst Ebesst suedh as pokyestel Iesddnifdiler roatpsuatic
pol yester resin fiber, wholly aromatic polyester resin fiber and the |iKke;

20 pol Wavheeagesis difens; sappthetigl fy bamibagseasnigriad s conposed of a
woven cloth or a non-woven fabric containing a fluorine resin fiber as a
maj or caEskhbuendbnedrganidirbnber basechmteisahs sucbd aserkd, afthepaper, cotton
| inter paper, paper base material containing mx paper of linter and kraft
pul p ascadmej ote canstidleaniB2andnt hiee 261 idke adh8245¢ ndskness aak such first
resin substrate 400 is not 134 particularly limted to any specific
t hi ckneiispoand 60 o WA untbstie eferddd eesaptd 100rsai BR0 guimtihe
particularly preferable. The thickness within the above range provides a
r educedsurtfieckne$stiod itdwdrf ispashedo produdte efoltke sesi storlyotooridgevbne.
10 the surface of the first resin substrate 3. Similarly, the
conductive particles 82B in the second adhesive member 8B are
disposed to be wedged into the solder resist S provided on the
surface of the resin spacer 6 and the solder resist S provided on
the surface of the second resin substrate 5. Therefore, a
15 disturbance caused by the conductive particles 82A and 82B
disposed between the soclder resists S against the contacts of the
conductive particles 82A and 82B disposed between the conductor
interconnect layers 312 and €13 and between the conductor
interconnect layers 313 and 612 with the conductor interconnect
20 layers 312, 613, 313 and 612 can be prevented. This allows
providing the semiconductor device 8 with an improved joint
reliability.
[0207]
Further, in the present embodiment, the conductor
25 interconnect layers 312, 613, 313 and 612 are in contact with the

conductive particles B2A and 82B to provide electrical conductions

among the first resin substrate 3, the resin spacer 6 and the



5[ 0246] Coefficient of thermal expansion along the thickness direction of
the first resin substrate 400 is not particularly limted to any specific
value, and 10 to 70 ppmis preferablejqsand 15 to 40 ppmis particularly
preferable. That coefficient of 10 thermal expansion within the above range
provides a particularly inproved joint reliability. [0247J

Coefficient of thermal expansion along the inplane direction of the first
resin substrate 400 is not particularly limted to 15 any specific val ue,

and 5 ac30qPRMiS Riskehabl s, aNd Hid AolRePRM i8d RAHLY 30! Yspref erabl e.
That coefficient of thermal expansion within the above range provides a

parti cubanby boPFQUHEEd HeOLBhatietdabidddrtonh8248] adlhes i r ¢t 35enn goggyct or
chip 2 mounted on the first resin substrate 400 as descri bed above is

sim | ap1boahhathenreyedive bhit b1 foxht Anambod] nentihatand reywpirgakhy
i ncl udes chips that constitutes, for exanple, integrated circuit (1C), |large
scal e pat egrategecircuit (LSI), central processing unit (CPU), mcro 25
processing unit (MPU) and the like. A circuit that is not shown and is
forpred [opnoghe | ower side of the first sem conductor chip 2 (lower side in
Fig. 22) is electrically connected to a circuit 135 that is not shown and
i s formedrancybeoippar side the first resin substrate 400 (upper side in
Fig. 22) through the solder bunps B2. The circuit forned above the first
resin substrAat eedfbricidloecteivtat | Y0 comneget edetont hemipadhrport wanl140&é. On the
other hand, 5 the first resin substrate 400 al so has conductor sections 403
t hat exitendibdd ough rddfereateatongi ddhe hiaakn28s ditiecidrersivandapbe conduct or
sections 403 are electrically connected to the pad portions 402 forned on
t he backnsaifhace dfe tdwd derr powdesiand uihst cahdudive Td 15 iad lleewS 28hendi r cui t
of the first sem conductor
10 82B disposed within the resin layers 71A, 71B, 81A and 81B is
employed for the adhesion between the resin spacer 6 and the first
resin substrate 3 and the adhesion between the resin spacer 6 and
the second resin substrate 5 in third embodiment and fourth
embodiment. On the contrary, in the present embodiment, the resin
15 spacer 6 is coupled to the first resin substrate 3 and the resin
spacer 6 is coupled to the second resin substrate 5 via metallic
bumps. Other aspects are similar to that of the aforementioned
embodiments. As shown in Fig. 19, the conductor interconnect
layer 613 of the resin spacer 6 is coupled to the conductor
20 interconnect layer 312 of the first resin substrate 3 via a first
metallic bump 11. Such multiple first bumps 11 are disposed along
respective sides of the first resin substrate 3 and the resin
spacer 6. Lead free solder, for example, may be employed for the
first bump 11. Lead free solder is not particularly limited to
25 any specific type, and is preferably an alloy containing at least

two or more elements selected from the group consisting of tin

(Sn), silver (Ag), bismuth(Bi), indium {(In), zinc (Zn) and copper



10 chip 2 transmtting and receiving signals with the pad portion 402.

[ 0249] Here, the dinension of the solder bunps 82 is not particularly
limted to any specific value, and diapeter of 50 to 500 pmis preferable,
and 80 to 150 pmis particularly preferable. 15 In addition, the distance
bet ween the sol der bunps 82 is not particularly limted to any specific

di stance, and that distance of end to end of the sol der bunps B2 is
preferably 50 to 500 pm and particularly preferable to be 70 to 150 pm

[0250] (2QYhe megiPhekedf 1hheosel dierathumps tB2ne smdid 1ref veidBrhBEréi st

underfill material 404 in order to inprove the joint reliability. Materials
siml a@n@Stmmﬁe@@Ji@é_@dFE@ﬁehh@esJ,nQQr filsl brfepahd rib esmpadiymeAt alByy al so be
enpl oyed for the material constituting the first underfill material 404.

More speetéigahd Yon 2ocsi BBl anl ¥1 By iJT tShi-Bd, eshogi T@ptar &nl-hgutd, an
thernosetting resin and a filmthernosetting resin may be avail abl e. Anong

t hese, aa1bi quf dsitmer MBSehti Nk £SiAL Hegnprefenapl €. sdhis-gl1lkews gappdet ween
136 the first resin substrate 400 and the first sem conductor chip 2 being
filbedposthmap 41y weedmel biyed ensy . tHan fliketppasentl enbiodi mertiphthe &f r st
underfill material 404 is constituted of a high nodulus material. Mre

speci f istahl yirshenurddse lluaps arevioded Wiehd theeeesoh deryer t71As spresetabl e to
enpl oy the material having an elastic nodulus within a range of equal to or
hi gher stlranuddOc P, i rand boopel pr efdrblspeeqiiabal by pra itaght ibhahh200 MPa. On
the contrary, when the bunps are of a sol der having higher nelting point, it
i s preftéeabliest cowngd dy ehéendt enralghhaviengeannel ager ¢/ 170 ispgubusdedt hin a
range of equal to or higher than 30 MPa, and nore preferably equal to or

hi gher t[REA%45 MPa, for the first underfill materials 404. The upper limt
of elastic nodulus is not particularly limted to any value, and, for
exabpl e, is 800tiMPa, crhehiaghdpct8y emptmydrmgatheéayesi alaratfertingl reavhng an

el astic nodulus 15 within such range, cracks in the bunp periphery can be

f urt hesreghrbpt &dl. cqust] to the comyitegl imsehedntert flavamgloheff et
underfill material 404 includes a nmethod of introducing a |iquid adhesive
mat er | &ECPREOr 9PN HBIFAF A8Rd Ot hkd * UTIIRGt ReEadt ic dpigma Jret hd8ef or di sposi ng

sheet binding materials within the Pap and then curing thereof.
second bumps 12 are disposed along respective sidés of the resin

spacer 6 and the second resin substrate 5. Such second bump 12

15 may be composed of the material similar to that for the first bump
11. The periphery of such second bumps 12 are provided with the
resin layer 71A sc as to surround the second bump 12. More
specifically, a conditicn that the second bumps 12 extend through
the resin layer 71A 1s provided.

20 [0210]

Next, a method for manufacturing such semiconductor device

10 will be described. As shown in Fig. 20, the second bump 12 is
provided in the conductor interconnect layer 313 of the second
resin substrate 5. Next, the first bump 11 is provided in the

25 conductor interconnect layer 613 of the resin spacer 6. Heights
of the first bump 11 and the second bump 12 may be preferably, for

example, within a range of from 3 um to 300 um. The thickness of



[02521 The first underfill material 404 may preferably further contain an
inorganic filler such as silica particles and the like, 25 simlarly as the
underfill U of third enbodiment. Thisgqallows reducing a coefficient of

t hermal expansion, thereby effectively reducing a danage on the

sem conductor device. [0253] The first underfill material 404 is not
particularly limted to any specific material, and it is preferable to
contain a coupling agent, simlarly as the underfill U of third enbodi nent.

5 Thiseghwrﬁ% ig?%ﬁ%%dtggﬂe%yemﬁsar@ ngikbe, QUM@%lo%h%f' Qor gani ¢

filler irst undertill material 404, thereby reducing t
coeffi glgntaplod kﬁj@'coﬁéﬂ@@ﬂré’nfémf@rﬁtﬁf becbhvel vy edughng a damge on

the fi st sem conductor chip 2 and the Iike. Simlar conpound as enployed in

third eppo H?ﬂ%s{@g] he %H@bQM@Qré@ O e sahousndeses Red icuUpbi ng agent .

[0254] Coefficient of thermal expansion of the first underfill material 404

I's nOtcﬁa%BbCH&ﬁ%fé&§' %h%eghEQkQQQSSQ@Qkikﬂ,%%'H? lé%@éﬂﬁjﬁﬁﬁ%ehﬁbEXnequa
to or lower than 40 ppmidegree C, and is 15 more preferably equal to or

lover thHanid0 PRI AROIeRpTingl PRt Atdy B theiundsrtétle U thldi Fdrst
enbodi ment. [ 0255] (Second Résin Substrate and Second Sem conductor Chip)
Next, ac$860BUnEEsit SUBSHr BEEwdOd B 1@ sS@CaPdcer 6 and the second

resin substrate 5. Among these, the heights of the first bump 11

and the second bump 12 may preferably be equal to or larger than

45 pym. On the contrary, a distance between the first bump 11 and

10  the second bump 12 is, for example, 300 pm.

[0211]

Thereafter, an adhesive tape constituting the resin layer
71A is prepared. Such adhesive tape is similar as the adhesive
tape of the aforementioned embodiments, except that no solder

15 powder is contained. More specifically, it is preferable to
contain a flux activity-compound having carboxylic group and/or
phenolic hydroxyl group {(curing agent exhibiting the flux
activity), a thermosetting resin and a thermoplastic resin.
Further, the aforementioned thermoplastic resin is preferably a

20 phenoxy resin. The first resin substrate 3, the adhesive tape
constituting the resin layer 71A, the resin spacer 6, the adhesive
tape constituting the resin layer 71A and the second resin
substrate 5 are stacked in this sequence, and then a thermo-
compression bonding is conducted. This allows the first bump 11

25 extending through the adhesive tape disposed between the first

resin substrate 3 and the resin spacer 6, and also allows the

second bump 12 extending through the aforementioned adhesive tape



20 sem conductor chip 4 are prepared. A surface of the second resin
substrate 405 in the upper side (upper surface in Fig. 23) is provided with
t he second sem conductor chip 4 nountied thereon, serving as a sem conductor
el enent. The second sem conductor chip 4 is electrically connected to the
second resin substrate 405 25 through the sol der bunps 82. The periphery of
the solder bunps B2 are filled wwth a second underfill materials 409. This
allows providing an inproved joint reliability between the second resin 138

substr @tigpéllg%d iarggjcaie@% gggogmgcﬁﬁéﬁ lcé)é‘iqy%h%t&?@%g gh%’“ﬁgc eqang.r gﬁ%@%f whi ch

substrate rovi th pad portions 4 portions
are capabl e, of s COURIING Wit B Q18871 B 8CTERAe 4N, QT A&l LA Q! di Ng
electr?éalfygc%upqﬁ%gs bg%megn ?ﬁe p§%§5 porP?on394%%£aﬁ§jtﬁ§%pad portions

407, cqgggggors (metallic posts) 408 are provided in the second resin
substrate 405 so as to extend through the second resin substrate 405. [0256]

The second regi pySUBSIT ale 2AB9e MYhbe MR d a8 anfpBl&id &l 1@ which is
different from or may be conposed of the same haterial” as, the nmateri al

conposiRgstAe dipsdin®si AsSuRat ratéh 40Q, -amdshsnprgberablatcempased 9f the
sanme material. This allows reducing a difference in the coefficient of

t her mals,@XRaBSHPMPELMRRE At AEn LPPEFe AN | @PRE rPORELONSHPTa theuserbgonduct or
devi ce, thereby 15 reducing a warpage. Specifically, the same material as

enpl oyedokBst ey abovendaser bhedat i 758 degicr substrate Aiteannakso be
enpl oyed for the material constituting the second resin substrate 405, and

it is pambspHbald Yainr,efaeabbert ox el ayeyanat eatesbn (HovwIppercynnate
resin). 20[0257] Thi ckness of such second resin substrate 405 i s not

parti culepirbyeht&d tigd the &ay 1speshffermdliacknesss afdablOcd wrl A0Bepm i s
preferable, and 100 to 500 pmis particularly preferable. The thickness
w Lhi nthhe above rEnge juxow-desiay reswyeecthd haekaessdwfir2b gdherf itbrshed
product of the sem conductor device. [0258]
inducing a reduction of an oxide film on the conductor
interconnect layer surface to remove such oxide film. The copper
oxide-reduction rate, which is sufficient for removing the oxide
film to prevent a generation of a coupling failure, is equal to or
15 higher than 65 %. Further, in consideration of enhancing a
junction probability and a junction reliability in various
environments after creating junction, it is preferable that the
copper oxide-reduction rate is equal to or higher than 75 %, and
more preferably equal to or higher than 80 %. ©On the contrary, it
20 is preferable that a copper oxide-reduction rate is equal to or
lower than 95 %.
[0213]
Here, the condition for the copper oxide reduction process
(at 230 degree C for one minute) will be described. Since a
25 reduction effect of the compound exhibiting the flux activity for

copper oxide exhibits at a temperature higher than a melting point

of the compound exhibiting the flux activity, the copper oxide



Coefficient of thermal expansion along the thickness 139 direction of the
second resin substrate 405 is not particularly limted to any specific
value, and 10 to 70 ppmis preferable;gand 15 to 40 ppmis particularly
preferable. That coefficient of thermal expansion within the above range
provides a particularly 5 inproved joint reliability. [0259]

Coefficient of thermal expansion along the inplane direction of the second
resin substrate 405 is not particularly limted to any specific value, and 5

to 30 RBth§18ﬁE%é%ﬁﬁ%d%ur@”@aéobéOsdékéHljﬂ%ﬁbhéeEaﬁ§'EH&fﬂHéﬁ;Qr§ferab|e
That coefficient of thermal expansion w thin the above range provides a

part'C%b%ben&”@iH&ﬁ%%ﬂd@ Rhel el habhdi tyit 02@9]tﬁ@ré$ﬁ¥raﬂJ“3f%qund
sem conductor chip 4 enpl oyed here may 15 be the sanme as, or

di ffereptrbiamd he fdritbyseabaondeiet 951 &M Ruén (026413 The smn@eaﬂé@rf il
material 409 disposed in the periphery of the solder bunps B2 may be

conposed  obntBeoddtetscindentii bkg28e et erdralsgg@4.(150282dree ¢) and the
5 1like for the first bump 11 and the second bump 12. The melting
points of most of these alloy are equal to or lower than 230
degree C. Therefore, in the present embodiment, the copper oxide
reduction temperature of 230 degree C is employed. Besides, the
reduction time 1is selected to be one minute, in consideration of

10 time required for melting the compound exhibiting the flux
activity to wettability with a surface of copper oxide and then
exhibiting a reduction effect, and also in consideration of a
variation in the reduction effect.

[0214]

15 A copper oxide (CuO) reduction rate is represented by the
following formula (1), and can be acquired by the following
manner:

(Definition)
copper oxide-reduction rate (%) = [l1- (atomic concentration of

20 oxygen (0) after reduction process)/(atomic concentration of
oxygen (0) after oxidizing process)] x 100 (Formula 1).
(Measurement Method)

(1) A copper sheet of having a thickness of 70 um (commercially
available from Mitsui Mining & Smelting Co., Ltd., 3EC-3, 2-3 um

25 thick) is soft-etched with a commercially available etchant
solution.

(2) The soft-etched copper sheet is oxidizing-processed within an



Coefficient of thermal expansion of the second underfill material 409 is not
particularly limted to any specific value, and is preferably equal to or

| ower than 40 pnnmidegree C, and is 2%qgore preferably equal to or |ower than
30 ppnidegree C. The coefficient of t%ernal expansion is within the above
range, so that an inhibition of a damage on the Low K |layer, and an 140
inhibition of a damage on the peripheral section of the bunps can be
achieved. [0263] A circuit that is not shown and is fornmed on the |ower side

5 of the.Recond, SRILONIUGLOL, hip 4 d Louer shdgoLnadige, 23), T el ectrical ly

connected to a circul 'S no own “an orne € upper side of

t he Se%g?dz?_ﬁea%ﬁ‘essi%s%][agr ﬁggog%(wpﬁ]icﬁi dg iagtgizlged 2§ﬁtbc§ y %‘é%igge?éo' der

burrps e Clrcult ove e second resin substrate

el ectrigal E)éi&?%{'s}f‘(f—;{}gc%ggégl éo PAd ROt T any40f. , O t hep,_hand, the

second resin Su as conddctor sections that extend

t hroug répééggécﬁtﬁﬁ% 4 ea%ﬂb%{%ﬂ@?f%déhe d W %@gr%geccﬂ%j eormi%ﬁl% | ons

408 ar ectri y connected to the pad portion 7 fornmed on the back 15

surf ace 49f it ig; ef%%{%%s ia?iték‘b&ﬁé AL on RS BLL Y6 e oﬁe&%?% of the

second 'sem conductor chip 4 transnitting and receiving signals With the pad

Itoﬁret :O‘r-"’g g‘e}thhé 0284 s (e 2aPe SPAfSENerdONXL s th i BAESERe SRAGEI-d $rPERRared. In
reduction-processed copper sheet are removed with acetone.
(5) The copper sheet after the removal of the resin components is
immediately transferred into a vacuum desiccator, and then a

10  vacuum drying is conducted to dry the surface of the copper sheet.
In addition, the copper sheet is stored under a condition of
maintaining a vacuum atmosphere until an electron spectroscopy for
chemical analysis (ESCA) measurement is conducted.

(6) 40 angstrom-thick surface portions of the copper sheet, which

15 has been processed with only the oxidation process, and of the
another copper sheet, which has been additicnally reduction-
treated, are removed via a plasma processing. Subsequently,
atomic concentration of O and Cu are measured by ESCA
(commercially available from ULVAC-PHI Tnc.). The plasma-

20 processing and the ESCA measurement are conducted within a vacuum
atmosphere. The purpose of removing the 40 angstrom-thick surface
portions of the copper sheets by the plasma-processing is to
eliminate an influence of the oxidized surface during the handling
in measurements.

25 1In addition, ESCA measurement conditions employed here are as

follows:

(1) Photoelectron-escaping angle: 45 degrees;



enbodi nent, an exanple of enploying a resin substrate 500 for the resin
spacer will be described. The resin substrate 500 includes a space 500A t hat
can house the first sem conductor chip,2 therein, simlarly as each of the
above enbodi nents, and this provides a 25 configuration, in which the resin
spacer (resin substrate 500) is disposed around the sem conductor chip. In
the resin substrate 500, conductors (netallic posts) 501 for providing
electrically 141 couplings between the pad portion 401 of the first resin
substrate 0_and_t he pad-porti 7 of th second resin substrate 405 are
provrde l&sg ra%xﬁour€$h?%8gﬁ F%% fégFﬁhro grate 500 along its thickness.
The con ducg $1si§ C_{éed bg ﬁﬁ uctlng a plating 5 process for a through
hol e priovi hi ckness direction of the res|n substrate 500, and

t hen f|||| h hr ugh I h nan-.con

electroc c%? e}pégc% 5E%t t%%%ké%: Jj%f?%?ﬁgg% ¥ he con or 501
corres%%@%al% tpe pad portion 401 of the first resin substrate 400 and the
pad portlon 0& of the 10 second resin substrate 405, respectively, and

pr o Idﬁ% 3 ictrlcally coupl i ngs between the pad portions 401 and the pad
por 8 which are |ocated the upper and the |ower ends of the

ubstrate SO0°ARE THG CocdnaTroai A suhet M ass R A b B [0Bes)
Thickness Qgegss Er’ﬁa?ero%ee?@tgc’é ﬁ‘,‘é)rtm otblt%%é&' yll#'é@&lqlqotno t@nypgpecific

val ue provi t hi ckness al ousing the first sem conduct or

chip 2 @Q@%ehgégeé'aff&%a'sub tQﬁtDéE%Sl%gltaQaQs ihepght froman upper

surface irst resin su strat O to an upper surface of the first

sem CO%%%%nEbbrPe@)emlﬁﬁqm@"tg spegd figald %Faé@rt 8 25 090sprads preferable,
and 200 to 1,000 pmis particularly preférable.” The thickness within the

abgye &%ﬁ%%eﬁaﬁﬁécﬁiﬁﬁlMf%ﬁ%VbQ§§t§a{@d¥Q§Qi%ﬂbC§@€§§d0Eeéﬂ€sikﬁ%%@%g 25
product of the sem conductor device.

5, and the first semiconductor chip 2 is mounted in the space
section provided among the first resin substrate 3, the second
resin substrate 5 and the resin spacer 6. While the first bump 11
for coupling the first resin substrate 3 to the resin spacer ¢ and

15 the second bump 12 for coupling the second resin substrate 5 to
the resin spacer 6 are provided in the present embodiment, the
space for disposing the first semiconductor chip 2 is formed with
the resin spacer 6, such that it is not required toc form the
solder bumps to be thicker and larger than the first semiconductor

20 chip, unlike the conventional configuration. This allows
achieving a reduced differences in deformation volume between the
first resin substrate 3 and the first bump 11 and between the
second resin substrate 5 and the second bump 12 when a thermal
history is encountered, thereby inhibiting a generation of a

25 conductive failure in the semiconductor device.
f0216]

While the first bump 11 for coupling the first resin



[0266] 142 sane material as, or may be different from the above-described
mat eri al conposing the first resin substrate 400 and the second resin
substrate 405, and is preferably thelggne material. This allows reducing a
war page of the first resin substrate 0 and the 5 second resin substrate
405, thereby providing an inproved joint reliability. Specifically, the sane
mat eri al as enployed in the above-described first resin substrate 400 and

t he second resin substrate 405 can al so be enployed for the materi al

tituti th i bstrate 500, d : h t o ticularly 10
conel L1081 Dy SR ESLA0LE, 200, S ARG ARt Ll Barticyl orl

CoOTe Y 8! hESLQULERLS 00, T P 1 A LLn 0,809 comet 1 havin
o seShee:13Pedy 2, MLER 8PIL oD oL, LG, A8 PELLIE Aol Lhe 111t
PuOStY BS54 807, 6 PSS DLIpPLIos, o HIGLILRL SSmSuar D 2
et R R L R S o T
ot 30 Guko, SUBL ok ANCSL UG, LLLD (MPSC hape) 202,00 W0l 1 o,

resin subst Lale; 25 A00-and Lhe Lepl ; SUbstEal e300 Ad/or. betygen.Lhe second

resin subs nd "t he r esi bsttate Sl \ er join
| et Vo8l 0%, SN o SR AR R PLE, 060 o TS ATt ve
and iSS%%ngggg gﬁdréﬁ% Qe%?ﬂprggéf égHibe stably established.
10 [0217]
SIXTH EMBODIMENT
The present embodiment will be described mainly on a method
for manufacturing a semiconductor device. A method for
manufacturing a semiconductor device includes depositing a second
15 resin substrate on a first resin substrate on which a first
semiconductor element (first semiconductor chip) is mounted, the
second resin substrate being deposited on a side of the first
resin substrate that the first the semiconductor element is
mounted, and the second resin substrate on which a second
20 semiconductor element is mounted, wherein a resin spacer is
disposed between the first resin substrate and the second resin
substrate, the resin spacer having a conductor extending through
an interior thereof along a thickness direction, and then a
thermo-compression bonding thereof are carried out to provide an
25 electrically coupling between the first resin substrate and the

second resin substrate via the conductor. Fig. 22 is a cross-

sectional view, illustrating an example of the first resin



conductive conponents. Mre specifically, the typical adhesive filmincludes
an adhesive filmcontaining the conductive particles 5502A (ani sotropic
conductor adhesive film (Fig. 25 a) n adhesive filmcontaining netal fine
particles such as sol der powder dispggging therein, and the like (Fig. 25 b
shows a condition of formng a conductor 502B by an aggregation of the
netallic fine particles such as sol der powder). 10[0269] The resin
conposition constituting the adhesive filmb502 is simlar to the resin
conposition enployed fqr. the adhesive tape of third enbodi nent. For exanpl e,
't 1o CORBOESHof B hermbScpt TheST e 1SN ¥8%4n bhdiy FasrA aRd a

th I ti i h .15 | i i n. 1 tti i
ner et SBRCRLEyof rRTRIGE oGy TERbT S Uity | BoPnslt oKELHHES dsPhaT phenol i ¢
i . t | at i t ur.at | t i ,
i a1 1 yBiEHar 8 & resi s Serarenat bl s T i TPhEHT | Ko HEFIDE SiptBFed. Among
th : i . f le. Thi | | i di ' d 20
bal anciRBL6] S G o- 0P| £y RATATSHAT 09T FECFERE REFL= | nproved heat
i st i . i star d i.cal _resist I i ded.
|1 Add tr oMl Tot L W CHamEC AR CORphUR WA Gt fhgia {11k At (v By CEBREA ned i n
t he adhesi filmb502, [ t t h d dinthird
25 embOar e hey S1'sd ‘DL ERRF SJact 14 GETON S The" GO vEL HEEer (Bed"Ganduct i ve.
conpon%nt.tégicall 'ngudes . 199 ;ond cté%e articles aqﬂﬁp%tallic fine
parti clPE8ICRBFUTHE atovéSdesEiPbed’ coh PvBRAr Ve s, LN TpAr t 18l es sane

as thet@%”%%%&k%@%&¥¥ﬁ& 62282 Fend | Red AL oHLE Nagphodl ment, My be

enpl oyed.
a plan view, illustrating manufacturing process of a semiconductor

10 device. Fig. 29 is an electron microscope photography, showing a
condition of metallic particles dispersed in the adhesive film,
which aggregate to form a conductor. Fig. 30 is a cross-sectional
view, illustrating an example of a semiconductor device.

[0218]

15 A preferable embodiment of a method for manufacturing
semiconductor device will be described based on an annexed figures.
(First Resin Substrate and First Semiconductor Chip)

First of all, a first resin substrate {(first substrate} 400
and a first semiconductor chip (first semiconductor device) 2 are

20 prepared. A surface of the first resin substrate 400 in the upper
side {(upper surface in Fig. 22) is provided with the first
semiconductor chip 2 mounted thereon, serving as a semiconductor
element. The first resin substrate 400 is electrically connected
to the first semiconductor chip 2 through the solder bumps BZ,

25 similarly as third to fifth embodiments. The periphery of the

sclder bumps B2 are filled with a first underfill materials 404,

This allows providing an improved joint reliability between the



5[ 0271] Typically, for exanple, the sol der powder described third
enbodi nent may be enpl oyed for the above-described netallic fine particles.
Among various sol der powders, a |leadfree solder is preferable. The

af orenenti oned |l ead free solder may be an alloy 10 containing at |east two

or nore elenments selected fromthe group consisting of Sn, Ag, Bi, In, Zn
and Cu. Anobng these, in consideration of the nelting tenperature and the
mechani cal properti es, is preferable to enploy an aIon cont ai ning Sn

such asfd%%a'r'eghoé bﬁ}x@t’ %035{18%}% ;isﬁsf%g Qﬁacé}ﬁd <?§’ cgqf Sn- | npgL 15t he

[ike. enper ature neter ind t he

cont entgi t@ssgﬁsgurggu%r{%' %bngawgo gg}%do%a%@%&ﬁaa;g Aoy gczlggcr! bed

netalllc ine particle are at enpl oye odi nent .

[0273] 4 pad dl}(ﬁ&@léhs‘;&@ Cbt‘éﬁh”?%d@se ogrg@l%'s@ege%"% %‘%&tof‘adc‘éc“

conponen & Content of ove-descri be c particlés is

pref erably, 20, 10,250, pards By, uef.ght, - pros Aided LhaL 028, Lhe, tatal, gamponents

except partlcles ssune arts wel ght,” and 60

to %algévmaﬁl chlgul A5l YRRl @ esgad[;g@t“ 201 ahfl

add|t| to a a co atlo t he above- reb Xal e particles

and thecrf"eb%‘éé B?EH&}P@%UQH AohbGcELpe Rl Glies. E§§¥s§i' 303 %&fﬁﬁ‘o‘vﬁ%@

5[ 0275] above-described resin conpos tlon may ronally

cont ai ng, Uk P agent, AerhRg £gbalysts AN <aRkhaxi ARty @95?{24 fapdithe
| i ke. The above-described curing agent iIs not partlcularly imted to any

speci fi,.¢.GomRouad, sandsdgypi cal Iy 10 phenolics, am nes, thiols may be
avai l abl e, and in consideration of the reactivity and the physi cal

propertiges f the cured product, phenolics may be preferably enpl oyed.

10 Typically available material for the first resin substrate
400 is, for example, a base material composed of a resin
composition containing a thermosetting resin. This provides
better heat resistance and lower water absorption. Typical
thermosetting resins include, for example: novolac phenolic resins

15 such as phenolic novolac resins, creosol novolac resins, bisphenol
A novolac resins and the like; phenclic resins such as non-
modified resol phenclic resins, resol phenolic resins typically as
oil-modified resol phencolic resins that are modified with tung oil,
flaxseed o0il, walnut o0il and the like; bisphenolic epoxy resins

20  such as bisphencl A epoxy resins, bisphenol F epoxy resins and the
like; novolac epoxy resins such as novolac epoxy resin, crecsol
novolac epoxy resin and the like; epoxy resins such as biphenyl
epoxy resins and the like; resins having triazine ring such as
urea resins, melamine resin and the like; unsaturated polyester

25 resins; bismaleimide resins; polyurethane resins; diallyphthalate
resins; silicone resin; resins having benzooxazine ring; cyanate

(ester) resins; and the like. Among these, cyanate resins (in



[0276] (Stacking Process) 15First of all, as shown in Fig. 26, the adhesive
films 502 are prelimnary attached on both sides of the resin substrate 500
(here, the adhesive film502 containi the solder fine particles as
metallic fine particle dispersing thérein is enployed). Heating and
conpressi vely bondi ng processing is conducted at, for 20 exanple, 50 to 150
degree C for 1 to 10 seconds to adhere the adhesive filns 502 onto the resin
substrate 500. Typical nethod for adhering the adhesive film502 to the
resin sub%trﬁie 500 Hpclude% for eanpLe, a gethog of dheriqﬁ mj£€ a rol

| ani naP&r CAHEEhot BH KPP RES W TS 't Hér RESEGRBYESSi onl Bofdity°ptBSs and
25 the l.ike. Next, thraough es (400A..,405A, 500B) conf.igured to be able to
be insgﬁfgg 5f?fprﬁ%%§%i§%ﬁ Pﬁbbgod?%hﬁﬁ?gegOWSFeEQ%%%F#T%%#éfﬁ n ends of the
first 2§§gn substrate 400, the resin 146 substrate 500 and the second resin
subst r &t&°485°(t hr ee pl aces), respectively (Fig. 27). Then, as shown in Fig.
2B, wh%bﬁzb?e pins are inserted into the through hol es (400A, 405A, 500B) to
align théSe substrates, the first resin substrate 400, the resin 5 substrate
500;?“0' the %EEOQE'O%&%&P%?O 3 “'%Sn“gé Pés%n%t'-aﬁ‘éeﬂeéﬁ%t{% S; Qndef, to forma
mul i pl e-layéréd material-. en,-a T ernmoconpr éssi on bondingi's conducted
froma - i | t.ipl e-l - ial by enpl oying
hot p|ngﬁg%%hgggﬁﬁﬁﬁgﬁ%ﬁmggﬁgpﬂépgH%?ﬁ%kgﬁﬁgrZé%ﬁ@%’Eg%“.ng depends on the
10 typ ~ i tituting I I,rs J bst.rate 900,

t he regﬁﬁﬁéﬁggg%%féégéﬁﬁ%ﬁ% F%gEgec%%gﬁ?gg?ﬁqﬁggs%iétgmagé&ﬁﬁggfh%9Iike, and
for exaplces il nh SoRU Rl ARl 8nl e cONAUT s Er BRSO eSsiop handing at
150 to 250 degree for 10 to 600 sec at 0.01 to 10 a, and it is

parti cyarky, Py eferad e ks waceegyfﬁ%tége k YBACONRs A5 Sd ik ikgpding, at 160
to 220 degree C for 60 to 300 sec at 1 to 3 a. \Wen the thernp-conpression
bongi ng i%@ltﬁgaﬁéib|f€§ﬂ%%t%n@iﬁ&ésﬁoééiéamé@ﬁﬁégg pssdesaribedrabove, an

i nproved productivity and workability are achieved. [0277] 20Here, when the
adhesi g arial @ 6051 Ai NP dhi8phahbi ca fdngRar khekgs sughhapisel der powder

di spersi'ng therein is enployed for

cyanate resin, tetramethyl bisphencl-F cyanate resin and the like.
Among these, it is preferable to employ a novolac cyanate resin.
This allows an improved heat-resistant due to an increased cross

15 linking density, and an improved flammability of the resin
compositions. Novelac cyanate resin has benzene ring, which
dominates the chemical structure at higher molecular proportion,
and thus is easy to be carbonized.

[0221]

20 The aforementioned novclac cyanate resins available here
include for example, the compounds presented by formula (I)
described above in the aforementioned embodiments.

[0222]
Weight-average molecular weight of the aforementicned

25 thermosetting resin is not particularly limited to any specific
value, and weight-average molecular weight of 500 to 4,500 is

preferable, and 600 to 3,000 is particularly preferable. The



t he adhesive film502, the first resin substrate 900, the resin substrate
500 and the second resin substrate 905 are thernoconpressi on bonded, and an
aggregation of the netallic fine 25 Egéticle (for exanple, solder powder) in
the adhesive filmb502 is preferably induced to formthe conductor. This
provi des adhering the resin spacer to the substrate, and al so provides an

el ectrical 147 coupling. For exanple, the operation of the

t her no- conpr essi on bondi ng process as descri bed above induces the

P ooyt GBSk Pore 1 5P RE R hd AL Yg Al 02 o
senjcoEductoi.deviggt;%O as shown in Fi%. 30 _can ge obt ai ned. The
seni cong&f of 1Mevid 0 PREF LTRSS THhéE MAFSETFasi W YUBs tH&RE 9065 havi ng t he
first i duct hip 2 t th th ' b te_500 dth
Second PRYT ACS T APG R0 aB6 AT Hy 1 HE SBlonirSen L ddet 62 "ghED 2 nount ed
th whi ch tacked in thi . Th ' te 500
el udelet RES SpavErEooR PAPHECT i ont Ha L hEoRT7ete Sem Bottact or chip 2 is
housed mﬁ%hgn a sphace .f rqeg b% t he finﬁ} resin gupﬁtra%%r4gg tgg space
500A of “fheSFési s e at 878607 a1 88 8RdP st h & bS8t 87%05. Thi s
provi des a ropﬁggi Qlto t?§m££rg%_tqgngpndugtBrechi$?égsf%ghniEat%n? a need
for en@%ﬁgﬁﬁg?Yng PP st +8eni Con UCtOnghIS 2% T an encgp ofat ng

in. _Th i 401 i h ! L th ide i,n Fig. 30
[eSi . 4FIpgR8E, RALLLORAOLSLE, Lhe, WpREr, RSkl RD, (102 dpRSL etk o 30)

SubSLT a1 £300,50. 5,106 SaLecal el iy oal.coupl Ly, 3L Lony e pec

portion on ottomside 1n e second

resin %HB%B(at@hé‘ﬁé%g@%;%b@?ggégTéfé%%g%Qd%%H%hg5§%dﬁﬁetJE%ﬁ%ﬁ%bgi§ﬁQ trate

500 so as to create ectr coupl 1 ng. portio he | ower

orkio i . resi.n 4 i's o) 'gﬁ% W th e sol der

Eu%%s ??%ﬁgé?e%gﬁﬁifﬁ%ﬁF %ﬁ?cﬁégﬁgg%%%%% gg’afﬁ%t%%r _53r§ g%gt is not

shown. e&&%g?lon chromd%q$ ggHgt(ééﬁg_ls not shown and is forned on the | ower
¥ he duct or ¢

side o irst semco p 2 (lower side in Fig. 30) is
el ectrigghky connected to a circuit that is not shown and is 5 formed on the
upper side of the first resin substrate 400 (upper side in Fig. 30) through

the sol der buppeef2. o heLiaredihef Ol MR abRUGLREEHhESted85i N substrate 400
is electrically connected to the pad portion 401. In"addition, a circuit

thap iﬁgﬁQﬁiéﬁ@&fﬂﬁ”ﬂ¥dd&t@0E€§QnPniérﬁbﬂ %%@&iéh@QrP% Iiﬁ%ﬁ%@@@@dapy
sem conductor chip 4 10(l ower side surface in Fig. 30) is electrically
conpectp@dci®id value, and is preferable to be 5 to 60 %wt. of the whole
resin compositions, and particularly 10 to 50 %wt. is preferable.
The content lower than the above-described lower limit may cause
reduced effects for higher thermal resistance and lower thermal
expansion, and the content higher than the above-described upper
20  limit may cause higher cross linking density, increasing a free
volume, thereby reducing a moisture resistance.
[0224]
In addition, the aforementioned resin composition may
preferably contain an inorganic filler. This allows further
25 reduced thermal expansion. Typical inorganic fillers includes,

for example: silicates such as talc, baked clay, nen-baked clay,

mica, glass and the like; oxides such as titanium oxide, alumina,



circuit that is not shown and is forned on the upper side of the second
resin substrate 405 (upper side in Fig. 30) through the solder bunps B2. The
circuit formed above the second resiT ﬁubstrate 405 is electrically
connected to the pad portion 406. 15 f addition, the resin substrate 500 is
provided with the conductors 501 fornmed therein, which provide electrica
couplings between the pad portion 401 and the pad portion 407 through an
adhesive filmexhibiting an ani sotropic conductivity that is not shown. In
this way, .the respective elecgtrijcal, couplings of the 20 first sem conductor
chip 25dhifRe E&Bhd denicah uE?%?LHﬁVpQEI%gPﬁtgﬁb§T9%fﬁ% cH"8s a not her
board that is, not shown. Then, these are joined to t her board that is
ot ShGRACINEEE N SBIATaE T & FEOB i Ui SO RS POVIE Surface of first
resin substrate 400 (bottomin Fig. . 30).. 25 0280%.A i gnal

the SoPd@FOBARTS BICT Ao tHE" HGE HEIOPHSIeS LBEpraT bUA0D B 1ee i r oui ¢ that i's

t sh dis.forned i irst i bst . 400 the |ike, d
ovent LS TS FRSEAOR G EnbnF +ESS i Eenate ohr SRhE B S SHIG BBove. descr T bed
i |, which i dint first i t ip 2,,.1s 5
1 anorEEred s i DEGTEA R i &P BT, i thens & bh Ut T PSSt her
board. _Sim. | arl a signal . trapnsmtted via,t I r balls .Bl fromthe

notherhﬁgﬁFasigg??éﬁ% Ce8OF R %ud%“ﬁﬁ@lgﬁﬁaggfafig4 of §HE first resin
308 of XHE0aBertt Tb FATH SuBer FaLe HoL 3Rl SPALUl CURAC F5 hoSshown and
nput TarS R I en e oAttt it e The- i cve el e e Y
thr ough RS B e AT B R T BuCRUE o TheP 18- et e, hesa. [oz81)

10 silica) is preferable. This allows a reduced thermal expansion

transmtted via

while the electrical properties are maintained.
[0225]
Mean particle diameter of the aforementioned inorganic
filler is not particularly limited to any specific range, and is
15 preferably 0.01 to 5.0 pm, and more preferably 0.2 to 2.0 um. The
particle diameter of the inorganic filler lower than the above-
described lower limit provides an increased viscosity of a varnish,
which may lead to adversely affecting a workability in
manufacturing prepreg. O©On the contrary, the particle diameter
20 higher than the above-described upper limit may cause a phenomenon
of a sedimentation of the inorganic filler in the varnish.
[0226]
Furthermore, spherical silica having mean particle diameter
of equal to or smaller than 5.0 pym (in particular, spherical fused
25 silica) is preferable, and in particular spherical silica having
mean particle diameter of 0.01 to 2.0 um are preferable. This

allows an improved lecading of the inorganic filler.



As such, the sem conductor device, which is obtained by the above-descri bed
nmet hod, exhibits the advantageous effects simlar as in second to fourth
enbodi ments. Mdre specifically, sinc he 20 resin spacer (resin substrate
500) is disposed between the first réSin substrate 400 and the second resin
substrate 405, warpages and the |i ke are reduced, thereby providing an
inproved joint reliability. In particular, if the first resin substrate 400,
the second resin substrate 405 and the resin substrate 500 are 25 conposed
of the resin material, m smatching of coefficient of thermal expansions
can be[gggﬁﬂcularly reduced, thereby further reducing the warpage. [0282]

It is intended that t resent _invention are _not Limted tqo the
configuratioﬁgn%?mﬁéy$§?%3a?ﬁr?ﬂ%HEH%V%f eSErrbéd %ﬁg%%?ﬁﬁﬁf§¢ and t hus
vari ous difi cati ons .t her eqf rovi ded tha he can 5 hi e obj ect
of thePSF %EH%a%%%gh”F§ﬁ% gﬁoﬁ?ﬁ ?ﬁf%éﬁis Fﬁeagasgﬁgi%%3ﬁﬁﬁ:%f §§$w§phin t he

scope of, bhe.pr esept, fnventLop. . Foro gramleo whi Lesayl d e Jasubatipg | ayers

311 of tThe builrdup layers A an the rst resin- substra

conti gyredot exhibid dhe average ¢asld Iglent 10f L hey il expagaion al ong a

10 Substrate I nplane direction Tor tenperature range rom degree Cto

a gl assLLAnsi L),0f POiNi LIGLAOL Of. 80UAl 8. 0L, | OWer than 30 ppri degree C

and the average ctoefflcient er mal ‘expansion al ong a substrate thickness
directi%ngﬁ equal to or |ower than 30 ppm degree Cin third to fifth
enbodi&énts, the 15 configuration is not limted thereto. For exanple, as

shown [ n Fi ggyndh 8NGFifeo 32e:8ach OfoihedUiohduncl 8yt ondhh andh 91E Ty

i nclude the insulatihg |ayer 311 having ‘an average coefficient of thermnal

expansiopR #beBg: 8nFulsiinat & i ARl Rer S ikon HQt + | SAPEI AN A Sarge of from
25 degree Cto a glass transition point 20 thereof is equal to or |ower than

301 ppmdegieecEin adch @ tAYer a8Qe£08)d+&d @M 9k vt PREABLheXpansi on al ong a
substrate thickness direction is equal to or |ower than 30 ppm degree C,

and the djrekbat i HYed a%RMa¥Ltl rBavhng A Avanage saelhped e fsitkhanpal
expansion along a substrate inplane direction for tenperature 25 range of

from Z%fdﬁgg@@sgo}ﬁﬂc a gﬂ@cﬁﬂibémﬁ}rl I PN iQ@Eﬁbf’éBQb@@f td Serph IGREfant E@B_X?’O
ppnt degr ee (tor exanple, 60 ppm degree C), and an average coefficient of
t her malre@Xpansionhal oigrehcsithdoheat irst resin. The aforementioned
epoxy resins typically include, for example, phenolic novolac
15 epoxy resins, bisphenolic epoxy resins, naphthalene epoxy resins,
aryl alkylene epoxy resins and the like. Among these, aryl
alkylene epoxy resins are preferable. This allows an improved
anti-solder crack reliability after soaking pretreatment.
[0229]
20 The aforementioned aryl alkylene epoxy resin means an e€poxy
resin having one or more aryl alkylene group per a repeating unit.
For example, xylylene epoxy resins, biphenyl dimethylene epoxy
resins and the like are included. Among these, biphenyl
dimethylene epoxy resins are preferable. Biphenyl dimethylene
25 epoxy resins may be represented by, for example, formula (III).

[0230]

Formula III



151 thickness direction is higher than 30 ppn’ degree C (for exanple, 60

ppm degree C). In such configuration, is preferable that the coefficients
of thermal expansion of the |nsulat|@g Iayers of the buildup |ayers disposed
in substantially symretric |ocations across the core layer 32 are nutual ly
equi val ent. Here, the equival ent coefficients of thermal expansion of the
insulating layers of the buildup layer includes that a difference in
coefficient of thermal expansion between the insulating |ayers disposed in
the symmetric | ocations across the core layer is zero 10 or equal to or

| ower than bed above, coefficients of thernal
expansi on i sposed in the @y tric | ocations
across th

cad /D b ¢H,.2 equi Vel g& gﬁqat a

war page o i il \-‘g ifspo agr#ss t ore | ayer

symetrically ge erated. This all inhibiting a generation of a warpage of
the substrate. In the second resi 'nSUBSANARBITRARYaWFEGERWUMEBERI m Il arly
as shown in Fig. 31 and Fig. 32 nay al so be enployed. In addition, in the
resin spacer, the layer-structure simlarly as shown in Fig. 31 and Fig. 32
may al so be 20 enpl oyed. [0283] Further, while the first resin
substrate and the second resin substrate are configured to have the
respective core layers in the above-described first to fifth enbodi nents,

the 25 confi W@g&k%‘f'r?eﬂé%ttlhb”hh?g b her ot %%ﬁk%yﬁhﬁuﬁ SOS) T TR

alternatively configured of only the buil ayer. By enploylna such

SUb§trQE%antBEeEQh&$ﬁeﬁ§tﬁk bheveem aanductian) 132ndevh£& iG] ke reduced. in
addition, while the insulating |ayer 321 of the core layers 32 |s configured

to eXh'lll'mtltteeetévﬁ’i)ags%e%@ﬁfﬂ:' ﬁuﬁﬁérofartchelrs%lre%éeamwp @ ang angubstrate
i npl ane direction preferably is equal to or |ower than 12 ppnidegree C and 5

t he aV%fa%@%c@ng:f;:JﬁéﬁktaHlfy thepnsl wwm&b@ngeﬁe%ﬂ%wﬁ t'Rrckness
direction of equal to or ower than 20 ppml degree Cin third enbodi nents,

the confdwawr ahkenths dKve iBibed] ther ettisdsn aaddht i 0pry 118 Zatc ibs of
configured that the insulating layers 311 and 611 are not reinforced with

fi bers diphehlyl ddiee fhfidhel @ perbode semt sleddigigcenf rgusatdarny irsduetdl i mted

thereto, and the insulating |ayers 311 and 611 may alternatively be

conmbi gweadktioity for general-purpose solvents, so that a difficulty in
handling may be caused. On the contrary, the number of repeating
unit "n" of larger than the above upper limit causes a reduced
flowability of the resin, so that a mclding failure may be caused.
[0231]

15 Content of the aforementioned first resin (in particular,
epoxXy resin) is not particularly limited to any specific value,
and is preferably 1 to 55 %wt. of the whole resin compositions,
and is particularly preferably 2 to 40 %wt. The content lower
than the above lower limit may cause a detericration in the

20 reactivity of cyanate resin or a detericration in the meisture
resistance of the obtained product, and the content beyond the
upper limit may cause a reduced thermal resistance.

[0232]

The weight-average molecular weight of the first resin (in



contain glass fibers or the like. Having such configuration, further reduced
average coefficient of thermal expansion the insulating |ayers 311 and 611
in adirection of the substrate 15 thigkness can be achieved. [0284]

Further, it is configured that coupling are provided by the sol der bunps
between the first resin substrate and the first sem conductor chip and

bet ween the second resin substrate and the 20 second sem conductor chip in
third to sixth enbodi nents, the configuration is not limted thereto, and

th LE [ : [ [ I | Further, th
€ CO#%EE?%Y%%,V Iaé ShaLyaly; befr gy ‘i@u‘ib?lg gﬁgﬂ&é@ £y ragll;y urther €

sem co e Having a pair of substrate a pair sem conduct or

chi ps, sg{ec'ﬁﬂfl@ | Tcal ke &:Qf%ﬂl@—véx}éerag;%‘é%n%e&&@?§5wéitogar&k%(% g8/1 conduct or

packages Is i1llustrated in the respectiv orenent | oned enbodi nents, the

cont | 94pabhen: Lsphole Tl edahhenstos AIhITTE, Lhan Lup.sepl sanduch ot

packageés ‘'may a stack ile there spacer i s

composede! QeNaNe AU rka¥eh1 St Ieldiie And okarPessd afe similar substrate

material to the first resin substrate and the second resin substrate in

First o kbhth: ehadinkpts)ihhe SONHIWRIGORal,SchRke |4 Nid8d rllhgr ¢fo, and
for exanple, the resin spacer may be conposed of a substrate having | arger

nunber 1af phaypes, RN thikeybh hit -4 8St S W3 EEAl 8 Ofe IR SECAUEGHESSI N
substrate. Alternatively, for exanple,” as shown in 10°Fig. 33, a resin

spacer tghn WhiChrhasndi@ ibuekiduppt ayermiand i Rekudesgaminsidald ag | ayer 621
and a pair of conductor interconnect |ayers 623 provided on the front and

t he bacgkdsuehachsr&inauch insyl ehé Nghdaver<62h) WAYnah terdatdgveky be
enpl oyed. The conductor interconnect |ayer 623 is conposed of the
manufactured, thereby failing to obtain uniform products. The
10 weight-average molecular weight of the aforementioned first resin
may be measured with, for example, a GPC.
[0233]

When a cyanate resin is employed for the aforementioned

thermosetting resin, it is preferable to additionally employ a

15 phenolic resin. This allows controlling the reactivity of cyanate
resin. Typical phenolic resins include, for example, novolac
phenolic resins, resol phenolic resins, aryl alkylene phenolic
resins and the like. 2Among these, aryl alkylene phenolic resins
are preferable. This allows further improved anti-solder crack

20 reliability after socaking pretreatment.
[0234]

Typical aryl alkylene phenolic resins include, for example
xylylene phenclic resins, biphenyl dimethylene phenolic resins and
the like. Biphenyl dimethylene phenclic resin may be represented

25 by, for example, formula (IV).

[0235]

formula (IV)



15 material sanme as that enployed for the conductor interconnect |ayer 312,
and has the two-di nensional geonetry sane as the two- dinensional geonetry

of the conductor interconnect |ayer . Further, a resin spacer conposed of
a substrate material that is different fromthe first resin substrate and
the second resin 20 substrate nay be enpl oyed. [0286] In addition

while it is configured that the adhesive tape contains the curing agent
exhibiting the flux activity in third to fifth enbodi nents, the
configuration may alternatively include 25 another chem cal conpound
exhibiting'a flux activity, whi@h does not serve as a @gqring agent. 159
EXAMPLE = TA Qﬂ ar 'ngExaugje 1) 5In the

fol | ow Xa ' u es aPgRAMAL patmons
of sem cohduct whi ci¥ar g, contTgur t hat tH& connecti on between
the resin substrate and the chip i‘n first enbodi nent was provided by a wre,
wer e conducted. (Manufacture of MH'”@AN‘AR‘ETR‘AW‘]NTE@E(F ANUmsErRe
foll owi ng exanples, as shown in Fig. 2, the first sem conductor chip 125 and
t he second sem conductor chip 131 were nounted on the surfaces of the first
resin substrate 101 and the second resin substrate 111, respectively, and
then, a nultiple-layered material having the first resin substrate 101, the

"n.mn

Number of repeating unit "n" of biphenyl dimethylene
5 phenclic resin presented by with the above formula (IV) is not
particularly limited to any specific number, and is preferably 1
tc 12, and in particular preferably 2 to 8. The number of
repeating unit "n" lower than the above lower limit may cause a
reduced thermal resistance. On the contrary, the number of
10 repeating unit "n" of larger than the above upper limit causes a
reduced compatibility with other resins, thereby deteriorating a
workability, and thus not preferable.
[0236]
Content of the aforementioned phenolic resin is not
15 particularly limited to any specific value, and is preferably 1 to
55 %wt. of the whole resin compositions, and is particularly
preferably 5 to 40 3%wt. The content lower than the above lower
limit may cause a deterioration in the thermal resistance, and the
content beyond the upper limit may cause a reduced property of low
20 thermal expansion.
[0237]
The weight-average molecular weight of the aforementioned
phenolic resin is not particularly limited to any specific value,

and the weight-average molecular weight of 400 to 18,000 is



15 adhesive layer 119, the resin base material 109, the adhesive |ayer 121
and the second resin substrate 111 stacked in this order fromthe underneath
was manufactured. In addition to abogg whi l e the exanpl e having the bunp

el ectrodes 123 on the back surface o Phe first resin substrate 101 is
illustrated in Fig. 2, the bunp 20 el ectrode 123 was not provided, and
teimnals for detecting a conductive resistance between the substrates were
provided, in the follow ng description of the present exanples. [0288]

Va i al f fi nd I, b 25 inb
ot or | B SE0675Hen GG 00 ERe T eaphort VE b AR ELY s (HE TG Al dEi ve. exanpl o
hown ip table 1. i , Fig.. 34 t Lg.,.34 di ,

1 T ust PACPRG Dot aRe aHar T tebMe et et sre e i BRBaSHAETTS 100
I d i f I t ' ' t.rat 1 d

cecond PEE vt B Pt e T SRSy cHU T GacRCor Exantl cE i Corgar &l ve

exampl ¢, [ 0289l SEprLher ot Dok he- ol 1w ng exappl es, and,conpar ati ve exanpl e,

the first and e second resin subs es are-configured as foll ows:

Twor di I : L I sUbstr . Fi {8 econd resin
subgtlgﬁgigﬁggﬁl%ﬁ {c%%?F(gaﬁgﬁe§P§Qﬂ%n1x%%4%%§lc%8%aﬁgﬁ?at§egﬁickness:%b.z
mm COHH@E: %ﬁé%'é&oﬂ%c%% bater gopoect) Layer ) 12 gggtbé antd defrkesi st
t hi cknés ? i ckness from circuit upper sur acef. ¥ m ectrode pad for

CondUCttih%?elf“)Q 9@99&? 109 i L eRt haDso M /rpggdla%te" at ’h’i‘&w%dk&matv.e\ﬂ’iagéh

(di ameter of " opening of conductor inte nnect | ayer) circuit distance
(di st apeg kgt ¥een APACRNhe aforementioned phenolic resin may be

measured with, for example, a GPC.
10 [0238]

A combination of the above-mentioned cyanate resin (in
particular, novolac cyanate resin) and an aryl alkylene phenolic
resin provides a control of cross linking density, thereby
improving the adhesiveness between the metal and the resin.

15 (0239}

Furthermore, when a printed circuit board is manufactured by
employing a combination of the above-mentioned cyanate resin (in
particular, novolac cyanate resin), a phenolic resin and an aryl
alkylene epoxy resin (in particular, biphenyl dimethylene epoxy

20 resin), particularly improved dimensional stability can be in
obtained.
(0240]

The aforementicned resin composition is not particularly

limited to any specific resin, and it is preferable to contain a
25 coupling agent. The above-described coupling agent provides an
improved wettability in interfaces of the above-described

thermosetting resin and the above-described inorganic filler, so



openi ng of conductor interconnect |ayer) = 300 pm 300 pm and G rcuit
geonetry (geometry of opening of conductor interconnect |ayer): circle.

20[ 0290] Further, in the follggﬁng exanpl es, the resin base nateri al
109 (spacer) is conflgured as foll ows? Two-di mensi onal geonetry (Fig. 34
(b)): a geonmetry formed by hol l owi ng 20 nm x 20 mm square of a centra

portion out froma 25 substrate of 34 mm x 34 nm square; Substrate
t hi ckness: 0. 4 nm Copper foil: 12 pmthick; 156 Sol der resist thickness

(thICk fr CIFC wit.upp ace El ectrod ad.for _conduction
? Lﬁ esmﬁl ?gu p? aft I)mosél%rcu tres%ﬁlh?de et

in dep Fectl on I Ng, dlanetgPrg?nopenlng

of CO”‘E{“&E& <?vé£“t§{C%”g%%tbééé(ﬁﬁa}térl%f% indl $ §E‘QC§%(§Jem%%§gngSt ween

adj acent "openi ng conduct or erconnect layer pnf and

a d t | :
[0261] t“f%?%érzn%%’o“l%“ﬁ%ylﬂ% @*"‘%eﬂﬁéﬁe%%ﬁ%ﬁséaﬁ’v’? B e e i rat
1 h "

(commerar T o SVATT bl 6ot orre &@J@%@F??EE&M@"@ B anar 7 esi n
|np5egq@§h9p substrate) was enpl oyed for cores, and "APL 3601"
15(comrercially avail able from Sum t ono Bakellte Co., Ltd., cyanate

It is preferable to employ one or more coupling agent(s) selected
from the group consisting of, for example, epoxysilane coupling
agent, titanate-containing coupling agent, aminosilane coupling
agent and silicone c¢il-containing coupling agent, for the above-
10 described coupling agent. This allows particularly enhanced
wettability of interface of the resin and the inorganic filler,
thereby providing a further improved heat resistance.
[0242]
Content of the above-described coupling agent i1s not
15 particularly limited to any specific value, and it is preferable
to be 0.05 to 3 parts by weight for the above-described inorganic
filler of 100 parts by weight, and 0.1 to 2 parts by weight is
particularly preferable. The content of lower than the above
lower limit may cause an insufficient coverage for the inorganic
20 filler, leading to deteriorating the advantagecus effect of the
improved heat resistance, and the content of higher than the above
upper limit may adversely affect the reaction, leading to
deteriorating a flexural strength or the like. The content of
coupling agent within the above range provides better balance of
25 both advantageous effects obtained by the use of the coupling
agent.

[0243]



resin inpregnation substrate) was enpl oyed for built-ups. [02921 In
addition, for the resin spacer that is disposed between the substrates,
"ELCA785GS" (comrercially avail abl e § m Sum t ono 20 Bakelite Co., Ltd.
cyanate resin inpregnation substrate) Wwas enployed for core, and "APL 3601"
(comrercially available from Sumtono Bakelite Co., Ltd., cyanate resin

i npregnati on substrate) was enployed for built-ups. [0293] 25Adhesi ve tapes
wer e sandwi ched between the first resin substrate 101 and the resin base

material 109 §Qd bq;me n tQﬁ reggnep ggngﬁkgfkal‘%OQ gnd L@F se%pnd resin
substrate 1117 R T Furtfer Oi sT1iTones  dbBaf 5700 prt M°¢k was

di sposed g0, an. ppper, surface, of Lhg second resiy substrate A1l s as to
uni f or My " exerti a pressure,  an en a conpressi vel'y bonding at’ 180

: . Crle n .
929122 8001 Fold e, so5ene s, Sondusl b, echi v anpghesi on

t her eof ' For* ve't ape, C

cont ai ni a e t.ting._i | at i ng .ad i.ye agent i I contains a
curingggggﬁtaéghgﬁ??ﬁﬁ%’agﬁlgéagc %é%t%}i%ﬁ?lég seﬁgp%m%g%ﬁﬁjﬁf§?§i58, mean
parti cl i er, = 35 um dispersed therein, was enployed. In addition, the
adh%si5%S§B§$§%e£%%§§attached al ong the circunference of the first resin
substrqb§4g91 and the second resin substrate 111. [0294] (Exanple 2) A

mul ti pl'e-layered material was manufactured by enpl oyi ng
The first resin substrate 400 can be obtained by stacking

one or more plies of a prepreg, which is formed by dissolving the
resin composition as described above in a solvent to prepare a

10  wvarnish, and then penetrating such varnish into a fiber base
material. Alternatively, it can be also obtained by stacking one
or more plies of a film, which is formed by applying the varnish
on a support film. Typical fiber base materials include: glass
fiber base materials such as glass cloth, non-woven glass fabric

15 and the like; polyamide-containing resin fibers such as polyamide
resin fiber, aromatic polyamide resin fiber, wholly aromatic
polyamide resin fiber and the like; polyester-containing resin
fibers such as polyester resin fiber, aromatic polyester resin
fiber, wholly aromatic polyester resin fiber and the like;

20 polyimide resin fibers; synthetic fiber base materials composed of
a woven cloth or a non-woven fabric containing a fluorine resin
fiber as a major constituent; organic fiber base materials such as
kraft paper, cotton linter paper, paper base material containing
mix paper of linter and kraft pulp as a major constituent and the

25 like.

[0245]

Thickness of such first resin substrate 400 is not



15 the nethod of exanple 1, except that "ELC-4765" (commercially available
from Sum tono Bakelite Co., Ltd., FR-4 substrate) was enployed as the
material of the resin spacer 109. [0293] (Exanple 3) 20A nultiple-layered
mat eri al was manufactured by enpl oying the nethod of exanple 1, except that
"BT (bismaleimde triazine)" (commercially available from M tsubishi Gas
Chem cal Co., Ltd., bismaleimde triazine resin inpregnation substrate) was
enpl oyed for the materials of the cores and the built-ups of the first and

25 thegi%?&%%reﬁ} Qiﬁx‘i@%&%ﬁf?ﬁg&%é&%ﬁe%@ RRACET HP-5 ol 9.%9?] 06N §r ative

Exanpl ayered nmaterial’ was manufact ur ed

o074 05{F 0O o SHATP) <o OGPl DUTR, SLAsiages g e

in place e spdcer. eria el'ec e was / Ag3- 0/ Cu0. 5.

Bunp ﬁ%ﬁ%fa%@é J&f{]hg_nfaiftkétn%gv&”ra’irﬁgeszﬂrr%fﬁdésr5%@@?&@?% tc%g%%gngft he

ci rcunference of rst réesin s € and were 0Ol ne e second

resin S Eval i - I ) .An exi stence of a chip
crack ?ﬁgtﬁgﬁ%$¢%%Q%%%%S%n%%o?%% %%béﬁ%ﬁggchE{ﬁggégﬁ%conductor devi ces
obtginquh@]the respective exanples and the conparative exanple were

exani ned by  an observation with a scan acoustic tonograph (SAT), and a
resul t of fr@@ePfié%Ed% JratkekSal NEh CAT 0,851 087, t RO S1gRIst of chip crack

is indicated as " he results of the evaluation are shown in 15table 1.
[0298] dqirection of the first resin substrate 400 is not particularly

limited to any specific value, and 10 to 70 ppm is preferable, and

15 to 40 ppm is particularly preferable. That coefficient of

10  thermal expansion within the above range provides a particularly

improved joint reliability.
[0247]

Coefficient of thermal expansion along the inplane direction
of the first resin substrate 400 is not particularly limited to

15 any specific value, and 5 to 30 ppm is preferable, and 10 to 15
ppm is particularly preferable. That coefficient of thermal
expansion within the above range provides a particularly improved
joint reliability.

[0248]

20 The first semiconducteor chip 2 mounted on the first resin
substrate 400 as described above is similar to that employed in
third to fifth embodiments, and typically includes chips that
constitutes, for example, integrated circuit (IC), large scale
integrated circuit (LSI), central processing unit (CPU), micro

25 processing unit (MPU) and the like. A circuit that is not shown

and is formed on the lower side of the first semiconductor chip 2

(lower side in Fig. 22) is electrically connected to a circuit



(Eval uation of Conductive failure) Heat cycle tests at -55 degree C
for one hour and at 125 degree C for one hour were conducted for the

sem conduct or devi ces 20 obt ai ned inlgsg respecti ve exanples and the
conparative exanple for 1,000 cycles. nductive resi stances between

adj acent terminals provided on the back surface of first resin substrate 101
were mnmeasured before and after the heat cycle test for ten points via
four-probe nmethod. Spot exhibiting the conductive 25 resistance after the

crel o \isk ke BB By w3 oL Lhe septuct] va oot hance

ETRERIERD ¥ NERE ORI R ERIRC LR
The circuit formed above the first resin substrate 400 is
electrically connected to the pad portion 401. On the other hand,

5 the first resin substrate 400 also has conductor sections 403 that

extend through thereof along the thickness direction, and the
conductor secticns 403 are electrically connected to the pad
portions 402 formed on the back surface of the first resin
substrate 400. This allows the circuit of the first semiconductor

10 chip 2 transmitting and receiving signals with the pad portion 402.
[0249]

Here, the dimension of the solder bumps B2 is not
particularly limited to any specific value, and diameter of 50 to
500 ym is preferable, and 80 to 150 um is particularly preferable.

15 In addition, the distance between the solder bumps B2 is not
particularly limited to any specific distance, and that distance
of end to end of the solder bumps B2 is preferably 50 to 500 um,
and particularly preferable to be 70 to 150 um.

[0250]

20 The periphery of the solder bumps B2 is filled with the
first underfill material 404 in order to improve the joint
reliability. Materials similar as that employed for the underfill
U in third embodiment may also be employed for the material
constituting the first underfill material 404. More specifically,

25 similarly as in third embodiment, a liquid thermosetting resin and

a film thermosetting resin may be available. Among these, a

liquid thermosetting resin is preferable. This allows gap between



BT BT ELCA785GS BT BT APL3601 BT BT ELCA765 BT No spacer, coupling BT via
bunp el ectrodes 0

136

the first resin substrate 400 and the first semiconductor chip 2
being filled with an improved efficiency. In the present
embodiment, the first underfill material 404 is constituted of a
high modulus material. More specifically, when the bumps are of
5 lead free solder, it is preferable to employ the material having
an elastic modulus within a range of equal to or higher than 150
MPa, and more preferably equal to or higher than 200 MPa. On the
contrary, when the bumps are of a solder having higher melting
point, 1t is preferable to employ the material having an elastic
10 meodulus within a range of equal to or higher than 30 MPa, and more
preferably equal to or higher than 45 MPa, for the first underfill
materials 404. The upper limit of elastic modulus is not
particularly limited to any value, and, for example, is 800 MPa or
higher. By employing the resin material having an elastic modulus
15 within such range, cracks in the bump periphery can be further
inhibited.
f0251]
Typical method for forming the first underfill material 404
includes a method of introducing a liquid adhesive material into
20  the gap and then curing thereof, and a method for disposing sheet
binding materials within the gap and then curing thereof.
[0252]
The first underfill material 404 may preferably further
contain an inorganic filler such as silica particles and the like,
25 similarly as the underfill U of third embodiment. This allows
reducing a coefficient of thermal expansion, thereby effectively

reducing a damage on the semiconductor device.



0 X 0/10 0/10 10/10 5 ELC4785GS, APL3601 Sum tono Bakelite, cyanate resin

| npregnati on substrate ELC4765 Sum tono Bakelite, FR-4 substrate BT

M t subi shi Gas Chem cal, bisnaleinidﬁ zriazine resin inpregnation substrate
10 [0300] (Exanples 4 to 6, Cbnparat'é Exanpl e 2) I n these exanpl es,
rel ati onshi ps anong the average coefficient of theLmal expansion, the
conductive failure and the 15 chip crack for the first resin substrate, the
resin spacer, and the second resin substrate, and an influence of the type
of the[%ggg?ive tape were evaluated. 160 (Exanple 4)

The first underfill material 404 is not particularly limited
to any specific material, and it is preferable to contain a
coupling agent, similarly as the underfill U of third embodiment.

5 This allows an improved adhesiveness among the bumps B2, the
inorganic filler and the first underfill material 404, thereby
reducing the coefficient of thermal expansion and more effectively
reducing a damage on the first semiconductor chip 2 and the like.
Similar compound as employed in third embodiment may be employed

10 for the above-described coupling agent.
[0254]

Coefficient of thermal expansion of the first underfill
material 404 is not particularly limited to any specific value,
and is preferably equal to or lower than 40 ppm/degree C, and is

15 more preferably equal to or lower than 30 ppm/degree C, similarly
as the underfill U of third embodiment.
[0255]
{Second Resin Substrate and Second Semiconductor Chip)

Next, a second resin substrate 405 and a second

20 semiconductor chip 4 are prepared. A surface of the second resin
substrate 405 in the upper side (upper surface in Fig. 23) is
provided with the second semiconductor chip 4 mounted thereon,
serving as a semiconductor element. The second semiconductor chip
4 1s electrically connected to the second resin substrate 405

25 through the solder bumps B2. The periphery of the solder bumps B2
are filled with a second underfill materials 40%. This allows

providing an improved joint reliability between the second resin



(rmanufacture of a nultiple-layered material) A sem conduct or device
having a structure simlar to that of exanple | was manufactured. In
addition to above, the back 5 surfac? gf the first resin substrate was
provided with termnals for detecting conductive resistance between the
Substrates, simlarly as in exanple 1. In addition, in the present exanple,
an adhesive tape of 2 mmw de containing dispersed conductive particles
produced by coating polyner core nmaterials with Ni/Au 10 plating (AUL- 704,
connerC| vaj | abl e from Seki sui Chenlcal Co., . Lt yed for
cahes: gutekbatt chid g, ch ﬁgs?%“‘?u?‘?ﬂl%o@ﬁé% 96 tahbel- his 6 Batond
adhesi ve nenbe The first substrat and secon resin
subst réteélTSSHB?téiacto%]qt tﬂl?e@rW%%ef gi RrfaPo F M}?‘j 48nd the

iml bst . M | I the f trat d
the 52%8% i S ea%'g?s PrerhiEs: %‘aﬁlq%"é‘la#rlay@fw R 5%525 ot
altern%t %dstacked(;pr ) iulgt %%layers ag fou ur. con tordlnterconnect
| ayers, 8- cor Qeﬁ glﬁ SauTtT oY (FrEP2d " PEsPR-Spdt et *h&8% he structure

h d | du f I h
Fayer, St et di RGPt sl el BRG G  e ™ *°
|nterc%%%ect | a e&fﬁed'"n %ﬁge chr siégfxnnﬁgn% 050§he |ns%latlgg Iayers
in the bU|F5up ayer and t i AsUl atT ng | ayer the coreeﬁayer enployed

in theﬁﬂr% hrgﬁln éggg f%g tggbgﬁfaéeqRﬂp reS|n substrate are shown. In

addition'to above e |nsu ayer 1n'the core layer of 161 the resin
spacer has the same resin conponent as enployed for the insulating layer in
the core layer enployed in the first resin substrate and the second resin

substrate. hiicaddiLign.. am ayeLage. cophd ikl eilo olbnbherimle exnpnaof the

insulating l'ayer ITn the 5 core layer o re5|n pacer or tenperature

range Qﬁac%o 2g; 8 eﬁﬁ;@rb o9'ﬁ§§ﬁ%e o e%%ﬂ BPI ffe thereqfwas,the same

as t hat or the insulating layer in |'ayer enployed in the first
as, the material composing the first resin substrate 400, and is

preferably composed of the same material. This allows reducing a
difference in the coefficient of thermal expansion between the
upper and lower portions of the semiconductor device, thereby

15 reducing a warpage. Specifically, the same material as employed
in the above-described first resin substrate 400 can alsoc be
employed for the material constituting the second resin substrate
405, and it is particularly preferable to employ cyanate resin
{(novolac cyanate resin).

20 [0257]

Thickness of such second resin substrate 405 is not
particularly limited to any specific thickness, and 50 to 1,000 um
is preferable, and 100 to 500 um is particularly preferable. The
thickness within the above range provides a reduced thickness of

25 the finished product of the semiconductor device.
[0258]

Coefficient of thermal expansion along the thickness



resin substrate and the second resin substrate. Further, the insulating

| ayers of the core layers of the first resin substrate 10 and the second
resin substrate and the insulating |aygr of the core layer of the resin
spacer contain glass clothes, and the insulating layers in the buil dup

| ayers of the first resin substrate and the second resin substrate does not
contain a glass cloth. 15[0302] [table 2] 162 RESINS TRADE NAME ETC. PARTS
BY VEI GHT | NSULATI NG LAYER | N CORE LAYER | NSULATI NG LAYER I N

direction of the second resin substrate 405 is not particularly
limited to any specific value, and 10 to 70 ppm is preferable, and
15 to 40 ppm is particularly preferable. That coefficient of
thermal expansion within the above range provides a particularly

5 improved joint reliability.
[0259]

Coefficient of thermal expansion along the inplane direction
of the second resin substrate 405 is not particularly limited to
any specific value, and 5 to 30 ppm is preferable, and 10 to 15

10 ppm is particularly preferable. That cocefficient of thermal
expansicn within the above range provides a particularly improved
joint reliability.

[0260]

Further, the second semiconductor chip 4 employed here may

15 be the same as, or may be different from the first semiconductor
chip 2.

[0261]

The second underfill material 409 disposed in the periphery
of the solder bumps B2 may be composed of the first underfill

20 material 404.

[0262]

Coefficient of thermal expansion of the second underfill
material 409 is not particularly limited to any specific value,
and is preferably equal to or lower than 40 ppm/degree C, and is

25 more preferably equal to or lower than 30 ppm/degree C. The
coefficient of thermal expansion is within the above range, so

that an inhibition of a damage on the Low-K layer, and an



BU LD- UP LAYER cyanate resins Novol au cyanate resin, Lanza Co.," PRI MASET PT-

30",

wei ght average nol ecul ar wei ght (My) =700 19. 7 25 epoxy resins bi phenyl

di met hyl ene epoxy resin, N hon Kayaku,go., 1" NC-3000", epoxy eguival ent=275,

10

15

20

25

inhibition of a damage on the peripheral section of the bumps can
be achieved.
[0263]

A circuit that is not shown and is formed on the lower side
of the second semiconductor chip 4 (lower side in Fig. 23) is
electrically connected to a circult that is not shown and is
formed on the upper side of the second resin substrate 405 (upper
side in Fig. 23) through the solder bumps B2. The circuit formed
above the second resin substrate 405 is electrically connected to
the pad portion 40¢.

On the other hand, the second resin substrate 405 also has
conductor sections 408 that extend through therecof along the
thickness direction, and the conductor sections 408 are
electrically connected to the pad portions 407 formed on the back
surface of the second resin substrate 405. This allows the
circuit of the second semiconductor chip 4 transmitting and
receiving signals with the pad portion 407.

[0264]

(Resin Spacer)

Next, the resin spacer is prepared. In the present
embcdiment, an example of employing a resin substrate 500 for the
resin spacer will be described. The resin substrate 500 includes
a space 500A that can house the first semiconductor chip 2 therein,
similarly as each of the above embodiments, and this provides a
configuration, in which the resin spacer (resin substrate 500) is
disposed around the semiconductor chip. In the resin substrate

500, conductors (metallic posts) 501 for providing electrically



MAE2, 000 11 24.7 phenoxy resins copolynmer of biphenyl epoxy resin and
bi sphenol S epoxy resin having epoxy group as term nating group, Japan Epoxy
Resin Co.""YX- 81001- 130", Mn=30, 000 149 curing agent bi phenyl dinmethyl ene

10

15

20

25

couplings between the pad porticn 401 of the first resin substrate
400 and the pad portion 407 of the seccond resin substrate 405 are
provided as to extend through the resin substrate 500 along its
thickness. The conductor 501 is formed by conducting a plating
process for a through hole provided along the thickness direction
of the resin substrate 500, and then filling the through hole with
an non-conductive paste, an electroconductive paste or the like.

A pattern of the conductor 501 corresponds to the pad portion 401
of the first resin substrate 400 and the pad portion 407 of the
second resin substrate 405, respectively, and provides
electrically couplings between the pad portions 401 and the pad
portions 407, which are located the upper and the lower ends of
the conductor 501, respectively, when the first resin substrate
400, the resin substrate 500 and the second resin substrate 405
are stacked.

[0265]

Thickness of resin substrate 500 is not particularly limited
to any specific value provided that the thickness allows housing
the first semiconductor chip 2 (specifically, equal to or higher
than a height from an upper surface of the first resin substrate
400 to an upper surface of the first semiconductor chip 2), and
more specifically, 50 to 2,000 um is preferable, and 200 to 1,000
um is particularly preferable. The thickness within the above
range particularly provides a reduced thickness of the finished
product of the semiconductor device.

[0266]

The material constituting the resin substrate 500 may be the



phenol

resin, Meiwa Plastic Industries Co., "MeEH 7851-3H', hydroxyl

egui val ent =230 9 curing catal yst i mdazol e conpound, Shikoku Chem cal s
Cor poration, "1B2PZ", 1- benzyl-2-phenyl,,i m dazole 0.1 inorganic filler

10

15

20

25

same material as, or may be differenf from, the above-described
material composing the first resin substrate 400 and the second
resin substrate 405, and is preferably the same material. This
allows reducing a warpage of the first resin substrate 400 and the
second resin substrate 405, thereby providing an improved joint
reliability. Specifically, the same material as employed in the
above-described first resin substrate 400 and the second resin
substrate 405 can also be employed for the material constituting
the resin substrate 500, and among these, it is particularly
preferable to employ cyanate resin (novelac cyanate resin).
[0267]

Geometry of resin substrate 500 may be, in addition to the
geometry having the space in the center as described above, a
geometry ©f a horseshce-shaped, in which a portion of the
perimeter of the first semiconductor chip 2 is lacking, a geometry,
in which rod-shaped resin substrates are disposed in two sides of
the first semiconductor chip 2 facing each other, and the like.
[0268]

(Adhesive Film)

In order to join the first resin substrate 400 with the
resin substrate 500 and/or to join the second resin substrate 405
with the resin substrate 500, it is preferable to employ adhesive
film (adhesive tape) 502 having an electroconductivity. This
provides an electrical coupling between the first resin substrate
400 and the resin substrate 500 and/or between the second resin
substrate 405 and the resin substrate 500, while better joint

reliability of the semiconductor device is maintained. The



spherical fused silica, Admatechs Co., "50-251-1", mean particle size = 0.5
Pm 60 40 coupling agent epoxy silane coupling agent, CGE Toshiba Silicone
Co.,"A-187" 0.3 0.2 [0303] Two-dineQigonal geonetry, substrate thickness,
conductor 5 interconnect |ayer thickneSs, solder resist thickness, electrode
pad, circuit width, circuit |layout of the resin spacer enployed in the
present exanple and of the first resin substrate and the second resin
substrate enployed in the present exanple are sanme as enpl oyed in exanple 1.

1010308t (01 SE2 0 SOGT A UL SRRC B A Cpstoresln
resin %%B% Eaéﬁboé¥%£d¥éﬁtQ%B’i§ éé$56é¥33d%”?%%ﬁnoéoﬁﬁgkents and
conductive components. More specifically, the typical adhesive
film includes an adhesive film containing the conductive particles
5 502A (anisotropic conductor adhesive film) (Fig. 25 a), an
adhesive film containing metal fine particles such as solder
powder dispersing therein, and the like (Fig. 25 b shows a
condition of forming a conductor 502B by an aggregation of the
metallic fine particles such as solder powder).
10 [0269]

The resin composition constituting the adhesive film 502 is
similar to the resin composition employed for the adhesive tape of
third embodiment. For example, it is composed of a thermosetting
resin such as an epoxy resin and a thermoplastic resin such as an

15 acrylic resin. The thermosetting resins here typically include,
for example, epoxy resins, oxetane resins, phenclic resins, (meta)
acrylate resins, unsaturated polyester resins, diallyphthalate
resins, maleimide resins or the like may be employed. Among these,
epoxy resins are preferable. This allows providing an improved

20 balancing of a cure-ability and a shelf life. Further, an
improved heat resistance, moisture resistance and chemical
resistance are also provided. In addition, for a chemical
compound exhibiting a flux activity contained in the adhesive film
502 {curing agent), the same compound as emplcocyed in third

25 embodiment may also be employed.

[0270]

The above-described conductive component typically includes



pmthi ck was di sposed on an upper surface of the second resin 15 substrate,
so as to uniformy exerting a pressure, and then a thermally conpressively
bondi ng at 220 degree C and 2 MPa fo 00 seconds was conducted to achi eved
an adhesion thereof. In addition, the adhesive tape was attached al ong the
circunference of the first resin substrate and the second resin substrate.
20[ 0305] (Exanple 5) Resin conmponents of the insulating |layers in the
bui l dup layer and the insulating layer in the core layer in the first resin

subst r aLe 00 §1e, 524090, T £5) N SUSLIALE ar g shown as 25, f obLoug (Labl e 3).

QG her condrtrons fare simlar to exa;p e n-a T'on to above, In this
crse, HEGKIRM AR Y B I bR LRl s e o glass
;g:: 2: %§§§¥§@%‘§%¥P€5§2ﬁc&5§4§% 8L SN LY rf 316 En 2B ARG ERA,, pavol ac epoxy
employed.
5 [0271]

Typically, for example, the solder powder described third
embodiment may be employed for the above-described metallic fine
particles. Amcong various solder powders, a lead free sclder is
preferable. The aforementioned lead free solder may be an alloy

10 containing at least two or more elements selected from the group
consisting of Sn, Ag, Bi, In, Zn and Cu. BAmong these, in
consideration of the melting temperature and the mechanical
properties, it is preferable to employ an alloy containing Sn such
as an alloy of Sn-Bi, an alloy of Sn-Ag-Cu, an allcy of Sn-In or

15 the like.

[0272]

The melting temperature, the particle diameter, and the
content in the case of employing the solder powder as the above-
described metallic fine particle are similar to that employed in

20 third embodiment.
[0273]

Metallic particles may be contained as the conductive
component, and the content of the above-described metallic
particles is preferably 20 to 250 parts by weight, provided that

25 the total components except the metallic particles is assumed to
be 100 parts by weight, and 60 to 200 parts by weight is

particularly preferable.



10 dicyan diamde 2.5 imdazole 0.1 5[0307] (Exanple 6) An adhesive tape
constituting an adhesive nenber containing a resin sol der powder and a
curing agent exhibiting a flux activﬁgg was enployed, simlarly as in third
enbodi nent. Ot her 10 conditions are Simlar to exanple 4. Conponents of the
adhesive tapes are shown in table 4 (by unit of part by weight). [0308]
[table 4] 165 1.4 oEnFr: C E-10 z FUNCTI ON

[0274]

In addition to above, a combination of the above-described
metallic particles and the above-described metallic fine particles
may also be available.

5 [0275]

The above-described resin composition may additionally
contains a curing agent, a curing catalyst, an antioxidant agent
and the like. The above-described curing agent is not
particularly limited to any specific compound, and typically

10 phenolics, amines, thiols may be available, and in consideration
of the reactivity and the physical properties of the cured product,
phenclics may be preferably employed.

[0276]
(Stacking Process)

15 First of all, as shown in Fig. 26, the adhesive films 502
are preliminary attached on both sides of the resin substrate 500
(here, the adhesive film 502 containing the solder fine particles
as metallic fine particle dispersing therein is employed).

Heating and compressively bonding processing is conducted at, for

20 example, 50 to 150 degree C for 1 to 10 seconds to adhere the
adhesive films 502 onto the resin substrate 500. Typical method
for adhering the adhesive film 502 to the resin substrate 500
includes, for example, a method of adhering with a rcll laminate,
a method of adhering with a thermo-compression bonding press and

25 the like. Next, through holes (400A, 405A, 500B) configured to be
able to be inserted with pins as will be discussed later are

formed in ends of the first resin substrate 400, the resin
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substrate 500 and the second resin substrate 405 (three places),
respectively (Fig. 27). Then, as shown in Fig. 28, while the pins
are inserted into the through holes (400A, 405A, 500B) to align
these substrates, the first resin substrate 400, the resin
substrate 500 and the second resin substrate 405 are stacked in
this order to form a multiple-layered material. Then, a thermo-
compressicon bonding is conducted from an upper and lower side of
the multiple-layered material by employing hot plates.

The condition for the thermo-compression bonding depends on the
types of the resins constituting the employed first resin
substrate 400, the resin substrate 500 and the second resin
substrate 405 and the 1like, and for example, it is preferable to
conduct the thermo-compression bonding at 150 to 250 degree C for
10 to 600 sec at 0.01 to 10 MPa, and it is particularly preferable
to conduct the thermo-compression bonding at 160 to 220 degree C
for 60 to 300 sec at 1 to 3 MPa. When the thermo-compression
bonding with the pin laminate process is conducted as described
above, an improved productivity and workability are achieved.
[0277]

Here, when the adhesive film containing the metallic fine
particles such as solder powder dispersing therein is employed for
the adhesive film 502, the first resin substrate 400, the resin
substrate 500 and the second resin substrate 405 are thermo-
compression bonded, and an aggregation of the metallic fine
particle (for example, solder powder) in the adhesive film 502 is
preferably induced to form the conductor. This provides adhering

the resin spacer to the substrate, and also provides an electrical

reduci ng
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coupling. For example, the operation of the thermo-compression
bonding process as described above induces the aggregation of the
metallic particles dispersing in the adhesive film 502 to form a
conductor 502B shown in Fig. 29.

5 [0278]

In this way, a semiconductor device 700 as shown in Fig. 30
can be obtained. The semiconductor device 700 includes the first
resin substrate 400 having the first semiconductor chip 2 mounted
thereon, the resin substrate 500 and the second resin substrate

10 405 having the second semiconductor chip 4 mounted thereon, which
are stacked in this sequence. The resin substrate 500 includes
the space 500A in the center, and the first semiconductor chip 2
is housed within a space formed by the first resin substrate 400,
the space 500A of the resin substrate 500 and the second resin

15 substrate 405. This provides a protection to the first
semiconductor chip 2, eliminating a need for encapsulating the
first semiconductor chip 2 with an encapsulating resin. The pad
portion 401 in the upper portion (the upper side in Fig. 30) of
first resin substrate 400 is joined to the conductor 501 of the

20 resin substrate 500 so as to create an electrical coupling. In
addition, the pad portion 407 in the lower portion (the bottom
side in Fig. 30) of the second resin substrate 405 is joined to
the conductor 501 of the resin substrate 500 so as to create an
electrical coupling. The pad portion 402 in the lower portion of

25 the first resin substrate 400 is provided with the solder bumps
(solder balls) Bl, which are joined to a mother board that is not

shown.
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[0279]

A circuit that is not shown and is formed on the lower side
of the first semiconductor chip 2 (lower side in Fig. 30) is
electrically connected to a circuit that is not shown and is

5 formed on the upper side of the first resin substrate 400 (upper
side in Fig. 30) through the solder bumps BZ. The circuit formed
above the first resin substrate 400 is electrically connected to
the pad portion 401. In addition, a circuit that is not shown and
is formed on the lower side of the second semiconductor chip 4

10 (lower side surface in Fig. 30) 1is electrically connected to a
circuit that is not shown and is formed on the upper side of the
second resin substrate 405 {(upper side in Fig. 30) through the
solder bumps B2. The circuit formed above the second resin
substrate 405 is electrically connected to the pad portion 406.

15 1In addition, the resin substrate 500 is provided with the
conductors 501 formed therein, which provide electrical couplings
between the pad portion 401 and the pad portion 407 through an
adhesive film exhibiting an anisotropic conductivity that is not
shown. In this way, the respective electrical couplings of the

20 first semiconductor chip 2 an the second semiconductor chip 4 with
substrates such as a mother board that is not shown. Then, these
are joined to a mother board that is not shown via the solder
balls Bl provided on the lower surface of first resin substrate
400 (bottom in Fig. 30).

25 [0280]

A signal transmitted via the solder balls Bl from the mother

board is transmitted through the conductors 403 of the first resin
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substrate 400 and a circuit that is not shown and is formed in the
first resin substrate 400 and the like, and eventually is input
into the first semiconductor chip 2. The above-described signal,
which is processed in the first semiconductor chip 2, is

5 transmitted through the similar path, and then is output to the
mother board. Similarly, a signal transmitted via the solder
balls Bl from the mother board is transmitted through the
conductors 403 of the first resin substrate 400, the conductors
501 of the resin substrate 500, the conductors 408 of the second

10  resin substrate 405 and a circuit that is not shown and is formed
in the second resin substrate 405 and the like, and eventually is
input into the second semiconductor chip 4. The above-described
signal, which is processed in the second semiconductor chip 4, is
transmitted through the similar path, and then is output to the

15 mother board.
[0281]

As such, the semiconductor device, which is obtained by the
above-described method, exhibits the advantagecus effects similar
as 1n second to fourth embodiments. More specifically, since the

20 resin spacer (resin substrate 500) is disposed between the first
resin substrate 400 and the second resin substrate 405, warpages
and the like are reduced, thereby providing an improved joint
reliability. In particular, 1f the first resin substrate 400, the
seceond resin substrate 405 and the resin substrate 500 are

25 composed of the same resin material, mismatching of coefficient of
thermal expansions can be particularly reduced, thereby further

reducing the warpage.
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[0282]

It is intended that the present invention are not limited to
the configurations illustrated in the above-described embodiments,
and thus various modifications therecf, provided that these can

5 achieve the object of the present invention, should be construed
as being included within the scope of the present invention. For
example, while all the insulating layers 311 of the buildup layers
31A and 31B of the first resin substrate 3 are configured to
exhibit the average coefficient of thermal expansion along a

10 substrate inplane direction for temperature range of from 25
degree C to a glass transition point thereof of equal to or lower
than 30 ppm/degree C and the average coefficient of thermal
expansion along a substrate thickness direction of equal to or
lower than 30 ppm/ degree C in third to fifth embodiments, the

15 configuration is not limited thereto. For example, as shown in
Fig. 31 and Fig. 32, each of the buildup layers 91A and 91B may
include the insulating layer 311 having an average coefficient of
thermal expansion along a substrate inplane direction for
temperature range of from 25 degree C to a glass transition point

20 thereof is equal to or lower than 30 ppm/degree C, and an average
coefficient of thermal expansion along a substrate thickness
direction is egual to or lower than 30 ppm/ degree C, and the
insulating layer 911 having an average coefficient of thermal
expansion along a substrate inplane direction for temperature

25 range of from 25 degree C to a glass transition point thereof is
higher than 30 ppm/degree C (for example, 60 ppm/degree C), and an

average coefficient of thermal expansion alcng a substrate



RESI NTOTAL 100 conductive particles sol der powder Sn/Bi-42/58, nelting
poi nt =138 degree C nean particle dianmeter=35 um60 * 1: Mxture of 2 - [4-
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thickness direction is higher than 30 ppm/ degree C (for example,
60 ppm/degree C). In such configuration, it is preferable that
the cocefficients of thermal expansion of the insulating layers of
the buildup layers disposed in substantially symmetric locations
5 across the core layer 32 are mutually equivalent. Here, the
equivalent coefficients of thermal expansion of the insulating
layers of the buildup layer includes that a difference in
coefficient of thermal expansion between the insulating layers
disposed in the symmetric locations across the core layer is zero
10 or equal to or lower than 5 ppm/degree C. As described above,
coefficients of thermal expansion of the insulating layers
disposed in the symmetric locations across the core layer 32 are
selected to be mutually equivalent, so that a warpage of the
insulating layer dispocsed across the core layer 32 is
15 symmetrically generated. This allows inhibiting a generation of a
warpage of the substrate. In the second resin substrate, the
layer-structure similarly as shown in Fig. 31 and Fig. 32 may also
be employed. In addition, in the resin spacer, the layer-
structure similarly as shown in Fig. 31 and Fig. 32 may also be
20 employed.
[0283]

Further, while the first resin substrate and the second
resin substrate are configured to have the respective core layers
in the above-described first to fifth embodiments, the

25 configuration is not limited thereto, and the substrate may
alternatively be configured of only the buildup layer. By

employing such substrate, the thickness of the semiconductor



[0309] 166 (Conparative Exanple 2) A "BT" substrate ( commercially
avail able from M tsubi shi Gas Chem cal Co., Ltd., CCL-HL832HS Type HS) was
enpl oyed for the core | ayers of the&g%st resin substrate and the second
resin 5 substrate. In addition, ABFGX-13 (commercially available from
Ajinonmoto Co., Ltd.,) was enployed for the insulating layers in the buil dup
| ayers of the first resin substrate and the second resin substrate. Further,
bunp el ectrodes were enployed in place of the resin spacer. Material of the
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third embodiments, the configuraticn is not limited thereto. 1In
addition, while it is configqured that the insulating layers 311
and 611 are not reinforced with fibers in third to fifth
10 embodiments, the configuration is not limited thereto, and the
insulating layers 311 and 611 may alternatively be configured to
contain glass fibers or the like. Having such configuration,
further reduced average coefficient of thermal expansion the
insulating layers 311 and 611 in a direction of the substrate
15 thickness can be achieved.
{0284]
Further, it is configured that cocupling are provided by the
solder bumps between the first resin substrate and the first
semiconductor chip and between the second resin substrate and the
20 second semiconductor chip in third to sixth embodiments, the
configuration is not limited thereto, and the coupling may
alternatively be provided via a bonding wire. Further, the
semiconductor device having a pair of substrates and a pair of
semiconductor chips, or more specifically, the device having two
25 stacked semiconductor packages is illustrated in the respective

aforementioned embodiments, the configuration is not limited

thereto, and more than two semiconductor packages may also be



25 in the core layer and the average coefficient of thermal expansion and
the glass transition point of the insulating |ayer of the built-up |ayer of
the second resin substrate, and the ggﬁrage 167 coefficient of thernmal
expansion and the glass transition poi'nt of the insulating layer in the core
| ayer of resin spacer, for exanples 4 to 6 and conparative exanple 2, were
measur ed. Measurenent procedure for the average coefficient of thermal 5
expansion and the glass transition point are sane as described in the
above-desc ged enbodi ments. [0311] (Evaluation of Chip Crack) An existence
of a Cﬁlﬁck? ck was examined for the first 10 seniconductor chips of the
senlcoggggé?r devi ces obtained in the respective exanples and the

conpar at'i exanpl e by an observation with a scan acoustic tonograph (SAT),
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[0312]1%§%g¥a£ﬁﬁ% (nuég q%%@gg EEX {ﬁﬂ' % resin &%ggré%%p%% Eggts at -55

degr ee one degree oné our wer e conduct ed for
the se%%%gﬁgufégfncgﬁﬂé%?ite. Alternatively, for example, as shown in

10 Fig. 33, a resin spacer 6F, which has no buildup layer and
includes an insulating layer 621 and a pair of conductor
interconnect layers 623 provided on the front and the back
surfaces of such insulating layer 621, may alternatively be
employed. The conductor interconnect layer 623 is composed of the

15 material same as that employed for the conductor interconnect
layer 312, and has the two-dimensional geometry same as the two-
dimensional geometry of the conductor interconnect layer 312.
Further, a resin spacer composed of a substrate material that is
different from the first resin substrate and the second resin

20  substrate may be employed.

[0286]

In addition, while it is configured that the adhesive tape
contains the curing agent exhibiting the flux activity in third to
fifth embodiments, the configuration may alternatively include

25 another chemical compound exhibiting a flux activity, which does

not serve as a curing agent.



168 obtained in the respective exanples and the conparative exanple for
1,000 cycles. Conductive resistances between adjacent term nals provided on
the back surface of first resin substeate were neasured before and after the
heat cycle test for ten points 5 via four-probe nethod. Spot exhibiting the
conductive resistance after the cycle test, which was higher than 5 times of
the conductive resistance before the cycle test, was counted as a conductive
failure. The results of the evaluation are shown in table 5. Further, heat
cycle tests at -65 degree C for ongKQ@Mfsgo and at 150 degree C for one hour
were conducted for the sem conductor devices obtained in the respective
exanpl es and the conparative exanple for 1,000 cycles. Conductive

resi stances between adjacent term nals provided on the back surface of first
resin %%Qgg ate were neasured before and after the heat cycle test 15 for
ten points via four-probe nethod. Spot exhibiting the conductive resistance

aftgr H@Qa&%g%g:EQ?LG'W%hahC$@§afgéﬁvg b ég E;nes of the conductive

resi stance ore e cycle test, was coun as a conductive failure. The

resylts of the enal HALIAN o ExaPYEs dhd 3Pl rZ0E 0318 kdRE! € 8] Table-S
manufactures and evaluations of semiconductor devices, which are
configured that the connection between the resin substrate and the
chip in first embodiment was provided by a wire, were conducted.
{(Manufacture of Multiple-layered material)

10 In the following examples, as shown in Fig. 2, the first
semiconductor chip 125 and the second semiconductor chip 131 were
mounted on the surfaces of the first resin substrate 101 and the
second resin substrate 111, respectively, and then, a multiple-
layered material having the first resin substrate 101, the

15 adhesive layer 119, the resin base material 109, the adhesive
layer 121 and the second resin substrate 111 stacked in this order
from the underneath was manufactured. 1In addition to above, while
the example having the bump electrodes 123 on the back surface of
the first resin substrate 101 is illustrated in Fig. 2, the bump

20 electrode 123 was not provided, and terminals for detecting a
conductive resistance between the substrates were provided, in the
following description of the present examples.

[0288]
Materials of the first and the second resin substrates and

25 the resin base material 109 employed in the respective examples

and the comparative example are shown in table 1. Besides, Fig.

34 (a) to Fig. 34 (c) are diagrams, illustrating two-dimensional
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geometries of the resin base material 109 employed in each of
examples and the First resin substrate 101 and the second resin
substrate 111 employed in each of examples and comparative example.
[0289]

Further, in the following examples and comparative example,
the first and the second resin substrates are configured as
follows:

Two-dimensional geometry (first resin substrate: Fig. 34 (a),
second resin substrate: Fig. 34 (c))): square, 34 mm x 34 mm;
Substrate thickness: 0.2 mm;

Copper foil (conductor interconnect layer): 12 um thick;

Solder resist thickness {(thickness from circuit upper surface): 12
pm;

Electrode pad for conduction in depositing direction: Ni/Au
plating, Circuit width (diameter of opening of conductor
interconnect layer) / circuit distance (distance between adjacent
opening of conductor interconnect layer) = 300 um/ 300 um; and
Circuit geometry (geometry of opening of conductor interconnect
layer): circle.

[0290]

Further, in the following examples, the resin base material
109 (spacer) is configured as follows:

Two-dimensional geometry (Fig. 34 (b)): a geometry formed by
hollowing 20 mm x 20 mm square of a central portion out from a
substrate of 34 mm x 34 mm sgquare;

Substrate thickness: 0.4 mm;

Copper foil: 12 um thick;
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Solder resist thickness (thickness from circuit upper surface): 12
Hm;

Electrode pad for conduction in depositing direction: Ni/Au
plating, Circuit width (diameter of opening of conductor
interconnect layer) / circuit distance (distance between adjacent
opening of conductor interconnect layer) = 300 um/ 300 pm; and
Circuit geometry (geometry of an opening of a conductor
interconnect layer):

[0291]

(Example 1)

Tn the present example, in both of the first resin substrate
101 and the second resin substrate 111, "ELC4785GS"™ (commercially
available from Sumitomo Bakelite Co., Ltd., cyanate resin
impregnation substrate) was employed for cores, and "APL 3601"
(commercially available from Sumitomo Bakelite Co., Ltd., cyanate
resin impregnation substrate) was employed for built-ups.

[0292]

In addition, for the resin spacer that is disposed between
the substrates, "ELC4785GS" (commercially available from Sumitomo
Bakelite Co., Ltd., cyanate resin impregnaticn substrate) was
employed for core, and "APL 3601" (commercially available from
Sumitomo Bakelite Co., Ltd., cyanate resin impregnation substrate)
was employed for built-ups.

[0293]

Adhesive tapes were sandwiched between the first resin

substrate 101 and the resin base material 109 and between the

resin base material 109 and the second resin substrate 111, and
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further, a silicone rubber of 200 pm thick was disposed on an
upper surface of the second resin substrate 111, so as to
uniformly exerting a pressure, and then a compressively bonding at
180 degree C and 2 MPa for 100 seconds was conducted to achieved
an adhesion thereof. For the adhesive tape, a tape of 45 um thick
and 2.0 mm wide containing a thermosetting insulating adhesive
agent, which also contains a curing agent exhibiting a flux
activity and solder powder (Sn42/Bi58, mean particle diameter = 35
um) dispersed therein, was employed. In addition, the adhesive
tape was attached along the circumference of the first resin
substrate 101 and the second resin substrate 111.

[0294)]

(Example 2)

A multiple-layered material was manufactured by employing
the method of example 1, except that "ELC-4765" {commercially
available from Sumitomo Bakelite Co., Ltd., FR-4 substrate) was
employed as the material of the resin spacer 109.

[0295]
(Example 3)

A multiple-layered material was manufactured by employing
the method of example 1, except that "BT (bismaleimide triazine)"
(commercially available from Mitsubishi Gas Chemical Co., Ltd.,
bismaleimide triazine resin impregnation substrate) was employed
for the materials of the cores and the built-ups of the first and
the second resin substrates and the resin spacer 109.

[0296]

(Comparative Example 1)
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A multiple-layered material was manufactured by employing
the method of example 3, except that bump electrodes are employed
in place of the spacer. Material of the bump electrode was
Sn95/Ag3.0/Cu0.5. Bump electrodes were arranged on the first
resin substrate along the circumference of the first resin
substrate and were joined to the second resin substrate.

[0297]
{(Evaluation of Chip Crack)

An existence of a chip crack in the first semiconductor
chips of the semiconductor devices cbtained in the respective
examples and the comparative example were examined by an
observation with a scan acoustic tomograph (SAT), and a result of
free of chip crack is indicated as "o", and a result of chip crack
is indicated as "x". The results of the evaluation are shown in
table 1.

(0298]
{(Evaluation of Conductive failure)

Heat cycle tests at -55 degree C for one hour and at 125
degree C for one hour were conducted for the semiconductor devices
obtained in the respective examples and the comparative example
for 1,000 cycles. Conductive resistances between adjacent
terminals provided on the back surface of first resin substrate
101 were measured before and after the heat cycle test for ten
points via four-probe method. Spot exhibiting the conductive
resistance after the cycle test, which was higher than 5 times of
the conductive resistance before the cycle test, was counted as a

conductive failure. Evaluation results are shown in table 1.
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[0299]
[table 1]
STRUCTURAL COMPARATIVE
SUBRSTRATE | COMPONENT EXAMPLE 1 | EXAMPLE 2 | EXAMPLE EXAMPLE 1
3
first core ELC4785GS | ELC4785GS BT BT
resin build-up | APL3601 | APL3601 BT BT
substrate
second core ELC4785GS | ELC4785GS BT BT
resin build-up APL3601 APL3601 BT BT
substrate
spacer core ELC4785GS BT No spacer,
(resin ELC4765 coupling
base build-up APL3601 BT via bump
material) electrodes
chip crack 0 0 0 X
conductive failure 0/10 0/10 0/10 10/10

ELC4785GS, APL3601 Sumitomo Bakelite,

substrate

ELC4765 Sumitomo Bakelite,
BT Mitsubishi Gas Chemical, bismaleimide triazine resin

impregnation substrate

[0300]

FR—-4 substrate

(Examples 4 to 6, Comparative Example 2)

In these examples,

cyanate resin impregnation

relationships among the average

coefficient of thermal expansion,

chip crack for the first resin substrate,

the second resin substrate,

adhesive tape were evaluated.

the resin spacer,

the conductive failure and the

and

and an influence of the type of the
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(Example 4)
(manufacture of a multiple-layered material)

A semiconductor device having a structure similar to that of
example 1 was manufactured. In addition to above, the back
surface of the first resin substrate was provided with terminals
for detecting a conductive resistance between the substrates,
similarly as in example 1. 1In addition, in the present example,
an adhesive tape of 2 mm-wide containing dispersed conductive
particles produced by coating polymer core materials with Ni/Au
plating (AUL-704, commercially available from Sekisui Chemical Co.,
Ltd.) was employed for adhesive tapes constituting the first
adhesive member and the second adhesive member.

[0301]

The first resin substrate and the second resin substrate
were constituted with the similar layer-structure and the similar
substrate material. More specifically, the first resin substrate
and the second resin substrate include a buildup layer that is
composed of alternately stacked three insulating layers and four
conductor interconnect layers, and a core layer. In addition, the
resin spacer has the structure shown in Fig. 33, and has no
buildup layer, and is composed of only the core layer, which
includes an insulating layer, and a pair of conductor interconnect
layers. 1In table 2, resin components of the insulating layers in
the buildup layer and the insulating layer in the core layer
employed in the first resin substrate and the second resin
substrate are shown.

In addition to above, the insulating layer in the core layer of
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the resin spacer has the same resin component as employed for the
insulating layer in the core layer employed in the first resin
substrate and the second resin substrate. 1In addition, an average
coefficient of thermal expansiocn of the insulating layer in the
core layer of the resin spacer for temperature range of from 25
degree C to a glass transition point thereof was the same as that
for the insulating layer in the core layer employed in the first
resin substrate and the second resin substrate. Further, the
insulating layers of the core layers of the first resin substrate
and the seccnd resin substrate and the insulating layer of the
core layer of the resin spacer contain glass clothes, and the
insulating layers in the buildup layers of the first resin
substrate and the second resin substrate does not contain a glass
cloth.

[0302]

[table 2]



CONDUCTI ON FAI LURE | MVEDI ATELY AFTER MANUFACTURE OF SEM CONDUCTOR DEVI CE
AFTER 1, 000 HEAT CYCLES Exanple 4 o o 0/10 Exanple 5 o

162
PARTS BY WEIGHT
RESINS TRADE NAME ETC. INSULATING INSULATING
LAYER IN CORE LAYER IN
LAYER BUILD-UP
LAYFR
cyanate Novolac cyanate resin,
resins ILonza Co., "PRIMASET PT- 19.7 25
30",
weight average molecular
weight (Mw) =700
epoxy biphenyl dimethylene
resins epoxy resin, Nihon 11 24.7
Kayaku Co., "NC-3000",
epoxy equivalent=275,
MW=2,000
phenoxy copolymer of biphenyl
resins epoxy resin and 10
bisphenol S epoxy resin
having epoxy group as
terminating group, Japan
Fpoxy Resin Co.,, "YX-
8100H30", Mw=30,000
curing biphenyl dimethylene
agent phenol resin, Meiwa 9
Plastic Industries Co.,
"MEH-7851-3H", hydroxyl
equivalent=230
curing imidazole compound,
catalyst Shikoku Chemicals 0.1
Corporation, "1B2PZ", 1-
benzyl-2-phenyl
imidazcle
inorganic | spherical fused silica,
filler Admatechs Co., "SO-25H", 60 40
mean particle size = 0.5
pm
coupling epoxy silane coupling
agent agent, GE Toshiba 0.3 0.2
Silicone Co., "A-187"




x 0/10 Exanple 6 o o 0/10 Conparative Exanple 2 x x 10/10 [0315]

exanples 4 to 6,

In

no conductive failure was generated in the heat cycle tests
at -55 degree C for one hour and at 5 degree C for one hour. Further,
chip crack was generated. On the contrary,

no

in conparative exanple 2, a chip

crack was generated, and a conductive failure was al so generated. Further,

in exanples 4 and 6,

contrary, in exanple 5 and in conparative exanple 2, a chip crack was

generated after the heat cycle tests at
degree C for one hour. Further, in conparative exanple 2, a conductive
failure was al so generated after the heat cycle tests at

one ho%b3%§? at 150 degree C for

10

15

20

25

Two-dimensional geometry, substrate thickness, conductor
interconnect layer thickness, solder resist thickness, electrode
pad, circuit width, circuit layout of the resin spacer employed in
the present example and of the first resin substrate and the
second resin substrate employed in the present example are same as
employed in example 1.

[0304}]

Adhesive tapes were sandwiched between the first resin
substrate and the resin spacer and between the resin spacer and
the second resin substrate, and further, a silicone rubber of 200
um thick was disposed on an upper surface of the second resin
substrate, so as to uniformly exerting a pressure, and then a
thermally compressively bonding at 220 degree C and 2 MPa for 100
seconds was conducted to achieved an adhesion thereof. 1In
addition, the adhesive tape was attached along the circumference
of the first resin substrate and the second resin substrate.
[0305]

{(Example 5)

Resin components of the insulating layers in the buildup
layer and the insulating layer in the core layer in the first
resin substrate and the second resin substrate are shown as
follows (table 3). Other conditions are similar to example 4.

In addition to above, in this case, the insulating layer of the

buildup layer also contained a glass cloth.

On the 10

-65 degree C for

no chip crack was generated in the heat cycle tests at
- 65 degree C for one hour and at 150 degree C for one hour.

-65 degree C for one hour and at 150
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[0307]

(Example 6)

An adhesive tape constituting an adhesive member containing

a resin solder powder and a curing agent exhibiting a flux

activity was employed, similarly

conditions are similar to example 4.

tapes are shown in table 4
[0308]

[table 4]

as in third embodiment. Other

Components of the adhesive

(by unit of part by weight).

expansi on of

juct i on

In

retry,



width, circuit layout of the first resin substrate, the second 25 resin
substrate and the resin spacer are sane as enployed in exanple 1. [0318]
172 The second bunps providedlkg the second resin substrate were as
foll ows: second bunp: Sn/3.5Ag; and Second bunp height: 45 pm 5[0319]

The first bunp provided in the resin spacer were as follows: first bunp:
Sn/ 3. 5Ag; and first bunp height: 45 pm [0320] 10In addition to above, for
the second resin substrate and resin spacer, the first bunps and the second
bunps of Sn/3.5Ag were formed in the foll ow ng manner. Sn-3.5Ag

sol deri ng-paste (commercially available from Tanura Kaken Co., Ltd., LF
-101) Wwas |pri purdTDON a doupMPogeEWRd| by uti IsTrUOQURE NET@) | i ¢ magkextramermg! 15
openi ng gl es in | ocatigns corresponding to el ectrode pads formed on the

resin sups raﬁr% ’é&hgol e ”B)ék 9i¢ h[e LH T IB5ka &) QLAY Was PassEd

therth%Qu ﬁHn S OBEi ylate)-(acrylonitrile)
U | formability, = 30mol%/30mol%/40mol%,
L reducing molecular weight = 850,000
A elastic EpOXyY see *1 24.5
T modulus, resin
I cure
O component 1
N cure cresol novolac epoxy resin, 16.3
component 2 epoxy softening point (melting
resin point)= 80 degree C
cure epoxy liguid bis F epoxy, epoxy 7.5
component 3 resin equivalent = 170
curing agent phenol softening point (melting 20.2

novolac point)=100 degree C, OH
equivalent=104

improved silane 3-glycidoxy propyl 0.1
adhesiveness coupling trimethoxysilane
1 agent
improved silane N-phenyl-3-aminopropyl 0.35
adhesiveness coupling trimethoxysilane
2 agent
curing imidazole 2-phenyl 4, 5-dihydroxy 0.15
catalyst, imidazole
curing agent sebacic HOOC- (CH») g—COCH 5.0
exhibiting acid
flux activity
RESIN TOTAL 100
conductive particles solder Sn/Bi=42/58,
powder | melting point=138 60
degree C

mean particle
diameter=35 um

* 1: Mixture of 2 - [4- (2,3, epoxypropoxy) phenyl] -2 - [4[1,1-
bis [4- (2,3- epoxypropoxy) phenyl] ethyl] phenyl] propane and
1,3- bis [4-[1-[4- (2,3 epoxypropoxy) phenyl] -1 - {4-[1-[4- (2,3

5 epoxypropoxy) phenyl] -1 - methyl]l ethyl] phenyl] phenoxyl -2 -
propancl

[0309]



(Exanple 7) 20In the present exanple, in both of the first resin substrate
and the second resin substrate, "ELC4785GS" (commercially avail able from
Sum tono Bakelite Co., Ltd., cyanatel%%sin i npregnati on substrate) was
enpl oyed for cores, and "APL 3601" (cormercially available from Sum tono
Bakelite Co., Ltd., cyanate 25 resin inpregnation substrate) was enpl oyed
for built-ups. [0322] In addition, for the resin spacer that is disposed
between 173 the substrates, "ELC4785GS" (commercially available from

Sum to Bakelite %p. &td cyanate resin inpregnation substrate) was
enpl oyed FB7 T eot's TARIPLAPE) 3601" (commercial Iy available from Sunitom

Bakelite Co. p bith o fyAnale. res)pd pprognaLl an, substEae)., 3 uas £ipl oyed for

bui | t-ups. [632 enpl oyl Secona resin rate the sol der

bunps fOuNeg.n.Lhe. back surface thersef aad Lhe resinspacer avipg the

Q e .
sol der bunps tormed 1'f the baCk surtace tHereo adhesi’'ve tapes ving a

flux agtiyl Eé{%‘% goefac’%%"“fgggg bet yeen d NG ohLr §{lﬂr€1§é ”sescgﬁl ratenand the

resin spacer ween e resin spacer and e second resin substrate,

and f“rshﬁg'&%ﬁ@e?‘i lfr?%%?iftﬁ%ﬁ?%@ﬁ“@@% p(@ohﬁ%%i%fy ]9'%\?%1%%%0%8{% upper

surrace o e secon esin Substrate, so as to un y exerting a

br essung b ARG g her @ comuessiyelyebandi ageatn 260, degr ge,€,and,0. 5 MPa

for 10 seconds was conduc to achieve hesion t 'n"addi tion

the adQ%%iEEiEaﬁf fgyér%gokh%hglPfr@@tféQﬂEysW@%t?gﬁécgﬁﬁithe second

resin substrate. Further, bump electrodes were employed in place
of the resin spacer. Material of the bump electrode was
10 Sn/Ag3.0/Cu0.5. The bump electrodes were arranged on the first
resin substrate along the circumference of the first resin
substrate and were joined to the second resin substrate. Since
the bump electrodes were employed in comparative example 2, the
first adhesive member and the second adhesive member are not
15 employed. The others are the same as example 4,
[0310]
(Average Coefficient of thermal expansion and Glass Transition
Point)
The average coefficient of thermal expansion and the glass
20 transition point of the insulating layer in the core layer, and
the average coefficient of thermal expansion and the glass
transition point of the insulating layer of the built-up layer of
the first resin substrate, the average coefficient of thermal
expansion and the glass transition point of the insulating layer
25 in the core layer and the average coefficient of thermal expansion
and the glass transition point of the insulating layer of the

built-up layer of the second resin substrate, and the average



along the circunference of the first resin substrate and the second resin
substrate. 20[0324] (Exanple 8) A multiple-layered material was manufactured
by enpl oyi ng the method of exanple 74 c§xcept that "ELC-4765" (conmercially
avai l abl e from Sum tono Bakelite Co., Ltd., ER-4 substrate) was 25 enpl oyed
as the material of the resin spacer. [0325] (Evaluation of Chip Crack) 174
An exi stence of a chip crack in the first sem conductor chips of the

sem conduct or devices obtained in the respective exanples and the

uctor devi d in- examl e e
Combor GBRL{ Sats T i TLCFER0I THOT 5 11 GRof TEnk b Aie 6 il AL e Be o

and a %gsukgsg ac.hi 1%r%ck.istindicatg_d as g?"r ;ﬂ§5£%§ug;sf8f t he
eval uati'on"are s A tabl'e 5?‘fﬁ§? fyﬁﬁva uation 91" Conducti ve failure)

10Heat cyghe.Lests, al 85 0raree CJ ar fhous and. at, 125 degree C of one

hour were tonducted _ eém conduc evVi ces obtainedi'n the respective
cxa| S5 AU SRR LR PP R Lo L R0l g oo
resgn %§B§EE§5§ and the glass transition point are same as described in

the above-described embodiments.

[0311]

(Evaluation of Chip Crack)

An existence of a chip crack was examined for the first
10 semiconductor chips of the semiconductor devices obtained in the
respective examples and the comparative example by an observation
with a scan acoustic tomograph (SAT), and a result of free of chip

n "

crack is indicated as "o", and a result of chip crack is indicated

as "x". The results of the evaluaticon are shown in table 5.

15 Further, an existence ¢f a chip crack was examined for the first
semiconductor chips of the semiconductor devices obtained in the
respective examples and the comparative example immediately after
the manufacture of the semiconductor device was finished and after
1,000 cycles of the heat cycle test at -65 degree C for one hour

20 and at 150 degree C for one hour were conducted by an observation
with a scan acoustic tomograph (SAT), and a result of free of chip

" L}

crack is indicated as "o", and a result of chip crack is indicated

as "x". The results of the evaluation are shown in table 6.
[0312]
25 (Evaluation of Conductive failure)

Heat cycle tests at -55 degree C for one hour and at 125

degree C for one hour were conducted for the semiconductor devices



15 were neasured before and after the heat cycle test for ten points via
four-probe nethod. Spot exhibiting the conductive resistance after the cycle
test, which was higher than 5 tines t he conductive resistance before the
cycle test, was counted as a conductive failure. Evaluation results are
shown in table 7. 20[0327] [table 7] Table-7 SUBSTRATE STRUCTURAL COVPONENT
EXAMPLE 7 EXAMPLE 8 first resin substrate core |ayer ELCA785GS ELCA785GS

obtained in the respective examples and the comparative example
for 1,000 cycles. Conductive resistances between adjacent
terminals provided on the back surface of first resin substrate
were measured before and after the heat cycle test for ten points

5 wvia four-probe method. Spot exhibiting the conductive resistance
after the cycle test, which was higher than 5 times of the
conductive resistance before the cycle test, was counted as a
conductive failure. The results of the evaluation are shown in
table 5. Further, heat cycle tests at -65 degree C for one hour

10 and at 150 degree C for one hour were conducted for the
semiconductor devices obtained in the respective examples and the
comparative example for 1,000 cycles. Conductive resistances
between adjacent terminals provided on the back surface of first
resin substrate were measured before and after the heat cycle test

15 for ten points via four-probe method. Spot exhibiting the
conductive resistance after the cycle test, which was higher than
5 times of the conductive resistance before the cycle test, was
counted as a conductive failure. The results of the evaluation
are shown in table 6.

20 [0313]
[table 5]

Table-5



ELCA785GS

bunp back surface

buil d-up | ayer APL3601 APL3601 second resin substrate core |ayer

sol der

ELCA7850S buil d-up |ayer APL3601 APL3601

169
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[0314]

[table 6]

Table-6



back surface resin spacer core |ayer ELCA785GS ELCA765 build-up |ayer
APL3601 sol der bunp back surface back surface chip crack

170
CHIP CRACK CONDUCTION
FAILURE
IMMEDIATELY AFTER 1,000
AFTER HEAT CYCLES
MANUFACTURE OF
SEMICONDUCTOR
DEVICE
Example 4 o o) 0/10
Example 5 o X 0/10
Example © o) o 0/10
Comparative
Example 2 X X 10/10
[0315]

In examples 4 to 6, no conductive failure was generated in

the heat cycle tests at -55 degree C for one hour and at 125

5 degree C for one hour. Further, no chip crack was generated. On
the contrary, in comparative example 2, a chip crack was generated,
and a conductive failure was also generated. Further, in examples
4 and 6, no chip crack was generated in the heat cycle tests at -
65 degree C for one hour and at 150 degree C for one hour. On the

10 contrary, in example 5 and in comparative example 2, a chip crack
was generated after the heat cycle tests at -65 degree C for one
hour and at 150 degree C for one hour. Further, in comparative
example 2, a conductive failure was also generated after the heat
cycle tests at -65 degree C for cone hour and at 150 degree C for

15 c¢ne hour. This shows that the average coefficient of thermal
expansion of the insulating layer of equal to or lower than 30
ppm/degree C is preferable.

[0316]



conductive failure 0/10 0/10 [0328] (Exanple 9) Her e,

I nvestigations of the nmethod for manufacturing the 5 sem conductor device
were conducted. 1. Manufacture of fifst{ resin substrate, second resin
substrate and resin spacer The first resin substrate, the second resin
substrate and the resin spacer enployed here include a buildup |ayer that is
10 conposed of alternately stacked three insulating |ayers and three
conductor interconnect |ayers, and a core layer. In table 8, resin

conponepnt s t insylating | ayers and the insulating layer 176 in the
core Iggé?m%ﬁ%Tgﬁéﬁmfﬁ)the first resin substrate, the second resin substrate

and the reSiﬁefgﬁgﬁk Ak i%gR&@ctép%%ghxkgﬁggﬁe8&3 employed in fifth

embodiment were manufactured.
(Manufacture of Adhesive Tape)

5 20 parts by weight of phenoxy resin (YL6954, commercially
available from Japan Epoxy Resin Co., Ltd), 40 parts by weight of
liquid bisphenol A epoxy resin {EPICLON 840S, commercially
available from Dainippon Ink and Chemical Co., Ltd), 20 parts by
weight of phenclic novolac resin (PR-53467, commercially available

10 from Sumitomo Bakelite Co., Ltd), and 20 parts by weight of
phenolphthalin (commercially available from Tokyo Chemical
Industry Co., Ltd) serving as a curing agent exhibiting a flux
activity were dissolved in methyl ethyl ketone to obtain a varnish,
and the obtained varnish was applied on a polyester sheet, and

15 then was dried at a temperature that can achieve vaporizing the
above-described solvent to obtain an adhesive tape of 25 um thick.
Copper oxide {(CuO) rate of reduction of this adhesive tape (%) is
65%.

[0317]

20 (Evaluation Substrate)

In the following examples and a comparative example, two-
dimensional geometry, substrate thickness, conductor interconnect
layer thickness, solder resist thickness, electrode pad, circuit
width, circuit layout of the first resin substrate, the second

25 resin substrate and the resin spacer are same as employed in
example 1.

[0318]



5 Tabl e-8 RESINS TRADE NAVE ETC. PARTS BY WEI GAT CORE LAYER BUI LD- UP LAYER
cyanate resins Novol ac cyanate resin, Lonza Co.," PRI MASET PT- 30", weight
aver age nol ecul ar wei ght (My) =700 19. {72

10

15

20

25

The second bumps provided in the second resin substrate were
as follows:
second bump: Sn/3.5Ag; and
second bump height: 45 um,

[0319]

The first bump provided in the resin spacer were as follows:
first bump: Sn/3.5Ag; and
first bump height: 45 um.

[0320]

In addition to above, for the second resin substrate and
resin spacer, the first bumps and the second bumps of Sn/3.5Ag
were formed in the following manner. Sn-3.5Ag soldering-paste
(commercially available from Tamura Kaken Co., Ltd., LF -101) was
printed on a coupling pad by utilizing a metallic mask having
opening holes in locations corresponding to electrode pads formed
on the resin substrate. After removing the metallic mask, a
reflow was passed therethrough to form solder bumps.

[0321]
(Example 7)

In the present example, in both of the first resin substrate
and the second resin substrate, "ELC4785GS"™ (commercially
available from Sumitomo Bakelite Co., Ltd., cyanate resin
impregnation substrate) was employed for cores, and "APL 3601"
(commercially available from Sumitomo Bakelite Co., Ltd., cyanate
resin impregnation substrate) was employed for built-ups.

[0322]

In addition, for the resin spacer that is disposed between



25. 0 epoxy resins biphenyl dinethylene epoxy resin, Nl hon Kayaku Co.,

"NC- 3000", epoxy equi val ent =275, MAM&2,000 11.0 24.7 phenoxy resins copol yner
of bi phenyl epoxy resin and bispheno& S epoxy resin having epoxy group as
term nating group, Japan Epoxy Resin ao." "YX- 8100H30", Mn=30, 000

the substrates, "ELC4785GS" (commercially available from Sumitomo

Bakelite Co., Ltd., cyanate resin impregnation substrate) was

employed for core, and "APL 3601" (commercially available from

Sumitomo Bakelite Co., Ltd., cyanate resin impregnation substrate)
5 was employed for built-ups.

[0323]

By employing the second resin substrate having the solder
bumps formed in the back surface thereof and the resin spacer
having the solder bumps formed in the back surface thereof,

10 adhesive tapes having a flux activity were sandwiched between the
first resin substrate and the resin spacer and between the resin
spacer and the second resin substrate, and further, a silicone
rubber of 200 pm thick was disposed on an upper surface of the
second resin supstrate, so as to uniformly exerting a pressure,

15 and then a compressively bonding at 260 degree C and 0.5 MPa for
10 seconds was conducted to achieved an adhesion therecf. 1In
addition, the adhesive tape having the flux activity was attached
along the circumference of the first resin substrate and the
second resin substrate.

20 [0324)]

(Example 8)

A multiple-layered material was manufactured by employing
the method of example 7, except that "ELC-4765" (commercially
available from Sumitomo Bakelite Co., Ltd., FR-4 substrate) was

25 employed as the material of the resin spacer.

[0325]

(Evaluation of Chip Crack)



10. 0 curing agent biphenyl dinmethylene phenol resin, Meiwa Plastic

| ndustries Co.,"MeEH 7851- 3H', hydroxyl equival ent=230 9.0 curing catal yst
i m dazol e conpound, Shi koku Chem cal $-§or por at ion, "1B2PZ", 1-benzyl- 2-phenyl
i m dazol e

An existence of a chip crack in the first semiconductor
chips of the semiconductor devices obtained in the respective
examples and the comparative example were examined by an
observation with a scan acoustic tomograph (SAT), and a result of

5 free of chip crack is indicated as "o", and a result of chip crack
is indicated as "x". The results of the evaluation are shown in
table 7.

(0326}
{(Evaluation of Conductive failure)

10 Heat cycle tests at -55 degree C for 1 hour and at 125
degree C of one hour were conducted for the semiconductor devices
obtained in the respective examples and the comparative example
for 1,000 cycles. Conductive resistances between adjacent
terminals provided on the back surface of first resin substrate

15 were measured before and after the heat cycle test for ten points
via four-probe method. Spot exhibiting the conductive resistance
after the cycle test, which was higher than 5 times of the
conductive resistance before the cycle test, was counted as a
conductive failure. Evaluation results are shown in table 7.

20 10327]

[table 7]



0.1 inorganic filler

Toshi ba Silicone Co.,"A-187" 0.3 0.2,4¢
Table-7
STRUCTURAL EXAMPLE 7/ EXAMPLE 8
SUBSTRATE COMPONENT
ELC4785GS ELC4785GS
first resin | core layer
substrate
APL3601 APL3601
build-up
layer
ELC4785GS ELC4785GS
second resin | core layer
substrate APL3601 APL3601
build-up
layer
sclder bump back surface back surface
ELC4785GS ELC4765
resin core layer
spacer APL3601
build-up
layer

10

spheri cal

fused silica, Admatechs Co., " S0-25H',
particle size = 0.5 pm 60 40 coupling agent epoxy silane coupling agent,

solder bump

back surface

back surface

chip crack

O

O

conductive failure

0/10

0/10

[0328]

(Example 9)

Here, investigations of the method for manufacturing the

semiconductor device were conducted.

1. Manufacture of first resin substrate,

and resin spacer

The first resin substrate,

second resin substrate

the second resin substrate and

the resin spacer employed here include a buildup layer that is

composed of alternately stacked three insulating layers and three

conductor interconnect layers, and a core layer.

In table 8,

resin components of the insulating layers and the insulating layer

mean
GE



[0330] 2. Manufacture of adhesive film (adhesive tape) Theriosetting resins
of 20 parts by weight of cresol novolac 177 epoxy resin ( commercially
avai |l abl e from N ppon Kayaku Co., Lt ECCN- 1020, softening point: 80
degree C) and 30 parts by weight of epoxy resin (commercially available from
Ni ppon Kayaku Co., Ltd., NC -6000); thernoplastic resin of 20 parts by
wei ght of acrylic 5 rubber (commercially avail abl e from Nagase Chentex Co.,
Ltd., SGPZ, butyl acrylate/ethyl acrylate/acrylonitrile = 30 %mwl /30 %ol
/40 %ol , , nol ecul ar._ wei ght: 850, 00Q),; ring _agent qf .16 par by wei ght of
i qui @ Bhbiol T amsan P LaheRr ot aiey AT BBTa 5 A VR Blgst i ¢
| ndust r.i es §o. S.Ltd.u I,\C/IgHt-Sgr(])(%)th andeSSmp%rgseby 10 vaei“%ht of solid phenolic
resin FSSnﬂerc' 'l f g\%i Fabl 8" rom sumtonb BakeTT € % . Ltd., PR-HE-3);
curing [@ggm exhibiting a flux activity of 5 parts by wei ght of sebacic acid
(comrercialty avail able from Tokyo Chem cal Industry Co., Ltd); cure
accel er%tdB;Leoé 0.15 part by weight of imdazole conpound (commercially 15
avai | atgl e rorrl Shi koku Chem cal s Corporation, 2PHZ-PW; coupling agent of
0. 5¢ parT%b%_gvei ght of y-glycidoxy propyl trinmethoxysilane (commercially
aval |l abl’e from Shin-Etsu Chem cal Co., Ltd., KBMAO3E); and conductive
conponent of 60 parts by wei ght of sol der powder (©aRTerRY diEiGHAVail abl e
fromM {swEMNS Nng & SrmeffRADE MXME F2Q.Ltd., Sn‘érggm ) r INRISUW
di sperseéd in a solvent at 50 parts by wei ght jof tol uenEeR clnd% LD BFS I
wei ght at—methyl ethyl—ketoene. Further—the gbtain varnl sh—v
appl i ed oﬁtyénﬁé‘?yet gglf‘ﬁélatcercéﬁﬁtaﬁﬁl Stetthat |has been denol di ng- procegsed so
as to haveresihi ckn ot Wrired PRIMASBT B0 pm and?then was déiPed. 25 |The
dryi ng process was conducted BY"exposing the applied surflace within a
dryi ng- machi ne at |anwéngitdeveerger ableeuldr 60 degree C, e}nd air vel ocijty of
15 mMmn for ten m nutesweibhe dMwed=po@duct (178 was cut [to have a wi dth of
2.0 M to ebbaiyn theigehesi e rkithineh8333d=3.] Manufacture of Sem condyct or
Devi ce resins resin, Nihon Kayaku Co., 11.0 24.7
"NC-3000", epoxy
equivalent=275, MwW=2,000
phenoxy | copolymer of biphenyl epoxy
resins resin and bisphenol S epoxy 10.0
resin having epoxy group as
terminating group, Japan
Epoxy Resin Co.,, "YX-
8100H30'", Mw=30,000
curing biphenyl dimethylene phenol
agent resin, Meiwa Plastic 9.0
Industries Co., "MEH-7851-
3H", hydroxyl
equivalent=230
curing imidazole compound, Shikoku

y

Al nad raciln. vy AI A
A A ] L= L] T

catalyst Chemicals Corporation, 0.1
"1B2PZ", l-benzyl-2-phenyl
imidazole
inorganic spherical fused silica,
filler Admatechs Co., "S0O-25H", 60 40
mean particle size = 0.5 um
coupling epoxry silane coupling
agent agent, GE Toshiba Silicone 0.3 0.2
Co., "A-187"
[(0330]

2. Manufacture of adhesive film (adhesive tape)

Thermosetting resins of 20 parts by weight of cresol novolac



Through holes configured to be able to be inserted with pins 5 were forned
in the ends of the first resin substrate, the resin spacer and the second
resin substrate, respectively. Then,l?he pins are inserted into these

t hrough holes to achi eve alignnents pin | am nate nmethod), and then, the
above-descri bed adhesi ve tapes were sandw ched between the first resin
substrate and the 10 resin spacer and between the resin spacer and the
second resin substrate, and further, a silicone rubber of 200 mthick was

di sposed on an_upper_surface,of the second substrate,..so.as to uniformy
exer i1 goRvpfestire eI Ren T LORREas S aRy R g SR 9 S e b C and 2

conpressi VEPy

MPa f or 0 onds. . was conduct e o) ieved_ 1 adhesi.on_t her eof n
addi t | gr(l),&gt_ L7 gt pgg\ﬁ‘ts' 0 % eaﬁﬁnﬁ“?hgﬁc?ar%usmb rdahErot ne

first reg%ixpo%'??ﬁf o%m%'}%iéggyjmgfﬁff%ﬁl%sif%.oﬁ“ﬁ%é%@ﬁeﬁ@ié R °V£E8.5 the

sem conduct or devi te provi e resin sp ween the frist resin

SDSI T Be_ 806! Mo ASGRRALESLI, sUblIALS A0EQ332] WL ERATRe 0 i

Simlar procedure as in exanple 1 was enpl actu

sem condUBLOr (Jaul o A1GLRL. L DAk L e gondidtianclon, Lhe-d hefyypy, cogpr essi on

bondi ng was a ws. The therno- 25 conpression ng was carried out

at 220 p‘%‘?%ﬁ‘éﬁ? Q&%loat%/%%ﬂ%oéc}@a P&E}@éong%%ﬂ = 13(ﬁ dfiamBbeshdd

Simlar procedure as 1 n exanple 1 was enployed except that an ani sotropic

conduct iy sfibh M as1 &&11 HOLERGhA: they fRld)owing s dessrdpt i on vas..erpl gyed for
t he adhesive film 100 parts by 5 weight of bisphehol A phenoxy resin

(comergighkyoaval diall §Henem ENEBRHd R | (dehfher cPK ARl Ohlis1average
nmol ecul ar "wei ght = 50, 000, solution of 20 9% . ethyl acetate); 50 parts

by wei gati waf ppeLyvé mHdbitriak cesi mieommeici-abbynavand abls Asomy Seki sui
Chem cal Co., Ltd., BX, degree of polynerization: 1,700, butyral
10 weight of solid phenolic resin (commercially available from
Sumitomo Bakelite Co., Ltd., PR-HF-3); curing agent exhibiting a
flux activity of 5 parts by weight of sebacic acid (commercially
available from Tokyo Chemical Industry Co., Ltd); cure accelerator
of 0.15 part by weight of imidazole compound (commercially
15 available from Shikoku Chemicals Corporation, 2PHZ-PW); coupling
agent of 0.5 part by weight of y-glycidoxy propyl trimethoxysilane
(commercially available from 3Shin-Etsu Chemical Co., Ltd.,
KBM403E); and conductive component of 60 parts by weight of solder
powder (commercially available from Mitsui Mining & Smelting Co.,
20  Ltd., sSnd42/Bib8), were uniformly dispersed in a solvent of 50
parts by weight of toluene and 80 parts by weight of methyl ethyl
ketone. Further, the obtained resin varnish was applied onto
polyethylene terephthalate that has been demolding-processed so as
to have a thickness of dried film of 20 um, and then was dried.
25 The drying process was conducted by exposing the applied surface
within a drying-machine at an inside temperature of 60 degree C,

and air velocity of 15 m/min for ten minutes. The dried product



10 rate 65 %mwl, solution of 20 % . ethyl acetate); 20 parts by weight of
bi sphenol A epoxy resin (commercially available from Japan Epoxy Resin Co.
Ltd., EPICOTE 828, weight per epoxy qulvalent 180 g/eq); 30 parts by weight
of blsphenol F epoxy resin ( comercially avail able from Japan Epoxy Resin
Co., Ltd., 15 EPICOTE 806, weight per epoxy equivalent 175 g/eq); 20 parts
by meight of m croencapsul ated 2-nethyl im dazol e epoxy conpound (nean
particle dianeter 3 pm capsule menbrane matrix thickness 0.2 pm; and 3

parts by weight of N /Au te crylic particle (co rcially.avail abl e
Prom sepreticredied Aoy Bef 6 256%m GebpBhrin atkS FOR T Thudn Shaft cl o
dianete § pn), were m xed, and were uniformy dispersed. Then, 100 parts by
wei ght 3F>& i xture of nicroencapsulated 2-met hyl i m dazol e epoxy conpound

and epoxy,resin conp LS ed f bIendlng, whi ch were m xed by
enploy%ngMgng%%ﬂpundlEg%ra ch m%.o%ransferred in a 200 m 25 container, and

a preheating.of t ture was ¢ nducted e.condition of . th preheatlng
| s descri bed H (Eﬁ r%na% 5 C%‘F uﬁgs app e dﬁgnt o %ol ye?%rqeednemt%elr gpﬁf’hal ate

f‘m O?:%fge%‘ %eed dl'rf“ - en%léoo.?rgﬁgﬁs]e &f%ggﬁntg Lot L %k” g3in of dri ed

hen was drie pro “Shvay cu hdve a width

Of L5 %@%8)89&%% t%ec&]'%ggmpg sanduct o gQQ»?fx'rng age LCH‘ [0334]

5( ExanplFe ar procedure as’in 8 was enployed except

that t OBEQMH&E‘F&J‘%%@%%@'@{P& HO' oﬁ%@?’éb”g%r?{ex}é‘%f 'g‘hﬁ%ln'&@s' n

substr € resin spacer and the se on resin su rate, I'n ace

enpl oyi( ;&Qnalﬁfnf'né@é“r&?éh%&ﬁt Qﬁg A, aldygn %‘ize?f:ie%@% 10 fddiRls hesin

substra e resin spacer f he 'secon reS|n substrate was conducted by

an image, "e%CQQPété%Méh%dab%wEéﬁ trﬂ@%@st( CROpar abive-Fanplse 8L Simlar
procedure as in exanple 1 was enpl oyed except that 15 the coupling of the

abeye- Q%%QE'QﬁgcefréﬂdfB%%dée%UQﬁérf@éﬁﬁ“ﬂ%a%@% 88Q0PLe r&sidhSylsthate vas
achi eved by the bunp el ectrodes as set
substrate, and further, a silicone rubber of 200 pm thick was
disposed on an upper surface of the second substrate, so as to
uniformly exerting a pressure, and then a compressively bonding at
220 degree C and 2 MPa for 100 seconds was conducted to achieved
15 an adhesion thereof. 1In addition, the adhesive tape was attached
along the circumference of the first resin substrate and the
second resin substrate. Thils provides the semiconductor device
provided with the resin spacer between the first resin substrate
and the second resin substrate.
20 [0332]
(Example 10)

Similar procedure as in example 1 was employed to
manufacture the semiconductor device, except that the condition
for the thermoc-compression bonding was as follows. The thermo-

25 compression bonding was carried out at 220 degree C and 0.5 MPa

for 100 seconds.

[0333]



forth belowis place of the resin spacer. The material of the bunp el ectrode
was Sn/ Ag3. 0/ Cu0.5. The bunp el ectrodes were arranged on the first resin
substrate along the circunference of 129 the first resin substrate and were
joined to the second resin substrate. Since the bunp el ectrodes were

enpl oyed in conparative exanple 3, no adhesive tape was enpl oyed. [0336] The
foll ow ng eval uati ons were conducted for the 25 sem conductor devices
obtained in the respective exanples and the conparative exanple. The

eval uatiQq éggtg@ts are showmn with the itenms. Cbtained results are shown in
tabl e d. 1 [0337] 1. Joint reliability Heat cycle tests at -55 degree C

Serm conduct o b By s Tar 17000 cyeTan” dotauct Vo Teei 2t ahes Between

sen conduct or devices for ces bet ween

adj ace%(ﬁil %g;%@?&aﬁ@r&%id%@ﬁ% Fheq backsurbacs pf fid SoiSupshiate were

measur e ore and after the heat cycle test for ten points via four-probe

et o P B ngchteeson e S SLane ! Lo SV OVRLe L
cycke H@ﬁbhtm@§ 5§§ﬂﬂéﬂ$la§ Bhéﬁ@gycﬁéé%% ﬁ%%hHé?cially available from
Inchem Co., Ltd., PKHC, weight-average molecular weight Mw =
50,000, solution of 20 %wt. ethyl acetate); 50 parts by weight of
pelyvinylbutyral resin {commercially available from Sekisuil
Chemical Co., Ltd., BX, degree of polymerization: 1,700, butyral

10 rate 65 %mol, solution of 20 %wt. ethyl acetate); 20 parts by
weight of bisphencl A epoxy resin (commercially available from
Japan Epoxy Resin Co., Ltd., EPICOTE 828, weight per epoxy
equivalent 180 g/eq); 30 parts by weight of bisphenol F epoxy
resin ( commercially available from Japan Epoxy Resin Co., Ltd.,

15 EPICOTE 806, weight per epoxy equivalent 175 g/eq); 20 parts by
weight of microencapsulated 2-methyl imidazole epoxy compound
(mean particle diameter 3 pm, capsule membrane matrix thickness
0.2 ym); and 3 parts by weight of Ni/Au plated acrylic particle
(commercially available from Sekisui Chemical Co., Ltd.,

20 Micropearl AUL-705, mean particle diameter 5 um), were mixed, and
were uniformly dispersed. Then, 100 parts by weight of a mixture
of microencapsulated Z2-methyl imidazole epoxy compound and epoxy
resin components employed for blending, which were mixed by
employing a compounding ratio, was transferred in a 200 ml

25 container, and a preheating of the mixture was conducted. The

condition of the preheating is described in the table. This was

applied onto polyethylene terephthalate that has been demolding-



[0338] 2. Evaluation of Chip Crack An existence of a chip crack was exam ned
for the first 15 sem conductor devices of the obtained sem conductor devices
by an observation with a scan acousthgotonograph (SAT), and a result of free
of chip crack is indicated as "o", aresult of chip crack is indicated
as [03391 20 3. Productivity Conmpari son of the productivity was
conducted, when a reference is assuned that the manufacture of a

sem conductor device in exanple 9 is (100). [0340] 25[table 9] Table-9 182

EXANPL%r%éé%gggzggoggD%% Eé@QF%E%hickness of dried film of 15 um, and

then was dried. The dried product was cut to have a width of 1.5
mm to obtain the anisotropic conductor adhesive agent film.
[0334]

5 (Example 12)

Similar procedure as in example 1 was employed except that
the following method was employed for stacking of the first resin
substrate, the resin spacer and the second resin substrate, in
place of employing a pin laminate method. An alignment of the

10 first resin substrate, the resin spacer and the second resin
substrate was conducted by an image recognition with a camera.
[0335]

(Comparative Example 3)

Similar procedure as in example 1 was employed except that

15 the coupling of the above-described first resin substrate and the
second resin substrate was achieved by the bump electrodes as set
forth below is place of the resin spacer. The material of the
bump electrode was Sn/Ag3.0/Cu0.5. The bump electrodes were
arranged on the first resin substrate along the circumference of

20 the first resin substrate and were joined to the second resin
substrate. Since the bump electrodes were employed in comparative
example 3, no adhesive tape was emploved.

[0336]

The following evaluations were conducted for the

25 semiconductor devices obtained in the respective examples and the
comparative example. The evaluation contents are shown with the

items. Obtained results are shown in table 9.



COVPARATI VE EXAMPLE 3 9 10 11 12 JONT 0/10 0/10 0/10 0/10 10/10
RELI ABI LI TY

10

15

20

25

181

[0337]
1. Joint reliability

Heat cycle tests at -55 degree C for 1 hour and at 125
degree C of one hour were conducted for the obtained semiconductor
devices for 1,000 cycles. Cocnductive resistances between adjacent
terminals provided on the back surface of first substrate were
measured before and after the heat cycle test for ten points via
four-probe method. Spot exhibiting the conductive resistance
after the cycle test, which was higher than 5 times of the
conductive resistance before the cycle test, was counted as a
conductive failure.
[0338]
2. Evaluation of Chip Crack

An existence of a chip crack was examined for the first
semiconductor devices of the cbtained semiconductor devices by an
observation with a scan acoustic tomograph (SAT), and a result of

free of chip crack is indicated as "o", and a result of chip crack

is indicated as "x".
[0339]
3. Productivity
Comparison of the productivity was conducted, when a
reference is assumed that the manufacture of a semiconductor
device in example 9 is (100).
[0340]
[table 9]

Table-9



CH P CRACK 0 0 0 0 X PRODUCTIVITY 100 100 100 80 100 [0341]
182
COMPARATIVE
EXAMPLE | FXAMPLE | EXAMPLE | EXAMPLE EXAMPLE 3
9 10 11 12
JOINT 0/10 0/10 0/10 0/10 10/10

RELIABILITY

CHIP CRACK 0 0 0 0 X
PRODUCTIVITY 100 100 100 80 100

[0341)

As can be seen from table 9, the semiconductor devices of
examples 9 to 12 exhibit improved coupling reliabilities.
5 In addition, no chip crack was observed in the semiconductor
devices of examples 9 to 12.

Further, an improved productivity is

achieved for each of the semiconductor devices in examples 9 to 12.




As can be seen fromtable 9, the sem conductor devices of exanples 9
to 12 exhibit inproved coupling reliabilities. 5 In addition, no chip
crack was observed in the sem conductor devices of exanples 9 to 12.
Further, an inproved productivity is aq?%eved for each of the

sem conductor devices in exanples 9 to . 183 The invention cl ai ned
is: 1. A sem conductor device, conprising: a first resin substrate on
which a first sem conductor chip is nounted; a second resin substrate
on which a second sem conductor, chip is nmounted; and a resin spacer,
contacted with a frﬁﬁ%”@ﬁﬁﬁ&@éﬂ@ﬂl Bd first resin substrate and to a

back surface of thel skcomicaniudtorativives ubgipB so that said front

first resin subst raﬁtﬁrﬁfes?ﬁ%sﬁa‘f@&ﬂ%h?&{}{ﬁ%g itcgﬁa@étgrascond resin

substrate, wherein sald resin spacer is ¥ erence
of said first seni corfBORG »chip on the surface of said first resin

substrate, wherein sssticondiresih sabstratood watiioh agbidhd ®endbSRAK]Er I N @
space section provi defipfeuseddapd rst resin substrate, said second
resin substrate and sai’d resin s aceci on tgrg surface of said first

resin substrate, WHEIThSRAGEH ed wditna fiont sufeee ohsaiddst a

bui | dup | ayer, whi chi¢snsubsiraie ahinealtacksyrihey of thecwwabad Rhjly resi n
and_conductor | nt er contesublianersy thetaidford! f:8f RALPLsHLRCKEd. each
of said conductor in ] electric nmutual |y
coupl ed via conduct %ﬁf‘%{g@é‘%@ﬁﬂ%@&&% ﬁ‘?)_sll%ﬁl?ﬁt i d

i nsul ating | ayer s, WASEFRSAIGIESH spaeerrid disposed Budaramnferémelofdes a

bui | dup | ayer, whi chsa'idﬁﬂ‘strsmﬂc@ﬁdlidmltﬂﬁpioﬁ%é%(ﬁﬁée&M’éﬁ&iﬁ?%(tng resin
and conductor interceRfieaihshayers that are alternately stacked, each

of said conduct or I’Bt er.conagict | ayers. being,electrically mutually

coupl ed via conducVEFR§aHdIFISERBeOndNCiorchip is dispiosed bra spaice

insul ating |ayers, aedtiongrovidedsamong saigufist rexin lsabgrse ofaigai d

bui | dup layer of at seeasd r@;ilﬁsgbstpaqbgnalséﬂtrefs p@cé]“&fﬁ{@élﬁ-and sai d
atrng 1ayer,

second resin substr %Fe onaiatﬁr%tel%gﬁl Sﬁ-@gﬁ{h su an aver age
. n-ato

coefficient of ther expansi . ubstrate inplane direction
for tenperature raWged: sdiddrsmssetpbstrate inchidas gllaskluprlayei t i on
g\?ie:]; tehg(r)g]?;i i(:iseﬁ?wdjjchdx ﬁ)mbdwéfnshla?ﬁgaﬂiégﬁﬁélgﬁﬁﬁb I%I%%Iﬁ?ﬁi 2Eness
dir ec_tgi on for_ terrpercggégggir: gﬁit%ﬁﬁa%ﬁo?n dg%tegfec.a {e(gngitey ass
transition point thg &OF% &4 | Said epndugtery mtersanuectylayerdegr ee C
184 2. The seni coRgigalectieally mugallpeorpded Waicondbetbriayersher ei n at
| east one layer in foroged iistheatih holdsafeniddssRtidghaydrgup | ayer
contains a cyanat §HeeSih"said second resin substrate includes a buildup
layer, which is formed of insulating layers containing
resin and conductor interconnect Jayers that are alter-
nately stacked, each of said conductor interconnect lay-
ers being electrically mutually coupled via conductor
Ia}:iers formed in the via holes of said insulating layers,
an
wherein, among insulating layers of said buildup layerofat
least one of said first resin substrate and said second
resin substrate, in at least one insulating layer, an aver-
age coefficient of thermal expansion along a substrate
inplane direction for temperature range of from 25
degree C. to a glass transition point thereofis equal to or
lower than 30 ppm/degree C., and an average coefficient
of thermal expansion along a substrate thickness direc-
tion for temperature range of from 25 degree C.to a glass
transition point thereofis equal to or lower than 30 ppmy/
degree C.



3. The sem conductor device as set forth in claim?2, wherein said
cyanate resin is a novol ac cyanate resin. 4. The sem conduct or
device as set forth in claiml1l, wherein at |east one of said first
resin substrate and said second resin ﬁggstrate i ncludes a core | ayer
wherein a through hole provided with a nductor layer is forned in
the inside of a insulating |l ayer, and said conductor |layer in the

t hrough hole is coupled to the conductor interconnect |ayer of said
bui l dup layer is fo and. wherei n an, average coefficjent of
thermal expansi on a#'gﬁgéageélﬁiﬁe?&?ﬁ%r id%ﬁlcﬁ_n%? &Ft é‘@ﬂﬁo}ﬂ §}aﬂ§ai1d

i nsul ating | ayer whersan ait deast aneykyef o saiehjisoktingelayanof safd f r om 25
degree C. to a gllaﬁailgj']@ygjédmgjn@gidyramt@%ggf is equal to or |ower
than 12 ppni degree C, ' ficl f & heyrmal ,expansi on
al ong a substrate %fi%@ﬁ%@%@%&?‘%gg‘g‘&t#eﬁi I tlpnﬁfaﬂn&y%’r of the
core |layer for teMperHt i CB.@F@}Er%?mﬂsr%_ﬁpﬁ@aﬂé;éjﬂlé@e@@ﬂtlo a gl ass
transition point tHerBof semieopcaictarodevice asesett frath 28 ¢lpim flegree C.
5. The sem CF“?PQ%‘]@ireﬁﬁ!t @ﬁsame@f a1 first Resih AuBlttate IR 843 @ resin
of said insulati : 0, : ercontalns a gcyanate resin.
6. The seni condu%rﬁd%\%mceb% %éﬁapgﬁaﬁgqrﬁla%eéi\nﬁ;‘gﬁgm\ﬂ@@ig sai d
cyanate resin i s 326RppyIaR wihagprdycder layer 1s formyadingbednsisiedict or
device as set fomtihsulating kayer, and sdid cenduaoplayer infthstirgughuhdidup | ayers

are di sposed acr %@@écﬂtcﬁtﬁ%@oﬁ&ﬁ@blﬁiﬁ&@oﬁ?ﬁftgwgg%aiﬁfbuﬁﬂﬁﬁm"'

expansi ons of sa'q eﬁ-%fﬂfiﬁé%‘g gayers of s ayer s* di sposed
in substantially %4“ I1TC 68 tiog%@acro s said core_layer are

mutual |y equi val enVherail apgxeragarosihigient of thesmat expansimalongt h in
claim 1, wherein saiaisulsiiate spdame directiomessad ¢ogdatiny &ryeha¥i ng an

i nsulating |ayer whepdd sordagetchptethpbi@furk Falicdf 566 28 §he 2 through
hole, in the insul atcntgaj [ g Q a%%.r, an verl e

coef ficient of ther gl ﬁégsﬁéﬁi @@Diﬁ]qrﬁ EfTeun t?)é?ftp At f or

t enper ature range of-3#idwm PRI e (¢ andoan, ayerege qaedheient off poi nt
thereof is equal to thermawapansian akhgrpsabstrbBSthildgreseditectinrgd an

average coefficient offthé heuldingeMpanst e RrOMeR fbiepliRestrdi rection
for tenperature rang&aé)‘{ Ofg&% eei%‘éﬁ: g% tO]ﬁ?S g{éag . Elzpao% ti _(I)_E

poi nt thereof is equa A ' 4 . e
seni conduct or devi c HEOEICqGt {hO] Wéhﬁaggpﬁﬂﬁﬂggrﬁ%@i d resin
spacer includes a Buih@upehitotiuetor cdevice 9T dBedioeth $@idaieerg | ayer
and which is for %réﬁl i anbaotfiu li ! azWei i 3¢ aza® ljd
conductor inter cgﬁlnec #a gg t%gﬁl %?ﬁg @ﬁgr ngtdeﬂ ’{;gst gi‘%(i@?e each of
sai d conductor i ﬁ@@@%@%@naﬁ%@;@ being electrically mutu- ally
coupl ed vi a conducbodeagemichducted davidehas vieh foothesn afaisni4]

insul ating |ayerghefdlfl switbéRinate RERINY al S| fd bhatdRlS i n said

il I r of [ : : ng | r
gﬁ asgrpaggygoe? fi S?ei@%@}%j%@i&%f%ﬁ% 8%165??83%3@ [}E%Llf; egi ng?/gné
direction for teWjgerdRapaly duplgyers age gispesed aqresesaif ass
transition poi ntcaredayef andceediicient af therrhalwxpangians Ssappmsdegr ee C,
fg_d an aver age fﬁﬁh@}]ﬁya?tof%id !tsuﬁqd’@ 1a2éﬁ%§§§§adqh§ga§j@nﬁw (rate
L ckness di recty g o6 USURELA' HiSst AU cBle AP 2 SRS, C 1O @

equivalent.

8. The semiconductor device as set forth in claim 1,

wherein said resin spacer includes a core layer having an
insulating layer where a conductor layer is provided
within a through hole,

in the insulating Jayer of the core layer, an average coeffi-
cient of thermal expansion along an inplane direction for
temperature range of from 25 degree C. to a glass tran-

sition point thereof is equal to or lower than 12 ppmy/



transition point thereof is equal to or |ower than SO aﬁgie?ﬁg;efegin
10. The sem conductor device as set fO[th |noglggrh  ohe e oo
idinsulating layer in said core |ayer . .
gfrzgzﬁ gf sai d igsulating | ayer in saﬁgébU|ldup Iay$L Ogeisggnaﬁiigr
spacer include a cyanate resin, &Espept sg!é-firgg-resfn em conduc
device as set forth in claim1, wherein | substrate
' tially rectangular, and s
has a planar geonmetry of substan e P o e i rost o
is provided algng each side of said re g _ ]
:g?gegirstpresin subsaﬂﬁ (lﬁ@daﬂﬁwaﬂgammﬂﬁMeﬂbmfﬂﬁMhﬁPa@ﬁmﬁet fort

in claim1, wherein ssibdaldngsd thickeiess (ﬁ%foh%dﬁet@é%ﬂsﬂgﬁﬁﬁlgg .EO first
t

' hi [ [ nd .r.e fP te !s
connecred o the &ZL%%%%EE 8 E-S@raggl%?%i’rmhanmm sr@hier ei n an

i i % I dgan AU Rpp¥degregry. of each of the
| ed t her'&'d ] _ )
gﬂ?rg;f | !slati ]:JII Lngerf i 1. Theesemaicondwasrderdte as setdorthintctiihpg, whose

. ? ' 1. 50 MP r
el astic nodul us i n wheresphad eesit s rﬂﬁgﬁé&%%on uclgjg%ﬁ%&%?é%%s Se? 0
Tortn in craim s, wndaisd PREFdERe e iyl s Formnecotiarvaup

T g;tePsl of ‘said 11rst FU AV EORAENE e ie @nd eoaclowtbrriagircosubst r at e

' bstrate
hibit average coef fieel fayerothatreerdieraxpBnsiaoksd, 2 RRI0R s51d

npl ane di rection focopdumes hiticBnangayal HerAMES denges & o a
g Ao ey ans 1 on Pol g Eg@i@lgaﬁdﬁ% g@ﬂ%ﬁéﬁ?&“@ﬁ%%‘ﬁ@hél% ong a
ppi degree © and aveé]a eé eﬂat endt ure range of from 25 degree
substrate thickness ‘i t8EFRBRAURE layerspandt u gt LaueL et han 30
C. to a glass tranwherain, pnnng_lmmgﬁtmg lalyBrsefatiald Fﬁl']qlﬂ‘ﬁrp s@ﬁ Ogui | dup
pprf degree C.. and s@iresin %’c@r i g‘%‘&é Z%SE%%EP% Layfer alipst r at e

f said first J trat n
l'i%e'[ ﬁeoi nsul ati ng Iaz%?g%?elnﬁg leBﬁPgﬂ?%ﬁl e¥panypm aleng A sypacer

contain cyanate resisHgfe W@K&WémfommpﬁrmI‘f‘;@dg’;ﬁ@mﬁﬁﬁgfg;
conprising a first resifRetulgh) SEﬁﬁgi%Cg%gﬁnmér@H%ge@@ ogr
chip is mounted; a Sfc)%’é}f}h%lggb pgﬁﬂgggree » and an average coefficient
S , LAt ; .

of thermal expansion along a substrate thickness direc-

tion for temperature range of from 25 degree C. to a glass
transition point thereof'is equal to or lower than 30 ppm/
degree C. '

10. The semiconductor device ag set forth in claim 9,
wherein a resin of said insulating layer in said core layer of
said resin spacer and a resin of said insulating layer in said
buildup layer of said resin spacer include a cyanate resin,
respectively.

11. The semiconductor device ag set forth in claim 1,
wherein said first resin substrate has g planar geometry of
substantially rectangular, and said resin spacer is provided
along each side of said rectangular geometry of said first resin
substrate.

12. The semiconductor device as set forth in claim 1,

wherein said first resin substrate is connected to first semi-
conductor chip via a bump and said second resin sub-
strate is connected to the second semiconductor chip via
a bump, and

wherein an underfill filled therein is mountedina periphery
of each of the bumps, said underfil] being composed of a
resin material whose elastic modulus in atmosphere at

125 degrees centigrade is 150 MPa or more and 800 MPa
or less. :

sem conductor chip i



a resin spacer, disposed between a front surface of said first resin
substrate and a back surface of said second resin substrate, so that
said front surface of said first resin substrate is electrically
connected to said back surface of the iggond said resin substrate,
wherein said resin spacer is disposed i'fi¥*a circunference of said
first sem conductor chip on said surface of said first resin
substrate, and said first sem conductor chip is disposed in a space

section provided a aid firgt resin substrate, sai.d second resin
substrate and sai dnfgg]r‘lie geﬁg@gpagq{ogapgcgagﬁ%‘gr@fmém irst resin
substrate, wherein whereaistheubelatiug layorber said bﬁﬂ@\&b Ryetobsiigsi ve
first resin layer thajrst §e§ﬁp@ﬂ-jsg§fg aﬁ&hfa’iﬁr?cé debinf §ﬁdb6rﬁfa?én
substrate to said res -sPa‘(;er an ﬁ |rs£ el eciri c conduct or

di sposed in the fi r SRh ﬁ“r%%}%?‘?e ciept gy iksmaleXRansions A1eng i r st
resin substrate and $afébsiials Hipdane directiprefon empearaiuoes dangthefi ve
menber, including an feathesi degrae Cond ar dassntrhimition pbiit thereefipabl e of
adhering said resin spaskfo bP lmpﬂﬁﬁc??@g)phﬁa{aﬁeél@%ﬂgﬁ&@%d a
second el ec- 187 tri ﬁ?nd ctPr di sposed<in e]é)secon r n | ayer,
i s provided between §5F Crl%l#i?l dharial "grppnsiang elongna subsirate
substrate, wherein s#igknesssdirectwinnfor fientpesatord sanseeof fionaldsy
connected to said redbgresiicen gldss ougbiteaigbifitheieoflseeiual f @onduct or

of said first adhesi SEhE M econd resin substrate is
electrically connectlé(gv,to S :38 esi%@%@?@?&ﬁ rough said second
el ectric conduct or“&er%l&isél(ﬁéé@lﬁﬂﬂﬁéﬁ}@ﬁ Wesapbkhip lapers eif saidhe fir st
el ectric conductor ofirstaesinfsubstratedinesiheesconnd essigrdbithae aagond

el ectric conductor ofheSabilafifs i ALe tive
particles, respecti v&;&% : V\her%%ﬁgg’? flogggdyﬁgg?%mgag%{igg&e&i S
electrically connect® ?]61@:%“ &8 BV Y- hr ough sai d conducti ve
particles of said 14rAtsendtesinctondevins, comgeishigﬁ sai d second resin
substrate is el ectf} 13[5!;'?1% ] } { cer. t hrough said
conductive parti c|‘5e§&g#é%n§ seg%%g“m%ﬁ ég‘r%ﬁi%@«?@ﬁc 8];11@'15 said
first resin substrat@OH3€Cs conduct or interconnect | ayer in the front

surface and an i nsasertondgetiagabstrae phovhidRe sebos@idnoRduEher

i nterconnect | ayer m%ﬁﬁlﬁ@ogﬁdat | east a part of said conductor
i nt erconnect | ayer, rein sald Ssecond resin substrate has a

conduct or i nt er corfi@8in §pages; disposeikbeiwern ¢ dromé serfacecbfsaid fissti at i ng
| ayer is provided onmesaisibstratdiaridoa back enrdacnelsaitl axesndresas t o

expose at | east a paubsehiess duAONAYGH dPERECANDER o kaxgly vherel n
said resin spacer hgﬁ &%Eﬁggr J nfler connec a%/ rs;ingr oé} and back
surfaces, respectiv 9 Pericaliye foga iSUHace 8 sai d
first adhesive menb&€ sgcopdsatd msinaaitiets,d resin spacer and said
first resin subst kHelf QYA £RiPsREPIS : or
i nterconnect | ayer ngu' -fjs %Qlﬁﬁﬁzﬁgsrﬁ%ﬁg?ggﬂ%@%é%@gg romthe
insul ating |ayer an 9&?%8 Gandy P8P OO u.rTFagﬁg SHEUBL resin
spacer, and wher ei nT&%R Q}IMQ@id\ﬁé@ﬁfsﬁ semgondictaiclisiscisd adhesi ve
menber di sposed bet pessl ied shace secticppasidatunsag saddondsiesi n
substrate provide aggRke NhiQeIWBRA b substrate and said resin
spacer on said surface of said first resin substrate,
wherein a first adhesive member, including an adhesive
first resin layer that is capable of adhering said first resin
substrate to said resin spacer and a first electric conduc-
tor disposed in the first resin layer, is provided between
said first resin substrate and said resin spacer,
wherein a second adhesive member, including an adhesive
second resin layer that is capable of adhering said resin
spacer to said second resin substrate and a second elec-



188 conductor interconnect |ayer of said second resin substrate
exposed fromthe insulating |layer and the conductor interconnect

| ayer of the resin spacer. 15. The sem conductor device as set forth
in claim14, wherein, anong said condu&gtve particles of said first
adhesi ve nmenber provi ded between said in spacer and said first
resin substrate, the conductive particles disposed between said resin
spacer and the insulating |ayer provided on said first resin

substrate are disposed so as (0 be wedged 4 nto said i | ati.ng | ayer,
and wherein, anong 334'18 %’r‘fﬁ]ﬁ@)ﬁ %p%ﬁ%?}%lﬂé% qum@a?e&ngg% ﬂ,l“{f;dhesi ve
menber provi ded bet wgwnviserd betweansaihigsirspasrr adisaldsecoRATastLi n
substrate, the condugiubueatearticles di sposed between said resin

spacer and the ins ' : V| : SEL G |
substrate are di spgi"sgécfjes. Séég}{ﬁ%t %é&ﬁ%%?ﬂa@s%@‘lﬁﬁ?ﬁ%ﬁ eglféid]ng | ayer
16. The seni conduct ofO §@ifIEEINAPace;t s TRt 51 191?0%!1’&1% n said
conductive particle iof saikfimstiadiiesavecmembent eri al of resin, which is

coated with a netakjficref k#id second resin substrate is electrically con-

nected to said resin spacer through said second electric
conductor of said second adhesive member,

wherein the first electric conductor of said first adhesive
member and the second electric conductor of said sec-
ond adhesive member are conductive particles, respec-
tively,

wherein said first resin substrate is electrically connected
to said resin spacer, through said conductive particles of
said first adhesive member,

wherein said second resin substrate is electrically con-
nected to said resin spacer through said conductive par-
ticles of said second adhesive member,

wherein said first resin substrate has a conductor intercon-
nect layer in the front surface and an insulating layer is
provided on said conductor interconnect layer so as to
expose at least a part of said conductor interconnect
layer,

wherein said second resin substrate has a conductor inter-
connect Jayer in the back surface and an insulating layer
is provided on said conductor interconnect layer 5o as to
expose at least a part of said conductor inferconnect
layer,

wherein said resin spacer has conductor interconnect lay-
ers in front and back surfaces, respectively,

wherein said conductive particles of said first adhesive
member disposed between said resin spacer and said
first resin substrate provide a coupling between the con-
ductor interconnect layer of said first resin substrate
exposed from the insulating layer and the conductor
interconnect layer of the resin spacer, and

wherein said conductive particles of said second adhesive
member disposed between said resin spacer and said
second resin substrate provide a coupling between the
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conductor interconnect layer of said second resin sub-
strate exposed from the insulating layer and the conduc-
tor interconnect layer of the resin spacer.
15. The semiconductor device as set forth in claim 14,
wherein, among said conductive particles of said first adhe-
sive member provided between said resin spacer and
said first resin substrate, the conductive particles dis-
posed between said resin spacer and the insulating layer
provided on said first resin substrate are disposed so as to
be wedged into said insulating layer, and
wherein, among said conductive particles of said second
adhesive member provided between said resin spacer
and said second resin substrate, the conductive particles
disposed between said resin spacer and the insulating
layer provided on said second resin substrate are dis-
posed so as to be wedged into said insulating layer.
16. The semiconductor device as set forth in claim 14,
wherein said conductive particle is formed of a core material
of resin, which is coated with a metallic film.





