1 SPECI FI CATI ON SEM CONDUCTCR DEVI CE AND METHOD FOR MANUFACTURI NG
SEM CONDUCTOR 5 DEVICE BACKGROUND 10 TECHNI CAL FI ELD [0001] The present
invention relates to a sem conductor device, and particularly relates to a
sem conductor device having a pluralifly of stacked sem conductor chips and a
met hod for manufacturing a 15 sem conductor device. BACKGROUND ART [0002] In
recent years, lighter, nore conpact and nore sophisticated sem conductor
devices are generally required in the 20 industry, and a dense integration
of electronic conmponents and a dense installation of electronic conponents
are progressed. Sem conduct or pakagescerpbwyed for these electronic
equi pnents are mniaturized and have nultiple pins, and further, substrates
for packagi ng el ectronic conmponents including sem conductor 25 packages are
al so mniaturized. [0003] Typical sem conductor packages that achieves a
hi gh-density 2 package include a stack structure, in which a plurality of
sem conduct or chips are stacked on an interconnect substrate. Wen a
conbi nat PMI GINEIATHRGEEVTER BN METHID EHRpMARIEAC BIRIINGEISEMSeaNpooTorRt or chi p
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.
[ 0004] 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 snmaller sem conductor chip, in which the snaller
sem conductor chip is nounted on the nounting substrate (see Japanese Patent
Lai d- Open No. H7-183, 426 (1995) and Japanese Patent Lai d-Open No. H7-249, 736
15 (1995)). [0005] In such POP structure, a substrate including a second
sem comduehge T judountsedckhet eentus:, maunnwadchna ap hptHItityg ofsubst rat e
including a first sem conductor chip nounted thereon. 20 For exanple, when
t he fi rehisendeonstctimpschrp bsasked |@r anhanttheonsecoriksemacenduct or chi p,
t he above-described relationship in the sizes of the chips is provided.
[ 0006] Whent hec&F rettrivet wifea Largsr reguiicoaduthat thep mouhta rgal2brsubstrate
is electrically connected to the first sem conductor chip and a space for
nmount i rgmtithenseciood Semp eardactokedhip sush ensucedre n thee lmogeti ng substrat e.
3 [0007] To fulfill the requirenents, Japanese Patent Lai d-OQpen No.
H7- 183,426 cdhdetiosescha redisf imgunadd oon ofhea is¢rircondect osulgenriace, andhi ch i s
provided with a bunp el ectrode having a hei ght, which
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.



5 larger than a thickness of the sem conductor chip nounted on the nounting
substrate. Then, another substrate having another sem conductor chip nounted
thereon is disposed on such bunp electrode, and these are electrically
connected to ensure an electrical conlduction between the semnm conductor chip
on the 10 substrate and the nmounting substrate. [0008] In addition, in a
sem conduct or assenbly as set forth in Japanese Patent Lai d-Open No.
H7- 249, 736, "J"-shaped |l eads are provided in the assenbly, and a bottom of a
|l ead in the upper 15 portion of the assenbly is coupled to an upper surface
of a | gado7in the | ower portion of the assenbly. [0009] Patent literature 1
Japanese Patent Laid-Open No. H7-183,426 20 patent literature 2 Japanese
Pat ent Lai d- QpefiuNoilH the24@gn36emg0040] Jdieweser Padest rbssd+Gpaxdict.ed on t he
bunp el ectrode or the Iead when a thernmal history is encountered in the
conventi/ona8B, POP dR& Istsasciauresf descatiimd cdbeveendcondiset @ iegakei, n t he bunp
el ectrode or the lead, causing a conductive failure. It is considered this
i s becalsehaikapyeyidhd feiténeebenp st bediatoseenagivgetfheignt, ofhigch t her mal
expansi on of the substrate and a coefficient of thermal expansion of the
bunp ellecgeadéhénra ttHelakeesiscalf ehecseniszinductrduchipnmoentsst weefiha
coefficient of thermal expansion of the |ead and a coefficient of thernmal
expansm@mn@ﬁngheugﬂhgﬂﬁate?h@nd another substrate having another
semiconducter chip mounted thereon is disposed on such bump
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 coupled 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 i1s exerted on the bump electrode or the
lead when a thermal history is encountered in the conventional POP
25 structures described above to 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 electrode and |arger |lead that are

t hi cker than the thickness of sem conductor chip are enployed. DI SCLOSURE OF
THE | NVENTI ON 10 [0011] According to one aspect of the present invention,
there is provided a sem conductor de¥ice, conprising: a first resin
substrate on which a first sem conductor chip is nmounted ; a second resin
substrate on which a second sem conductor chip is 15 nounted ; 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 rtesrmasudsparation iof ehectubsatdtye connectedffoctidre: backheurmbace of the
second the resin substrate, wherein the resin spacer is disposed in a 20

ci r cumkeapensgonfof hehe ibusp seattomtkicicor tiki peohithe sledadeadf the first
resin substrate, and wherein the first sem conductor chip is disposed in a
space secatihohipnowvi dedwarpng thefficisintr edi mhesnbst espa)sitdre cfecbrd resin
substrate and the resin spacer on the surface of the first resin substrate.
25 [ 0012kdl antdhe corienticonabt condimal sxrensidescfi bled alimtedte,t ends of the
background technol ogy, the substrates are nutually coupled 5 via electrodes
such asrbadgstidhusyeadver Beavet rieatmenite Processed lafger ldesl &ssénbl y
operations are conducted in the manufacturing process, the substrate is easy
bent daeet 6hackar gerardithieetbacknepetameaenisondoet o cilein afe EmedorkEdexpansi on
of the substrate and 5 the coefficient of thermal expansion of bunp. Thus,
reliability in the coupling between the substrate and the el ectrode may be

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 1is 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



insufficient. [0013] 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 in the space section
provi ded anong the first resin substrate, the second resin substrate and the
resin spacer. The resin spacer is provided between the resin substrates, in
pl ace of providing the 15 bunp electrode, so that a difference in the
coefficient of thermal expansion between the upper and | ower substrates and
the spacer can be zero or reduced, leading to reducing a stress of a

verti calia ebanectdam smdahhaanbehpst riThuwondbeni baat andedteatitngroceaseeduct i on
in the bending of the substrate, thereby inhibiting a decrease in 20 the

j oi nt rdteabthétassqriiidpphbreispecite calndpcted fhethegiamipogvirded with the
resin spacer, the whole nenber fromthe first resin substrate to the second
resi n subsesat etli@rantstmaltei pbecday erasd mhteettbak, lahjeh 25 fleeadset 0 an

i ncreased thickness of the whole nmultiple-layered material, so that a

bendi ngpedieehethesioe Sulbdenat ef came el efdpectsiivel 91 it iubed retenanfl a heat
treatment process is 6 conducted in the manufacturing process after the
assénbltheproeéssciefto@tbithenmaddéxparsiahed dubpnp Bheet resdd alod lpkgvi ded
between the resin substrates as in the conventional technology, relatively 5
| ar ger idi fther epeel ing dedieesi ehe oibitmtrlangxphfstbecerdieddt € resin

substrate and the bunp el ectrode which is conposed of the
insufficient.

[0013]
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 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



netallic elenent is caused . On the contrary, the first resin substrate, the
second resin substrate and the resin spacer are conposed of resin nmaterials
in the present invention, a difference 10 in coefficient of thernmal expansion
bet ween the resin substrate and the fesin spacer is relatively smaller.

Thus, the bending created due to a difference in coefficient of thermnal
expansi on between the conponents can be nore 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

t he semocdndtied oin ctiiep mamubetuoing heroqess afsabsthat &somedtyedrbygeaswar pi ng
of the resin substrate can be inhibited. Thus, failures in the sem conductor
chip rdpoésénted 20 by, for exanple, a crack in the chip, delam nation of the
chip peeled off the substrate can be inhibited. [0017] In addition, since
the resin spaceadist proviwhed enbucpreledteraitce sopronedéd risttwassi mhsubstrat e,
and the first 25 sem conductor chip is disposed in the space section provided
anong relsenf pubstralgis asubst cheeconvrntsavend teebhnlesubstredted ied vt he  resin
spacer in the present invention, a space for nounting the 7 first

send cordugeor dehfereyatanaen cpesf hcsebstofattderaan bepatablly bedwegnedhe[ 0018]
According to anot her aspect of the fresent invention, there 5 is provided a
seni conggdnopudeviaies aodhphesbrge alfdtmde edilgh sabsemegsedbwiwinen a first

sem conductor chip is nounted ; a _
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



second resin substrate on which a second sem conductor chip is nounted ; and
a resin spacer, contacted with a front surface of the first resin substrate
and to a back surface of the second the 10 resin substrate, so that the front
first resin substrate is electrically connected to the second 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,
wherein the first sem conductor chip is disposed in a space 15 section
provi ded anong the first resin substrate, the second resin substrate and the
resin spasersaniddrelsyofrackipf beteedn nstsinesiuhstsabss ratre bet seabilyst resin
substrate includes a buildup layer, which is fornmed of insulating | ayers
cont ai enagre@si n and conductor interconnect |ayers that are alternately
stacked, each 20 of the conductor interconnect |ayers being electrically
mut ual [[$018bupl ed via conductor layers forned in the via holes of the
insul ating |layers, the second resin substrate includes a buildup Iayer,
whi ch is forhAedoodinndig anctgek ayepsctt ot dihei pgesest niaveht igond tbeoe
i nterconnect layers that are alternately stacked, each 25 of the conductor
i nter casnecovidgers drailegneleteri @elige meooRkrigingoupl Bid st gesénduct or | ayers
formed in the via holes of the insulating |ayers, wherein, anong insulating
| ayer s sgbsthetduin dipc® al 4j&pt ofemicarahsttognehdp iHandurtsid resin substrate
and the second resin substrate, in at |east one insulating |ayer, an average
coef f i érepndoFes HerdiIsterpansn o Htory Secouds PRt eondiytteate chdir 6t i on for
tenperature range of from25 degree Cto a glass 5 transition point thereof
i s equaPUPESEr/ | Yere tiPERT36PPERT detfidecEed Hadhan BVerageiideers Péi ent of
t her mal expansi on al ong a substrate

he first resin substrate and to a back surface of the second the

10 resin substrate, so that the front first resin substrate is
electrically connected to the second resin substrate, wherein the
resin spacer 1s disposed in a circumference of the first
semiconductor chip on the surface of the first resin substrate,
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 containing 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



t hi ckness direction for tenperature range of from25 degree Cto a gl ass

transition point thereof is equal to or Iower than 30 ppmi degree C.
[ 0019] When a netallic bunp electrode or a lead is di sposed between

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 netallic bunp electrode 15 or a difference in

coefficient of thermal expansion between the substrate containing a resin
and the netallic lead. On the <contrary, since the resin spacer is disposed
bet weedathe ¢frat laaesi pnsubst tlat ef arst trieeisecohdtrase mrslbster akepnand al |

first resin substrate, the second resin substrate and the resin

t he

10
t he

20

spacer reaynbeulconfdtgur ed Bd teasai ona imesilatiingt heyer esentaveiragent i on, a
difference in coefficient of thermal expansion between the first res

subst r abefandi¢me gfegiherspacekpandien aidnderenvkst naoefrfileinent of t her nal

in

expansi on between the second resin substrate and the resin spacer can be
reducedirghisorafrr 2empedatera fargpiernic\from gSgdaeres i ©rofa glesaductive

failure. [0020] In addition, in the conventional POP structure, a larger 9

of

war pagéressgener areidit rrhereosubst eaval vierrra liowernihani 8¢ opgmidegr@sc dunt er ed,
and the sem conductor chip is elimnated fromthe substrate. On the
cont raepd BheapresiEntcdaidamtiedh ¢5 EwfMeguegganghan  abeishg isvdgtaetag | ayers

of the buildup layer of at |east one 5 of the first resin substrate and the

second théskneggbdt Feateon foat terpast twite Hanggl afi AFoT aferdedwealefage
coefficient of thernal

10

15

20

25

glass transition point therecf is equal to or lower than 30 ppm/
degree C.
[0019]

When a metallic bump electrode or a lead is disposed between
the substrates as in the conventicnal technology, it is difficult
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
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
invention, a difference in ccefficient of thermal expansicn
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
reduce a frequency of a generation of a conductive failure.

[0020]

In addition, in the conventicnal POP structure, a larger



expansion along the substrate inplane direction for tenperature range of
from25 degree Cto a glass transition point thereof is equal to or |ower
than 30 ppnidegree C, and an average coefficient 10 of thermal expansion
along a substrate thickness direction9or tenperature range of from 25
degree Cto a glass transition point thereof is equal to or |lower than 30
ppm degree C. Therefore, when the sem conductor device encounters a thernal
history, at |east a warpage of the first resin substrate or the 15 second
resin substrate is reduced. This allows reducing a generation of a conductive
fai | ur @abptgeens tdmndrated nesthe swbstradtee wapd thehérmst hsierrioggndact or chi p,
or a generation of a conductive failure between the second resin substrate
and t hencseobadederdrcbidiec semichnguctprovdihdipng st héisemi ttwhdusothdevi ce with
20 an inproved joint reliability. [0021] In addition, the first resin

subst r suestoatai nidy thesicontrhey, rigss orasecdr indadt idre secondigesed substrate
containing resin are stacked in the present invention, and the whol e nenber
fromtk&a2p fery Iesilatdopstprees tof tte Heddddprr baver substtr deestoPns a resin
mul tiple-layered material having |arger thickness. Therefore, a stiffness of
t heSwheifetsentf tvsiducisom gavetsatis apridvedecreddragin uhsratgi f ncakty in
causi ng a warpage in the whole sem conductor device, thereby providing the
seni corg@étoPNeelnTEL G Lever, PposaTHiIdde yosffeausihh eidaédti ve failure.
Further, since the resin spacer is provided in circunference of the first
resi n 33Papsteatelonthdheh8UPPE SRt elIRIGIFUGHEECERPP TQr i¥PEIEdUrR the space

section provided between the first resin substrate and. the _
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
10 of thermal expansion along a substrate thickness 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.
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



second resin substrate in the present invention, a space for nounting the
first sem conductor chip between the first resin substrates and the second
resin substrate can be stably ensured. 10 [0022] In such case, at |east one
| ayer of the insulating |layer of thelbuildup |ayer may preferably contain a
cyanate resin, and in particular, the cyanate resin may preferably be a
novol ac cyanate resin. According to such configuration, a coefficient of
thermal 15 expansion of the insulating | ayer along the substrate inplane
direction and a coefficient of thermal expansion thereof along a

subst r abeat di tkinesls Wiimeckuehngan werpeere annkjier edotedseniiQ@28lucEort her, it is
preferable that at | east one of the first 20 resin substrate and the second
resi n sesteatehemgiwudesvadeogetheé ayaari ashelueitnr adéht cught thollewprovi ded with a
conductor layer is formed in the inside of a insulating |layer, and said
conducbessibayetyiof tdeestihgoaghohdlet ive dedplbed .-t ofthehayonducicer that er connect
| ayer of the buildup layer is forned , and that an average 25 coefficient of
t her malreekpapsiofr al vy oyidadsin aterduifleasacedpE eth¢ ol it e innsul ati ng

| ayer of the core layer for tenperature range of from25 degree Cto a glass
trahsi siubAtperat and tiher dot sk ssemedndusteor cower 18 hdhspsgshindégeee C, and an
average coefficient of thermal expansion along a substrate thickness

di r ect ispaCef sefelomsuicatideg Payeeenfthad igoite rrayer stlortratenpadatife range of
from 25 degree Cto a glass transition point 5 thereof is equal to or |ower

t han 2G°EpRA H%@%%e‘s@sgﬁlrﬁt%% tompreaadt iloNenhAipesi & SHRGEhECnsul ati ng

| ayer of the core | ayer , , , .
mounting the first semiconductor chip between the first resin

substrates and the second resin substrate can be stably ensured.
10 [0022]

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



M

contains a cyanate resin, and further, it is preferable that the cyanate
resin is a novolac cyanate resin. [0024] 10 In addition, it is preferable
that a pair of the buildup |ayers are disposed across the core |ayer, and
coefficients of thermal expansion oflthe insulating |ayers of the buil dup

| ayers disposed in substantially symretric |ocations across the core |ayer
are mutual ly equivalent. As described above, coefficients 15 of thermal
expansion of the insulating |ayers disposed in the synmetric |ocations
across the core layer are selected to be nutually equivalent, so that a

war pagéhetebhei s rspladt itg olrayewer dilsposied paty dsgredeC caral laayeveirgsge
symmetrically generated. This allows inhibiting a generation of a warpage of
t he subsefaieien Herthermmhé eypaval @ntalcogf i shlkstrafe tthemakalesexpansi ons of
the insulating layers of the buildup layer includes that a difference in
coef fi ciieactopn thlertiel loxpansion batswerd the rtosal Ryew ayers disposed in
the symmetric | ocations across the core layer is zero or equal to or |ower
t han 5tppatdeguee @GNS 0026 £ deggseefetabhegthas timngidsion ppaver
includes a core layer having an insulating | ayer where a conductor |ayer is
provi dédergofwis rﬁecnlaal foler @mggomr etham Ahermisdparend 1 ayldr seFht he core

| ayer, an average coefficient of thermal expansion along an inplane

di r ect icORTL@RI 2 EHpbr & dPEiPahDetlot Fromazandedrer CF d-he ¢oass LabPansi tion
point thereof is equal to or lower than 12 ppm degree C, 5 and an average
coef f i GOBRBIBE 2 HeYdREteXFaAET oRANAl Eh@th&rtrhllékhés@re%‘?lf%@tq éhafofNEenperat ure

range of from 25 degree Cto_a gl ass
cyanate resin 1s a noveolac cyanate resin,

[0024]

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



transition point thereof is equal to or |lower than 20 ppm degree C. Having
such configuration, a difference between a deformation volunme of resin
spacer and a deformation volunme of at |east one of 10 the first resin
substrate and the second resin substrbie can be reduced. This allows
reduci ng 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 |ayer
and whiwdithilts fotimechaf hodsul ani bige | aysrlsatdowt dbfengof edien ccared legrduct or

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

i nt er camneserkhayereebEiqigngl eft theahdy 2pamstival byoroupt echplismeconduct or

| ayers formed in the via holes of the insulating |ayers, and that, anong

i nsul atdingclkager sof rtanperajuiredupnyayef fofomt e degiee spacerg dlasat | east one
insulating |ayer, an average coefficient of thermal expansion along an

i npl ané rdinséti Ponpd ot ttdgrEcat dpecraayet @fof rlome2s tiegr ée EPMOleNZES @l ass
transition point thereof is equal to or |ower than 30 ppnidegree C, and an
avebPaga@ncoenf pEpeage cloalfdciantexpabdss Bt l &*PAGSACBuUBSIrGtee HHICkRAESS
direction for tenperature range of 13 from 25 degree Cto a glass transition
poi nt tHeresstonstequdmaeyatere sarget Man' 3 gpnredege e © g GO2PF A resin of
the insulating layer in the core layer of the 5 resin spacer and a resin of
the i nSdE@SilRgOT et Fher€cbuil Fdapiat ayerroflovWRE EBap e ﬁ%@g?d§9§ﬁ§rably

i nclude a cyanate resin, . , i ,
[ Having such configuration, a difference between a deformation

volume of resin spacer and a deformation volume of at least one of

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 is formed of insulating layers containing resin
and conductor interconnect layers that are alternately stacked,
each of the conductor 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



respectively. In particular, it is preferable to contain a novolac cyanate
resin as the cyanate resin. [0028] 10 In such configuration, it is
preferable that the resin spacer is conposed of a substrate material, which
is simlar to the substrate materiall®df at |east one of the first resin
substrate and the second resin substrate. The resin spacer is conposed of a
substrate material, which is simlar to the 15 substrate material of at |east
one of the first resin substrate and the second resin substrate, so that a
difference in coefficient of thermal expansion of the spacer with the first
resin Subst pat@eqreard ot hegsesondraresiti ocsubstnat ehessobel s eopaildevabl y
reduced. 20 This allows reducing a generation of a conductive failure between
t he resirnlspacerthand® penf/i dstreesin substrate, or between the resin spacer
and the second resin substrate. [0029] In addition, it is preferable that the
first r[@M)substrate 25 has a planar geonetry of substantially rectangul ar,
and the resin spacer is provided along each side of the rectangul ar geonetry
of the firsh resim subste dansulFheng ekdyespacehei sopeoviged <l ohg al | 14
sides of the first resin substrate, so that the second resin substrate can
be &t ablepisuppertednds ceaparel wWie hirsulednhioglaaet om dfhephwildipg t he
spacer in sone side(s) of the first resin substrate. 5 [0030] Further, it is
pr ef er dlalvert pat thderddinsisppesk nesebstatiive iinglude a cyanate resin,

respectively. In particular, it 1s preferable to contain a
novolac cyanate resin as the cyanate resin.
[0028]

10 In such configuration, it is preferable that the resin
spacer is composed of a substrate material, which is similar to
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 of 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 1s provided along each side of the rectangular geometry of

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



connected to first sem conductor chip via a bunp and the second resin
substrate is connected to the second sem conductor chip via a bunp, and

wherein an underfill filled therein is nounted in a 10 periphery of each of
the bunps, the underfill being conposed of a resin material whose el astic
nodul us i n atnosphere at 125 degrees centigrade is 150 MPa or nore and 800
MPa or |ess. The underfill 1is selected to have an elastic nodulus of within

a range of from 150 MPa to 800 MPa, so that the peripheries of the bunp are
firmy 15 fixed, preventing a crack in the bunp. [0031] According to further
aspect séfleshef prlesehitrstnveatnopubstieate, iss phavi ted seww genduct or devi ce,
conprising: a first resin substrate on which a first sem conductor chip is
nmount egubsarabe sevomd SESPAYsabRR LI 0@ SWePBhaaed e¢brd asemi conductor chip is
mounted ; and a resin spacer, disposed between a front surface of the first
resin sab§tparation of PACK LGN atks ofPadeE d8CoAES rakin(s)sylsthat 61180 t hat
the front surface of the first resin substrate is electrically connected to
t he ba&ksilrf@eetHita-he second the 25 resin substrate, wherein the resin
spacer is dlsposed in a circunference of the first sem conductor chip on the
surfacéV8f0lthe first resin substrate, and the first seniconductor chip is 15
di sposed in a space section provided anong the first resin_ substrate, the
second resi nF4tibaeF atle drid ERECFRRIR ipdcdneohlEhe rewit s B athe 16ir st
resin substrate, wherein a first adhesive nenber, including an adhesive
first F€§PHCF%§e?Otﬁﬁﬂsq §e@é595¢%F?ﬁrf§W%Eh§ﬂ?n@ PF@Pf?Q@nthae§?ﬁO§Gbstrate to

the resin spacer and a first el ctrlﬁlconductor |S£g§ed in Lhe first resin
| ayer, re§lBrBV?Eﬁﬁp e 1s connected to the second semiconductor chip via

a bump, and wherein an underfill filled therein is mounted in a
10 periphery of each of the bumps, the underfill 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. The underfill
is selected to have an elastic modulus of within a range of from
150 MPa to B00 MPa, so that the peripheries of the bump are firmly
15 fixed, preventing a crack in the 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 semiconducteor 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



between the first resin substrate and the resin spacer, wherein a second
adhesi ve nenber, including an adhesive second resin |ayer that is capable of
adhering the resin spacer to the second resin 10 substrate and a second

el ectric conductor disposed in the selcond 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

el ectric conductor of the first adhesive menber, and wherein the second
resin 15 substrate is electrically connected to the resin spacer through the
seconddebposed circendweter softide meromddadhesyveherensrt. re[s@032] Wien a
nmetallic bunp electrode or a lead is disposed between the substrates as in

t he comubnatiamal ttheckecbogyresinisuitfrfateubrnd e tregsiadyeacardphf thence in
coefficient of thernmal expansion between the substrate containing a resin and
t he nmesalface buhpthel dotrsddeeson suldkitffagieenwberainoeffimiteptthetivaer nal
expansi on between the substrate containing a resin and the netallic lead. On
the coembary, inthshnchenr edhasspackirdts réssposevebetividen st kepfibtgtoR5 resin
substrate and the second resin substrate, and all of the first resin

subst r adberihe e didsteseaisupgestiiatcaane® the resim sminsgerndag bérgbnfi gured
to contain a resin in the present 16 invention, a difference in coefficient
of t hechBFtexpap@iBirt BethepAsehelt ithe flastnreabst faner add PHEVE@S#n spacer
and a difference in coefficient of thermal expansion between the second

resi n $ebyeeat Biank e reednnsepacedt candhéhpesebd. SPEYSY  cHheEeiBdace a
frequency of a generation of a conductive failure between the first resin
subst r #EE°RAdAEIRS SEC FRELLEsi ANSLPdtIREE apResive second resin layer

that is capable of adhering the resin spacer to the second resin
10 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



addition to above, in the present invention, a first electric conductor and
a second electric 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 time, 1% is concerned that differences in
coefficient of thermal expansion between the first electric conductor and
the first resin substrate and between the second el ectric 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
t he subsveatecrand tdid feesinpe spaceref ficdepeceof velhgrmalndrrkesthihckness t her eof
is not thicker than the sem conductor chip unlike the bunp el ectrode for
coupl i hgtveenmedic filnstsubsinas@astuaile kadt ke coavientimmeslr gadhaol ogy.
Therefore, a 20 difference in deformation volune between the substrate and
the eHééferenconducosticancne ¢edisdmaiherpreneiamlbaivsesy Fhesseeprdunt er ed,
inhibiting a generation of a conductive failure. 0033] In addition, the
first FESLR SWhstiadce a@EntAP nF YL EFiaFert Ran PS Fedi¢edpadtis &AH t he second
resin substrate containing resin are stacked in the present invention, and
t he® whEPEURRNDFTSREMYhEL #i 91eTASIAR Qibst FAREAIEE thd AdeBRIPPEER#N
substrate forns a resin 17 mnultiple-layered material having | arger

t hi ckné8§. ITREF efotid sabssrate Gte 1556 ORHoF 85 Sen§ Wotidddfor dBvice is
improved, leading to a difficulty in causing a warpage in the whole

seni corddétorn Ak e t hBr EB§ Eﬁ%ﬁﬁQﬁlﬁ?vﬁﬁélg%ni%dgﬂﬁgi§ﬂe§§€ﬂ€e with | ower
5 possi bili of causing a conductjve failure. Further, since the resin

It
spacerCP§dBF%9¥cﬁﬂﬁi41%? PEUNFEF ek SIOTENETPTr 8FC rdsiRrpsed between the

first resin substrate and the resin spacer and between the second
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



R ——

substrate, and the first sem conductor chip is disposed in the space section
provi ded between the first resin substrate and the second resin substrate in
the present invention, a space for 10 nmounting the first sem conductor chip
between the first resin substrates and the second resin substrate can be
stably ensured. [0034] In addition, it may be considered that only a
nmetallic bunp, for exanple, is provided as a nenber for coupling the first
resin 15 substrate to the resin spacer and a nenber for coupling the second
resin substrate to the resin spacer. However, when only the netallic bunmp is
provi dedltspieskacorcematarésl omihe BumgewnhehickhessemTenddotrer device
encounters a thermal history, and a certain possibility of generating a
crack istsitonsssleriedheThingleosposstisluctionddessca tonthyetdwes,f aiehdieg On t he
contrary, in the present invention, the first adhesive nenber having the
first tel acdifticolfdudnoradbspdstvdnpadee 1hi kbe whsle Jayiconducspovi ded
between the first resin substrate and the resin spacer, and the second
adhesi ¥eviefrbekhdwalihpronedseg obte edestiaonduesadudsvic23idinsgoyed in the
second resin |ayer is provided between the resin spacer and the second resin
substr #PesibPhlihe Pr eSESiNInT eI tivEhdafilpse - el Berthar . csidget bheand the
second el ectric conductor are 18 reinforced with the first resin |ayer and

t he se&68dNr 8RRFEY ayfeProvigsfeth i eIGHMIgHENEEr 85 skRe eikiefatedesdnt he first

el ectric_conductor and the second electric conductor are distributed to the
first Spestratayenhride Aérsecomf resiUrtcdy 8PP 83 pEIRAAY 1ns6hat a 5
generation of a crack in the first electric conductor. and in the second

el ect r iSPAEENABEE U FHPBECEPEAVHEY HeVdRtédreEharapystrate and the

second resin substrate in the present invention, a space for

10 mounting the first semiconductor chip between the first resin
substrates and the second resin substrate can be stably ensured.
(0034]

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

for example, 1is provided as a member for coupling the first resin

15 substrate to the resin spacer and a member for coupling the second
resin substrate to the resin spacer. However, when only the
metallic bump is provided, stress concentrates on the bump when
the semiconductor device encounters a thermal history, and a
certain possibility of generating a crack is considered. This

20 possibly induces a conductive failure. On the contrary, in the
present invention, the first adhesive member having the first
electric conductor disposed in the first resin layer is provided
between the first resin substrate and the resin spacer, and the
second adhesive member having the second electric conductor

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



inhibiting a generation of a conductive failure in the sem conductor device.
[0035] 10 Further, when only an electric conductor is disposed between the
first resin substrate and the resin spacer as in the present invention, a

| oad of the resin spacer and the likel§s exerted on the electric conductor.
On the contrary, in the present invention, the first electric conductor is
di sposed in the first resin layer, 15 which serves as adhering the first
resin substrate with the resin spacer. The |oad fromthe resin spacer and
the like can be distributed to the first resin layer, in addition to the
first relieéeriedcordudter firherebyln e]cﬁb@rn@nﬁhéhﬁoaﬂc@%érlt@dm davhe, first

el ectric conductor. 20 In addition to above, simlar advantageous effect can
be obtéeﬁ@QCthethﬁﬁ§iﬁ@rﬁﬁée§e@éﬁﬁﬁ%wﬁé5¢@é freRbere bettiden coheuseednd resin
substrate and the resin spacer. [0036] In such configuration, it is
prefer@@@etﬁﬁaﬁe@¢ﬁﬁthQﬂ?rﬁésFﬁn Q%t%mb§¥#é@étﬁé§uéegdﬁadéﬁbﬁl¢ﬁﬁerconnect

|l ayer in a front surface thereof, the second resin substrate has a conductor
i nt er comFedt laveyetnd ihg 5&ERNAuFeRER koo esPREtiEat Y spaddethas conduct or
19 interconnect layers in front and back surfaces, respectively, that the
conéuct%@elrﬁ?é@%o%e%thaé;keﬂ“o?h? hel ¥t SHLecdgiln §9‘B§¥<F%Rré grgl 18 éBfrical ly
connected to the conductor interconnect |ayer of the resin spacer through
the firSSCOBRe8tPFEr FOMIENGECTt RAR e teamducPEEVERE®d cIlIFEEPYl ayer of the
second resin substrate is, electrically connected to, the conductor

i nt er compdeLt F%?e? Fneyadion of a conductive failure in the

semiconductor device.
[0035]

10 Further, when only an electric conductor is disposed between
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 advantageous 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



resin spacer through the second electric conductor, and that the first

el ectric conductor and the second el ectric conductor are conposed of sol der.
10 [0037] According to this configuration, through solder, the conductor

i nterconnect layer of the first resinsubstrate is coupled to the conductor
i nterconnect | ayer of the resin spacer, and the conductor interconnect |ayer
of the second resin substrate 15 is coupled to the conductor interconnect

| ayer of the resin spacer. Therefore, nmetallic junctions can be forned

bet ween sol der and the conductor interconnect |ayer of the first resin

subst r aheerdinmen 1ayekdein antodthered pdagt 6hrf €S conngelctliager, ofhdhe resin
spacer and between sol der and the conductor interconnect |ayer of the 20

secondth€Stdhd@isi dheerdbhsedt | e p@vicdengithe Sedtircenddet-ate device with
an inproved joint reliability. [0038] In addition, it is preferable that a

first eesttri@dry @onntbeeli tsttiadhesiavetoenbeteatshriecgedandrr esi théayer of
the second 25 adhesive nenber contain an epoxy resin and an acrylic rubber.

The fikakimespatdrayerroagtd the Secomdleesiriicl ayeduet® ,camaasedeof materials
containing an acrylic rubber, so that a reduced elastic 20 nodulus is
achi evednanct @n isnkancedecadhesyeenes theo skhenfli resin rasgistratibstsate, the
resin spacer and the second resin substrate is achieved for the first
adhesi eéetenbexl landcnhecsedond ddhesinductoenteterfonrdudr latyee biEr sher esin
| ayer and the second resin layer S are conposed of materials containing epoxy
resin, reeithsppacer tdmbagbedhbestcoresicicancecandndunctenhareed theksthee
resi stance are
first electric conductor and the second electric conductor are
composed of solder.
10 [0037]
According to this configuration, through solder, the
conductor interconnect layer of the first resin substrate is
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



achieved for the first adhesive nenber and the second adhesive nenber.

[0039] 10 It is preferable that the solder is an alloy containing at | east
two or nore elenents selected fromthe group consisting of tin (Sn), silver
(Ag), bismuth(Bi), indium(In), zinc A&n) and copper (Cu). In addition, it
is preferable that the first adhesive nenber is a cured product of an
adhesi ve agent containing 15 the first resin layer, a curing agent exhibiting
the flux activity and solder, and that the second adhesive nenber is a cured
product of an adhesive agent containing the second resin |layer, a curing

agent exRubibi Ng dde fldx anat kv énhantkbaalddesivEdEsefo tHe ifs rpref erabl e that
the curing agent exhibiting the 20 flux activity is a chem cal conpound

cont ai RieBgnCaliboxydtegr @tp 286inaspact izorakhgr sdpohdated h capakbkatef reacting
wi th epoxy group. In such first adhesive nenber and second adhesive nenber,
a curing aageste@xfubithengitbe fdhxsiact merbyrpasdetite i seddiel bidhekivesin
| ayer and in the second resin |ayer noves to an interface between 25 the
conductefbent er eontieat, ltageriast sadiderlayietrhaad thereyeshd efdsiai @agyrduring
the cure process. This allows ensured junction between the conductor
I nt gr carrectmpoyet dmchazelrdel s thetrelyinl eppkovirds g, asb edheet mnc coupl i ng
t herebetween. [0040] In addition, the first electric conductor of the first
adhesi eeharoberhend Adie ssenondaed ext rarhaterdunbost ofe thesisecond abeadhesi ve
menber may be conductive particles, respectively, the first resin substrate
may be aehéetedcadt ytloofriesteddhesive meedier and the second adhesive
member.
[0039]
10 It is preferable that the solder is 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 (Cu). In additicn, it is preferable that the first
adhesive member 1s a cured product of an adhesive agent containing
15 the first resin layer, a curing agent exhibiting the flux activity
and sclder, 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 containing 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 junction

between the conductor interconnect layer and solder, thereby



spacer, through the conductive particles of the first adhesive nenber, and
the second resin substrate may be electrically connected to the resin spacer
t hrough the conductive particles of 10 the second adhesive nenber. According
to such configuration, an anisotropi @lconductive film for exanple, may be
enpl oyed for the first adhesive nenber and the second adhesive nenber.

[0041] 15 In addition, it is preferable that the first resin substrate has
a conductor interconnect layer in the front surface and an insulating |ayer
is provided on the conductor interconnect |ayer so as to expose at |east a

part oprbhied enductQectit er conpeialy dhayebetiBah.the second resin substrate
has a conductor 20 interconnect |ayer in the back surface and an insul ati ng
| ayer ijgp4@rovi ded on the conductor interconnect |ayer so as to expose at

| east a part of the conductor interconnect |ayer, that the resin spacer has

conduct or i nterg£onneein,| ayer sitst felosdtrdrd chaakcsur f @Eeshe rigspecti vel y, that
the conductive particles of the first 25 adhesive nenber di sposed between

t he regsdnespasaiendidd tahe thessecsmsialestibstr abedpsovt desS thec@epbhag bet ween
t he conductor interconnect |ayer of the first resin substrate exposed from
t hes 22 adhasivatmagpdrayary badcdiduconduoher icheer coasesit ivayjer, ahet he resin
spacer, and that the conductive particles of the second adhesive nenber
di sposédrbet neein thdatesicn spaces arettirieadégondnnestad tsulidker ateiprovi des a
coupling between the conductor interconnect 5 |layer of the second resin
subst r apecexposebifgtormhiehechdsat ate ngprtliayes andthdef cortducthersivat er connect
| ayer of the resin spacer.
member, and the second resin substrate may be electrically
connected to the resin 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



[0042] Further, it is preferable that, anong the conductive particles of the
first adhesive nenber provided between the resin 10 spacer and the first
resin substrate, the conductive particles di sposed between the resin spacer
and the insulating |layer provided orpxhe first resin substrate are di sposed
so as to be wedged into the insulating |ayer, and that, anong the conductive
particles of the second adhesive nenber provi ded between the resin 15 spacer
and the second resin substrate, the conductive particles disposed between
the resin spacer and the insulating |ayer provided on the second resin

subst r ahguad€i i SRQeedang 88et@icterdaaderBbinédie 1N alf Reecl ayein The
conductive particles disposed between the resin spacer and the insul ating

layer 2@apepyiged onatt haef Eosdudesia psuhstlateo arendi spesed a88easvéo be
wedged 1nto the insulating |layer, so that the conductor interconnect |ayer

of thembinkst dEegidrcsubstivate exposed f spackheand nswd adddihd ageincan be
certainly coupled to the conductor interconnect |ayer of the resin spacer

vi a t heupengued ipvdalepaht t61EBi ndibEtwalehy £ htheos@netust iive spabhhetes di sposed
between the resin spacer and the insulating | ayer provided on the first
resyn substraf erlad &edionpogedi sos@ssirntee cwpdged frbo tHe i23ulkBsubati ng

| ayer, so that the conductor interconnect |ayer of the second resin
subst r abgeexpos ethd ramdubeck nsut @t darthdaay éayeanobethe erdsdinnispaceupl ed to the
conductor interconnect |ayer of the resin spacer via the conductive
particl[és42b [0043] Further, it is preferable that the conductive particle is
Further, it is preferable that, among the conductive
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 s¢ as to be
wedged into the insulating layer, so that the conductor
interconnect layer c¢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



formed of a core material of resin, which is coated with a netallic film
[0044] 10 In addition, it is preferable that the resin spacer is conposed
of a substrate material, which is simlar to the substrate naterial of at

| east one of the first resin substratZ and second resin substrate. The resin
spacer is conposed of a substrate material, which is simlar to that of at

| east one of 15 the first resin substrate and the second resin substrate, so
that a difference in coefficient of thernmal expansion of the resin spacer
with the first resin substrate or with the second resin substrate can be

consi denall ¥t {educsdr, Tebstaht owse sedrRluttoreddet AodnddequaRey o8f tgausi ng a
conductive failure between the 20 resin spacer and the first resin substrate

or bet weebndihgesBSidubstpacer capssddersecaend fasinasimgtrata. aA088] According
to further aspect of the present invention, there is provided a

seni corduehofl gerdiGa.ecCOBPEhS| Bgndectidr SintkesbAndbt SLsdr atfe toe whkch a first
sem conductor chip is nmounted ; a second resin substrate on which a second

sen copguctervidifhd sondunt ed pasnidklas.esin spacer, di sposed between a front
surface of 24 the first resin substrate and a back surface of the second
restn [90BSirate, so that the front surface of the first resin substrate is
electrically connected to the back surface of the second the resin
substrat e, whereheart hie riesipmespagkiei shal dpesedndncai be cpaxctinfler esce of the
first sem conductor chip on the surface of the first resin substrate, and
t he fi rfstrmedndofomductecomathirpalsof resin, which is coated with a
metallic film.
[0044]
10 In addition, it is preferable that the resin spacer is
composed of a substrate material, which is similar to the
substrate material of at least one of the 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



di sposed 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 netallic first 10 bunp is provi ded between the
first resin substrate and the resin -pacer, the netallic first bunp being
capabl e of coupling the first resin substrate to the resin spacer, and
wherein a netallic second bunp is provided between the resin spacer and the
second resin substrate, the netallic second bunp being capable of 15
coupling the second resin substrate to the resin spacer. [0046] In the

present pLNYeRLt o N 1 esh D SPLErs I JW Quirdgde Betyeendhg iﬂeg.tinr esin

substrate and the second resin substrate, and the first sem conductor chip

i s di spased-ifc ! he, spRge (FeCELR: 20, HRd ded (pEDRg - Lhe-dd 1Sts fiesircaubstrate,
the second resin substrate and the resin spacer. Ile the first bunp for

coupling et berf{&st1y eSinResubgt F@tend ddde s8$hReSPACERe alddre tfgcond bunp
for coupling the second resin substrate to the resin spacer are provided in

the preggnh glﬁw@ﬁa'hw, whe@csRacke f ALs A shR%ERYi1Ehg; ¢90ddd stn sem conduct or

chipis formed with the resin spacer, such that it is not required to form

t hes burd rt-amberéhickar tard rh asgesentduddief thsh sentgonductee eki p, unlike
the conventional 25 configuration. This allows achieving a reduced

di ff er epeerh Pst ded Hrreduen ryekynendetveen rshe sshbsbrat & ndHike ibunp when a
thermal history is encountered, thereby inhibiting a generation of a

conductdivpokad | uh e idpdcdee sseli 6ANgHSE Qe deWices. thel 80AF] Adsiirs preferable
that a di nensional height of the resin
substrate, the second resin substrate and the resin spacer on the
surface of the first resin substrate, wherein a metallic first
10 bump is provided between the first resin substrate 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 ccoupling
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



spacer is higher than that of the first sem conductor chip. [0048] Here, the
first bunps may be provided in the first resin 10 substrate and in the resin
spacer, respectively, and the second bunps may be provided in the second
resin substrate and in the resin spa®er, 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 sem conductor device descri bed above can be
manuf actured according to the follow ng procedure. (1) A nethod for

manuf aebdfifigr £t S8 cahdycholowevide,ewiltigth redu2éd forfmed-deyedepositing a
second resin substrate on a first resin substrate on which a first

sem cond@etst Bhrenesltumes babuwséedihd mbsseaondanest e Shlbgt radee Bei ng deposited

on a side of the first resin substrate that the first the sem conductor
el ementhiesmahouidted,y dsdehbeusecond, resirebsubshilateinn avjechkratseaont 25
sem conductor elenent is nounted , wherein a resin spacer is disposed
bet weena thedfi¢ctste riesilureubsat tiat esamidcdrivmcsecoddviesi n  substrate, the resin
spacer having a conductor extending through 26 an interior thereof along a
thigkngss4direction, and then a therno-conpression bonding thereof are
carried out to provide an electrically coupling between the first resin
substrat e andtt he psetorableeshat sabdimaisionad hhégbbndiictior .resif2) The net hod
for manufacturing the sem conductor device as set forth in the above (1), in
whi ch tsheceesis Isipgcer thendibposefl 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



the periphery of the first sem conductor elenent. (3) The nmethod for

manuf acturing the sem conductor device as set forth in the above (1) or (2),
in which a resin substrate, serving 10 as the resin spacer, is enployed. (4)
The net hod for manufacturing the semaZ®nductor device as set forth in the
above (3), in which the resin substrate includes a space section that can
house the first sem conductor elenent therein. 15 (5) The nethod for

manuf acturi ng the sem conductor device as set forth in any of the above (1)
to (4), in which the first resin substrate is joined to the resin spacer

t hr oughnannedhest wedrcbm albay €xinhikresan qeleet 1 on comluatian ty. (6) The
nmet hod for manufacturing the sem conductor device as set 20 forth in any of

i n any tebrihbecahonessibh benlibhg tiemichrehearsee@nsut asd preawbskr ahe is
joined to the resin spacer through an adhesive filmthat exhibits an

el ectr eieendugdl M tabupllThgThet weéhathd @i rzgnutachusomg: tde sed epaduct or
device as set forth in the above (6), in which the adhesive filmcontains a

25 resisacengpoReit andtanteondscthy eceimearent. (8) The nethod for
manuf acturing the sem conductor device as set forth in the above (7), in
whi gh t(ae Thaduethae feanmmanaenbictontdd nhe? emsebdencpomdervi O krsThet met hod f or
manuf acturing the sem conductor device as set forth in the above (8), in
whi ch tthetadhestiiwe dddvm () capabllei i tHeommisng apsoarducd ati gpostdonnt hr ough an
aggregation of the solder 5 powder by heating thereof. (10) The nethod for
manuf acher pagiphersemfi cordfickot skevi cendsteet 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



forth in the above (9), in which the sol der powder is aggregated by a
heating through the therno-conpression bonding. (11) The nethod for

manuf acturi ng the sem conductor device as set 10 forth in any of the above
(1) to (10), in which the thernp- 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 nethod for manufacturing the sem conductor device as
set forth in any of the above (1) to (11), in which the therno 15
conpressi on bonding is conducted via a pin-lamnate process. (13) A nethod
for mapufaetupbigea sem conductor device, which is formed by depositing a
second resin substrate on a first resin substrate on which a first

senm condyctree wdilbd Forowahaedact heingetendehesbndsubst ratdwe eeiaRg sdeposi ted on
a side of the first 20 resin substrate that the first the sem conductor chip

i's noubedh ianchd hissecqsd, r esi wh setbsiHeateiheBiwbi ehim secendrsenbgonduct or
chip is nounted , wherein a resin spacer is disposed between the first resin
subst r #bemand & heorsead pesthos ubistdadte ant hggi-eghtios patethehawvilagra
conductor extending through an interior thereof 25 along a thickness

di r ect iperdeandy wherteiny ttheraerhod conprises: disposing a netallic first bunp
between the first resin substrate and the resin spacer and di sposing a

met al | (¢ 0sethadndthgy retirweanu28ct bhiens etendecmgsbndsubst radwe ndst Betr esi n

spacer; and thernp- conpression bonding the first resin substrate, the resin
spacer foand Lhetlsecondrar €9in snbsht@t echd Bl dEbeportidodi § erggranuatadt uri ng the
sem conduct or device as set 5 forth in the above (13), in which the first
bunps &wveaphest tteg Wroudhe thier shermstapnguestsianebandinde resin spacer,
respectively, and
{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



t he second bunps are provided on the second resin substrate and the resin
spacer, respectively. (15) The nmethod for manufacturing the sem conduct or
device as set 10 forth in the above (13) or (14), in which, in the disposing
the netallic first bunp between the ¥ rst resin substrate and the resin
spacer and disposing the netallic second bunp between the second resin
substrate and the resin spacer, adhesion tapes having an adhesive resin
| ayer 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
t he t henaosecompressiroubendatg &me fha stesi@skpasubstdral ehdrite-r esi n spacer
and the second resin substrate, the first bunp extends through the adhesion
t ape dicsppsedsbet ieenlitkye thier 1 rsestas subsbratetapdt ider2(d r eparespacer, and
t he second bunp extends through the adhesion tape disposed between the
second anest he ssosdndatresdand stthetresé n spacer. (16) The nethod for
manuf acturing the sem conductor device as set forth in the above (15), in
whi ch €ddéh The thetlfaghesiromatapest 2binqdihedesmacohdutcad donpeuad exhi biting a
flux activity and having carboxylic group and/or phenolic hydroxyl group, a
t heb nosetrthngn tlesiabard (A 30 heinophast ithe dsirat BOmp$ 1de Thevireiehodnf or
manuf acturing the sem conductor device as set forth in the above (16), in
whi ch tthe ftheshoptaist ismbségsiahei and tipheriy sestar, (18Jpekia veBtyhodnfior
manuf acturing the sem conductor device as set 5 forth in any of the above
(15) tdahelZpcond wmigeh ariee padhedednon dge sesonbatres Whesulidiesa¢hesidon tape i s
attached on a surface of an

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.



oxi di zat i on- processed copper sheet and a reduction-processing is carried out
at 230 degree C for one mnute in an atnospheric air, a copper
oxi de-reduction rate of the copper sheet represented by 10 the foll ow ng
formula (1) is equal to or higher that® 65 % copper oxide-reduction rate (%
= [1- (atom c concentration of oxygen (0) after reduction process)/(atomc
concentration of oxygen (0) after oxidizing 15 process)] x 100 (Fornula 1).
BRI EF DESCRI PTI ON OF THE DRAW NGS 20 [0050] The above and ot her objects,
advant ages and features of the present invention will be nore apparent from
t he fol(llow Dge mkederd foironanfifeettaimy prref eenedordbodyimetdve deakensen
conjunction 25 with the acconpanying drawings. [0051] Fig. 1is a
per spedbirvk vhetwhe iddayst ridab) ngia whonfh gureatthemm3plasfi@ senincdasdact or devi ce
in first enbodinment. Fig. 2 is a cross-sectional view of Fig. 1 along line
A-A . phegox3 tssin.perspective view, illustrating a configuration of a
sem conduct or device in second enbodinent. 5 Fig. 4 is a cross-sectional view
of Fi g.(18)albagnd¢timed BoB' mankifgctBrirsg dher eesisentdnonat ddwwef es descri bing a
configuration of the sem conductor device in second enbodinment. Fig. 6 is a
pl ab vifewthi Lhusty atfi ridiea abweedi behsion@l’) ,geonehigh ofhea adsisichasapent eri al
of the sem conductor device in

is that, when 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 (O) 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



10 first enbodinent. Fig. 7 is a plan view, illustrating a two-di nensional
geonetry of a resin base material of the sem conductor device in first

enbodinment. Fig. 8 is a plan view, illustrating a two-di nensional 15 geonetry
of a resin base material of the sem cthductor device in first enbodi nent.
Fig. 9is a plan view, illustrating a two-di nensional geonetry of a resin
base material of the sem conductor device in first enbodinent. 20 Fig. 10 is
a plan view, illustrating a two-di nensional geonetry of a resin base

material of the sem conductor device in first enbodinent. Fig. 11 is a plan
vi ew, iolfl assemat cargliactiono devireasionél rstgenetiiyent . a resin base material of
the sem conductor device in 25 first enbodinent. Fig. 12 is a perspective
view, illustFaging s senrcosdactbionaewicer adcdidi nyy & dondni richee@bddi. ment. 31
Fig. 13 is a cross-sectional viewof Fig. 12 along line Il- Il. Fig. 14 is a
cross-secti ofRab.vBeiy of merfspestivesviewubdiinateatifgga dénfigyurapglian vi ew,
illustrating a conductor 5 interconnect layer. Fig. 16 is a plan view,
i |l ust odt Engemicomtiuttar devater consreoind aypeodifegt. 17 is a cross-secti onal
view, illustrating a substantial part of a sem conductor device.
5 Fig. 4 is a cross-secticnal view of Fig. 3 along line B-B'.
Fig. 5 is a cross-sectional view for describing a
configuration of the semiconductor device in second embodiment.
Fig. 6 is a plan view, illustrating a two-dimensional
geometry of a resin base material of the semiconductor device in
10 first embodiment.
Fig. 7 is a plan view, 1illustrating a two-dimensicnal
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, illustrating a two-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.



10 Fig. 18 is a cross-sectional view of a sem conductor device according to
fourth enbodi nent of the present invention. Fig. 19 is a cross-sectional view
of a sem conductor device according to fifth enbodinent. Fig. 20 is a
diagram illustrating a process for 15 manufacturing a sem conductor device
according to fifth enmbodinent. Fig. 21 is a diagram illustrating a process
for manufacturing a sem conductor device according to nodified version of
fifth enmbodinent. Fig. 22 is a cross-sectional view, illustrating an exanple
20 of a first resin substrate in sixth enbodinent. Fig. 23 is a

Cross-secti opay. viktws id larsksateoyiamlexanrpl ef fliga Seconshg dsine gabstrate in
sixth enbodinent. Fig. 24 is a plan view and a cross-sectional view,
illustmati ng an exanple of a resin spacer in sixth enmbodinment 25 Fig. 25 is
a cross-sectional view, schematically illustrating an adhesive filmin sixth
enbodi ment . FEgg. 12613 ;2 amrsessesetdn@harian ef, ai fiustr aesiny subhptoeess 32 for
manuf acturing a sem conductor device in sixth enbodinent. Fig. 27 is a plan

view, illustFagingsaiprogess fFoew, nehuigotalringgaacseducioaduct or device in
sixth enbodinent. Fig. 28 is a plan view, illustrating a process for 5

manbf adneerognaeseniay@duct or device in sixth enmbodinment. Fig. 29 is a view,
showi ng a status, in which netallic particles dispersed in an adhesive film
aggregates t&ifjor hb ais copduet giewki gllBriad lagcrossrgectémnal vi ew,
illustrating an exanple
interconnect layer.
Fig. 17 i1s a cross-sectional view, 1llustrating a
substantial part of a semiconductor device.
10 Fig. 18 is a cross-sectional view of a semiconductor device
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



10 of a sem conductor device in sixth enbodinent. Fig. 31 is a
cross-sectional view of a first resin substrate according to a nodified
enbodi ment of the present invention. Fig. 32 is a cross-sectional view of a
first resin substrate according to azodified enbodi nent of the present
invention. 15 Fig. 33 is a cross-sectional view of a sem conductor device
according to a nodified enbodi nent of the present invention. Fig. 34 contains
diagranms, illustrating a two-di mensional geonetry of resin substrate and a
resin base material of a sem conductor device in an exanple. 20 BEST MODE
FOR CARRY| N&CLACtTHE nigNYEREROBbnd QOS] deveter abl eiee muandyimenpl. enent at i ons
according to the 25 present invention will be described in reference to the
annexed figtites.2T n=ald dflaguresy, | dehtstoalt ingner atocssassimgned to an

el ement commonly appeared in the description of the present 33 invention in
r ef er emeeufactimeing gursesicanduther détdideedn desthigibahinemér.eof will not be
repeated. [0053] FIRST EMBODIMENT 5 Fig. 1 is a perspective view,

i | lustratingFagcod ilgurratilen voeéwa sehiztorddcgor Heviess dofont he present
enbodinent. Fig. 2 is a cross-sectional viewof Fig. 1 along line AAA. In a
send comduvfertdeiice BEOishodmctor Rigyice dndsEkgh eunbediferdt resin substrate
101, an adhesive | ayer 119, a resin spacer (resin base 10 material 109), an
adhesi ve | ayEi91249 gl e Vde€ron8hPeEns &sttugt eln which metallic

particles dispersed in an adhesive film aggregates to form a
conductor.
Fig. 30 is a cross-secticnal view, illustrating an example
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-sectional view of a first resin substrate
according to a medified embodiment of the present invention.
15 Fig. 33 1is 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



111 are stacked in this sequence from underneath. [0054] This sem conduct or
device 100 has a POP structure, and a first sem conductor chip 125 is
nmounted on a surface of the first 15 resin substrate 101, and a second
sem conductor chip 131 is nmounted on 33 surface of the second resin substrate
111. [0055] The first sem conductor chip 125 and the second sem conductor
chip 131 are sem conductor chips, having certain 20 el enents such as
transistor and the |ike formed on a device form ng surface of a sem conductor
substrate such as silicon substrate and the |ike, respectively. The first
sem conduehoion cin pelf2renmay be confiigured,t enbaviee addtogiledccircuit, and the
second sem conductor chip 131 may be configured to have a nenory el enent.
25 [ 0086EcThet fon sthesepifcondlchor whigepk25eds di sposed in a space section,
which is provided anong the first resin substrate 101, 34 the second resin
substrd0é5311 and the resin base material 109 on the surface of the first
resin substrate 101. A thickness of the resin base material 109 is |arger
t han aFIRECTkH¥SGDINENNG t he surface of the first resin substrate 101 to an
upper surface (back 5 surface) of the first sem conductor chip 125, and thus
a thi ckness Figqul retl  mrersaecying Yiry f irldtussent téoadactorfichingti2b bet ween
resin substrates is ensured by having the thickness of the resin base
mat eri &1f 209emjooBRctor) dFHece| eEtthedinessnls ehhp@ingit i s Foregi ASsabstrat e
rovi ded
P cross—-sectional view of Fig. 1 along line A-A'. In a

semiconductor device 100 shown in Fig. 1 and Fig. 2, a first resin
substrate 101, an adhesive layer 119, a resin spacer (resin base
10 material 108), 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 configured 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 disposed in a space

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



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 sem conductor chip 125 is nounted on
the built-up 103, and an el ectrode (not shown) on the first sem conductor
chip 125 is electrically 15 connected34 o0 an el ectrode (not shown) on the
built-up 103 via a wre 129. In addition, the first sem conductor chip 125
and the wre 129 are encapsul ated with an encapsul ating resin 127. A
plurality of bunp electrodes 123 functioning as external coupling termnals
are joined to back surface side of the built-up 107. 20 [0058] The second
resin substeaded Ilsiirs sabseshte subistarat e hpr egksiledba s tritae hiwill 109podl3 and a
built-up 117 on a front surface and a back surface of a core 115,
respectiheebyrfdde cedbdrd figet contduciwrstahicp 1681. i sA ndunikedsen cfthehbui | t - up
113, and an 25 el ectrode (not shown) on the second sem conductor chip 131 is
el ectr ireali hybssmmetttead atlo 188 ¢k etdrapte thrat ashbwnkness therbuihlet -up 113 via a
wre 135. In addition, the second sem conductor chip 35 131 and the wire 135
are encapsutatef thd fiastemeapsuddtstnrtreedOn td33n wppdheswsericeoridackor
devi ce 100, an encapsulating resin 133 covers the entire front surface of
t heb secomdacesi of strstiiate $édicofid@fSYr ship AE, semi conduct ahidéuese 100,
the first resin substrate 101 and the second resin substrate 111 have
subst aneiqaliryd fect@mgyliag the- i netnsiamalongeohetrilesy ditd bmtweespeci fical ly
square or rectangle. In the follow ng enbodi nents, exenplary inplenentations
of enplregiingstihet fatrest isesnausad sty dtavit@l thadthhekngsserfondier esisansubstrat e
111 having square geonetries wll be

base material 109.

[0057]

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
semiceonductor 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



described. In addition, two-dinensional geonetries of the first resin
substrate 101 and the second resin substrate 111 are substantially sane.
[0060] 15 In these resin substrates, materials of the core 105 and the core
115 are not particularly limted, but3imy be thernpbsetting resins such as
for exanple, 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

t hermal expansi on between these 20 cores and the sem conductor chip and to
inhibit a delam nation of the sem conductor chip fromthe resin substrate,
it is pBéfendbtle wiceséBéctra eosdgiwliagzrd efithhen nabcapepdrgiion oksihe resin
substrate to be 10 ppm degree C or nore and 30 ppnidegree C or |ess. 25

[ 0061] 1BRe résitrhdhasaimendncadr 1d9vice jlfi0nednt entdesdiraning uekacel3df the
first resin substrate 101 and the back surface of the 36 second resin

subst r abeeidlth® altagtr ifcaht yseoipid myf tthe Beonnd sesifracebsfirehe fitst resin
substrate 101 to the back surface of the second resin substrate 111. In
addi ti dA058h adhesive layer 119 and an adhesive |ayer 121 are provided
between the first resin 5 substrate 101 and the resin base material 109 and
bet heen the Ineshe drasieongustial davicandthehsefondt resim sulpsttrate 111,
respectively, and the first resin substrate 101 is electrically connected to
the resild badethmtsadaald reginhseugirative lddhdsiveesubsyanrtikildvand t he second
resin substrate 111 is electrically 10 connected to the resin base materi al
109 t hregghnghbandivesidigensional geometries, and more specifically

square or rectangle. In the following embodiments, exemplary
implementations of employing the first resin substrate 101 and the

10 second resin substrate 111 having square geometries will be
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 ceoefficient 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



| ayer 121. In this configuration, the adhesive |ayer 119 and the adhesive
| ayer 121 are, for exanple, adhesion tapes. [0062] The resin base nateri al
109 is disposed in the circunference 15 of the first sem conductor chip 125
on the surface of the first resin substrate 101. In the present enbodi nent,
the resin base material 109 is a fram ng nenber surrounding 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
hol | owsdcett. rdéien reagist rhasel hites i @llectlq caay ybecapl tenitare fraomed by
processing a resin substrate into a predeterm ned geonetry by enploying a
pr ocessumngaoet bbdcisudiiras, résinexarglte pONCchbngherieses durgadeoblfowi ng
processing and the like. In 25 addition, it may alternatively be configured
of havithg Becpmdictésdm subsoneteeslh. bake andtied bal 409%dHEO6R] 13YerA
t hrough- hol e el ectrode 145 extending through the resin base material 109 is
provi dad9i antihen refigsilvaséapatet?hl addhroitieedt hebugdn hdle falrett redénl45 i s,
for exanple, an electrically conducting filmcovering an interior wall of
t heSt hsobghrhbde el Bl extdentied rebinughsd e treesiad hASeandtisrtivedenl@®e The
electrically conducting filmis, for exanple, a through-hole plated netallic
| ayer. resiaddase omttarialov8? the tiw cugorioblresehestpoihentidSlils not |imted
to a nmenber having a hollow structure such as a through-hole plating
met al | irespayeiyeand ald ehrafivet yresmy sudstiateol Oexanptlesctarisallilg el ect r ode
conposed of a conductive nmateri al

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. In 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 embcodiment, 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
gecmetry by employing a processing method such as, for example,
punching processing, hollowing processing and the like. 1In

25 addition, 1t may alternatively be configured of having no junction
in one resin base material 109.

[0063]



filled in the whole interior of the through hole extending through the resin
base material 109. [0064] A first electrode 141 coupled to the through-hole
el ectrode 15 145 is provided on the front surface of the first resin
substrate 101, and a second el ectrod¥ 143 coupled to the through-hole
el ectrode 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
exanple, an organic resin, and nore specifically, my be a thernosetting
resin such as epoxy resin and the like. In addition, the resin base material
109 i s conpoaethofugh-miler kdkct hadle | 545 Sixtidnai njothtetglexanmplresinhhe fir st
resin substrate 101 and the 25 second resin substrate 111. More specifically,
it is praetemabdeiall HaXS dsnmpteviadd afn res mebasebasd andtadriH19 109 .seffket ed to
be the same as the material of the core 105 and the core 115, and in 38
parti cuhaoughehdle &leyanate 1éSihs, fd0eGkmbag| ngn sebdrtagnfaldyr ati on,
creations of warpages in the first resin substrate 101 and the second resin
subst r abediddimy 5 Iheatovereatnent ipradessesltanfi elde otlirafdrehotlbe assenbl y
operation in the manufacturing process can be nore effectively inhibited.
Thus, axtendedtitopda [thee restatlegsdatateen aflh@0Pesi Thoasleammtierildy 109 and
the resin substrate can be inhibited. Thus, an inproved joint reliability
bet weerotbectingtfilesiis,subst eatep 1)1 andronghibosecomtadksiatagddbstrate 111
can be achieved. In addition, the use

layer. 1In addition to above, the through-hole electrode 145 is

not limited tc a member having a hollow structure such as a
through-hole plating metallic layer, and alternatively, may be,

10 for example, a solid electrode composed of a conductive material
filled in the whole interior of the through hole extending through
the resin base material 109.

[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 is selected to be the

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



of the cyanate resin provides the coefficients of thermal expansion of the
respective resin substrates and the resin base nmaterial 109 nore close to a
coefficient of thermal expansion of the sem conductor chip, resulting in
nore consi derably exhibiting 15 thes¥ advantageous effects. [0067] In
addition, a local stress concentration on the sem conductor chip due to the
war page of the resin substrates can be reduced. Thus, a deterioration of the
sem conductor chip is 20 inhibited, thereby providing an inproved production
yield. [0068] The adhesive layer 119 is provided with an electrically
conductkkpngi t€pion textend agahhtoughsirhe adhesive |ayer 119 fornmed in a

regi on where the through-hole electrode 145 faces to the 25 first el ectrode
141. Theokérst electrode 141 is electrically connected to the through-hole
el ectrode 145 through the adhesive |ayer 119. In addition, the adhesive
| ayer 121 i sHavowg dedhwiddmf3guranieh eotndagdlong obndacpades riegitbie ext endi ng
t hrough the adhesive layer 121 forned in a region where the through-hole
el ectr ddestdbesiraceddtaathel 8tcond EHiectaoode 143in Thedthraduwgh-liobg el ectrode
145 is electrically connected to the second el ectrode 143 through the 5
adhgsi weakayeecatidint [006eksEhecadhiesd vntl ayerrliBe andgsdniie yvadipesavéchayer 121
may be formed of materials, which would provide an ensured conduction path
al ong tihetbtackinigpadiurecyi pnocass ecaorbenrere théettistdlilindliebdtedde 141 and
t he second el ectrode 143 are faced, and would
Thus, a connection failure created between the resin base material
109 and the resin substrate can be inhibited. Thus, an improved
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
expansicn 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



provi de an insul ati on between the resin base material 109 and the resin
substrate in other region, and typically may be fornmed of, for exanple, an
ani sotropi c conductive film (ACF). In addition, typical adhesives |ayer for
these materials may include an 15 adlEsi ve tape contai ning conductive
particles, forned by coating a polyner core material with a nmetallic thin
film dispersed in a resin layer, and a self alignnment type-adhesive tape
containing solder powder and a curing agent exhibiting the flux activity in
a resin. 20 [0070] Since the conduction path extending fromthe adhesive

| ayer a#hl91&dtough tvhechbnoughy hedgi @l estteadend4bntoudmheradhapeyevéayer 121
is provided in the sem conductor device 100, a conductive nenber (not shown)

provi dedyen the fioret sankcoaglet arhatd pht25hirsudd-ledlectaliccalrbyleconhiect ed to
a conductive nenber (not shown) provided in the second sem conductor chip
131 vi datbe Wb rehel 2@ cohbeel bestoda esin sabst tateud®dholdhe ladhestwel dayer 119,
the through-hole 40 electrode 145, the adhesive |ayer 121, the second resin
subst r aseelddtriarud tyheonwneet 435t o [007 Hechlaxt ¢l actesdodl 40t hrenghachar i ng t he
sem conductor device 5 100 will be described. First of all, the first
sem coaduesdve clayer 123.and the second sem conductor chip 131 are prepared,
and these chips are nounted on the first resin substrate 101 and the second
resin qgdbsPrate 111, respectively, and then a wire bonding and a
encapsul ating with a resin are conducted. 10 [0072]
The adhesive layer 119 and the adhesive layer 121 may be
formed of materials, which would provide an ensured conduction
path along the stacking direction in region where the first
10 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
15 adhesive tape containing conductive particles, formed by coating a
polymer core 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.
20 [0070]
Since the conduction path extending from the adhesive layer
119 through the through-hole 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
25 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



Further, a resin is processed into a predeterm ned geonetry to manufacture
the resin base material 109. For exanple, a resin substrate having a
predet erm ned thickness is punched out into a rectangular shape having a
predet er mi ned di nension, and then 15 4urther punched out to renove a
rectangul ar center portion, thereby obtaining the annular resin base
material 109. Alternatively, the resin base material 109 may be processed
into a predeterm ned geonetry by enpl oyi ng ot her processing nmethods such as
a cutout processing and the like. A through hole is fornmed in 20 a

pr edet enatnedds epi HN tofe bBBesbtal negerr 311N hasessaded i adsiDSubstypteal net hod

for formng the through hole includes, for exanple, a |laser processing, a
drillingilanddttiee lvike 1Al5ternatively, a through hole may be forned by
enpl oying an etching technology. Then, a nmetallic |ayer covering the
interiqgoowmall of the through 25 hole is fornmed via a plating process, for
exanple to obtain the hollow shaped through-hole el ectrode 145. [0073] 41
Then, the fi Nektyesimetddastiioat mad@iact e raghes venl apedudil®; ddwceesi n base
material 109, the adhesive layer 121 and the second resin substrate 111 are
st atked00andli hen ddecrsteckedFiayerst aald, heat édrat sepredetetmrnetip
tenperature to provide an adhesion 5 between the resin substrate and the
resi n Baseandt eh¢ ate&O@ sAmicbhdsctomsshitchd 3fli rse pesparesibstndateet 61 and t he
second resin substrate 111 may be conpressively bonded with a predeterm ned
pr essurckipp087d] modrccdl toer hati felyt 1 eubstretdesl1P3arar eheoiseedndnt o a
back
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 hole may be formed by employing an etching technology.
Then, a metallic layer covering the interior wall of the through
25 hole is formed via a plating process, for example to obtain the

hollow-shaped through~hole electrode 145.

(0073]



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 obtained. [0075] 15 Next, advantageous effects
for the products of the present enbotli nent will be described. In the present
enbodi nent, the opposite electrodes (the first electrode 141 and the second
el ectrode 143) are electrically connected via the through-hole electrode 145
in the resin base material 109. The resin 20 substrates are nutually coupl ed
through the resin base material 109, so that nore inproved joint reliability
bet ween the TeRshn tisulibinsat eestcansbiestacdtieevied , asheoaplas edven Iidyetrhe 19,
conventional configuration that involves coupling through a bunp el ectrode,
even iftha spathngdemmeerithel 08sithes uhBiasdtves laget arPerandThihe secdhdachi eved
by the followi ng reasons. [0076] In a case of nutually coupling resin
subst r akesnvisabat it 142 aekestaokled, aarwarpageths easykdd legyegenarated in the
resin substrate during the manufacturing process, as described above.
Fur t hehegaaedeaeratponidferainadpageresusas acspressde ot enthaatioon on a
juncture region of the bunp electrode, resulting in an easy 5 deterioration
i n bhe bettwetnr ehofrddien Bubptebheet andiechelhesint hese matemich fl1O0 .beRhg i nproved
inthe joint reliability between the resin substrates. [0077] On the
cont r artyist héme pnfhiguriatsitomesfint hebpresentl Odnbodi teatseddhdhassio bunp
el ectrode joined to the electrode on the surfaces of

substrate 111 may be compressively bonded with a predetermined

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 electrode 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 is larger. This is

25 achieved by the following reasons.

[0076]

In a case of mutually coupling resin substrates via a bump



each of the opposed resin substrates. Thus, a deterioration in the joint
reliability caused when the bunp electrode is provided can be reduced.
[0078] 15 In addition, in the present enbodinment, the nultiple-Ilayered
structure including the first resin sibstrate 101, the resin base naterial
109 and the second resin substrate 111 is provided in the circunference of
the first resin substrate 101. Wiile thinner sem conductor chip and thinner
resin substrate pronotes nore 20 consi derabl e warpage created in the resin
substrate, the configuration of the present enbodi nent can provide thicker
whol e enestpodi@yer svaepapesed &aom tded igesieraesdnisubisd rats@dnl0l to the
second resin substrate 111, when thinner individual resin substrates are
enpl oyedbsThase @nrimcreasadnstadfmensy efirciches25asulidsqtiesddapeped. st ruct ure
can be achieved, thereby effectively inhibiting a generation of a warpage in
the firstthes) na syhstrsaten &01aamsrpde saceed nestresubstranheritionWien
thinner the resin 43 substrates are enployed, a warpage in the resin

subst r aheacdondeurd nhidiichedfbyheriowgidigdthedeestasbhsengrdineanakadf9. I n
addition to above, such advantageous effect is nore considerably exhibited
wheh t hietbiristatasi nirsuhet fahetd6d, of hehe ésimp baset nader | dlhuk)9theaad t he
second resin substrate 111 are conposed of the sane type of material. [0079]
| n addiat ronpm Sonds=irhke isphstedt énante t ve ntesen ibhs el mptertivalen B8 are
conposed of resins in the sem conductor device 100, the 10 device is

conf i gueednt sulestiidtids.a reduced difference in the

[0077]
On the contrary, the configuration of the present embodiment

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

[0078]

15 In additicon, 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



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 treatnent operations
conducted after the assenbly operatioh$ 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 sem conductor chip on the
resin substrate can be reduced by reducing the warping of the resin 20
subst r atestThuss @accamgilogyeto &heayprasgenin eémboderent sulsst nater awedbej oi nt
reliability between the resin substrates can be achieved, and an inproved

pr oductinbnbyted dog gir atisid ngethe hrevied.bds@08@Feknaadti® i onin ianidihéopr esent
enbodi nent, since the through- 25 hole electrode 145 is provided in the resin
base maberbalel0Mclrardivantegadhese Diesctofi st e reesons bdswmbnat erdhdbiti®@ with t he
first resin substrate 101 and with the second resin substrate 111 are

provi dedheadthpyfihet adtrdsi vebbayate 110 andiet hesadhles$e end taeysm11209
respectively, a path for providing an electrical conduction between the
resbn asdgbsheasesord orpirtheubshckiagl i reeet iconpeoand bef fidravedingi thra sinpl e
and easy manner. 5 [0081] Further, since the frane-shaped resin base
mat er i #If m@9ersatroundi ng the whole circunference of the first resin
substrate 101 is provided in the sem conductor device 100, the resin base
mat er i dl00¥89 can nore stably support the resin substrate, as 10 conpared with

the configuration, in which the resin base materi al _ _
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 also 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



is provided in a portion of the circunference 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 ci4cunference of the first resin
substrate 101 in the sem conductor device 100, the peripheral region in the
chi p- nmounting surface of the first resin substrate 101 having no first

sem conductor chip 125 nounted thereon can be effectively utilized 20 for
provi ding an el ectrical coupling between substrates. [0083] In addition,

si nce blgethui tdid®iwd dayercé 1Bebndenhd hedhreesiive laybst 2l esreare@asielly, be

sel ected by adjusting the thickness of the resin base material 109 in the
presenta eabbdioentyowd dipacenf ete@brivale-doonidichdot hieefwaest tdenmreshduct or chip
125 can be provide between the resin substrates with a certainty. [0084] 45
Wi | e tshiesexenps ardorigniihenshbakinnsd ofedthenr eshnbdatermeat eviitdl 2109 and t he
second resin substrate 111 having the substantially same rectangul ar

t wo- di semgilenahd georetmanesrand the resin base material 109 having the
continuous cross-sectional 5 geonetry having a holl owed out-rectangul ar inner
porbi orl0OR&Lé been described in the present enbodi nent, the two-di mensi onal
geonetry and the arrangenent of the resin base material 109 are not limted
thereto in t Berphesentirasd thiee fremtoviaredmssdnneass. mfi0a85l 100 Fig. 6 to

Fig. 11, are cross-sectional views, illustrating
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
semiconducteor 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]



alternative two-di nensi onal geonetries and arrangenents of the resin base
materials 109. In these diagrans, the built-up 103, +the resin base materi al

109 on the built-up 103 and the first

sem conductor chip 125 are only

illustrated, and other nmenbers are ¥ not shown. [0086] Fig. 6 corresponds
to the configuration of the present enbodinent. In Fig. 6, the resin base
mat eri al 109 having an annular cross section is provided al ong the
circunference of the 20 built-up 103 of the rectangular first resin
substrate. [0087] In addition, the two-dinmensional geonetry of the resin

mat er i Bhill®rhes exempdeapgihplementdttilbasr e§i nhoases imtersical 109 may be
provi ded al ong sides of the first resin substrate 101. For 25 exanpl e,

base

and Fi gat8risl ukis atngl ekenpearyd i rasdienembatirens, 11 Wierwinchéheesi n base

Fig. 7

material 109 is provided along two sides of the first resin substrate 101.
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[ 068BFtant R ply Bamehaest pipubiagerddégiensbhasel neeardtaliesiegdatke di sposed

in parallel along the opposed two sides of the built-up 103 of rectangul ar
t he fi rspinebase ouistriate19B81haTheg fihsstcontianpedndiegorseshilpna®s i s di sposed
in a region sandw ched between two resin base materials 109. [0089] On the
con®r algfONPRI Fi gpviglg ehécdd pivpd shidlpate dtesion Lpas ennemtraitalos hegeabecnr r anged

al ong the adjacent two sides of the

resin Sgsstiae@ 1m1the pyesent embodiment, the two-dimensional geometry

10

15

20

25

and the arrangement of the resin base material 109 are not limited
thereto in the present and the following embodiments.
[0085]

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
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
built-up 103 of the rectanqular first resin substrate.

[0087]

In addition, the two-dimensicnal gecmetry of the resin base
material 109 is a rectangqular, and the resin base material 109 may
be provided along sides of the first resin substrate 101. For
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.

10 built-up 103 of the rectangular first



orthogonal to each another. [0090] Fig. 9 illustrates an exanple of the resin
base materials 109 disposed along four sides of the first resin substrate
101. 15 1In Fig. 9, the strip-shaped resin base naterials 109 are di sposed
are arranged along all four sides of 4the built-up 103 of the rectangular
first resin substrate. The first sem conductor chip 125 is disposed in a
regi on surrounded by these resin base nmaterials 109. 20 [0091] Fig. 10
illustrates an exanple of the resin base materials 109 arranged in the four
corners of the first resin substrate 101. 1In Fig. 10, the square
pillar{§h@ped 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 substranefigr espatei geryp-Mnpas tries inebhne bastes et ler ilAl% 2169 are
di sposed in all four corners in Fig. 10, all corners needed not to be
provi ddds@Zsedn irh nare llesi aldasechratcgpioakd 109, skirk dlorthexanple;upi agonal |y
di sposed two corners may be provided with the resin base materials 109, and
such tWwe3redi retiaswwiatrechal §1 199 neBinf gobshcabeslihe Ther tirséni conduct or
chip 125. 5 [0092] In addition, Fig. 11 illustrates an exanple of the resin
base nmaeeirendugPhavilivgldh anndd rosatoidi Fehsy el sajebiishey. beavedn g, 11,
the annul ar-shaped resin base material 109 is provided on the built-up 103
of thetrectanbulkass Mageriaspnl&Ubstrate, and the 10 inside of an annul us of
the resin base material 109 is provided
[0089]
On the contrary, in Fig. 8, the strip-shaped resin base
materials 108 are arranged along the adjacent two sides of the
10 built-up 103 of the rectangular first resin substrate 101 to be
orthogonal to each another.
(0090}
Fig. 9 illustrates 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



with the first sem conductor chip 125 disposed therein. [0093] In the

foll ow ng enbodi nents, differences fromthe first enbodinment will be mainly
described. 15 [0094] SECOND EMBCODI MENT Whil e the configuration having the
seni conductor chip wire- bonded onto4he resin substrate has been illustrated

inrelation to the sem conductor device described in first enbodi ment, the
20 sem conductor chip nmay be flip-connected to the resin substrate via the
bunp el ectrode. The present enbodi nent will describe such configuration.
[0095] Fig. 3 is a perspective view, illustrating a configuration 25 of a
sem condubt tine deadice baset hetpresntl Enbeddpehtr &aguple,i sliagoordds- secti onal
view along line B-B" of Fig. 3. The fundanental configurations of

sem condapteed devd cesnel® mhpwe 48-ovider gitl tinel Fgin bameergiptriatst o t hat
of the sem conductor device 100 (Fig. 1, Fig. 2), except that the nethod of
mount i A§9, t &led serdlcdndueesincha ge orttenikd sr 8P ey bsigatasiossdicheer ent
therefrom 5 [0096] In the sem conductor device 110, an el ectrode (not shown)
provi dédreh s¢rel @relnsornshapi h¢° surface of the first semiconductor chip 125
is joined to the el ectrode (not shown) provided on the built-up 103 of the
first f@8PAlsubstrate 101 via 10 bunp el ectrodes 153, and these el ements are

el ectrically connected. _ _ .
In addition, Fig. 11 illustrates an example cf the resin

base material 109 having an annular two-dimensional geometry. 1In
Fig. 11, the annular-shaped resin base material 109 is provided on
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



[0097] In addition, an el ectrode (not shown) provided on the el enent
mounti ng surface of the second sem conductor chip 131 is joined to the

el ectrode (not shown) provided on the built-up 113 15 of the second resin
substrate 111 via bunp el ectrodes 1578 and these elenents are electrically
connected. [0098] The space between the first sem conductor chip 125 and the
first resin substrate 101 are filled with an underfill resin 151. 20 In

addi tion, spaces between the second sem conductor chip 131 and the second
resin substrate 111 are filled with an underfill resin 155. [0099] Since the
resin Bas€igmt 2rarsl FI@9 #saspsdiprbad ded thetweénthessemiecdriqustoresi n
substrate 101 and the second resin substrate 111 in the present enbodi nment,
si mi | adezdeant @Yedis -eflf e€tg- ad) » obtEiedpl Fheshedmsbdi ngiBdJal so
obtained. 49 [0100] In addition, since the sem conductor chip is

f1ip- céhgeseBECONY e £EIPNCBLB sttt tina StREt bR 3 etithifedentn the present
enbodi nent, the device is configured to easily cause a stress 5 concentration
on a j GREEBEECTn the seniconductor chip with the bunp electrode. In case of
such configuration, an use of the resin base material 109 for providing a
couBIiH&O@ fween the resin substrates preferably inhibits a warpage in the
resin substrates, so that a detgrioration of the sem conductor chip can be

i nhi bited 101Bn8 ars$ MGG ERFodE Rt FoNnt Y elfd EARCHFEE b AUcHNEVSd.

provided on the element mounting surface of the first

semiconductor chip 125 is joined to the electrode (not shown)

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 semiconductor 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 advantageous effects as

obtained in first embodiment are also obtained.



[0101] Further description wll be nmade as follows, focusing on such aspects
inreference to Fig. 5 (a) and Fig. 5 (b). [0102] 15 Fig. 5 (a) is a
cross-sectional view, illustrating a configuration of a sem conductor
device, in which substrates to which%he seniconductor chips are
flip-connected are nutually coupled via bunp el ectrodes having | arger
dinensions. In Fig. 5 (a), first electrodes 241 provided on the surface of
the first 20 substrate 201 are coupled to second el ectrodes 243 provi ded on
the surface of the second substrate 211 via bunp el ectrodes 245. [0103] A
first g@ide@onductor chip 225 is provided on the chip- mounting surface of the
first substrate 201, and el ectrodes (not 25 shown) provided on the

el enent - nounthngdgéuriface sohceheht i senigmductrduchop chi HldPscamectedpl ed to
el ectrodes (not shown) of the first substrate 201 via bunp el ectrodes 253.
On t hetehtpestespunbisiigasar vazetled Qume filestreddsin atlee 20seatplurality of
bunp el ectrodes 245 are disposed in the periphery of the region where the
first sahpdonelict orheclfieyigesis scensimnyedl tp0¢0s]ly scauecord r€6ai conduct or
chig 231 is provided over the chip- nounting surface of the second substrate
2117 aménganerakicpdd 3 Asncthvmn pgitsy is¢ed condetepemhimattinghsur f ace of
the second sem conductor chip 231 is coupled to an el ectrode (not shown) of
the sebong siubstrede 21D cRreugh Bish FBINddprsdesons7an 169 Groshe

resin base material 109 for providing a coupling between the resin
substrates preferably inhibits a warpage in the resin substrates,
so that a deterioration cf the semiconductor chip can be inhibited

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-



Spaces between the first sem conductor chip 225 and the resin substrate 201
are filled with an underfill resin 251. In addition, spaces between the
second sem conductor chip 231 and the second substrate 211 are filled with
an underfill resin 255. 15 [0106] In HAddition, Fig. 5 (b) corresponds to the
cross-sectional configuration of the sem conductor device 110 of the present
enbodi nent. [0107] 20 Here, in Fig. 5 (a), the larger bunp el ectrodes 245
achieve a coupling between the first substrate 201 and the second substrate
211. Since a contact area between the bunp el ectrodes and the substrate is
rel ati welhytsnal $wrfdae i sheasersta svrgfagee gémer atrebuial itthe offi bstpsubstrat e
201 or in the second substrate 25 211 in heating operations after the
assenbkyeebspilys cllls@geadisppeed tordenteatpbary not hehg urestigme whegion bet ween
the bunp electrode 245 and the first electrode 241 In the first substrate 51
201. | shadéirsorseniranklacsesoflding ubst rigt éi2pesed. stress concentration is
easily generated in the juncture regi on between the bunp el ectrodes 245 and
t he sedgﬁ84électrode 243. Further, such stress relatively easily causes a
cougling failure between 5 the bunp el ectrodes 245 and the first electrode
24150r the sBcdRECNR|IFUCHHEURAGT DIV IFdst RepYidedcevehe g cdp-

sem conductor chip 225 and the second sem conductor chip 231 are coupled to
t he re8PHNELRSt P @Elece od Fhg eReoMlnpRateetrodés. i andiqn S qCarods stress

concentration is _ ,
(not shown) provided on element mounting surface ¢of the second

semiconductor chip 231 is coupled to an electrode (not shown) of
the second substrate 211 through bump electrodes 257.

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



easily caused in the juncture regi on between the el ectrodes of the

sem conduct or chips and the bunp el ectrodes. Since the el ectrodes

joined to

the bunp el ectrode are provided in the device-formng surface in the first

sem conductor chip 225 and the second1l5 sem conductor 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 el ectrodes,

of course,

and further in other elenents on the device-form ng surface except these
el ectrodes. 20 [0109] On the contrary, since no bunp el ectrode that causes a

connecéDon fki laddd tiisnenphoyled f$erorpl eubditmgta Zbupld gy rfestween

resin

substrates in Fig. 5 (b), an inproved joint reliability can be achieved. In
addi ti onncénrtdteiron mpr ewedly ofjeneraldaalinl thy 26nbeirneerdile bktveendes can be
achi eved by providing the resin base nmaterial 109 to reduce a warpage of the
resin sbbshump ezldairiodes, 24a arduded ssaopdgeleftrde raki.n Subsheat e achi eves
an inproved 52 joint reliability between the sem conductor chip and the
resin ssabsstzss mslemivhéyseastbndirstsers ehicpubsifg i midonrgetbetweehe resin
substrate. [0110] 5 TH RD EMBODI MENT An enbodi nent of the present invention
wi |$ bé&heebamp relbcigodes| Eéhsandnthahd iyssi slettrode arhlexad thegaresndFi rst of
all, an outline of a sem conductor device 1 according to the present

embodi RRAELHWHE 43-described in reference to Fig. 12 to Fig. 17.
senico?%ggé?r device 1 includes, as shown in Fig. 12 and Fig.

Further, since the first semiconductor chip 225 and the

10 The

second semiconductor chip 231 are coupled to the resin substrates

10 wvia the bump electrocdes 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 electrodes, 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. 1In 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



13, a first resin substrate 3 on which a first sem conductor chip 2 is
nount ed, a second resin substrate 5 on which a second sem conductor chip 4
is nounted, and a resin spacer 6, which is in contact with a front surface
of the first resin substrate 3 and a SI5 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 TT-I11 direction of Fig. 12. The resin spacer 6 is disposed in a
circunference of the first sem conductor chip 2 on the front 20 surface of
the fifgsint esénisguilidttyabetBeemnide arentibentinohdr seif@cend athet kesinrst resin
substrate 3, the first sem conductor chip 2 is disposed in a space section
provi dedbatmange t vhelni the sesicondubsin ahep3ist heisdoontbd ési nheubstimte 5 and
the resin spacer 6. Further, a first adhesive nenber 7A having a first

el ectr sob26rzionduct or 72A disposed in a first resin layer 71A is provided
between the first resin substrate 3 and the resin spacer 6 (see Fig. 17).
Furt hed0ld0second adhesi ve nenber 7B having a second 53 electric conductor
72B di sposed in a second resin layer 71B is provided between the resin
spater TBIBRJENBD BEAENd resin substrate 5 (see Fig. 17). Then, the first
resin substrate 3 is electrically connected to the resin spacer 6, through
the first 5 &heetpedimemidaét ohe 7RYeseNt HEViERtépnadhelie dasrFdbe@Aasand t he
second resin substrate 5 is electrically connected to the resin spacer 6

t hr oughot hewsecohdhal desipcoEohtricisiexEzBlilgurfe. sebortt ofdRédi vennenber 7B.

[0111] 10 Further, as shown in Fig. 14 and Fig. 15, the first resin
outline of a semiconductor device 1 according to the present

embodiment will be described in reference to Fig. 12 to Fig. 17.

10 The semiconductor device 1 includes, as shown in Fig. 12 and Fig.
13, a first 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 is provided
between the first resin substrate 3 and the resin spacer 6 (see

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



substrate 3 includes buildup |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 nutually coupl ed thHrdbugh the conductor |ayers 314 fornmed in
via holes of the insulating |ayers 311. Further, the second resin substrate
5 al so includes buildup |Iayers 31A and 31B conposed of insulating |ayers 311
containing a resin and conductor interconnect |ayers 312, both of which are
alternately stacked, 20 where the respective conductor interconnect |ayers
312 ar eleputial ¢tgndumiplred 2Bhdospgbsedelrc@ndectod Fayem sl8ik fidBnmed in via

hol es of the insulating |ayers 311. Anong the insulating |layers 311 in the
bui | duprbayédesd 3dAWveard tBéBrofiat spaast oredoththeefomdtresigsismbsubsteate 3
and the second resin substrate 5, wherein at 25 | east one insulating | ayer
311, ap dveeabfegcokf)f.i ciTémt, ofheherrstl resipansbehrateny i substrate inplane
direction for tenperature range from 25 degree Cto a glass transition point
t her eoflest Bicakbhyatorinecgedl baerhe heasi30 sparkde§r eeh Qyugindghen faverage
coefficient of thermal expansion along a substrate thickness direction for

t enper glecbriangendicioromiasidegheet T ato aghgsass mempeT t1on apdi fihe thereof is
equal to or lower than 30 ppml degree C. 5 [0112] The configuration of the
seni cosggendr reeli caibbtgate pelsdekkdtibedlily genaprted tolihewgesfiRirst Resin
Substrate] First of all, the first resin substrate 3 will be described. 10
The fi EPECPESPNtREMEIN dthe 3ersna ehedieriq KRNAERECF| F48 1n the second

adhesive member 7B.
[0111]

10 Further, as shown in Fig. 14 and Fig. 15, the first resin
substrate 3 includes buildup layers 31A and 31B composed of
insulating layers 311 containing a resin and conductor
interconnect layers 312, both of which are alternately stacked,
where the respective conductor interconnect layers 312 are

15 mutually coupled through the conductor layers 314 formed in via
holes of the insulating layers 311. Further, the second resin
substrate 5 also includes buildup 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. PAmong 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



sem conductor chip 2 is nounted on the surface thereof. This first resin
substrate 3 has a surface of substantially rectangular geonetry. As shown in
Fig. 14, the first resin substrate 3 has a core layer 32 and a pair of
bui | dup layers 31A 15 and 31B, which & e opposed across a core |ayer 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 |layers 311 contai ning
a resin and conductor interconnect |layers 312, which are alternately
stacked. In the present enbodi nent, the buildup 20 | ayer 31A is conposed of a
pl ur al etiyadft¢ far lexanplkeant Bo egdm/daymgleali, ngntayeravadbbeanded fpbieat i ty of
(for exanple, four) conductor interconnect |ayers 312, which are alternately
st ackedf thod8] cMpanisnsvl along 4 asdrst3hiel shnoknaspraipreey ioh €arbon fi ber

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

i Mer sédmpe tht v iugiet pesrof 2 esiamsech@t tipsacohposedrargfitaphyprainesin
conposition. More specifically, the insulating 55 Ilayer 311 is not

rei nf otbedeof t b5 faderls toueh asweartigom f30beprn/ deasse fGber or the like. Here,
the resin constituting the insulating |ayer 311 preferably contains a

t he? nodéiiZhg resin such as, for exanple, epoxy resins, bisnaleinde
triazine (BT) 5 resin, cyanate resins. Anong these resins, it is preferable
to enploy aleyaperielqwsitionTypi e eemimarslucésirndevhes udeviddvdkeac cyanate
resin, bisphenol-A type cyanate resin, bisphenol-E type cyanate resin,

t et r ameeRgribed pheifitap 1t ppefefboid®e resin and the |ike. Anong these, it is
preferable to enpl oy a novolac type 10 cyanate resin. Novol ac cyanate resins
avai | adFérperiesHel trate]

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 palr 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



resins having the following chemcal fornula. In fornmula, "n" is a positive
i nteger nunber. [0114" [FORMJLA 1] Na Nk-C o %O O CH, r'" 'l CH
FORMULA(lI) ) I5 nis "n" IS AN ARBI TRARY | NTEGER NUMBER Nunber of
repeating unit "n" in a novolac cyanat® resin presented by the

af orenentioned formula (1) is not particularly 20 limted, but 1 to 10 is
preferable, and 2 to 7 is particularly preferable. Repeating unit nunber
under the aforenmentioned Ilower limt provides a tendency of easily
crystallizing of novolac 56 cyanate resin, which may lead to relatively
reduci Agyarsslubigd intor rednfargedevath plumpose ssohvest cartesulftibeg,i n causi ng a
difficulty in handling. On the other hand, repeating unit nunber "n" over

t he af glemenfilomecdcmiper likeit Peowi dés amsdxcesssvetythighér 5 cross |inking
density, which may lead to a decreased water resistance, a fragility of a
cured rasedpbingrlayey [3lkepreforasly Suwhaiodokbatheyapse et irasinesimay be
obtained via a reaction of, for exanple, a novolac phenol and a conpound
such asuepapdgefor 1xagtlen i 6eCxgyemdyeh bricmadelmndetelddie (BIdt her, a

wei ght average nol ecul ar wei ght of a novolac cyanate resin is preferably,
foroexaepiie, @vamte &asdige ofMPRGNT DR t1@s4n5001t FuP tiegferablies topr ef erabl e

to be within a range of from600 to 3,000. A weight-
employ a cyanate resin. Typical cyanate resins include novolac

n

cyanate resin, bisphenol-A type cyanate resin, bisphenol-E type
cyanate resin, tetramethyl bisphenol-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]

N3

FORMULA(T)

15 "n" IS AN ARBITRARY INTEGER NUMBER

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



average nol ecul ar wei ght of less than 500 may |l ead to a reduced 15 nechani cal
strength. Further, a weight-average nol ecul ar weight of |arger than 4,500
may |ead to faster cure rate of the resin conposition, resulting in a
reduced shelf life. [0116] Further, &frepolyner of a cyanate resin may be
enpl oyed for 20 the above-described cyanate resin. A cyanate resin or a
prepol yner may be enpl oyed al one, or a conbination of a cyanate resin and a
prepol yner may be enpl oyed. Here, a "prepolyner” typically neans a conpound
obtai ned by, for exanple, trinmerizing a nononer of a cyanate resin via a
t her makyreate i s inhvaihliabl a@5l e pol yedatisehot redudirculaasioyubimited, but,
for exanple, a prepolyner containing triner at a ratio of 20 to 50 %v. may
be empboyeadgerTdm tHhurpriszatboventat iescanihg obt adwethdyr emflfagahgy 57 for
exanmpl e, an infrared spectrophotoner. [0117] Further, an epoxy resin, a
phenoxynr bandl org t hédn ithe maiebeharatidedreatangyanat enudsim."nPr efrerabl e epoxy
resin includes one 5 having a bi phenyl al kyl ene backbone. Further, an
i nor gatthe Afdtenentimyede uaddedlimita yanake pesénceOIvigly hiighthe present
embodi ment, the respective insulating |ayers 311 are conposed of simlar
mat eri gressahtnlamavEensgs yeoshi¢loireait 1E@dotot hedamfeasgshnsitenr of each of the
insulating layers 311 along an_inplane direction for tenperature range of
from 25edegreecs td fgagglasy of ahstuliash mgsental her edie ilsikequal to or | ower
t han B%Olgg?idegree C, and an average coefficient of thermal expansion of
Such novolac cyanate resins may be obtained via a reaction
of, for example, a novolac phenol and a compound such as cyanogen
10 chloride, cyanocgen bromide and the like. Further, a weight-
average molecular weight of a 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,



each of the insulating |ayers 311 along a substrate thickness 15 direction is
equal to or lower than 30 ppni degree C. Here, an average coefficient of

t hermal expansion of the insulating layer 311 along a substrate inplane
direction for tenperature range of f¥bm 25 degree Cto a glass transition
point thereof is preferably equal to or |lower than 20 ppn degree C, and an
average coefficient 20 of thermal expansion of the insulating |ayer 311 al ong
a substrate thickness direction is preferably equal to or |ower than 20

ppnf degree C. In addition, an average coefficient of thermal expansion of

t he i nsukratkagplayemn 3hfrakedgspesthgthcabecirnpl ane direction for tenperature
range of from 25 degree Cto a glass 25 transition point thereof is
preferdbliy7gqual to or higher than 3 ppnidegree C, and an average
coefficient of thermal expansion of the insulating |layer 311 along a
substrat e thickness, dirr egoixgnresibg a prrefrexgblrgseéguat tiee drikei gher behan 3
ppm degree C. In the present enbodinent, an average coefficient of thernal
expansiadded| bnga acwulster ateini npbeees dilhilec epony of eeac hirtdiediessahat i ng | ayer
311 is 5 substantially equal, and an average coefficient of therma
expansihemiafoage plsrhst rakelehe ckamedsordi.r e€uirbhenf aachndrgenicnsulaeing | ayer
311 is substantially equal. In addition to above, an average coefficient of
t her maagxpangided dfo tshevianstitateésnind ayer 311 can be neasured by the

foll owi ng manner. P. sanple 10 specinen of 5 mnmsquare is cut out fromthe

i nsul atilAglBayer 311, and while a sanple specinen is heated to el evate the
tenperature froma roomtenperature (25 degree C) at an elevating rate of 5
degree C/ mi ndhetespbesdarg gnbhdimant neditaniesaecanut yresulatnmg layers

311 are composed of similar materials, and an average coefficient

10 of thermal expansion of each of the insulating layers 311 along an
inplane direction for temperature range of from 25 degree C to a
glass transition point thereof is egual 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. 1In 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



(comrercially available from TA Instrunent), quantities of 15 deformations of
the sanpl e specinen along a thickness direction and along an inplane
direction are neasured, and then coefficients of thermal expansion along the
t hi ckness direction and along the suW& ace direction are cal cul ated. Then,
coefficient of thermal expansions along the thickness direction and al ong
the surface 20 direction for tenperature range of from25 degree Cto a gl ass
transition point thereof are calculated. [0119] In addition, the insulating

| ayer 311 preferably has a higher glass transition point. For exanple, the
gl ass bransribhDh eqiizalp@bnbr offi i dier igrswl at bpg/deyese 311 i1$ phef praddyr equal to
or higher than 120 degree C, and further is preferably equal to or higher

t han 1bfibdegtee:,C. The glass transition point (Tg) of the 59 insulating

| ayer 311 is neasured in conformty with 1S0-11359-2. A sanple specinmen of 5
nMm squaneavsragd qutf fficoant hef | tistdratli rgpahayen 3ldng andudsprabe of a TMVA
apparatus (commercially available from TA Instrunent) is put on the sanple
speci nenplane &igrearniont pf5eath atldefiorswdtitdngolaydre Fdnplse speci nen al ong a
thickness direction is nmeasured while the sanple specinen is heated to

el evat subenpet & Une dquar, aandom tamerst ureff28ideyree tGeratlan el evati ng
rate of 5 degree C mnute. Then, a tangent line to a curve representing a
rel ati eaphnpiaf alahlprageubattaee tthickmess dfiréOtidre sfamploh speci nen over the
tenperature is obtained around the glass transition point, and then a gl ass
transi tinenlpoimy lIayercdlduliat edbstraom mllimteaiséct | dn afditian ttangénve, [ 0120]

an average coefficient of thermal expansion of the insulating
layer 311 can be measured by the following manner. A sample

10 specimen of 5 mm-square is cut out from the insulating layer 311,
and while a sample specimen 1s 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



A via hole is forned in such insulating |layer 311, and a 15 conductor |ayer
314 is provided in the via hole. The conductor |ayer 314 provides an

el ectrical coupling between two conductor interconnect |ayers 312, which are
di sposed over and under the insulatiafy |ayer 311, respectively. [0121] 20
The conductor interconnect layer 312 is a netallic layer, and for exanple,
an i nterconnect |ayer conposed of copper. A two- dinensional geonetry of such
conductor interconnect |ayer 312 is a geonetry shown in Fig. 15, in which a
plurality of substantially circular openings 312B1 are forned. Note that an
enl ar gedsuilewing RHarheldondustasuriart enrcoonéotrmihyevri3129G-141368-att ached in
the right-under |ocation of Fig. 15. A dianeter of the opening portion
312B1 iAs safmpte exapiesn B30 Spmn-sguackliits ont coppéromOche omsailaicaggarati o in
such conductor interconnect layer 312 is wthin a range of from60 to 90 %
and pr ébgeabBylmiam i @robegel of TNA GRPASatosgscosmederianl ly paiar lebleonduct or

i nterconnect |ayers 312 disposed over and under the insulating |ayer 311 are
mut ual IfyoB Edupheldrurtentt hé sneval on cthid cramexkgnpbecivepper)d condaotoryl ayer 314
provided in the via hole of the insulating layer 311. [0122] As shown in Fig.
14, 5t hethai Habprnaliem IEBths ddspbs eabdaimenhelendea ofhideaseck surface of the
core layer 32, and includes 10 the insulating |ayers 311, the conductor

| ayer s B3rgchhant he reasfdvetorhi he ektdrirartlel gpeFsman2is iiadiedate similar to
that in_ the buildup layer 31A, and further includes the conductor

i nt er céiRFete| hgErer B1ge fHem AstPAt i tFneapérge3i1d irpiane C) at an

elevating rate of 5 degree C/minute. Then, a tangent line to a
curve representing a relationship of a change in the thickness of

10 the sample specimen over the temperature is obtained around the
glass transition point, and then a glass transition point is
calculated from an intersection of this tangent.

[0120]
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
gecometry 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 312B1 is, for example, 500 um. In addition, copper-



conductor interconnect |ayers (312 and 313) are alternately 15 di sposed.

Her e,

a plurality of (for exanple, three) insulating |ayers 311 are

provi ded, and a plurality of (for exanple, three) conductor interconnect
| ayers 312 are also provided. In addiéion to above, a single conductor

i nterconnect layer 313 is provided, and is disposed in the | owernost
of the buildup layer 31B. 20 The conductor interconnect |ayer 313 is,
exanple, is a copper interconnect |layer, and has a structure shown in Fig.
16. In Fig. 16, dark sections indicate copper interconnects. Copper-

cont ai mongaiaing ratisudin sonbuctoiudtiirericormechnéay era g3 J12atiiso

| ayer
for

of the

conductor interconnect |ayers 313 occupying in the 25 insulating layer) is 80

% [O0v28hiAsashowe iaf Firgm $4, to h¥0 cor endapeeig8palhbg withimsal athgg 61

| ayer

321. The insulating layer 321 is obtained by piling a predeterm ned nunber
of preptegsomndd> ttherBd ér-m Hgrehea ppdied ofprepregtehi 1 etdeatinegtaddypressuri ng.

The prepreg is a fiber such

as a glass cloth inpregnated with a resin

var ni sBl2THéspesth &amiad andenptloyeidisfudatéioastiayer i hyl tare musubalng | ayer
321 may be the same resin material as enployed for constituting the

i nshl atdongledyeia e gietefe 1buil Feupestampde, Theprehsutarduiy drayeyer33id

preferably contains a cyanate resin, in particular a novolac cyanate resin.
| n addiricgadednimvidrage ac befei ef eblte ofngHatdal 1avyexpahsi on al ong a substrate

i npl ane direction of the insulating

25 degrléd2€lto a glass transition point thereof is equal to or |ower

ppm degree C

substrat e As shown in Fig. 14, the buildup layer 31B is disposed in

10

15

20

25

the side of the back surface of the core layer 32, and includes
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
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.

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
insulating layer) is 80 %.

[0123]

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

and an average coefficient of thermal expansion along a

| ayer 321 for tenperature range of from

than 12



t hi ckness direction of the insulating |ayer 321 for tenperature 15 range of
from25 degree Cto a glass transition point thereof is preferably equal to
or |ower than 20 ppmidegree C. More preferably, an average coefficient of
t hermal expansion along a substrate dinplane direction of the insulating
| ayer 321 for tenperature range of from25 degree Cto a glass transition
point 20 thereof may be equal to or lower than 11 ppnidegree C, and an
average coefficient of thernmal expansion along a substrate thickness
direction of the insulating |ayer 321 for tenperature range of from 25
degreelGyte a2yl asthd riassilht Ong poaydr t3rar eef ovayinde egudllite ar | ower than
16 ppmdegree C. In addition, an 25 average coefficient of thernmal expansion
al ong aredbstrmaired mpivbee ofi peepiarns ehd heennsotatngg Heaydrn 321 f or
tenperature range of from 25 degree Cto a glass transition point thereof is
equal taeebZegowhilighrerattihgnadd ppre degriewy.C, Taadpaspameriage cabkti suemt of
thermal expansion along a substrate thickness direction of the 1insulating
| ayer 32lai glpsefaratd ympgaghated orithi gheestithana8nippm dégr eesCn The aver age
coefficient of thernmal expansion of the 5 insulating | ayer 321 can be
meaSur @dteiraat henmignyeer feanmeoast i thet imedder émentapingediyes 881 nhe awer age
coefficient of thermal expansion of the insulating |ayer 311. [0129] A
t hr ouglthkobame sré simmedtiem islichs i empl Gtdchd orayensB2duifng Héie 10 core | ayer 32,
and a conductor layer 322 is provided within the through hole. The conductor
| ayer 322uilstangetaidn Glilapér the drullekmnglagercoppee 1rgEdtingndayercoupl ed to
the conductor interconnect |ayer 312 of the buildup | ayer 31A and is al so

321 preferably contains a cyanate resin, in particular a novolac

cyanate resin. 1In addition, an average coefficient of thermal

10 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 or lower than 12 ppm/degree C,
and an average coefficient of thermal expansion along a substrate
thickness direction of the insulating layer 321 for temperature

15 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 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 peoint 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



coupled to the conductor interconnect |ayer 312 of the buildup 15 layer 31B.
[0125] A back surface of such first resin substrate 3 is provided with a
sol der bunmp Bl (see Fig. 12 and 13). Such solder bunp Bl is coupled to the
conductor interconnect layer 313 in td¥e buildup 20 layer 31B of the first
resin substrate 3. [0126] [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 |layer on 25 the silicon substrate 21. The function
thereof is not particularly limted, and a | ogic device, a nenory device or
m xt ur ert hegleaf ttey Bepempleyect TherlkdownKalrayege i sogffoviided as 63 the
interlayer insulating |ayer. Here, the LowK layer neans a filmexhibiting
speci f tbhednel extparcsicansfany of swrpralateo tbickhewerditmrtidn3 ofTypecal Low K

| ayers include, for exanple, organic |layers such as silicon oxycarbide

(Si OC) inpeiayindg IsiviesesSqui Dg apee (NMEOLy benad tycdobuidme amdnt Be |i ke, and

i norgani c | ayers such as hydroxy sil sesqui oxane (HSQ and the like, and a
por osi beedd¢gter ¢f. stk auterfaleoafdyicdless bé phefrerhldxpansiphoyédthsSuch
first sem conductor chip 2 is disposed substantially central 10 portion in
t hed f r dnsusat ingelajferf BEdt cresihh maAMINest 13, the phanrdy t3gnef asokder bunps B2
are di sposed between the first sem conductor chip 2 and the first resin
subst r acesBrengrt tthwcefurst feeniomiifttage epeppf2cienteofpltédgrmelt he fir st

resin substrate . .
expansion of the insulating layer 311.

(0124]
A through hole is formed in such insulating layer 321 of the
10 core layer 32, and a conductor layer 322 is provided within the
through hole. The conductor layer 322 is a metallic layer (for
example, copper layer), and is coupled to the conductor
interconnect layer 312 of the buildup layer 31A and is also
coupled to the conductor interconnect layer 312 of the buildup
15 layer 31B.
[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



3 via the sol der bunps B2. Typical materials available for the 15 sol der bunp
B2 may include, for exanple, tin- bismuth alloy, tin- zinc alloy, tin-|ead
all oy (Sn/95Pb, Sn/63Pb) and the like. The materials available for the

sol der bunp B2 nmay be for exanple, ao6jmterial having a coefficient of

t hermal expansion within a range of from 10 ppm degree C to 25 ppnidegree C
The peripheries of 20 such solder bunps B2 are filled with an underfill U.
[0127] [underfill] The underfill U fills the peripheries of the sol der
bunps B2 that join the first resin substrate 3 with the first sem conductor
25 chi ph2, iaelr o finkbdat heg peaygher iHeseof theLsotKldraveunpsaB2 &hat  join
the second resin substrate 5 with the second sem conductor chip 4. Avail able
conponénfinnatetrhialisxgofa sheciuhderdidlediriinckudet dt @f laquaild tohernosetti ng
resin and a filmthernosetting resin. Anmong these, a liquid thernosetting
resin ilswpreteaabl .. TAypirsl becadlseyargapnbétadeentethefamede, resin substrate
3 and the first sem conductor chip 2 and a gap between the second resin
substr atgabis hakisheusdcoadssbhieormystagbidhi pSHO0Chn teshiill | ed with an

i nproved efficiency. In the present enbodi nent, the underfill U is conposed
of a resilpepuneriarle WhQse beetdicyembusenel asdi ctheylikey andbsphere at 125
degrees centigrade is 150 MPa or nore and 800 MPa or |less. The elastic

nodul ugnauganec obrwEnfedus) BRehiar o Higl seEgluprsertdulBSQla gubttdicofl ikke
underfill Uis forned to have a dinension of 10 mmw de, about 150 mm| ong
and 4 andt hi ekrosHeedddtla p§ sueldidtrerdmleveayf aksaocarinnaiesakil y200 degree
C, and then, neasurenents are carried out by a TENSILON testing machi ne

Wi t hi nemployed.

Such first semiconductor chip 2 is disposed substantially central
10 portion in the front surface of first resin substrate 3.
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 coefficient 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 B2 that
join the second resin substrate 5 with the second semiconductor

chip 4. Available component materials of the underfill U include



an atnosphere at a tenperature of 125 degree C and at a rate of 1 15
nmm m nute; and an elastic nodulus is eventually calculated by wutilizing an
initial gradient of the obtained stress-distortion curve. The elastic
nodul us of the underfill U may be 15004MPa or nore and 800 MPa or | ess, so
that the peripheries of the bunps B2 are firmy fixed, thereby preventing a
crack in the bunps B2. In 20 addition to above, when the sol der bunps 132 are
of |ead-free solder, the material may preferably have an el astic nodul us of
equal to or higher than 150 MPa, and nore preferably equal to or higher than
200 MPa. liguadditemmsamiengt hessol @et Hunps 8Reamesoftimplmierinhavi ng hi gher
nmelting point, the material may preferably 25 have an el astic nodul us of
equal tocog hhgher a Hamu3d MRarmasetting eepref ésabrgfelale .t o Toishigher than
45 MPa, for the underfill U 65 [0128] Various materials may be enpl oyed
for théecessn aeyay italtweenplkbyediist tiesundebbitkrhte). 3 Ford éxtendliestan epoxy
resin, a BT resin, a cyanate resin or the |like may be enployed. A novolac 5
cyanat seméspnduiornertiiyp descdi bedap rretivecdesdei pecond f esirhsubstibsteat e
material, is preferably enployed for the cyanate resin. [0129] It is
preber ablredt hat sérconcesiemigandntbdr comgt i4 weinnget helleghdertth lan U contains a
pol y-functional epoxy resin. This allows 10 providing an inproved cross
| i nki ngrgensedyebficianayur ednr 8¢ npresder eppodaneeti nghdiwmerfallasti c
modul us. [0130] The underfill U may contain an inorganic filler such as
is composed of a resin material, whose coefficient of elasticity
in atmosphere at 125 degrees centigrade is 150 MPa or more and 800
MPa or less. The elastic modulus may be obtained by the following
10 procedure: a paste of the underfill U is formed to have a
dimension of 10 mm-wide, about 150 mm-long and 4 mm-thick; the
paste is cured in an oven 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.



silica particles. Such configuration provides a reduced 15 coefficient of

t hermal expansion, so that danages on the sem conductor chips 2 and 4,
between the first sem conductor chip 2 and the first resin substrate 3, and
bet ween the second sem conductor chigb 4 and the second resin substrate 5 can

be nore effectively reduced. 20 [0131] The underfill U may contain a
coupling agent. Having such configuration, an inproved adhesiveness between
the bunp or the inorganic filler and the underfill and a reduced coefficient

of thermal expansion can be achieved, so that damages on the 25

sem corjdaespr chi ps and between the sem conductor chip and the substrate can
be nore effectively reduced. Available coupling agents include a silane
coupl i ng ageHltrsouch ragecaperdpsmbganee &tol@mcdsicl ahe asslit heatlddkiel and a

titanate-coupling agent and the |ike. A conbination thereof may al so be
enpl oyedpldhed coupliengindagénilnhy bEorn rexaripdem ofi eoxyg mhssipgr sedTi n t he
bi nder conponent of the underfill, or may be in a form of being coated onto

the 5 sesfiaces ofarndie inesrnganrctii¢|]lidre sughbasesploged park inclved ac
Alternatively, these fornms may be simnultaneously exhibited. Wen, for
exahpl eyasatecrepart ifclreerdyvedbsentdest] irhéhei Beearspriacefomprtbeessed with a
coupling agent may be enpl oyed. [0132] 10 An average coefficient of thernal
expansisobrsotat denatmiardli,| Ls prederakehpanplevedr Angetlod dyanmtzs réegnee C to a
glass transition point thereof is preferably equal to or |ower than 40
ppnt dedPdé°C, and nore preferably equal to or lower than 30 ppnidegree C.
Thi's It 1s preferable that the resin material constituting the

underfill U contains a poly-functional epoxy resin. This allows

10 providing an improved cross linking density of the cured resin,

thereby achieving higher elastic modulus.

[0130]

The underfill U may contain an inorganic filler such as

silica particles. Such configuration provides a reduced

15 coefficient of thermal expansion, so that damages con 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 ccefficient 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,



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 B2. In
addition to above, average coefficient of thernmal expansion of the underfill
U for tenperature range of from 25 degree Cto a glass transition point
t hereof may be neasured by the follow ng manner. A liquid
i njection-encapsulating underfill 20 material is cured at 150 degree C for
120 m nutes, and then a cut out to obtain a test specinen of 5 x 5 x 10 nm
The measurement for such test specinen is carried out by enploying
"TMA S8h206s1]lamemercithkl yiavai dadl 2 fitamaSEFKQuEbing taljgntwmanil &aheonpr essi ve
|l oad of 5 g and at a tenperature elevating rate of 10 degree 25 C/ m nute.
[ 0133] likSecohdcdasinatSehbsthatedf 6fay Alsectrdenpsdpesdubsiraatoeubling t he
present enbodi nent, is conposed of the substrate nmaterial which is sane as
t hat ofagehe mé&yrizt imesi mogmbstriaeen®, dimpedriiad fhethayerndsr gompoeesane as
that of the first resin substrate 3. Mire specifically, the second 5 resin
subst r afetbei wedemneis! buidrdupyl by ek Bimrandi3bBiagdceaicnt entcaybe 32, which
are simlar to that of the first resin substrate 3. The second resin
sub%st r suefscas sof Hdw drogppaée bflkeibstuaht iagl By licedparigitles .geonmet ry,
simlarly as in the first resin substrate 3. Al though the second resin
subst r ALEeENRElTHEY s dhESPeBERS aBaY Hee FoMulignepesin SuUbistitade 3WhAnt he
present enbodi nent, the second resin substrate will be indicated with a
nurrer alforsexappte  Hellisgr peséiet el ats djwinsleidngthhep £biCe romitalke first resin
substrate 3. 0134]

processed with a coupling agent may be employed.

[0132]

10 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 preferably equal to or lower than 40 ppm/degree C,
and more preferably equal to or lower than 30 ppm/degree C. This
mere effectively allows an inhibition of a damage on the Low-K

15 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]



[ Second Sem conductor Chip] 15 The 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 |ayer 22 conposed of a so-called LowK

| ayer on the silicon substrate 21, si@mlarly as the first seniconductor 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
devi ce. Sol der bunps B2 are provi ded between the second sem conductor chip 4
and the second resin substrate 5, simlarly as the sol der bunps for

coupl i ng t heAf sestndemsdondubtoracai p, 2in aheherksest emsidinmtsulistrate 3.
The sol der bunps B2 provide an el ectrical coupling between the conductor

i nt er copnpesedl ayertigl Zubktrhecbuatelum l ayech 3tAsafie tae Sedord tbsin
substrate 5 and the second sem conductor 68 <chip 4. [0135] [Resin Spacer]
The rediimsspaeein GukstaatecBangud drad rdree-lelyapedt neobere Emghishthatdi sposed
al ong each side of the first resin substrate 3 and the second resin
subst r @fetBe borst hepdimg sneetaagel ar Sardeascpecyébaet F¥escheTisecradi n spacer 6
has conductor sections (conductor interconnect |ayer 612, conductor |ayer
614y exeeadi agdttrairyy anclipdesrperlderléokeral dhgd #mé 110 @osesgscareect i on.
This resin sgacer 10 6 includes, as shown in Fi%: 17, rectanqgul ar

frane- Shaped3éorehighyaie g2mijapabe ofat eth digultarstr apels 1sdrel dup

| ayers 61A and 61B, which are opposed across the core |ayer 62. The buil dup
| ayer B1R PSCERE porEd ishlbtsﬁéaE?dg pSq He s rostr§afe aele vibstmatdeley

rectangular geometry, similarly as in the first resin substrate 3.
Although the second resin substrate 5 is the same member as the

10 first resin substrate 3 in the present embodiment, the second
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



| ayer 62, and has a configuration including insulating |ayers 611 15
containing a resin and conductor interconnect |ayers 612, which are
alternately stacked. In the present enbodi ment, the buildup |ayer 61A is
conposed of a plurality of (for exanf®, three) insulating |ayers 611 and a
plurality of (for exanple, four) conductor interconnect |ayers 612, which
are alternately stacked. 20 Here, the resin constituting the insulating |ayer
611 is the same as the resin constituting the insulating |ayer 311, and a
glass transition point, a coefficient of thermal expansion along the

t hi cknesspdérection and a coefficient of thermal expansion along the inplane
direction of the insulating |ayer 611 are the sane as 25 those of the

i nsul atlbdg-layer 311. Mre specifically, in the insulating |ayers 611, an
average coefficient of thermal expansion along an inplane direction for

t enper dRaesenr 3pgyecaf from 25 degree 69 Cto a glass transition point thereof
is equal to or lower than 30 ppm degree C, and an average coefficient of

t her mal expafibeoresHl GRFCEIt Ri eRnesseeliarantliagn frgnegslaipe®d membdegwer t han 30
ppm  degree C. Here, in_the insulating layers 611, an average 5 coefficient
of P hemiachexpatssrsed grgnoheachpsidre afi tdet Lonst oresierp@satrate Pange of
from25 degree Cto a glass transition point thereof is preferably equal to
or | owendt RAp SerPphiigegresulbstapee an kakdr AgEingef¢tleannilaat stépaal
expansion along the thickness direction is preferably equal to or |ower than
20 ppnAgereriEs - I diashar SPRACE he 13 HORCURGOr a§eEsi® L, (candagEpage
coefficient of thermal expansion along a substrate inplane direction for
tenper&PG?éCP%%%%ﬁcﬁaﬁﬁloﬁﬂ§5 gegreet @ tlaveTglrdds BRI DANEONAR 2Rhereof is

ref er abl ual to or higher than, 3 m degree C, and
P %nt%r?gr thereof alo%g the t© ickéggs df%ection. 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 across 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 612, 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



an average coefficient of thermal expansion along a substrate 15 thickness
direction is preferably equal to or higher than 3 ppnidegree C. In addition,
avia hole is formed in the insulating |ayer 611, and a conductor |ayer 614
is provided in the via hole. The congtuctor |ayer 614 is conposed of the
material sane as that of the conductor |ayer 314. Further, the conductor

i nterconnect 20 layer 612 is conposed of the naterial sanme as that for the
conductor interconnect |ayer 312. [0136] The buildup layer 61B is di sposed
in the side of the back surface of the core layer 62, and simlar

| ayer - §t tuchug Basnd ra2 isiohl peisubStamod et enial s dtheldwsd dopnl ager 31B
enpl oys are al so enpl oyed. Moire specifically, the buildup | ayer 61B incl udes
t he i npphdteaget dyerandb i, avheagonchrfiorcieayeps Bidrma heexyemgionor 70

i nterconnect | ayers 612 and conductor interconnect |ayers 613 conposed of

t he natéprngl astimeckis=stshati reok iohel g orthadt 6o onteweontieut I0ayem/313. The
insulating layers 611 and the conductor interconnect |ayers (612 and 613)
are al degnately FlalisspdsedheThesebndutd drvierseptbnnettaterage 613 i s di sposed
in the |lowernost |ayer of the buildup |layer 61B, simlarly as the conductor
i nter cooréticiayeroBdierThd espentigieralenyg $hgl sop lawapbiswdtoonwiieh the resin
material sanme as that for the core |ayer 32, and has the insulating | ayer
321 t haempsraini¢ arands e from Asudledsary Q &per 62ass Nprassipdeinf peanfy, an
average coefficient of thermal expansion along a substrate inplane direction
of thethexsafats igrefiale2eapsl femperletigre thaRgel PP 8125 degPB@ C to a

glass transition point thereof is equal to or |ower than 12
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 conductcor 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



ppnf degree C, and an average coefficient of thermal expansion 15 along a
substrate thickness direction of the insulating |ayer 621 for tenperature
range of from 25 degree Cto a glass transition point thereof is preferably
equal to or |ower than 20 ppm degree @ ©Mre preferably, an average
coefficient of thermal expansion along a substrate inplane direction of the
i nsul ating |ayer 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 |ayer 621 may be equal to or |ower than 16

ppnl degneer@nndair tlhgrersanlavendgeorchefthirc ieht rofndvgr nelyeespa&hsi on al ong a
substrate inplane direction of the insulating |ayer 621 for 25 tenperature
range obmpooed 25 dégr setErtal asghasss thhansifoironhpoiertdudteer eof is equal to or
hi gher than 3 ppm degree C, and an average coefficient of thermal expansion
al ong ansabstmatet tlkivekneds - 71Theli yrentliagnngf letiers nsul atnidnghkeayer 621 is
preferably equal to or higher than 3 ppnidegree C. A through hole is forned
i n suckonfinstubatimgicayercé2laptrs hedlcorad ayér #2¢ alidramatenasiuct or | ayer
622 is provided within the through hole. The conductor |ayer 622 5 is a
met al | idésbaged. (fre ecadpleorcoppercirayest) lagad $13 couplisgposed thetlbonduct or
interconnect |ayer 612 of the buildup |ayer 61A and is also coupled to the
conductlerermneel chritfactof] &herbeibder tawer BBl dapmi baeky @EBLNThe resin spacer
6 as described above may be _obtained by punching out a central section from
a substratectior conposennertt havehyerd st ribéet Gpéewg@%elf He sgbsteate material ,
both of which are simlar as those for the first resin substrate and the
secondCP@@Pﬁegu%%ﬂﬁéﬂbﬁhFOIS?}n 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



A di nensi onal hei ght of such resin spacer 6 is larger than a 15 sumof a

di nensi onal thickness of first sem conductor chip 2 and a dinensional

t hi ckness of the solder bunp B2, so that a spacing is forned between the
front surface of the first sem conductlor chip 2 and the back surfaces of the
second resin substrate S. [0138] 20 [First Adhesive Menber, Second Adhesive
Menber] As shown in Fig. 17, the first adhesive nenber 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 fidistcatibesiveredbenldAing, layer @125 sppeséatatenbedjus@ntp arcur ed
product of an adhesive tape in a film form (adhesive agent). In addition to
above, htihbeti tisdn atlhgesi/degraenber FAH=>uwgdt hbilal f edfdwondchencsned filmform
adhesive tape 72 (adhesive agent), and may be a cured product of a liquid
adhesi vesuagentg Iheerf i6£8t oddblesi verardyer ¥A, i sndi & posethcdloongayespecti ve
sides of the first resin substrate 3. The first adhesive nenber 7A includes
a first2Pesbnplayieted WAthavi hige aphewlhdsihed epr opee t gorsdericdra legkdeb2? egi on 72A
provided in the first resin layer 71A and serving as a first electric
conbluctier 2 mstell studsedrl dfer ¢xnampeletaidoppetie laghesi vand dge coonseidtteing t he
first adhesive nmenber 7A contains a resin constituting the first resin |ayer
71A, sdéhgecongovder goesconoerhglayer Soldef ithgi bnl P dedea €4Ai agdagent 10
exhibiting the flux activity. The solder region 72A is provided to have a
col umars shapecewlrd tte dheemaandhebrighintisaconpsetr bayer 4ldyef ¥hA al ong the

t hi ckness direction. Through such solder region 72A, the conductor
interc@wﬁégpp|é§ggrgiglinTgﬁerggimcﬁRﬁcer 6 as described above may be

obtained by punching out a central section from a substrate
10 composed of the layer-structure with the substrate material, both
of which 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 & 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



| ayer 61B of the resin spacer 6 is coupled to the conductor 15 interconnect

| ayer 312 in the uppernost surface of the buildup |ayer 31A of the first
resin substrate 3. More specifically, in Fig. 17, a sign "S" indicates a
sol der resist of a resin (insulating/dayer) 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 solder region 72A forns a netalized
connection with the conductor interconnect |ayer 613 of the resin spacer 6
exposedatiheni tdeagnitder andsingy 1% andir@dsprbdnas af netlalduzded acbaaéedi on with
the conductor interconnect |ayer 312 of 25 an uppernost surface of the first
resin sgbstrat®hd fexpdsedhbsdre mdmebesol/derisr dsesds&l dhed inespecesva | ayer
71A having an adhesive property is a layer serving as providing an adhesion
bet weesitthe 78 thesiirspaesintsapsttdie f3.r sTheefinssubdtasdtve embart he
present enbodinent, the first resin layer 71A indirectly contacts with the
resi n gpadecledand thasti rseinesayesubdt haveng gnaadimsistl geoperésgi st S. 5
[0139] The second adhesive nenber 7B is disposed between the resin spacer 6
and>t henslegondldesiresivist/Eat provicdam igethes fasst eresin ilgatdry 7é8uphéing t he
resin spacer 6 to the second resin substrate 5. Such second adhesive nenber
7B i nclsgdEéna secondiEd LdschriayernduB davi A dhsadhessl vatsroparty and a
sol der region 72B provided in the second resin |ayer 71B and serving as a
secondde§ﬁéétrtbec%ﬁuﬁﬂﬂﬁrtapﬁ tpestprteddmy EhBodirehtadhasd Vi pembadhesi ve

menber 7A and the second adhesive nenber 7B are simlar cured
A 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 alcong the thickness direction. Through such solder
region 72A, the conductor interconnect layer 613 in the buildup
layer 61B of the resin spacer ¢ 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



products of adhesive tapes in filmform (adhesive agent). Mre 15
specifically, the second resin |ayer 71B and the first resin |ayer 71A are
conposed of simlar materials, and the solder region 72B and the sol der
region 72A are conposed of simlar mat®rials. The second adhesive nenber 7B
serves as electrically coupling the resin spacer 6 to the second resin
substrate 5, and the conductor 20 interconnect |ayer 612 in the buil dup |ayer
61A of the resin spacer 6 is coupled to the conductor interconnect |ayer 313
in the Ilowernost |ayer of the buildup |ayer 31B of the second resin
substrateib ypacdihe pirld aheshiaped ssdidersubegirane 728, Whitdle ipxespnovi ded so as
to extend through the second resin |ayer 71B. 25 In addition, the sol der

regi on ef@Bdoherhe tdecdridsadhesivel aprnberlA iBdfiioensly amettaldtzedicbnheet i on

wi th the conductor interconnect |ayer 612 of the resin spacer 6 exposed from
t he solrgdeinregastr § aMfl thndfatso fexins sabsttatezedv coriectsicddew t h t he
conductor interconnect |ayer 313 of a bottom surface of the second resin
substr aeei5teXposed fromthe solder resist S. Further, the second adhesive
menber 7B i s di sposed along respective sides of the 5 second resin substrate
5. Jhe (§886hd resin | ayer 71B having an adhesive property is a |layer serving
as providing an adhesion between the resin spacer 6 and the second resin
substrate 5. Tha sedtenprashaivenpedbeentd ishelispeond pelsiert dyer r2sBn
indirectly contacts with the resin spacer 6 and the second resin substrate 5
10 vi a spleeesob derd ridyi secsnd] ge40] Mebatragendt hadd f eRr@sact uri ng of the

above-nenti oned. sem conductor device 1 will be described. First of all, the
first electrically coupling the resin spacer ¢ to the second resin

substrate 5. Such second adhesive member 7B includes a second

10 resin layer 71B having an adhesive property and a solder region
72B provided in the second resin layer 71B and serving as a second
electric conductor. In 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,



resin substrate 3 and the second resin substrate 5 are prepared. 15 A net hod

for manufacturing the first resin substrate 3 will be described. In addition
to above, a nethod for manufacturing the second resin substrate 5 is simlar
to the method for manufacturing the T4rst resin substrate 3. First of all, a

doubl e- Si ded copper clad lam nate is prepared (board having copper 20 | ayers
formed on the front and the back surface of the insulating |ayer 321 of the
core layer 32), then through holes are formed in predeterm ned | ocations,
and further, the conductor layer 322 is formed. Next, the conductor

I nt er cangeel sbayerss F heanéditodnednmorct itdne wiitanthandotde-thack surface of the
i nsul ating |ayer 321, 25 respectively, by a subtractive process. Thereafter,

t he surihaeescnoécta Jpaiar 6fl3cohdachortamtssrrdanrect thyesescBIR rasenr oughened by
enpl oying a chem cal solution, and these insulating |layers 311 are 75

| am natsetbstThee eafd:grgsad drhol eBe aseldeor medisn the Fusthett,i rigpel agpeondll via a
| aser processing or the |ike. Thereafter, by enploying a sem - additive

pr ocessdhekeveoncuotor/H dpedi8pdsed dloymedeispethevei aidehalfe thed furt her the
conductor interconnect |ayer 312 is formed on each of the insulating |ayer
311> Suclropdotessesswdrd ragpeat edThe satdrglvrebtiai hapgr t heB fHavingr esi n
substrate 3. In addition to above, the conductor interconnect |ayer in the

| oner nesthelsayer podpaitey ifsi psilapesi sexUbst eat pravidinhearcorthestion i nt er connect
| ayer 313. 10 (0141] Next, the solder resist Sis applied onto the front and
the bdskveanfbbe wisithgpagbtabnedd fikstsqoegidnrsabst pes Ftand.seéond resin

substrate 5, respectively. Thereafter, the first
the present embodiment, the second resin layer 71B indirectly

contacts with the resin spacer 6 and the second resin 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



sem conductor chip 2 and the second sem conductor chip 4 are 15 nounted 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 second “em 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 seni conductor chip 4 are fixed to the
first Aeminasebstrate 3 and the second resin substrate 5, respectively.
Thereafter, the periphery of the 25 sol der bunps B2 that provides a juncture
bet weeAhtheafiest visemmodendace ofoxiad 12 ahd theulfatmig rlesier Subsviate 3 and
the periphery of the solder bunps B2 that provides a juncture between 76

t he sedendrsendeurrinct or theplitkeand Gseesdtond pesemplubsita at eéeBi-are filled
with the underfill U, respectively. Next, the resin spacer 6 is prepared.
More spddifivalpyocdss.t heepresduttoriizodirment, 18 heoxddm tési ¥iasS is applied
onto the front and the 5 back surfaces of a substrate is conposed of the

| ayer - dedacend efuntiar the sobdiehale ifdreacoanechotayef W dis deemsfdndhar as
those for the first resin substrate 3 and the second resin substrate 5, and
t hen t RécBeffrdre sewilahing th¥CEodtled SUBSt PAPESSSEHUHEhEEPested Thereafter
the first resin substrate 3, an adhesive tape 10 constituting the

above- @dd6ri BRERINIG tAGhddroE Rembersustnaie resii 3gdtllos, tambaiResi ve
tape constituting the second adhesive  nenber 7B and the second resin

subst r &€ SORFECHEpIdItcEFOPReEhi B2 YSediends, lanarieeh My pifetngyer ed

material is heated at a ,
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 B2 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



predeterm ned tenperature. A heating tenperature (adhesion 15 tenperature)
can be selected according to the material of the solder powder and the
material of the resin in the adhesive tape. The adhesive tenperature is

sel ected to be higher than the neltin tenperature of the sol der powder and
to be equivalent to a tenperature, at which the resin is nelted. At this
point of view, 20 adhesive tenperature nmay be selected to be higher than, for
exanpl e, 100 degree C, preferably equal to or higher than 120 degree C, and
nore preferably equal to or higher Than 150 degree C. In addition, it is

pr ef er &bt es¢draid tdemimehtiuvtsroshiiy dofardhéheesenond srdowersubstrheeadhesi on
tenperature, and at this point of view, 25 the adhesion tenperature nay be
sel ect edet 61 begd fudrthexarphedeefulal Ut gespetbiveely harNe28Q dégr eesh and
preferably equal to or lower than 200 degree C. In addition, in view of

i ncr easbaget he & gacparedxhi Bore mpdamviecamlt Vi stosinnesehtt he resin, | ower
adhesion tenperature is preferable. In addition to above, a pressurizing at
a pr ederepdiment pridwss geeddur Fagitthe ddhedpdnedrotles shfmyf rangoangetizenduct ed.
A pressure for the pressurizing operation may be, 5 for exanple, equal to or
hi gher barknsurivmes o @i 6Wletrite? Magawesedoplerhe egiveiis SEZACEAEE 72B wit h
further certainty. In addition, the pressure may be, for exanple, equal to
or | owekthhile 20itsateandtpredbr aBIh €dudhich aFe | vibrlarhas 100#Pa, in view
of further inproving the joint reliability. Further, a therno-conpression 10
bondi n§ori Hee Pe 15rénepabsyrafe hi mrg thfgecePnd rieti 10 SUesE06teseconds.

[0142] Here, the adhesive tape will be described. The adhesive
and then the central section of the coated substrate is punched

out. Thereafter, the first resin substrate 3, an adhesive tape

10 constituting the above-described first adhesive member 72, 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 tc 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



tape contains the resin constituting the above-described resin 15 layers 71A
and 71B, the sol der powder constituting the above described sol der regions
72A and 72B, and the curing agent exhibiting the flux activity (chem cal
conpound exhibiting the flux activith). Anong these, the sol der powder and
the curing agent exhibiting the flux activity are present in the resin. Wen
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 nelts, mgrating in a
sel f - akxkghbigi manmerrontdtt hessus ftacef ahet hestonducter adiesrioonnect | ayer
613 in the buildup |ayer 61B 25 the resin spacer 6 and the surface of the
conductempendanconregrefeaygelie 312ln mddig ian appepovst sunfescerotzinge bui | dup
| ayer 31A of the first resin substrate 3, and further onto the surface of

t he 78atcenduederernminedcpnnestre ayerirgi 2 hienatihes bom | plprdssy sry6ddsof t he
resin spacer 6 and the surface of the conductor interconnect layer 313 in

t he | ower posdudtsdr &f prhesbuoé| tup trey @red3sBrofinheorwoondn megi hesubstrate
5, thereby formng netallic junctions (in other 5 words, solder regions). In
addbti der echemelei mpuadett ¢hobighmwbhanexhMBiti by view fdfuxoamingi thye exi st ed
inthe resin mgrates to interfaces of the solder powler with the respective
conductseldef ntegcurn @R Ragler 8B34Dth g3 ther3cantasnly wi tin addifperoved
efficiency, and, in order to renove oxide filnms fromthe surface 10 of the
sol der tHEWHERSS G @ty et alf P¥ egxaBmifoctdatidd APeCf of ol WetweénMPAe sol der
region 72A and the respective conductor interconnect |ayers 312 and 613 and
bet weerEhBr 8¢ Rt &gien #2BOT abveheedspEctPae Evnthrdt &f ifHEERBBNNect

| ayers 313 and 612, o ,
improving the joint reliability. Further, a thermo-compression

10 bonding time may be preferably within a range of from 10 to 600
seconds.
[0142]

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 sclder 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



provi ding el ectrical couplings. The use of such adhesive tape in 15 this
manner all ows the adhesion by sinply heating at a single tenperature,
t hereby easily achi eving an adhesi on between the substrate and the resin
spacer. However, the heating process fr the adhesion is not limted to the
processing at a single tenperature, and, for exanple, a step-cure process
i ncluding 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 therno-
conpressi on bonding at 180 degree C for 10 seconds and then cure in an oven
at 200cdedgneeof frarercemnechuleger nEl2 alrt eheabhvedyp beayeordactogdrhen
addition, the netalized connection of the solder 25 particles constituting
t he solrdeinpspalesr fr aviddéset her Caupladgheoicondottder imtdtmeradicésilagetape with
the respective conductor interconnect |ayers 312, 613, 313 and 612, so that
| oner B33 condoetiowvemesitsfaper andche gherldupi hayeel 3Hbidfi thheasecandi eved.
[0143] Here, the resin available for the adhesive tape is not particularly
| i m t edesdnanybspedid il tesiasy Bomduinpimedlkly icajbntthiermopliasoicberesin, a
t hernosetting resins, or a mxtures of a thernoplastic resin and a
t he? nosetrtisngse kst n memyiobe ) enployadditiamongheheseing nagardw (@fotashown)
filmformability and a nelt viscosity of the resin, a mxture of a
t her nogkhdbitinestire didixaacher hbgettigigpd desithei seprefreraites 10 [ 0144]
Avai | abl e thernoplastic resin is not particularly limted to any specific
r esi ns Anadrdfagps caf 1Ghe el dexappVesr phidiosyier 8§PRSCt ot y@BIRICTOES| N,
pol yur et hane resin, polyimde resin, siloxane

interconnect layers 312, 613, 313 and 612 with an improved

efficiency, and, in order to remove oxide films from the surface

10 of the solder 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
solder in the adhesive tape with the respective conductor

interconnect layers 312, 613, 313 and 612, so that lower



conversion polyimde resin, polybutadi ene, polypropyl ene, styrene 15

but adi ene-styrene copol yner, styrene-ethyl ene-butyl ene-styrene copol yner,
pol yacetal resin, polyvinylbutyral resin, polyvinylacetal resin,

i sobut yl ene-i soprene rubber, chloropréhe rubber, polyam de resin,
acrylonitrile-butadi ene copolyner, acrylonitrile-butadiene-acrylic acid
copol yner, acrylonitrile 20 butadi ene-styrene copol yner, poly vinyl acetate,
nyl on, acrylic rubber may be enpl oyed. These nay be enpl oyed al one, or a
conbi nati on of two or nore of these polynmers nay be enployed. Anong these, a
phenoxyondsthive refsrabky apdphoylest Jddi45kel28bi hiadditd achitled.
above-descri bed thernoplastic resin may have nitrile group, epoxy group,
hydr oxyi01gBbup and carboxylic group, for the purpose of providing an

i nproved adhesi ve property 80 and an inproved conpatibility wth other
resins, and Hgpecathe exanipl evef lsbth fesithemayhbeiaa wepy|i< rradbber, for
exanple. This allows providing an inproved filmformng stability for the
adhesi pertapelaFly theriteal tedaggdsedaistic nasdobusand tywicedhesi we 5 tape can
be provided, thereby providing an inproved adhesi veness w th objects. [0146]
The> cothenmopiastec afasrignent Fbasdosdierinsplrasing, resi &, mixfunest oparti cul arly
limted to any specific value, and is preferable 10 to be 10 to 50 %u of

t he m@ﬂ]érmési/@ls’ébhﬁ’c%ﬁiﬁ 6hd exteptmesrt tdplgderspowdey , bamingleygdrticul arly
preferable to be 15 to 45 %M. The content within the aforenentioned range
al | ows Apangi Ebeefl yin (Visio@itng EhEnfiomafgdmiabrnfit§ melt viscosity of

the resin, a mixture of a thermoplastic resin and a thermosetting
resin is preferable.

10 [0144]

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, acryleonitrile-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 purpcse of providing an improved adhesive property



[0147] 15 The thernosetting resin here is not particularly limted to any
specific resins, and typically, epoxy resins, oxetane resins, phenolic
resins, (neta) acrylate resins, unsaturated pol yester resins,

di al l yphthal ate resins, nmaleimde resiths or the |like may be enpl oyed. Anong
t hese, epoxy resins, which exhibits better 20 cure-ability and better shelf
life, and the cured material of which exhibits better thermal resistance,
better noisture resistance and better chenical resistance, are preferably
enpl oyed. [0148] Any of epoxy resins that are in solid state at a room 25

t enper ahdr enandpepoedy coepehsbt haty avieh mtheguirds$hat earat tgypricam t enperat ure
may be enpl oyed for the epoxy resins here. In addition, the resin my

cont ai exanpépoaly s meshat mag ba soldadydlic stibber at far rommptlenpefai sir e and
anot her epoxy resin that is in liquid state at a roomtenperature. This

al | ows afldpwheprentréing rg itnheoeéxf bin-forniingt headesign fofr tthe nel ting
behavior of the resin. [0149] 5 The epoxy resin that is in solid state at a
room t edpesavareapd s rfotrtpart i eubedhged iatiased ct vodnyus pelcithiec adesshge and
typically, bisphenol A epoxy resin, bisphenol S epoxy resin, phenolic

novdl adapeposy pegprpvickedosohenehy| rreodEFExy resinprovrseiailesanenesepoxy
resin, glycidyl ester epoxy resin, tri-functional epoxy resin, 10

quadr i ¥ificPbodels epoxy resin or the |like may be enployed. Mre
specifically, a solid tri-functional epoxy resin and a creosol novol ac epoxy
resin dﬁ§4§i contained. This allows inproving the thermal resistance of the

cured material, so that better results . _ .
The content of the aforementicned thermoplastic resin, is

not 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 %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



can be obtained in a tenperature cycling test or in a pressure 15 cooker
test (PCT). [0150] In addition, the epoxy resin that is in liquid state at a
roomtenperature may be a bi sphenol A epoxy resin or a bisphenol F epoxy
resin. In addition, the conbination thereof may be enpl oyed. 20 [0151] The
content of the aforenentioned thernosetting resinis not particularly
limted to any specific value, and may be preferably 2C to 80 %w. 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
suf fi ciseateebast iamdeinpsrattes anderadhesi epoxy hesehy tpraoviidi ng an i nproved
joint reliability. In addition, since higher nelt viscosity of the adhesive
t ape cadngheéd82tatashdtewedpotnheerbyrprenent iThd st bélswes deurtfewmdenhinoimget ti ng
out fromthe adhesion object. [0152] In addition, the configuration of the
resi n ¢oet dilakngil Syacnylthe debben af | Ows neal tiimgr bebdvidepost titen rstsdli.l ity in
the manufacture of the fil mshaped adhesive tape. In addition, since such
confi gufa#bon provi des a decreased el astic nodulus of the adhesive tape,
which leads to providing a reduced residual stress between the adhesion
obj Bct and t fbecadhesy vieestigpé&hadnifnpn oveldidl Gtadkesic venesan fiampehratadhesi on
obj ect can be achieved. [0153] Conpounding ratio of a resin in the adhesive
tape may bet panticdlarlexanplecdapo sty ldpeaidbberessnsoriral negiaplayratio
bisphenol A epoxy resin, bisphenol S epoxy resin, phenolic novolac
epoxy resin, creosol novolac epoxy resin, glycidyl amine epoxy
resin, glycidyl ester epoxy resin, tri-functional epoxy resin,
10 quadri-functional epoxy resin or the like may be employed. More
specifically, a solid tri-functional epoxy resin and a creoscl
novolac epoxy resin may be contained. This allows improving the
thermal resistance of the cured material, so that better results
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 whecle 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 Jjoint reliability. In

addition, since higher melt viscosity of the adhesive tape can be



within a range of from10 % . to 50 %w. over the total of the 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 §4rther inhibiting an increase in the
el astic nodulus of the cured adhesive tape, thereby further inproving the
adhesi veness with the 20 adhesi on object. In addition, the conpounding ratio
of the acrylic rubber of 50 %w. or lower inhibits an increase in the nelt
viscosity of the resin, allowi ng the sol der powder noving to the surface of
t he condbtéved, nenbebwiptrkveéot therticerdcdidetry powfil €4 5ddor® Sydtrt iaddbtiton, t he
conpoundi ng ratio of the epoxy resin over the total of the constituents of
t he adhesinveh¢ apdhesdicepbtihet - sol der powder may be, for exanple, within a
range of from20 %. 83 to 80 % . The conpounding ratio of the of 20 % .
or hi gh€i52énsures the sufficient elastic nodulus of the adhered tape,
thereby inproving the joint reliability. In addition, the conpounding ratio
of the epoxyIlnesiditoforg0 thist configepwetlidrurtthéhesrenbancenttdieanimgl t vi scosity
prevents the sol der powder fromgetting out fromthe adhesi on object,

t heb ebycirmhibi rilppm ddoWease inprdeed [dsipesitebnabiapidity @ns55hel n additi on,
in view of allow ng the solder powder noving 10 within the resin with a
cert ai mEpufpetise saff fihg dalmtaheped i afesivehdarehe Burddiy tiemperanoee of the
resin is higher than the nelting tenperature_of the sol der powder as

di scusseghl apeflawmte ons peeiifeal # ylequeasedr EAGSt eaAPRYEt it oBf thRe resin may

be hi gher . . o ‘
adhesive tape, which leads to providing a reduced residual stress

between the adhesion object and the adhesive tape, an improved
10 adhesiveness for the adhesion object can be achieved.
[0153]

Compounding ratio of a resin in the adhesive tape may be
that, for example, an acrylic rubber is contained at a ratio
within a range of from 10 %wt. to 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 additicn, the compounding ratio of the
acrylic rubber of 50 %wt. or lower inhibits an increase in the
melt viscosity of the resin, allowing the solder 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.



than the nelting point of solder by 10 degree C or nore, and 15 preferably by
20 degree C or nore. In addition, a configuration of exhibiting |ower nelt
viscosity of resin at an adhesion tenperature may be preferable. [0156]

Here, a curing tenperature of a resiBimy be deternmine as, 20 for exanple,
an exotherm c peak tenperature of an adhesive tape neasured under a
condition of a tenperature ranp rate of 10 degree of C mnute by enploying a
differential scanning calorinmeter (DSC). [0157] Lead free sol der, for
exanpl e, may be enployed for solder 25 constituting the solder powder in the
adhesi Fe Bapwwt Leddef ceupoydiidesy ¥atimotofpahei el ab | ywi i mint &dgherany specific
type, and is preferably an alloy containing at |east two or nore elenents 84
sel ect esstred tire sfdudsiephspsashic afoduilys( Sh) thej adlegrgdadrpe, bi smut h(Bi ),
indium (In), zinc (Zn) and copper (Cu). Anpbng these, in consideration of the
mel t i nGhesaper HiRire 1a9d thReJfrechars Eabilgtaper theadditiqng fheferable to

enpl oy an alloy containing Sn such 5 as an alloy of Sn-Bi, an alloy of

Sn- Ag- Camprarn@ingyradfiosef| fhererere 193ie of0888FvThee frelaviedg fusrpeFat ure of
the sol der powder may be, for exanple, equal to or higher than 100 degree C,
and® pr 6NBRBGE ytha geddudli ScesoFY P EfEI thdRe1 30l defrRev®T iffoR gqtbing
sufficiently ensuring the flowability of the resin during the adhesion of the
adhesi P&tt 4pa0 qhﬁaﬁﬁ%ﬁﬁlGH,OPE%C%EIEWQﬁfbﬂé&ﬁQFQ%E%%Qrﬁ Ko1gere powe? may be,

for ex |l e, equal to or |lower than 250 degree C,
%ggnt reﬁigbility. g

[0155]
In addition, in view 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



and preferably equal to or lower than 230 degree C, in view of 15 inhibiting
a deterioration of elenents provided on an adhesi on object such as
substrate, chip and the like during the adhesion operation. [0159] Here, the
melting tenperature of solder may be B#term ne as, 20 for exanple, an
endot her m peak tenperature of the sol der powder itself neasured under a
condition of a tenperature ranp rate of 10 degree C mnute by enploying a
DSC. [0160] In addition, in view of allow ng the solder powder noving to 25
the surface of the conductor interconnect |ayers 312, 613, 313 and 612 with
furt hemsedectadnfyom itthe groupf conentt iroy ednftiigur@nt hatitvwer @it i ng
tenperature of the solder powder is |lower than the curing 85 tenperature of
resi n. bieheth (Bh) addidiuon,(1a) partnc| €rdi amet epppért euksol derongowdesemy be
selected in accordance with surface areas of the conductor 5 interconnect

| ayer s i312pngi@eraidrarnd 612 madtdistamesabereeand the rcoidudret

i nterconnect |ayers 312, 613, 313 and 612. The nean particle dianeter of the
sol der ppomrdetieny be,id predraaple, teqmilont gnorllaygeentdianing pm saad
preferably equal to or larger than 10 pm in view of aggregating the sol der
powder as Bh alteyvtaf My Bin 20 aheoswf doe Ao Ctiheatoabuet ot iSaténconnect

| ayers 312, 613, 313 and 612. In addition, the nean particle dianmeter of the
sol der théwdéke- may be, for exanple, equal to or smaller than 100 m and
prefer%%H%B?qual to or smaller than 50 pm in view of selectively

The melting temperature of the solder powder may be, for
example, equal to or higher than 100 degree C, and preferably
10 equal to or higher than 130 degree C, in view of sufficiently
ensuring the flowability of the resin during the adhesion of the
adhesive tape. In addition, the melting temperature 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 inhibiting a deterioration of elements provided on an adhesion
object such as substrate, chip and the like during the adhesion
operation.
[0159]
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 condition 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



formng the solder region in the surfaces of the conductor 15 interconnect

| ayers 312, 613, 313 and 612, and ensuring an insulating performnce of the
adhesive tape in regions except the conducting regions thereof. Here, the
mean particle dianmeter of the sol der8powder may be neasured by, for exanple,
a laser diffraction scattering process. 20 [0162] In addition, the
conpoundi ng ratio of the solder powder in the adhesive tape nay be equal to
or larger than 20 parts by weight, provided that the total conponents of the
tape except the solder powder is assunmed to be 100 parts by weight, in view
of 25 peopedabgramni mersdved joint reliability, and preferably equal to or

| arger than 40 parts by weight. On the other hand, in view of inproving the
filmfdOrebillity of the adhesive tape, the ratio nay 86 be equal to or
smal l er than 250 parts by weight, provided that the total conponents of the
t ape except fheaddldern powdeartiislasdinreten @fheéhe060pdet sodydeneimghyt beand
preferably equal to or smaller than 230 parts by weight. 5 [0163] The curing
agent eeldebteflngn tdecdldgpacgewitht yuikace eremiscaf theonpouhdsteavi ng functi onal
group, which is capable of inducing a reduction of an oxide filmof the

sol der ipoREePnBEFT abesd 832t 061Be dld@nd fakl ynfofdheehness heteeatuct or

i nterconnect |ayers 312, 10 613, 313 and 612, and is al so capabl e of binding
with athesfanduryex hertenaeangati Agyagentl exBilBi t Bhg ame §l2ux JEei vrey
preferably has a reducin ower for inducing a reduction of an oxide filmon
t he coméﬂéﬁeiﬁ%@ﬁ%%@é? tﬁﬁyéPlg‘(’f? fRRvElaro TRYnBoe SUReIRdE f PRHRL

to or larger than 5 pm, and preferably equal to or larger 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, equal to or smaller than 100 ym, and
preferably equal to or smaller than 50 pm, 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 regions therecf. 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 ratic of the solder powder in
the adhesive tape may be equal to or larger than 20 parts by
weight, provided that the total compcnents 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



For exanpl e, 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 functional group that
is capable of reacting with epoxy gr&dup include, for exanple, carboxylic
group, hydroxyl group, amno group and the like. 20 [0164] A suitably

sel ected chem cal conpound enpl oyed for the curing agent exhibiting the flux
activity according to the type of the solder powder, in view of renoving the
oxide filmon the surface of the sol der powder during the adhesion process.
25 Typbeakqgeal ity cagemaliinc| tdes:2Fbmagxanplyeve thiemi galovddepothds thavi ng one
phenol i ¢ hydroxyl group in the nolecular such as benzoic acid, form c acid,
acet i ctated, cphenointsabilytphehabse |8xeptaphehetlded ndwaldn ke; apeluwyptienol
conpounds such as bi phenol, hydroqui none, resorcinol, catechol, nethylidyne
di phensb, beet by Inatdrre bdi pheabt, Ixbmrsdgirbbdérecgiphenvlor pyrddar| bhan

hydr oxyhydr oqui none, phl oroglucinol and the |Iike. Anong these, 5 pol yphenol
conmpourd8 BRELPriaf evedlshd- in view of providing better flux activity. [01651
In addition, the chem cal conpound exhibiting the flux activity is
preberdBl93a curing agent exhibiting the flux activity, 10 which exhibits a
flux activity and al so serves as a curing agent for a thernosetting resin.

Thi s elini naltBs @QUEEH FIsntacgheahi Hyd tﬁ}eoc,fg% aftavitvnd mgesheritat the

sol der-juncture process. Further, since the curing agent exhibiting the flux
activipymﬁggng_hav1ng functional group, which is capable of inducing a

reduction of an oxide film of the solder powder surface so as to
be electrically joined to the conductor interconnect layers 312,

10 613, 313 and 612, and is also capable of binding with a resin.
Further, the curing agent exhibiting the flux activity preferably
has a reducing power for inducing a reduction of an oxide film on
the conductor interconnect layer surface to remove such oxide film.
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 ¢ne phenolic hydroxyl group in the molecular such as

benzoic acid, formic acid, acetic acid, phencl, alkylphenol,



reactivity with thernosetting resins, so that outgassing is 15 reduced,

t hereby reducing a contam nation of electronic conponents, and/or an action
as an ionic inpurity is prevented, thereby preventing a corrosion of
conductive nmenbers. [0166] Typical cW#ing agent exhibiting the flux activity
i ncludes, 20 for exanple, a chem cal conpound havi ng carboxylic group.

Typi cal chem cal conpound havi ng carboxylic group includes, for exanple,
strai ght-chain or branched al kyl carboxylic acid, carboxylic acids such as
aromatic carboxylic acid or the like. [0167] 25 Typical alkylcarboxylic acid
i ncl udesphhipe b &FpedihE dakey, potyBmcdl cooppoundssuaprass dripdenby, t he fol | owi ng
formula (I1) HOOC (CH2)n COCH (Il) 88 In the above-described forrmula (11),
"n" i shadrpategere nuesercinom @rtartzd., mathddidyen,diphariocdw of bal anci ng
anong the flux activity, the outgassing during the adhesion and the elastic
nodul usthrdidere dinfleass, t i apsienvhidenepdinnanel ofpyimacihicdd adhesi ve t ape,
“n" in the above-described formula (Il) is preferably from4 to 10. "n" of
equal thydepxuhyherauinencd Bhhoreaik® ned iendr EASelike t+ hdmsingsthesenodul us of
the cured adhesive tape due to an excessively shorter distance across the
cro%s PPrAKPhANeD| GEWCANdsf 2aEpoRye Feazi e, 100t Hepwbyf imgowilng Prétadhesi ve
property with the adhesion object. On the other hand, "n" of equal to or

| ower tHEH 20LEEHYnhibit a decrease in the elastic nodulus of the cured
adhesi%e tape due to an excessively |longer distance across the cross link in
mol ecul

Tn additicn, the chemical compound exhibiting the flux
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 scolder-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 compconents,
and/or an action as an icnic 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 (II)

HOOC- (CH;) ,-COOH  (II)



of epoxy resin, thereby further inproving the joint reliability. 15 [0168]
Typi cal chem cal conpounds represented by the above- described formula (I1)

i ncl ude, for exanple, adipic acid when n = 4 [ (HOOC- (CH2) 4-COCH)], sebacic
acid when n = 8 [ (HOOC (CH2)6- COOH)],8&nd 20 a conpound when n -10

[ (HOOC- (CH2) 10-COOH)]. [0169] Typical aromatic carboxylic acid include, nore
specifically, chem cal conpounds having at |east two phenolic hydroxyl group
in one nolecular and having at |east one carboxylic group that is 25
directly bound to aromatic group in one nolecular. Such chem cal conpounds

i ncl udén froe ekanptdesdEmedi coavita derlvat'inves ssaohiasege; Jrundtichry dromybenzoi c
acid, 2,9- dihydroxybenzoic acid, gentisic 89 acid (2,5- dihydroxybenzoic
aci d), @8- 28i hydr oxybenzoi c acid, 3,4- dihydroxybenzoic acid, gallic acid
(3,4,5- trihydroxybenzoic acid) and the |like; naphthoic acid derivatives
such asin addidipydrioxyizmgphbhofeched dmaBids thei hydk oxyt Reidaphtthei ¢ acid, 3,7
5 di hydr oxy- 2-napht hoic acid and the |ike; phenol phthalin; and diphenol acid
or the dutkessfoa7djripitéwl aghekhgn agjehtthexigilbistiagnediel s pachdtievity may

i nclude, nore specifically, sebacic acid and gentisic acid 10 descri bed
above, D@&sotransbbidn drempgiraluraycbetomugieteddhfgt e ntaren "addilti on, it is
nore preferable that the curin a?ent ~exhibiting the flux activity is a
cheni cdlhec ékpgande prawvifs ﬁ9§mﬁgﬁyIIE)gﬂb&ﬁeéﬁdapgé apored descidi-bednphenol i ¢

hydr oxyl groug. _ . , _
of equal to or higher than 4 can reduce an increase in the elastic

modulus of the cured adhesive tape due to an excessively shorter
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-COCH)], and

20 a compound when n =10 [ (HOOC-(CHz)1p—COCH) j.

[0169]

Typical aromatic carboxylic acid include, more specifically,
chemical compounds having at least two phenolic hydroxyl 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



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
t he sol der powder, and for exanple, &he sol der 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 sol der powder

di spersing in the resin. Since the curing agent exhibiting the flux activity
exists in the exterior of the solder powder, the curing agent exhibiting the
fl ux aetidi (¥, rovEivdooxybentatesa25l)hetimdendsbyderxvrhadie eonduct or

i nterconnect |ayers 312, 613, 313 and 612 with an inproved efficiency during
t he adRedionipydeegdenzioher ebydackd eMicngadidr édt 4 cont ety dyewbenzedt der and

t he conductor 90 interconnect layers 312, 613, 313 and 612. This all ows

i mpr oviagd) t &ed j WGientl ikel:i abbhthyic |aciabdietilgat ivepceutthescdridng agent
exhibiting the flux activity is present in the resin, the curing agent can
be adhéiégdroxyheradithoiict Acad, | hpTovidyeirbkyenegPhich& eritddce3t he el astic
nmodul us or the glass transition tenperature (Tg) of the resin. [0172] In
addbt i ahydroyy edv ePhitierevRAgdt #ed fiihex lddeir vihgnotmet haddmpoandi ng rati o of
the curing agent exhibiting the flux activity 10 for the total constituents
of theda@%@§P%e3¢%%éﬂé%@€p ikfe sol der powder may be, for exanple equal to or
hi gher than 0.1 %t ., and preferably equal to or higher than 1 wt. In
addi ti dR17Ph view of decreasing the nelt viscosity of the resin during the

adhesi on _ . L o
Typical curing agent exhibiting the flux activity may

include, more specifically, sebacic acid and gentisic acid
10 described above, cne of or both of which may be contained therein.
In addition, it is moré preferable that the curing agent
exhibiting the flux activity is a chemical compound having
carboxylic group and the above-described phenclic hydroxyl group.
In addition to above, the compound may alternatively have only one
15 of carboxylic group and phenclic hydroxyl group.
[0171]

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



process, the conpounding ratio of the curing agent exhibiting the 15 fl ux
activity for the total constituents of the adhesive tape except the sol der
powder nay be, for exanple equal to or lower than 30 % ., and preferably
equal to or lower than 10 %w. [01730 More specifically, when the adhesive
tape contains an epoxy 20 resin, the conpounding ratio of the curing agent
exhibiting the flux activity for the epoxy resin contained in the adhesive
tape nmay be, for exanple equal to or |ower than 50 %w ., and preferably
equal to or lower than 30 %w. Having such configuration, an overloading of
t he cudhhgragemicti slagieirsi dakedolpr ovidiangl &4225 This ovleldbwsuriepabivingy.

[0179] In addition to above, the adhesive tape may further contain 91 other
cur i ng thgeneinwhieliabg 1dicff er émt addigmarhe séorenghagent ingexebict i ng t he fl ux
activity, in the resin, or other resin functioning as a curing agent may be
cont ai metibf ingsihe Flukeactit vhlgy abfemresengjoinpane i tas il yrhiei gurédgt o any
specific conpound, and typically phenolics, am nes, thiols may be avail abl e,
and i nagensi der de aheredheor bagt ¥e6 11y Wiithh anhémepoxsd radsiisigngy the physi cal
properties of the cured product, phenolics may be preferably enployed. 10

[ 0176] cPheReti Else islatdicpapeilus 07 yEhe Hilese toanpytspedigmreragsrpounds, and
in view of physical properties of the cured adhesive tape, bi-functional or

nore i STEP ePEr &b e5€Shypi cal
[0172]

In addition, in view of improving the flux activity, the
compounding ratio of the curing agent exhibiting the flux activity
10 for the total constituents of the adhesive tape except the solder
powder may be, for example equal to or higher than 0.1 %wt., and
preferably equal to or higher than 1 %wt. 1In addition, in view of
decreasing the 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 solder powder may be, for example equal 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

o\

equal to or lower than 30 %$wt. Having such configuration, an
overlcocading of the curing agent is eliminated, providing an
25 1improved cure-ability.

[0174)]

In addition to above, the adhesive tape may further contain



phenolics include, for exanple, bisphenol A, tetranethyl bisphenol 15 A,

di al 'yl bisphenol A, biphenol, bisphenol F, diallyl bisphenol F, tris
phenol , tetrakis phenol, phenol novol ac phenols, creosol novolac phenols and
the like, and in view of the nelt vistlsity, the reactivity with the epoxy
resin and the physical properties of the cured product, phenol novol ac
phenol s and creosol novol ac 20 phenols may be preferably enployed. [0177] In
addition, in view of ensuring the cure of the resin, the blending ratio of
the curing agent may be for exanple equal to or higher than 5 %M., provided
t hat t behtotahr conporent swbich hes tdipefe2snéxcepn the cotider agewder i s assuned
to be 100, and preferably equal to or higher than 10 %M. In addition, in

vi ew ofbxhmpioinggha Heukl embbvityy iof theereeshn durétitent heesddhesi on, 92 the
bl ending ratio of the curing agent may be for exanple equal to or |ower than
40 9% funptovidey ashat cuméngoagdnicarpomentondhingd. tape except the sol der
powder is assuned to be 100, and preferably equal to or lower than 30 %v. 5
[0178] [PATaddi tion, the adhesive tape may further contain a curing catalyst.
The configuration of containing the curing catalyst allows further ensuring
thedcure of The ¢esing dgentgifheot nemitaetlard ol inhkcddiesine spapefico [0179]
Suitable curing catal yst may be sel ected according to the type of the resin,
and f ofoBRapHe, a%ﬁ]ﬁﬂﬁ%ﬁ@iéWePB%ﬂ%bUﬁﬂ RGNS ra thirelL & ey pot mvagflab3e: degr ee

C or higher may be enpl oyed.
and in cdnsideration of the reactivity with the epoxy resin and

the physical properties of the cured product, phenolics may be
preferably employed.
10 [0176]

Phenolics is not particularly limited to any specific
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 bisphenocl

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 tc 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,



Excessively lower nelting point of such imdazole conmpound may 15 induce
earlier cure of the resin in the adhesive tape before the solder powder
noves to the surfaces of the conductor interconnect |ayers 312, 613, 313 and
612, so that it is concerned that urtable coupling or shorter shelf life of
t he adhesive tape is caused. Therefore, the im dazol e conpound having the
nmelting 20 point of equal to or higher than 150 degree C is preferable.

Typi cal i m dazol e conmpound having a nelting point of 150 degree C or higher
i ncl udes 2-phenyl hydroxy i m dazole, 2-phenyl -4-nethyl hydroxy im dazole
and t hehtilkksendimaduittironft bhaboveing kgeoppeay Pé nfar ofzanpd emebtiahgtpoi nt  of
such i m dazol e conpound is not 25 particularly limted, and may be suitably
sel ect ed &heeor dilvg 40, Swior pxepled tdhatadhestoral erpmcaemte of the adhesive
tape. [0180] 93 1In addition, the conpounding ratio of the curing catalyst
may betaperezsenipltde wWotlBEA BOYERge DfasprBarloto om0t @ns! eweferabivvi ded
that the total conponents of the tape except the solder powder is assuned to
be 100e9Tht t@rpourfdicdg thani 80 ofWthe curing 5 catal yst of equal to or higher
than 0.01 %v . provides further effectively exhibiting the functions as the
cur?ng [B&f&l yst for the epoxy resin, thereby presenting a further inproved
cure- ability of the adhesive tape. In addition, the conpounding ratio of
the curing cgﬁaﬁ@%¥t%¥heﬁﬁﬁla?Be%%V¢dM§¥3ﬁﬁ§hf5r@Qﬁ¥ ProvAides FOTEDEt her

i nproved shelf life of the adhesive tape. A [0181] In addition, the adhesive

t ape mE§LaFEdt conthl FORIIPHERRL O difpl GG 2dGeRe . LiheCEoitd G@tativeh of

containiTg t he sil ane , , ,
alldws further ensuring the cure of the resin during the

manufacture of the adhesive tape.

10 [0179]

Suitable curing catalyst may be selected according to the

type of the resin, and for example, an imidazole compound having a
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 moves 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]



coupling agent allows further enhanced adhesi veness of the 15 adhesive tape
to the adhesion object. Typical silane coupling agent include epoxysilane
coupling agents and aronatic-containing am nosilane coupling agents and the
like, and it is sufficient to contaifat |east one of these. Aternatively,
for exanple, both of these may be contai ned. The conpounding ratio of the
silane 20 coupling agent nmay be, for exanple, within a range of from about
0.01 %v. to 5 %t ., provided that the total conponents of the tape except
the sol der powder is assumed to be 100. [0182] Next, the nultiple-Ilayered

mat eri al haviingaddit farmr,sttheesimpo@sd Bubstatdtee oF, thhecadiessiosd alyge, the resin
spacer 6, the adhesive tape and the second resin substrate 5 is cooled. This
al l owsmay ber efof adsnodesi Withirhe wdtesiofe firapel . € hevweby traionfaicni ng t he 94
conditions, in which the solder regions 72A and 72B join between the first
resin pubstidadetBtanda ketrestamppreys &L ahe bepPaeercerthdhsesohderesin
substrate 5 and the resin spacer 6, respectively. Thereafter, the sol der
bunps Bewdees peovidsEdDiot he baek Bir femwosngingheatie saf rtésy gugibgtrate 3 to
obtain the sem conductor device 1. Such sem conductor device 1 is nounted on
t hedci rcadipl YBba®®l cquad tthe cgohdehrebupn Bl- 0dn Svhe PBeKidan ffacdhet the first
resin substrate 3. [0183] 10 Next, advantageous effects for the products of
t he pr &fépetivabodiehitingl the Hererided asAtbsr aRhgNe ccattid Ysite Sent

enbodi nrent, the foll owi ng advant ageous effects can be obtained, in addition
to thé&hgdFRATAGEDT eftFEEERYSPREPERTHY ith TURENSE ot BRENGDrede -

ability of the adhesive tape. 1In additibn, the compounding ratio

of the curing catalyst of equal to or lower than 5 %wt. provides
10  further improved shelf life of the adhesive tape.

[0181]

In addition, the adhesive tape may also contain a silane
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 arcomatic-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 3wt. 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 €, 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



enbodi nents. In the present enbodi nent, an average coefficient of 15 thermnal
expansi on along a substrate inplane direction of the insulating |ayers 311
in the buildup |ayers 31A and 31B of the first resin substrate 3 and the
second resin substrate 5 in the senm%bnductor device 1 for tenperature range
of from25 degree C to a glass transition point thereof is equal to or |ower
than 30 20 ppm degree C, and an average coefficient of thernmal expansion

al ong a substrate thickness direction of the insulating layers 311 in the
buil dup |l ayers 31A and 31B of the first resin substrate 3 and the second
resi n sopbditatess im whehsehtcontiet oreadeviscé2ad fod 7iRMpematetweeange of
from?25 degree Cto a glass transition point 25 thereof is equal to or |ower
t han 30hpphirefegresirCsuplitsahg| dwand disi egisng araeducked drel dletoybedef or mat i ons
of the buildup layers 31A and 31B al ong the substrate inplane direction and
al ong tthe 9sconfi reagirosudstrake subdd dthe trikisékneBaceen SRR LRI story is
encountered for the sem conductor device 1. Therefore, warpages of the first
resin Shbsepatera Hird sceesebyngs ridsiarsprsvided on Bhre hasdusedgiaseThus, a
generation of a conductive failure between the first resin substrate 3 and

t heSfi gt thenf Eoriducasom EHPptPaehd® dfYeEradl BheofemCBhiian deVEEE| ure

bet ween the second resin substrate 5 and the second sem conductor chip 4 are
reduced, pPBYP df bl IWESERTCERBUEE of HoWIRELEMPRENt AR FHsT e @RsMANt
reIiabiLit¥. 10 Further, the insulating |layer 311 of the buil dup | ayer 31A of
the fiVigt tPesPrldtbiBRteB3 GRdtiheLdTis fUEtrAg Phykhe Mgt /e bui | dup

| ayer 31A of the_second resin substrate 5 are very closer to the solder
bunps B¥PSERatthérefore are easily affected by a

[0183]

10 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 pcint

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



heat when the sol der bunps B2 are nelted. Therefore, warpages of 15 the
substrate 3 and 5 to be generated during the nelting of the solder bunps B2
can be reduced, providing the sem conductor device 1 with an inproved joint
reliability. [01841 When a netallic Bnp el ectrode or a lead is disposed
between 20 substrates as in the conventional technologies, it is difficult
to reduce a difference in the coefficient of thernal expansion between the
substrate containing a resin and the netallic bunp electrode or a difference
in the coefficient of thermal expansion between the substrate containing a
resi n dndetheomerfaltihiec shbatras Unicdressonvhanya thetnkd priesenty ésbodi nent,
the resin spacer 6 is disposed between the first resin substrate 3 and the
secondenesintexebsiaratdes sesyehndueiion Weviicest - r Bhgreslishst,r argrdgeshe second
96 resin substrate 5 and the resin spacer 6 can be configured to contain
resi nsofThhe &livwsasédueihgtraee di fanst éheeseaonder ecigeffibsitenteod t her mal
expansi on between the first resin substrate 3 and the resin spacer 6 and the
di f f er eneer¢@dueed coefficient of 5 thermal expansi on between the second resin
substrate 5 and the resin spacer 6. Therefore, a generation of a conductive
f ai $ ur §hupet de@natrd o of PeSPROGTHSts dod 13rankie tvRes ddond 1resi Resibst r at e

5 can be reduced. In particular, in the present enbodi nent, both of the
first FEBPhr3tdst radte téleaﬁarﬁheS%@wmﬂ%@.rnce%s% r3t% S IEDeARELeBnPbsed to
have sim |l ar |ayer-structure and conposed of simlar substrate material, and
furthef, CPREVFEETS spdeer éngee%dHﬁb§%ﬁxﬁﬂ SRALT aF Ut eatte 28BS BRBI oyed for

the first resin _substrate an the second resin, substrate 5. Mre
specifﬁégppg semiconductor c are reduced, providing the

semiconductor device 1 with an improved joint reliability.

10  Further, the insulating layer 311 of the buildup layer 31A of the
first resin substrate 3 and the insulating layer 311 of the
buildup layer 31A of the second resin substrate 5 are very closer
to the solder bumps B2, and therefore are easily affected by a
heat when the solder bumps B2 are melted. Therefore, warpages of

15 the substrate 3 and 5 to be generated during the melting of the
solder bumps BZ 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 is difficult to
reduce a difference in the coefficient of 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



the coefficient of thermal expansion of the first resin substrate 15 3 al ong
the substrate inplane direction and along the direction of the substrate

t hi ckness, the coefficient of thermal expansion of the second resin
substrate 5 along the substrate inpldte direction and along the direction of
t he substrate thickness, and the coefficient of thermal expansion of the
resin spacer 6 along the 20 substrate inplane direction and along the
direction of the substrate thickness can be provided to be substantially
equi valent, so that a generation of a conductive failure can be prevented
with aeséntsubatyatehénaadt hiee nedsin strecpri § eac ovmt@rdd gugedt he

sem conduct or device 1. 25 [0185] Further, in the present enbodi nent, the

i nsul atbngaimyersins311Th321albdds a2 hgothehedi ffestnaeesinntbabstrate 3, the
second 97 resin substrate 5 and the resin spacer 6 are configured to contain
a cyanapeffesient iaf paeringll axpansigvolatwepanahe ¥esitn,resant habstyeher ati ons
of warpages in the first resin substrate 3, the second resin substrate 5 and
t he resi andpleerreGicaspbecredueed Wig WiS fegenper ieethaianefficien8edt Furt her,
the first resin substrate 3 containing the resin, the resin spacer 6 and the
secondthesinal sthisirrsdoe betyeedntle rignpnc westasfwbslratsy acked tbeform a

mul tiple-layered material of the 10 resins having a certain thickness and
starti AgStRoAPIERT f4.r sfheredphe subsignsratloandaf eadrenfucd ivke faéévhe resin
substrate 5. Therefore, even if the first resin substrate 3 and the second
resin Sebverates HretdessghRedubdt e W aner theheestnd fasss efibfheate

5 can be reduced. In particular, in the present embodiment, both
of the first resin substrate 3 and the second resin substrate 5

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



whol e sem conductor device 1 is inproved, and thus a generation of 15 a

war page for the whole sem conductor device 1 is inhibited, thereby
presenting the sem conductor device 1, in which a generation of the
conductive failure is inhibited. Further, in the present enbodinent, the
resin spacer 6 is disposed in the circunference of the first resin substrate
3, and the first 20 sem conductor chip 2 is nounted in the space section
provi ded between the first resin substrate 3 and the second resin substrate
5, so that a space for nounting the first sem conductor chip 2 between the
first resin suirstradtces 3ndnth¢ heesigc@pdcegsbnarsubstfigtues cancbetaimbl y
ensured. 25 [0187] Further, in the present enbodinent, in the insulating

| ayer sa 8ganafe tiwsirespechiveicorar laayenwsl3d2 ofamndyes figsiin,r €si hhsubstrate 98
3 and the second resin substrate 5, an average coefficient of therm
expansigeneabbinna Subetripagesi hpltdre dinséctreennf srbsteahsersat the pangedof from
25 degree Cto a glass transition point thereof is equal to or |ower than 12
ppnl degeéenGulaiaradis avendgehs eowl isFasst 6f cahdparafedigsghsilsh al ong a
substrate thickness direction for tenperature range of from 25 degree Cto a
gl a®s forahsrtsorditit: thereof is preferably equal to or |ower than 20

ppm degree C. This allows reducing deformations of the core |ayers 32 al ong
the sub8tBlle inplane direction and along the 10 direction of the substrate

t hi ckness, when a thermal history is encountered for the first resin
substrate 3 AREth® sdordd reesrRSlBubRTarEdes 3 Thnsainimh e ddéiing t he

generations of warpages in _ the first resin substrate 3 and the second resin
subst r #1& BEHif pspacer 6 and the second resin substrate 5 to containing

the resin are stacked to form a multiple-layered material of the

10 resins having a certain thickness and starting from the first
resin substrate 3 and ending tc the second resin substrate 5.
Therefore, even 1f 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 mounting the first semiconductcr 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



further certainty. 15 [0188] Further, the resin spacer 6 is designed to have
the buildup Ilayers 61A and 61B and further, in the insulating |ayers 611 of
the buil dup | ayers 61A and 61B, an average coefficient of thermal expansion
along an inplane direction for tenper@ ure range of from 20 25 degree Cto a
glass transition point thereof is designed to be equal to or |ower than 30
ppm degree C, and an average coefficient of thermal expansion along a

t hi ckness direction for tenperature range of from25 degree Cto a gl ass
transition point thereof is designed to be equal to or |ower than 30 ppm
degr ee 3Cansothbhatecon®PFesdducedst eved Of adebormage onseDfidiemtr @i n spacer 6
can be achieved, when a thermal history is encountered for the sem conductor
devi ce therkait Appansiprt kd ongsal atbagrdtayempé2iei didSctide wore | ayer 62 of
the resin spacer 6, an average coefficient of thermal expansion along an

i npl aneedpeeetiion fargd erfpdratuel damge Oftof roml2ss degrresi tlGanopaigkass
transition point thereof is designed to be equal to or |ower than 12

ppnl degiheeseCf andeam’s taveragevweovettidnilehtorol/ dcepeeanl, exparsi eveaboag a
thickness direction for tenperature range of from25 degree Cto a gl ass
trabsi tdogi fpoiant t hlertdofrniad gepprghed tdldve eqeabstoabe tlovinassan 20 ppm
degree C. This allows a reduced |evel of deformations of the resin spacer 6,
when a diffeciapbnhfgr orsisradigsunergedef dirahe> de9seni €dmiuctadasdevi ce 1.
[0189] In addition, it may be considered that only a netallic bunp, for
exanpl &rangipieni gethascheneskner poefev wguehetpi putlowss fhan 20

ppm/degree C. This allows reducing deformations of the core
layers 32 along the substrate inplane direction and along the

10 direction of the substrate thickness, when a thermal history 1is
encountered for the first resin substrate 3 and the second resin
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



substrate 3 to the resin spacer 6 and a nmenber for coupling the 15 second
resin substrate 5 to the resin spacer 6. However, when only the netallic
bunmp is provided, stress concentrates on the bunp when the sem conductor

devi ce encounters a thermal history, 9%esulting in generating a crack. This

i nduces a conductive failure. On the contrary, in the present invention, the
first 20 adhesive nenber 7A having the first electric conductor 72A disposed
inthe first resin layer 71A is provided between the first resin substrate 3
and the resin spacer 6, and the second adhesive nmenber 7B having the second
el ectritbecondeiciayer7 2R odi spesedsim dperezeéondnr eseredaymeffiBiest podHvi ded
between the 25 resin spacer 6 and the second resin substrate 5. The first

el ect r ithecnatluetmansA2A iag opposn dewplanextierdttibn ofigh ttdmpdriatstre resga | ayer
71A, and the periphery thereof is covered with the 100 first resin |ayer

71A. Siofi fachy?5 tdmyrsecEndot hegsesvndraglsedtipncpotohducimot72B i s provided to
extend through the resin layer 71B, and the periphery thereof is covered

Wit h t kiessgoeddte esi reduayeito Figlowdertdfaor 2 phe/fégste dl,eandi enconduct or 72A
and the second 5 electric conductor 72B are reinforced with the first resin

| ayer aveAagadcedief isecond ofesharhal erxprr®ionespenyi ¥ ety ckawdsst r esses

exerted to the first electric conductor 72A and the second electric
conductddrez2Boar tonlitstmpicyatadet vande 44 rfgrony 8§ degugerC trlA gddsshe second
resin layer 715, respectively, so that a 10 generation of a crack in the
first élreesiteordrriudt dher2Aaland desiqnns $ocondearatbtve wcdwdast 6ha?2B can be
certainly prevented, thereby inhibiting a generation of a conductive failure
in the 20@r"é oReIEeDIC-devinée @llows a reduced level of deformations of

the resin spacer 6, when a thermal history is encountered for the
10 semiconductor device 1.
[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
only 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 cenductive
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



[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
is exerted on the electric conductor. On the contrary, in the present

enbodi nent, the first electric condu¢bbr 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 l|oad fromthe resin spacer 6 can be distributed to the
first resin layer 71A, in addition to the first electric conductor 72A,

t hereby reducing the |oad exerted to the first electric conductor 72A. In
addi ti dirso abeire,lssjian [7aR. advani bgeloys tékf setondntie R5c-coht a@llredr by

di sposi ng the second adhesi ve nenber 7B between the second resin substrate 5
and t heondschospdtieri6prp@igdyl ddlexttamd herough the presedtayerbddBpent, the
conductor interconnect |ayer 613 in the buildup |ayer 61B of the resin

spacer atidi sheoppt athdny tthereohdietasvardemdohnebe sayerd 3EZinnleher upper nost
surface of the buildup |ayer 31A of the first resin 5 substrate 3 through
such soOlléer Tegrefor&Atheutthet , eidet ricomdudtiotor n? 2k conthedte lsagend612 in the
bui l dup |l ayer 61A of the resin spacer 6 is coupled to the conductor

i nt Br ceirettritayend 8dr i7aBt hee upperimstecswriftacehef fihet mddidupalayer 31B of
the second resin substrate 5 through such solder region 725. Therefore, 10
met al | i7d4) andt tlonssemyncdbeebonmbdybet Webn telspesolidet yr egjicorstZ24sand  t he
conductor interconnect |ayer 312 of the first resin substrate 3 and between
t he solegertedgtontii2Aiasd ehectohductmiudtorer’édnaedtthe smongll3 of the resin

spacer 6, and netallic junctions may be
electric conductor 72B are distributed to the first resin layer

71A and the second resin layer 71B, respectively, so that a

10 generation of a crack in the first electric conductor 72A and in
the second electric conductor 72B can be certainly prevented,
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]



formed between the solder region 72B and the conductor 15 interconnect |ayer
612 of the resin spacer 6 and between the solder region 72B and the
conductor interconnect |ayer 313 of the second resin substrate S. Therefore,
a generation of a conductive failurédoOidetween 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 sem conductor device 1 with an inproved joint reliability. [0192]
Further, since the solder regions 72A and 72B are forned to have
col umm- shape runthée, presend ket nenboditent,eghensoadiochayve 25 relatively
| arger contact areas with the conductor interconnect |ayer 312 of the first
resin swhettahredt Wajfdr thig candnetionilduit drsgerneétt bayeis @d2irand 613 of the
resin spacer 6 and with the 102 conductor interconnect |ayer 313 of the
second spesier substcaiEl bl tof haeebyndedust ngtihecaasductayer rEsi stanee. [ 0193]
Further, since the adhesive tape containing a resin, solder 5 powder and a
curi ng uwpentnoex hsbt fady dthehkl bxiadtp vidyerd Slenplfoykd filnst heegimesent
enbodi ment, when the adhesive tape is heated while being disposed between
t he5f i rsfostesta 3ubistawatte slicandol Her resjion JRacer Faraner petiveen t he second
resin substrate 5 and the resin spacer 6, the solder powder in the resin
mel ts, aungitatbnginteacdihesel flagkrghlhginrarirebuditiopt heysurdace fofchehe
conductor interconnect layer 613 in the buildup |ayer 61B of the resin
spacer mesamd spheesué f bt eccafpliehle t cohdect@rduaticar conhreconhayterla3Ex 313 t he an
upper nost surface of the buildup | ayer 31A of the first

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



resin substrate 3, and further onto the surface of the conductor 15
i nterconnect |ayer 612 in the buildup |ayer 61A of the resin spacer 6 and
the surface of the conductor interconnect layer 313 in the | owernost |ayer
of the buildup layer 31B of the secoddZ resin substrate 5, thereby formng
metallic junctions. Therefore, even if portions of the surface of the
conductor interconnect 20 |ayers 613, 612, 313 and 312 are covered with the
sol der resist S, the conductor interconnect |ayers can be nutually coupl ed
with a certainty. [0199] Further, since the resin spacer 6 is fornmed to have
a 25 recdangdlaintemrershapeagad B53 dSposedeabadgrasin ssutes reftet Be first
resin substrate 3 in the present enbodi nent, the second resin substrate 5
can be t3icabby seppoiriedheasondopated médistant@3 configuration of providing
the spacer in some side(s) of the first resin substrate 3. [0195] Further,
since tiaognderfill 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 bunpsiB2thee, fsimiey thiel xddpsprevemtd ngpraadnack anrédien bunysieB2. [ 0196]
Further, low dielectric constant films (LowK layer) serving 10 as
i nt érl| arerdedi ehéct rewsiray egesedekbrbithind ithet fdemi eohductyris amppogednd t he
second sem conductor chip 4. An average coefficient of thermal expansion of
t he under fthel ptefent dmnparent; ewhangehofadhesmhvasbtdegr e ICateda wllidss
transition point

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

10 self-aligning manner 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 uppermost 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 juncticns. 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 ccupled with a
certainty.
[0194]

Further, since the resin spacer 6 is formed to have a

25 rectangular frame-shape and is disposed alceng 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



thereof is designed to be equal to or I ower than 40 ppnidegree C, 15 so that
a reduced | evel of deformations of the underfill U can be achieved when a
thermal history is encountered, thereby reducing a danage on the LowK

| ayers of the first sem conductor chif32 and the second sem conductor chip
4. [0197] 20 FOURTH EMBODI MENT A sem conductor device 8 of the present
enbodi nent will be described in reference to Fig. 18. Third enbodinent is
configured that the first adhesive nenber 7A and the second adhesive nenber
7B include the solder regions 72A and 725, respectively. On the 25 contrary,
a sem condugtost devicfe pBoofdihg feserceemadsmrat sidacd)udess taef £isst adhesi ve
menber 8A, which has a first resin layer 81A, and conductive particles 82A,
whi ch areidi spostechtien 3t.he first 104 resin |ayer 81A and serve as a first

el ectric conductor. The sem conductor device 8 of the present enbodi nent

al so ineéLadés a second adhesive nenber 8B, which has a second resin |ayer
81B, and conductive particles 82B, which are disposed in the second resin 5
| ayer 81B and@usthame, asirecesétondnééetitl dJ dendedbtotedThe hawmaronduct or devi ce
8 has a configuration simlar as for the sem conductor device 1, except that
conbi gerlastonsnodulumwe ofr @spbiti ¥ er adiresifvé romnbed sMea et iFXleM@at inThe fir st
adhesi ve nenber 8A serves as electrically coupling the resin spacer 6 to 10
the firtde pessentsulgtadinens, pHdhestviohcapes pfodoeedutys Bf syer Singly
conductive particles 82A in the first resin | ayer 81A or adhering the
conductfiivedpaptré¢edeisirBRA ontokt he the flaswsoB2the first resin layer 81A or a

| i qui d adhesi ve agent produced by
[0196]

Further, low dielectric constant films (Low-K layer) serving
10 as interlayer dielectrics are used for the first semiconductor
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



et e e —————— e —— S [ —

di spersing the conductive particles 82A in the first resin |layer 15 81A may
be enpl oyed for the first adhesive nenber 8A The first resin layer 8lA is
an insulating |ayer having an adhesive property, and provides an adhesion
between the first resin substrate 3 da0d the resin spacer 6. The first resin
| ayer 81A indirectly contacts wth the first resin substrate 3 and the resin
spacer 6 via the 20 solder resist S. Here, the conmponent of such first resin
| ayer 81A is not particularly limted to any specific conpound, and
typically, a thernoplastic resin, a thernosetting resin, or a mxture of a
t her nopleashi tayesidilanchda selreemased tfngstr edientray bendempdoyedheFor exanpl e,
in consideration of the conductive 25 resistance stability in the coupling
bet weerciheondsttospiodrcet 8 afdthdepfdegestt rebodisahstabie ihafudes a
experiencing a heat stress or a noisture absorption, a thernosetting resin,
or a msetond aflhasidb memberndpl ashich rlesd @ ardoadt hes oskiyd M@ IBgsandmay be
preferably enployed. Further, taking the filmformability into account, a
m Xt ur ecofluat i herpay iadteisc 828si whacid ard hErsposett ingthesiecamy reeinnor e
preferably enployed. 5 Here, the thernosetting resin enployed for the first
resbn llayer 88RAand swxtvepaust acakarhy d¢lienttred tondnytspeciThec resins, and
typically epoxy resins, oxetane resins, phenolic resins, (nmeta) acrylate
resi ns,semisahdnated goiiyesBehapesi oonf diwldtjipht bahater zesiors.theal ei m de
resins and the like are enployed. Anong these, 10 epoxy resins and (neta)
acryl atsemieshagct whi@dvieehilbi esceet t erat curdigbirbii gnandt betet er shel f 1ife,
and the cured material of which exhibits better thermal resistance, better
noi st urespeesiive andlee Tiie berberr s cheer ¢l Laresitst afibe, fisspradresdlyiey enpl oyed.

member B8A serves as electrically coupling the resin spacer 6 to

10 the first resin substrate 3. Adhesive tapes produced by
dispersing conductive particles 82A in the first resin layer 81A
or adhering the conductive particles 82A onto the surface of the
first resin layer 81A or a liquid adhesive agent produced by
dispersing the conductive particles 822 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 3. 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 molsture absorption, a thermosetting resin, or a mixture of a



Further, when a thernosetting resin is enployed, a curing agent 15 may be
added. Such curing agent is not particularly limted to any specific
conpound, and typically an addition-polynerization type, an

ani oni c-pol yneri zation type, a cationid® pol ynmerization 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 [life, an anionic-polynerization type, a
cationic-polynerization type curing agents may be preferably enpl oyed.

Typi caldhermapakkbabt eregironinet poltyiaenbzeat i 01y theee nChkiyNge agente rapyl e tertiary
am nes, and typically avail able cationic-polynerization type 25 curing agent
may be dnglicyedci dBurfhuit herakiingi dazofk eleufdmgikdgentsinencapsalrat,ed i n

m crocapsul es, which is a latent curing agent exhibiting better adhesive

pr oper tyixteueeodba| thyrmnd sshealdf rekle, addG vmymbecnot eq pred et atdyy benpl oyed.
For exanple, a m croencapsul ated i m dazole-derived epoxy conpound may be
enpl oyedthreBesedesabihermmloyetet a) acrylate resin, a maleimde resin or a

di al l yphthalate resin is enployed, a heat radical initiator my be enpl oyed,
5 t boudlend, ithsenohepardetcuira Ingslinnenetoydrbrietro.thambngst hesein lpareaxi de- based
conpounds or azo-based conpounds, which exhibit better bal ance of
cure-alfilA tip ant phetichlidmy daypibedptef@®mnabipecidnpl oyetins|[ 0r88] 10 Furt her,
tough it is not particularly limted to any specific conpounds, the

t her nopl asitdad lyespoxenmpt oyed foetbhe féessts, mésineliayees8i® ntnetze

el astoners. For exanple, reactive elastoners such as phenoxy resins,

pol yestarrylesiensespody wmwidtar@ted polyester resins, diallyphthalate

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 1is 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,



resins, polyimde resins, siloxane-nodified polyimde resins, 15

pol ybut adi ene, pol ypropyl ene, styrene-butadi ene-styrene copol yners,

st yrene- et hyl ene- but yl ene-styrene copol yners, pol yacetal resins,

pol yvi nyl butyral resins, polyvinylacétt#l resins, isobutylene- isoprene
rubbers, chl oroprene rubbers, polyam de resins,

acrylonitrile-butadi ene-copolyners, acrylonitrile-butadiene 20 acrylic acid
copolynmers, acrylonitrile-butadi ene-styrene copolyners, poly vinylacetate,
nyl ons, styrene-isoprene copolyner acrylic rubbers and the |ike may be

enpl oyedhyabenaprerpee faxiiynainbobyef. t Wi orexmnid eof at hec abaveraelidsteder s may
al so be enployed. In addition, the above-described thernoplastic resins 25

may havieniniatzoilbedgr iy oy cgmpupnd hyaly doey lengrloypdandBesidesnr byl BC gr oup,
for the purpose of inproving an adhesive property or a conpatibility with
ot her resita) Arnratayd iegivhber mal@imiferrexianplrea naylbepletidloyed for such
resin. [0199] In addition, an adhesiveness applying agent may be added to

t he firstsimedisnempyeye®ls Heart trhdipal pose icftcenmanchbagemml Gyeatihesi ve
property for an adherent object. The avail abl e adhesiveness-applying agent

i s hot Pantghcukaikbyndi mamd qudaany 1speced ittheawmpoundmoandtitggs,cal |y, sil ane
coupling agents, titanate-containing coupling agents, phosphate ester and

t he | i keeraxayiebbaeapl| oygrhurids addietpobaséd amgeunds, i apiolveesttididure 10
ability, the flowability during heating, and the workability of the first
resi n |lptdrer8bAlance eattdwedidlideny amg e ehplidgedmbgr be goré resndkdtyi ng
adhesi ve tape. The avail able reactive diluent, is not particularly limted
to any epEcivEde conpound, and typically

[0198]

10 Further, tough it is 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, polyurethane
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,



an epoxy-based reactive diluent may be enpl oyed, when an epoxy 15 resin or an
oxetane resin is enployed. On the other hand, when a (neta) acrylate resin,
a maleimde resin or a diallyphthalate resin is enployed, a (nmeta) acrylate
resin-containing reactivity diluentlfdy be enpl oyed. Further, for the

pur pose of enhancing a thermal resistance of the first resin layer 8l1Ais to
inprove the 20 joint reliability, an inorganic filler may be added. The
inorganic filler is not particularly limted to any specific naterial, and
typically, silica, Aerosil TR (funed silica), calcium carbonate, zinc oxide,
titani doroxkaeyldamaymosukhpt eyedl fum rnchndestihe |i ke may be enpl oyed. 25

[ 0200] The conductive particles 82A serve as electrically coupling the resin
spacer [6186]the first resin substrate 3. Such 108 conductive particles 82A
are not particularly limted to any specific material, and typically, a
metal | i c parincheéditaiargsiam acdbeeiveness alpploing gbass may dey aidedcope
material, which is coated with an el ectroconductive material, nay be

enpl oyéde 5iFypicedimekgkli 81parfécites gvaipbabl ef henmameyndenconposed of
various types of netallic materials such as nickel, iron, alumnum tin,

| eadl, ehhemivenprubaitty, fgol dn sihemantamdieks.| i Ree awtdlablal | oys, netal

oxi des, carbon, graphite and the like. A polyner selected froma group

consi stidhgsoferpoxanrdyiing, agentres e pegsiing lamey abimiecadediongnyphenol i ¢
resins, acrylic resins, polyester resins, ponstYrene resins,

st yr enéPBGL 4t¢ epmropel y eeds tyanee t he 151K engayoBel enpl ayasd-shor the resin core

material. In addition, a conbination of two or nore of these polyners my
al so 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 B81A, 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



be enployed. In addition, a netallic thin filmcoating may be 15 exenplified
as the avail abl e el ectroconductive material covering the core material, and
typically, for exanple, a single elenment or a conbination selected from
gol d, nickel, silver, copper, zinc, 1l08n, indium palladium alum numor the
| i ke may be enpl oyed. The thickness of the netallic thin filmcoating is not
particularly 20 limted, and for exanple, may be within a range of fromO0. 01
pmto 1 Um Excessively thinner netallic thin film coating causes an
unstabl e coupling with term nals, and excessively thicker coating easily
causes candaggiegatamniclles 88di aremct hmdtcallbrtyt himifed mo @ogt i ng may be
preferably applied uniformy onto the surface of 25 the core material.

Uni f or mpecafingnatemialat esidanyphneyehyness matadlichpppi hglef a hesdeat i ng,

t hereby achieving an inproved electrical coupling. 109 [0201] The second
adhesi verpembeer BHl sarves gassel ect cexcahie coreupkiagis he wheisiln ispacer 6 to the
second resin substrate 5. The simlar configuration as enployed for the
first adhtsdvelnenerel@atFopapdatsovdanaimplioyedméprbe henslegmadd adhesi ve
menber BB. More specifically, the simlar material as enployed for the first
adhési Verdeabere 8BAL hWay ralrsd cheseaph bl o drerehrapaber¢eaipdssd e second
resin |ayer B1B, and the simlar particles as enployed for the conductive
particlvegiBRA heEpeal sb tseaddplcopedeforls hudt acomdudelvel pant i ¢hus i8R
serving as the second electric conductor. The second resin |ayer 81B is an

i nsul attiifg lagér PaeHgran coRdhesi veldr cidrey, aaddtpe ovildos mataddhesi on

bet ween the second. resin substrate 5 and the resin spacer 6. The second
resin ladyews, 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 two or more of these polymers may also
be employed. 1In addition, a metallic thin film ccating may be

15 exemplified as the available electroconductive material covering
the core material, and typically, for example, a single element or
a compbination selected from gold, nickel, silver, copper, zing,
tin, indium, palladium, aluminum or the like may be emplcyed. 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 um. Excessively thinner metallic thin film cecating 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 unifermly cntc the surface cof

25 the core material. Uniform coating eliminates an unevenness or a
chipping of the coating, thereby achieving an improved electrical

coupling.



81B indirectly contacts with the second resin substrate 5 and the 15 resin
spacer 6 via the solder resist S. The second adhesive nenber B1B provi des an
el ectrical coupling between the resin spacer 6 and the second resin
substrate 5. [0202] Here, sone of théC&onductive particles 82A of the first
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 buildup |ayer 61B of the resin spacer 6 and
the surface of the conductor interconnect |layer 312 |located in the uppernost
surfacd0gPlt he buil dup | ayer 31A of 25 the first resin substrate 3. The
surfaces of the conductive particles 82A directly contact with the surface
of the conduthersed¢anckrcheseve nayeer 1B wfrvekeasesiactpaserlye and with the
surface 110 of the conductor interconnect |ayer 312 in the buildup |ayer 31A
of thecbibpdingesia mdist sptees, 6sio tia selvenfli resin esilrstadbst bat eThg i s
electrically connected to the resin spacer 6. In addition, other conductive
parti clsesi8an ofntimifition adhespleyererfiiser t8A 51ids’spodead ibvet wesherh®Aresin
spacer 6 and the first resin substrate 3 are disposed between the sol der
resbst m8yprbdodded] amplittyedsfiptatiee ofcarie adbsbavepacpes thd Meeesol der resi st
S provided on the surface of the first resin substrate 3. Further, the other
conductsibeelpaca} kY eS8 Alad danedgedr it @t sapsolder feedint f$r$0 provi ded on
the surface of the resin spacer 6b and the solder resist S provided on the
sur f ac@coesive stenkay FhsiBst fAfe B eqzoBK Srii Fhg|fataomd éPrt RBeconducti ve

particles 82B of the o ,
second resin layer 81B, and the simllar particles as employed for

the conductive particles B82A may also be employed for the
10 conductive particles 82B 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 B8A 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 6 and the surface of the conductor interconnect layer
312 located 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



second adhesi ve nenber 8B di sposed between the resin spacer 6 and 15 the
second resin substrate 5 are di sposed between the surface of the conductor

i nterconnect layer 612 in the buildup | ayer 61A of the resin spacer 6 and
the surface of the conductor intercomhéct |ayer 313 |located in the | owernost
surface of the buildup |ayer 31B of the second resin substrate 5, and are in
direct contact 20 with the conductor interconnect |ayers 612 and 313. In
addition, other conductive particles 82B of the second adhesi ve nenber BB

di sposed between the resin spacer 6 and the second resin substrate 5 are

di sposed betweemlidtersdndercoesést 1S yprovildednonht heusiddradeyeaf 31Ae resin
spacer 6 and the solder resist S provided on the 25 surface of the second
resi n sifibsheafers. rFagirheupsthetotherso chduchevei par tiad ies s8RBtante wedged
into the solder resist S provided on the surface of the resin spacer 6b and
t he sol3des é&ldctrisildty Sopnevideédtonhcheesinf apecef €ecdmd adesithosubstrate 5.
[ 0204] Here, the nean particle dianeter of the conductive particles 82A may
be suf bitbeentotdudsl wotragtakbles $Warcia tdiesttamet bahowiere Snarvers8if ace of the
conductor interconnect |ayer 613 in the buildup |ayer 61B of the resin
spater ddsandet hectsigdraddicofreshe spackicttornd fher Eonsectediaysubdt2ada t he
uppernost surface of the buildup ||ayer 31A of the first resin substrate 3.
Si mi | ad ypret despesar Qsameiesl ehdi agdkdayr 1sfsitshe Sconducded eorpartei sbhesag2B may be
10 sufficient to be not snmaller than a distance between the surface of the
conductodr that epeonrs@cydrapepng1phe nseliehuiclsddap Fagervelal asf thhe resin
spacer 6 and the surface of the conductor interconnect |ayer 313 on the

| ower neérLaGef aketeg ﬁqﬁ§tbgﬁpagpsubstrate 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 6 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 S provided on the

25 surface of 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 spacer 6b and the solder



| ayer 31B of the second resin substrate 5. Mean particle 15 dianeters of the
conductive particles 82A and 82B may be neasured by enploying a wet particle
size anal yzer or a laser particle size analyzer and the like. Alternatively,
t he conductive particle 82A, 82B maylbe visibly observed via an el ectron

m croscope and the |ike, and then a nean particle dianmeter may be
calculated. 20 In addition to above, the conductive particles 82A and 82D are
not limted to primary particles, and nmay be secondary aggregated

particles. [0205] Next, a method for manufacturing the sem conductor device 8
25 enplreging Suctofidest cadhiesi verherderf &Acand trbeisendrst radhkesi.ve nenber 8B
wi |l be described. The first resin substrate 3 on which the first

sem corddéédr chip 2 is mounted, the second resin 112 substrate 5 on which

t he second sem conductor chip 4 is nounted and the resin spacer 6 are

manuf act ur edHbyet hehemmdrodpagitaiclar d senetaplody tlei nondhecpreyireus iedbedi nent s.
Next, the first resin substrate 3, an adhesive tape constituting the first
adhesi ve@r5magnbers 8K idilpatr §9i he spalc eamad, leanthdhesi dbstame detyeenuting t he
second adhesi ve nenber 8B and the second resin substrate 5 are deposited in
thi § sddeenvelaThent Eiclkromiucipl elhgmaroadieriit éryatr ©13 Wubljhecbadldupa
predeterm ned pressure, and is heated at a predeterm ned tenperature.

Heat i ndaokrsaeR odil theplresiayepeden06 mtkrihgl stabises ehehresiomsiuchorhe resin

| ayers 81A and 81B being nelted, and pressurizing of such nultiple-I|ayered
mat er i dintezgsesect heaxasnddet Prethar eprgrawsg2 AuahdC8 28 bdisdrudepiiessed i nt o

the solder resist S. Further pressurizing of the nultiple-Ilayered
layer 31A of the first resin substrate 3. Similarly, the mean

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 823,
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



mat eri al causes the conductive particles 82A and 82B being 15 sandw ched

bet ween the conductor interconnect |ayers 312 and 613 and between the
conductor interconnect |ayer 313 and 612. In addition to above, at the
tenperature for heating the multiplellPayered material, it is preferable that
the elastic nodulus of the conductive particles 82A and 82B are hi gher than
the elastic 20 nodul us of the solder resist S. Such configuration allows the
conductive particles 82A and 82B being wedged into the solder resist S
Further, the glass transition point of the solder resist S nmay be preferably
equal sobetriionwdr arhahithethenperatdisenitondheadt nthitthed gl mppheedlayer ed
material. If the glass 25 transition point of the solder resist Sis equal to
or | owendt hlam redie spaperab udee freanuifeattimgdt he g tigiheodsapemedarmaterial , it
can be ensured that the conductive particles 82A and 82B be wedged 113 into
t he soktpioyesdist the pOROGPuACTUriimEnts -t hBept esdm Emsddicrean as descri bed
above, the follow ng advantageous effects can be obtained, in addition to
the 5sabivhntegebusireffbessveubepamdratiifusing| tre asinat eHbegiveenent i oned
enbodi ments. In the present enbodinment, the conductive particles 82A in the
first aenbestvermefiserregAnappacef shosed adbebevaetRjed] ¢aitsd ithei6e] Hee resist S
provided on the surface of the resin spacer 6 and the solder resist S

provi dégcend 1adheel veueaee T of Bt tied fliltestSecesinresibstsEltsE ratespnikarly, the
conductive particles 82B in the second adhesive nenber BE are disposed to be
wedged PRPELEHE WbItders SEEHSECS pridvAtedUsh THEL IR TEET6A PRECFEIL n spacer

6 and the solder resist S provided on ,
1s 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 of 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 configuration allows the
coenductive particles 82A and 82B being wedged into the solder
resist S. Further, the glass transition point of the sclder
resist S may be preferably equal to or lower than the temperature
for heating the multiple-layered material. If the glass

25 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



the surface of the second resin substrate 5. Therefore, a 15 di sturbance
caused by the conductive particles 82A and 82B di sposed between the sol der
resists S against the contacts of the conductive particles 82A and 82B

di sposed between the conductor intedd8nnect |ayers 312 and 613 and between
the conductor interconnect |ayers 313 and 612 with the conductor

i nterconnect 20 |ayers 312, 613, 313 and 612 can be prevented. This all ows
provi ding the sem conductor device 8 with an inproved joint reliability.
[0207] Further, in the present enbodi nent, the conductor 25 interconnect

| ayer s i312, tb&3soBIX ardi6t2Sare in contact with the conductive particles
82A and 82B to provide electrical conductions anong the first resin
substrdt0@08) the resin spacer 6 and the 114 second resin substrate 5, and
thus no netalized connection is forned between the conductor interconnect

| ayers 312, 6&8pr@ii3y and thel2ramdnt hemecwhideetti ve pastithes BRAN<andh82B, so
that a rework can be conducted. 5 )02081 FI FTH EMBODI MENT A sem conduct or
devi ce fp0 lofinpeagradapccanbediaent in loehebtdésedi ben,addi rishetentket o Fi gs.
19 and 20. The adhesive tape containing the solder powder and the conductive
par bi clagyageacands 19f Bzl sdsypesedt i ki miidaresdpninayke s 71A, 71B, 81A and
81B is enployed for the adhesion between the resin spacer 6 and the first
resi n ffieserabelanetErineiaghest onl bethedyeskatr esbedspriter theand the second

resin substrate 5 in third enbodi mrent and fourth
conductive particles 82A in the first adhesive member BA 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
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 solder resists S against the contacts of the
conductive particles 82A and 82B disposed between the conductor
interconnect layers 312 and 613 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 B82A and 82B to provide electrical conductions

among the first resin substrate 3, the resin spacer 6 and the



enbodi mrent. On the contrary, in the present enbodinent, 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 netallic bunps. O her aspects
are simlar to that of the aforenentiéded enbodinments. As shown in Fig. 19,

t he conductor interconnect |ayer 613 of the resin spacer 6 is coupled to the
conductor 20 interconnect |ayer 312 of the first resin substrate 3 via a
first metallic bunp 11. Such nultiple first bunps 11 are di sposed al ong
respective sides of the first resin substrate 3 and the resin spacer 6. Lead
free sekdend fewirexampteatmay, benenpluesyed metalheed faarstedbiop 1%. Lead free
solder is not particularly limted to 25 any specific type, and is preferably
an al | oyrvedtizenigey dhel eastiuctwo igrtemorenetenkaysrsellegt éd 3f r it fued gr oup
consisting of tin (Sn), silver (Ag), bismuth(Bi), indium(In), zinc (Zn) and
copper 6125and Gi)e AmshigtikeseartiicloondiZdernadi 08B ofsa Hehatelat irryorenpen at ur e
and the nechani cal properties, it is preferable to enploy an all oy

cont ai REngoSaustrth as an alloy of Sn-Bi, an alloy of Sn-Ag-Cu, an alloy of
Sn-In or the like. Alternatively, a solder-plated copper 5 post nmay al so be
enp? oyd@2P8t the first bunp 11. The periphery of such first bunps 11 are
provided with the resin layer 71A so as to surround the first bunp 11. Mre
speci f FaATHyEMBORBHMT: i on that the first bunps 11 extend through the resin

| ayer 71A is provided. [0209] 10 Further, the conductor interconnect |ayer
612 of the résPanicpubeitos fgvesapl@dh dheheresaaticemrodmaicdinécbel ayer 313
of the second resin substrate 5 via a second netallic bunp 12. The second
bunps $255Fele s pids e fairenger 6S petdd ve Ssipfds<8f tHee radhasive tape

containing the solder powder and the conductive particles 82A and

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



spacer 6 and the second resin substrate 5. Such second bunp 12 15 may be
conposed of the material simlar to that for the first bunp 11. The

peri phery of such second bunps 12 are provided with the resin |layer 71A so
as to surround the second bunp 12. Mbie specifically, a condition that the
second bunps 12 extend through the resin layer 71A is provided. 20 [0210]
Next, a method for manufacturing such sem conductor device 10 wll be
described. As shown in Fig. 20, the second bunp 12 is provided in the
conductor interconnect |ayer 313 of the second resin substrate 5. Next, the
first HGop. l1Anerideisededinncohel @5 addmductorhe meltcionnacpeagenré13 of the
resin spacer 6. Heights of the first bunp 11 and the second bunp 12 nay be
pr ef er abHyth¢ oreclexamplleproapehiies ridnge otefevar B pm taop309 An FhEOY hi ckness
of 116 equal to or smaller than 300 pun can provide an inhibition of a

gener acohaofing donduwehi ve faidliey \M’%h‘nnaBéer eai a0y wenaAgt-Aer nah hi story
is encountered for the sem conductor device 10. On the contrary, the

t hi cknedsoupfobdiratln @rothrat e t HaiFsIn@tédAlys provddrr wAsGeddceppr i ng
between the resin spacer 6 and the first resin substrate 3 and between the
resbn Spaterap P tive cgeéorad Fesithesdigetabens. 1o kesdphehg dki ghts of
the first hunp 11 and the second bunp 12 may preferably be equal to or

| ar ger StRANT1BSE dmen llhere ot ¢ arded aldihstafceepet wesitt HeAf FPs@Shiprp 11 and
10 the second bunp 12 is, for_exanple, 300 pm £0211] Thereafter, an adhesive
tape cONEEPHRE|MRE tHe StebPRP| AYer MorgaSPechfepat bl SRImAdResi vhatape is

simlar_as the adhesive , ,
the first bumps 11 extend through the resin layer 71A is provided.

[0209]

10 Further, the conductor interconnect layer 612 of the resin
spacer 6 is coupled to the conductor interconnect layer 313 of the
second resin substrate 5 via a second metallic bump 12. The
second bumps 12 are disposed along respective sides 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 so as to surround the second bump 12. More
specifically, a conditicn that the second bumps 12 extend through
the resin layer 71A is 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



tape of the aforenentioned enbodi nents, except that no solder 15 powder is
contained. Mrre specifically, it is preferable to contain a flux
activity-compound havi ng carboxylic group and/or phenolic hydroxyl group
(curing agent exhibiting the flux aéfievity), a thernosetting resin and a

t hernmopl astic resin. Further, the aforenentioned thernoplastic resinis
preferably a 20 phenoxy resin. The first resin substrate 3, the adhesive tape
constituting the resin |ayer 71A, the resin spacer 6, the adhesive tape
constituting the resin layer 71A and the second resin substrate 5 are

st ackeegunlt hd sosequdanee, thad h@enma ddieoroyidenpn essh an tiemdiofigai S
conducted. This allows the first bunp 11 25 extending through the adhesive

t ape diggpesedibetoen doneluttise faekime suhst naterBaamdy t héharesi n spacer 6,
and also allows the second bunp 12 extendi ng through the aforenentioned
adhesi veetrape Hilston dposedobetaeah fdre t$ecerdicesducisubsiavdice %0and t he
resin spacer 6. The sem conductor device 10 is obtained by such process.

[ 0212] Ohntaddeontaretyy ahevehitheesslheSiagmatiape enplaygsr itharh& Hmpcesent
enbodi ment is that when the adhesion tape is attached on a surface of an

oxi di zaricondpr evasset ccoppéngsheeteand e reduot Fpaceprocessithg fsrearri ed out
at 230 degree C for one mnute in an atnospheric air, a copper

oxi de- meguaot ponstratee of anbebebpper Tiretesineppesent edaryy the skebhdwi ng
formula (1) is equal to or higher 10 than 70 The flux activity conmpound has a
reduci ngspowenbsoratd dducPngna thedrt itde dkightexpletie |famst thapcdhduct or

i nterconnect |ayer surface to renove such oxide film The copper

oxi de- ragduEheoneeatd bumm ¢R mayspf¢ieyanty er easabviaPE e ngerdéhan

45 pm. 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 o6, and alsoc allows the

second bump 12 extending through the aforementioned adhesive tape



filmto 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 environnments after creating junction, it
is preferable that the copper oxidelieduction rate is equal to or higher
than 75 and nore preferably equal to or higher than HO On the contrary, it
20 is preferable that a copper oxide-reduction rate is equal to or | ower
than 95 . [0213] Here, the condition for the copper oxide reduction process
(at 230 degree C for one mnute) will be described. Since a 25 reduction

ef f ect dekpbhed cosmasnd texhsbebhdgrddien fdulbstaatevhtand athe cepper spxtde
exhibits at a tenperature higher than a nelting point of the conpound

exhi bi &i. ngThbéesdrhivonticitwirt evide Tbppenbaxided B8 suddyatdcen st enmper at ure can
be suitably changed by the chem cal conpound exhibiting the flux activity.
On the [cankiary, it is preferable to enploy |ead free sol der such as

Sn/ 3.5Pb (221 degree C), Sn-3.0Ag-0.5Cu (217 degree C), Sn-58Bi (139 degree
C) and the 5Ihi&eédftarert e fibose, bumg dihesndret hepseeontoyrnmpirl2heThe nel ting
poi nts of nost of these alloy are equal to or |ower than 230 degree C
Thes ef presenn ¢tmogimesentisetbadi wesrt ,thchadbeppen oxpelels ragdachiednobheaper at ur e
of 230 degree Cis enployed. Besides, the reduction tine is selected to be
one nm putréacenotonsicdedazabnonf pidcesgm regueredhéor amel ta mgdukéicoapound
exhibiting the flux activity to wettability with a surface of copper oxide
and t hewocexhibitihgameductioat e?¥keciegrandCalfso ¢me consitderiat kon of a

variation in the reduction effect.
atmospheric air, a copper oxide-reduction rate of the copper sheet

represented by the following formula (1) is equal to or higher
10  than 70 %. The flux activity compound has a reducing power for
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 wvarious
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



[0219] 15 A copper oxide (CuO reduction rate is represented by the
followng formula (1), and can be acquired by the follow ng manner:
(Definition) copper oxide-reduction rate (0) = [1- (atom c concentration of
20 oxygen (0) after reduction process)lB(atom c concentration of oxygen (0)
after oxidizing process)] x 100 (Fornmula 1). (Measurenent Method) (1) A
copper sheet of having a thickness of 70 pm (commercially available from
Mtsui Mning & Snelting Co., Ltd., 3EC-3, 2-3 pm 25 thick) is soft-etched
with a comrercially avail able etchant solution. (2) The soft-etched copper
sheet irsedoxt dozi tgrgErecessedan béi suarebllo chavgadoby arhataiesphlerdi ¢ air at 220
degree C for 30 mnutes. (3) An adhesive tape of 25 pmthick is attached onto
a surf acepofindt évehidxitdinzi ngepf derssedi ciapper Oshebé, camdrathgn iits iseduct i on-
processed within an atnospheric air at 230 degree C for one mnute. 5 (4)
W t hi nptefienabee afd emptlloy Aeddcfrem srltessuch theSoperdth o221 8pgrebe
adhesi ve tape conponents existing on the surface of the reduction-processed
copper (3heét-ar@Agehhfed (Kilffhdagetene)., (B)-SFBe ddppedestmetC)akindr thhe renova
of the resin conponents is inmediately transferred into a vacuum desiccator,
and5t hénka fOr viglesui ity iongpi $1 cand uthedaaendr punhel surfracenedft inge copper
sheet. In addition, the copper sheet is stored under a condition of
mai nt aipeingsacy aeesim el rbspherélontite Auuellecor on spet ridssopypof or  cheni ca
anal ysi s (ESCA) neasurement is conduct ed.
degree C. Therefore, in the present embodiment, the copper oxide
reduction temperature of 230 degree C is employed. Besides, the
reduction time is 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 (Cu0O) 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



(6) 40 angstromthick 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 additionally reduction- treated, are renoved via a

pl asma processi ng. Subsequently, atoadc concentration of 0 and Cu are
nmeasured by ESCA (commercially available from ULVAC-PH 1Inc.). The plasma 20
processi ng and the ESCA neasurenent are conducted within a vacuum

at nosphere. The purpose of renoving the 40 angstromthick surface portions
of the copper sheets by the plasma-processing is to elimnate an influence

of thecg¥hdbzesh dtriagd ettt Agrthe andldgrge CNrPRASUNRIMRAMS., 25 | n addition,
ESCA neasurenent conditions enployed here are as follows: (i)

Phot oel(ggt AANa@isCAPiNGapBIbE: 285 mlegiiess;is12@8tathéd atd@ seureee AEK a ray
(monochrone); (iii) Analysis range: 0.B mmb. (7) A copper oxide-reduction

rate i sheabguliaiaey-prdleesaboveppdOrdidea,( hd bhéR21S] rucaridnrg to the
present enbodi nent as descri bed above, the follow ng advantageous effects

can bepebtaksed,withiaddint m@hckphéhec advant ageodegetiect Sos uhsd atitivakl. y
simlar as in the aforenentioned enbodi ments. The resin spacer 6 is disposed
10 betwaenwibeifiir stines afsubsthiated@andnt beosesonds rigs npsuhstoate 5, and
the first sem conductor chip 2 is nounted in the space section provided
anong t(e,f thstadlesdivesthper abepdnerithe sacaidg ovestie stlhstacat efSthad t he
resin spacer 6. Wile the first bunp 11

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 In addition, ESCA measurement conditions employed here are as

follows:

(1) Photoelectron-escaping angle: 45 degrees;



for coupling the first resin substrate 3 to the resin spacer 6 and 15 the
second bunp 12 for coupling the second resin substrate 5 to the resin spacer
6 are provided in the present enbodinent, the space for disposing the first
sem conductor chip 2 is formed with 1phe resin spacer 6, such that it is not
required to formthe solder bunps to be thicker and larger than the first
sem conduct or 20 chip, unlike the conventional configuration. This allows
achieving a reduced differences in deformation volune between the first
resin substrate 3 and the first bunp 11 and between the second resin

substrqgg)5XaﬁgytgguﬁﬁgomgKbgnpaQZUm@ﬁﬂﬁﬁghggenal hi story is encountered,
thereby inhibiting a generation of a 25 conductive failure in the

sem condygt oangeys &e.rarl@216] skl @, the first bunp 11 for coupling the first
resin 121 substrate 3 to the resin spacer 6 is provided in the resin spacer

6 i n the)presepbe£odicrartiuct hen CoNfd W ald1en1khseAoby | iHB tedvet hereto, and
as shown in Fig. 21, the first bunps 11 nay be provided in both of the first
resin substinater 3, and the resin 5 spacer 6. Sinmlarly, the second bunps 12
may be provided in both of the second resin substrate 5 and the resin spacer
6. #lavigissuch configuration, the coupling between the first resin substrate
and the resin spacer and the coupling between the second resin substrate and

the resin spacebré&ang e sihablyceshabbmisdteithentO als0228}Lr Sbed HEMBODIEMENT The
present enbodi nent will be described mainly on a nethod for manufacturing a
sem corduabaingexdeent Agmishedfé&ots can be obtained, in addition to the
advantageous effects substantially similar as in the
aforementioned embodiments. The resin spacer 6 is disposed
10 between the first resin substrate 3 and the second resin substrate
S, 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 6 and
15 the second bump 12 for coupling the second resin substrate 5 to
the resin spacer © 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 to form the
solder bumps to be thicker and larger than the first semiconductor
20  chip, unlike the conventicnal ceonfiguration. 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



manuf acturi ng a sem conduct or devi ce includes depositing a second 15 resin
substrate on a first resin substrate on which a first sem conductor el enent
(first sem conductor chip) is nmounted, the second resin substrate being
deposited on a side of the first respn substrate that the first the

sem conductor elenent is nounted, and the second resin substrate on which a
second 20 sem conductor elenent is nounted, wherein a resin spacer is

di sposed between the first resin substrate and the second resin substrate,
the resin spacer having a conductor extending through an interior thereof

al ong g Bt ekness i rget ir@@ina%aé@ﬁ% 4 s LhELIReGOPraRsS 3 1hoadlng, t her eof

are carried out to provide an electrically coupling between the first

resin gubgtral & and dhenpsacabet | esld SIBILLRLEI A & d Nercanduekar. Fig. 22 is

a cross- sectional view, illustrating an exanple of the first resin 122

Subst r ahereFhg- akd dsS shoRhO38- BESL I PNAl W eWrsi! hitgts ati ng.ABe exanple of the
second resin substrate. Fig. 24 includes a plan view and a cross-sectional

view, ihbystrat{nghah exarpkerofst hees e SR s$PacEer3 Hd tio reaghudes _
cross-sSectional views, 5 schematically illustrating the adhesive film Fig.

26 s apar@ssSs. Sefinianall Wi eWe blisSd NAkigad 10hea epuf@cdwiddag 1 pr geegs of the
sem conduct or device. Fig. 27 includes plan views, illustrating the

manuf agtruk hRgsPEQEE SR Qh thiBssesteondiet ahedeuker. sFa@r 28 | gav@ng! an vi ew,
illustrating manufacturing process of a sem conductor 10 device. Fig. 29 is

an e!e%hbﬁnpﬁﬁﬁigﬁﬁéﬁﬂ%ngth@Q&@Q@Min%fﬁé@ﬁ@énaphéoﬂﬂféﬂCHbsﬂh rebakkhee
particles dispersed in the adhesive tilm which aggregate to forma

conduct:@d. thkgresSth ispat sl @88- SBEL EONE ingV ibeWiekh! tisd redddigl aesexanpl e of a
sem conduct or devi ce.
substrate and the resin spacer can be stably established.
10 [0217]
STIXTH 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



[02181 15 A preferabl e enbodi ment of a nethod for manufacturing

sem conduct or device will be described based on an annexed figures. (First
Resin Substrate and First Sem conductor Chip) First of all, a first resin
substrate (first substrate) 400 andjasfirst sem conductor chip (first

sem conductor 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 sem conductor chip 2 nmounted thereon, serving as a sen conductor

el ement. The first resin substrate 400 is electrically connected to the

first 1 ct of; £hi thr 1 | der S; imlLarly as third
to fif%ﬁgggg%g%heg?éﬁ %Ee%Segigﬁggi %%jﬁﬁgggsg gg? bunﬁg%%faggggﬁilred wth a
first i rd 4 . Thi WS prgvighn jJIPr,0 j oi nt

el abi T Eh bethean (o 133 71 P st T oai T Subsi Fat o 400 met ReCrirst

sem congugt Qﬁdcé‘i&c?sde—;éggtiéhéitviﬁ,i @1%%%%&%@&9?4919 d 130 oproyLded W th

pad portions 401 an portions 402 on both sides of first resin substrate

400,  whigh §15§c&@.patt"%.0f25|09HElﬁ Wity oLber  elhectynde; In order to 5

provi ding electrically couplings between the pad portions 401 and the pad

por i ons.n4Q2y ; £oNAMCtiar s+ (ARt ALl { Ge PO /03 18he PEpyl def 14 A Lhesfirst

resin substrate 400 so as to extend through the first™ resin substrate 400.

[0219] ¢oQidyRi cldy, avaikabhei pgtend aladighactheifiyrstodeasd nrsyhstrate 400
is, for exanple, a base material conposed of a reSi'n conposition containing

a ther nRgetbhAgdc@sidbvilais PrgVi gesi ndeldar pheat viess stanceraadihgwer wat er
absorption. Typi cal

the manufacturing process of the semiconductor device. Fig. 28 is
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-sectiocnal
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
semiconducter chip 2 mounted therecon, 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



t hernosetting resins include, for exanple: novolac phenolic resins 15 such as
phenol i ¢ novol ac resins, creosol novolac resins, bisphenol A novolac resins
and the |ike; phenolic resins such as non- nodified resol phenolic resins,
resol phenolic resins typically as aqi2l3-nodified resol phenolic resins that

are nodified wwth tung oil, flaxseed oil, walnut oil and the |ike;
bi sphenol i c epoxy resins 20 such as bi sphenol A epoxy resins, bisphenol F
epoxy resins and the 1|ike; novol ac epoxy resins such as novol ac epoxy resin,

creosol novol ac epoxy resin and the |ike; epoxy resins such as biphenyl

epoXy rfasishs rapint Hignddkee 1O AR hawe NG gt dzhnAeohtRgt SHICHHigS 2.Ur @Bel €SI NS,
nmel am ne resin and the |like; unsaturated polyester 25 resins; bisnaleimde

resi ns;fipekyweet haneodasites 40di akl ¥phds hadAtiRledr @stASpagipdLORG s @BILN; resins
havi ng benzooxazine ring; cyanate (ester) resins; and the |ike. Among these,

cyanat eyndephAspbihid4 4qrarchi edtar s NOY9I AT fayamnatesi 8SsnsSIt ik praeber abl e.
This allows the first resin substrate 400 to exhibit |lower thernal |inear

expansiw@nch[ 8280tap&h e Afeugmenyi ened Siaanatieceesids” irs drrit tbo incl ude
cyanate resins and prepolyners of cyanate resins. The aforenentioned cyanate

respn msvhaialt ai aetringliforcepaiple, bdwedreadkl pgdhpbogenad edicwkani de with
a phenolic conpound, and pre- polynerizing thereof, via heating as required.
More speei paclabbyt idfs t4qH,caloncanate (mesidls iicngbyde) novdlaee eyaratedr esi n,
bi sphenolic cyanate resin such as bi sphenol-A cyanate resin, bisphenol-E
cyanat eirr esienfitret r ametrhydubitsphenddo B« yanate ekeéshd andoddie dhidke&irsAnong
these, it is preferable to enploy a novol ac cyanate resin.
resin substrate 400.
[0219]
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 phenclic 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 phenolic 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, creosol
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



This allows an inproved heat-resistant due to an increased cross 15 |inking
density, and an inproved flammability of the resin conpositions. Novol ac
cyanate resin has benzene ring, which dom nates the chem cal structure at
hi gher nol ecul ar proportion, and thugssgis easy to be carbonized. [0221] 20
The af orenentioned novol ac cyanate resins avail able here include for
exanpl e, the conpounds presented by fornmula (1) described above in the

af orenenti oned enbodi nents. [0222] Wi ght-average nol ecul ar wei ght of the
af orenenti oned 25 thernosetting resin is not particularly limted to any

speci figgreyalugr bR ghbnaver agei i)l eGukae ruBhgid . ofripQ0 athoazs599el S
preferable and 600 to 3 00 is particularly preferable. The 12

wei ght ravecages il el aratweisght + 8f e hrower: tl%@@rthﬁeﬁmelrﬁ%@aroned lower |imt
of the range causes a tackiness when a prepreg is manufactured, which may

|l ead t@xpaRHtyal adhesion or a transfer of the resin when the prepregs are
mutual ly contacted. On the 5 contrary, the weight-average nol ecul ar wei ght of
hi gher [ohanjthe aforenmentioned upper limt of the range causes excessively
faster reaction, which may lead to a failure in nolding and a reduced

inter-layer peel hbgrésitSicaRee "whenatdi sedinsonreflebft bes airgdlnerl t  board.
The wei ght - average nol ecul ar wei ght of the aforenentioned 10 thernosetting
resi n mjnbeeneasuiethid tdrepboimexanpt esyamagel repengeatien chromat ography

(GPC). [0223] Content of the aforenentioned thernosetting resin
aforementioned cyanate resin may be obtained by, for example, by
reacting halogenated cyanide with a phenolic compound, and pre-
polymerizing thereof, via heating as required. More specifically,

10 typical cyanate resins include novolac cyanate resin, bisphenolic
cyanate resin such as bisphenol-A cyanate resin, bisphenol-E
cyanate resin, tetramethyl bisphenol-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 1linking 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 noveclac 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



(particularly cyanate resin) is not particularly limted to any 15 specific
value, and is preferable to be 5 to 60 %M. of the whole resin conpositions,
and particularly 10 to 50 % . is preferable. The content |ower than the
above-described lower limt may causepysreduced effects for higher thernal
resi stance and | ower thermal expansion, and the content higher than the
above-descri bed upper 20 Iimt may cause higher cross |inking density,
increasing a free volunme, thereby reducing a noisture resistance. [0224] In
addition, the aforenentioned resin conmposition may preferably contain an

I nor gapi.g fntl%n?éragg“rr%l%hh?% hdlielor dowkedened therdml fxpansheg. Typi cal

i norgani c f|| ers 1 ncludes, for exanple silicates such as talc, baked cl ay,

non- bakegde ¢l aypit M€anedkasge apgiddie d ikeiiaxkdesnsych @sdebansum oxi de,
alumna, 126 silica, fused silica and the |ike; carbonates such as cal ci um

car bonghgy r FRORES] UM RRDARAT Eeadiidh Qf A GbLE é&ﬂeéﬂﬁqkﬁk% trAndeoxi ges such
as alunlnunlhydrOX|de magnesi um hydroxi de, cal ci um hydroxi de and the |ike;

sul f at @9 c0Fc 814 fm&&is t$eChRragroghal tdmbli alecopdb &idun suhf ahe, calcium
sulfite and the like; berates such as zinc borate, barium netaborate, boric

acid  aburi-auR) @'lléJmerl‘e_!;'Pi‘tbQ’(@E@ge cr@ch@dana@ow@&ghtswwam ahenapdethe |ike;
nitrides such as alumnumnitride, boron nitri licon nitride and the

li ke. é’f@BGméH@}S&lecﬁldﬁp%% (inipast il aanlusedudfs sétd&d)i e ypEgECERADI €. This
allows a reduced thermal expansion while the electrical properties are
mai nt airgede 1022 idYeanypaekiicte 4ipEtge oh hbedah@raent ireaadelnor ganic
inter-layer peeling resistance when this is formed to be a circuit
board. The weight-average molecular weight of the aforementioned
10 thermosetting resin may be measured with, for example, a gel
permeation chromatography (GPC).
[0223]
Content of the aforementiconed thermosetting resin
(particularly cyanate resin) is not particularly limited to any
15 specific 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,



filler is not particularly limted to any specific range, and is 15
preferably 0.01 to 5.0 pm and nore preferably 0.2 to 2.0 pm The particle

di aneter of the inorganic filler |ower than the above- described lower [imt
provi des an increased viscosity of ajyarnish, which may |ead to adversely
affecting a workability in manufacturing prepreg. On the contrary, the
particle dianmeter 20 hi gher than the above-described upper limt may cause a
phenonenon of a sedinmentation of the inorganic filler in the varnish. [0226]
Furthernore, spherical silica having nean particle diameter of equal to or

smal | er,;than 5f95@ans(lﬂc@aahacyﬂ1 rll}éeoh%rar%ehafcgéeguc@%é'aal%%m'S

preferab e, and in particular spherical 'itca having nean particle dianeter

of 0. 011:aTrB]9_gi':19ePrH1§d2'r?esqu1‘ﬁlf 2Bk 8a t Thirs,qrdlhans  8nah gy &d degadi ng of the
I norgani ¢ | er 0227] Content “of the aforementioned inorganic filler

I s not ppapkigulanloh 'alsmatlﬁﬁhﬁ@m SR8, | GaYAbYum %f&llareef erably 50 to
80 ;wt. of the whole resin conpositions, and nore preferably 60 5 to 70 %t .

The conbept i biXifbdhe %%V%héapg]@e ald.ows -2l oves, # herdmluexpansi on and
| ower wafer absorption. [0228] Wen a cyanate resin is enployed for the

af og ement i gpedy) e MmsattiuRIshesif, idalis uRr eherabl x4 additikanal Iy enpl oy
a 10 first resin exhibiting | ower hygroscopicity than the af or enent i oned

cyanat @i8sk8. sbh Safldiges b@@atgpr}%/ﬁiqﬂﬂ g=icabansee, OboITRSEOPI C.
Specifically, it is preferable to enploy an epoxy resin for the
af or ementi@Red, fATshi 1@Sidrathe Al pFBMEMI@Red sodium borate and the
like; nitrides such as aluminum nitride, boron nitride, silicon
nitride and the like. Among these, silica (in particular fused
10 silica) is preferable. This allows a reduced thermal expansion
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 wvarnish.
[0226]
Furthermore, spherical silica having mean particle diameter
of equal to or smaller than 5.0 ym (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.



epoxy resins typically include, for exanple, phenolic novolac 15 epoxy
resins, bisphenolic epoxy resins, naphthal ene epoxy resins, aryl alkylene
epoxy resins and the |ike. Anmong these, aryl al kyl ene epoxy resins are
preferable. This allows an inproved 1anti-solder crack reliability after
soaking pretreatment. [0229] 20 The aforenentioned aryl al kyl ene epoxy resin
nmeans an epoxy resin having one or nore aryl al kylene group per a repeating
unit. For exanple, xylylene epoxy resins, biphenyl dinmethylene epoxy resins
and the |like are included. Anong these, biphenyl dinethyl ene epoxy resins
are prepepapl e. Bi phenyl dinethylene 25 epoxy resins nay be represented by,
for exanple, formula (TTlI). [0230] Fornmula Il 128 CH CH | o FORMILA

(FED)  "n" | SoANARBTRARY ol NFERER IMIBER nJMgaber ef1r1epeadimg unit "n" of

bi phenyl di nmet hyl ene epoxy 5 resin presented’in the above forrmula (I11) is

not parhireubarbyly limitted te any spesidicvauuber an@nds igrdahenabby 1 to 10,
and in particular preferably 2 to 5. The nunber of repeating unit "n" | ower

than the gbowgt!| awertHd Minbleausesn afor@asi tabyst abhé zadiOprefrerbbpheny!
di met hyl ene epoxy resin, leading to relatively reduced 10 solubility for

gengr altopynpese, sorkerichtes® Whehim whd fabewkt yahfe dBrsid ng 1omyerbe caused. On
the contrary, the nunber of repeating wunit "n" of larger than the above

upper |ltheirkaCaggssn & gredmeedowkl omabit idoscebttibg.resin, so that a nol ding
failure may be caused.
[0228]
When a cyanate resin is employed for the aforementioned

thermosetting resin, it is preferable to additicnally employ a

10 first resin exhibiting lower hygroscopicity than the
aforementioned cyanate resin. This allows an improved resistance
of hygroscopic. Specifically, it is preferable to employ an epoxy
resin for the aforementioned first 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 epoxy
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 (IIT).

[0230]

Formula III



[0231] 15 Content of the aforementioned first resin (in particular, epoxy
resin) is not particularly limted to any specific value, and is preferably
1to 55 %w. of the whole resin conpositions, and is particularly preferably
2 to 40 % . The content |ower thaniphge above lower limt may cause a
deterioration in the 20 reactivity of cyanate resin or a deterioration in the
noi sture resistance of the obtained product, and the content beyond the
upper limt may cause a reduced thernmal resistance. [0232] The wei ght-average
nol ecul ar weight of the first resin (in 129 particular, epoxy resin) is not
particularly limted to any specific value, and the wei ght-average nol ecul ar
wei ght of 20,000 is pr l e, and 800 to 080 is particularly

pr ef er abl e ecul ar melght of | owmér than the 5
aﬂNEHEMI ¢ CHymg acki nEQRMULA bH)
pr epreg, th-

aforenentloned upper Ilnlt of the/Tan

: i gher than the

Ja g cause reduced i reﬁnation
into the base nmaterial when a prepfe |%N BUE%@R{Yr@hTEGEBrNU@P Bl ling to
obtain uniform products. The 10 wei ght-average nol ecul ar wei ght of the
af orenmentioned first resin my be neasured wth, for exanple, a GPC. [0233]
When a cyanate resin is enployed for the aforenentioned thernosetting resin,
it is preferable to additionally enploy a 15 phenolic resin. This allows
controlling the reactivity of cyanate resin. Typical phenolic resins
i ncl ude, for Nexaaplef fepealitdalg unit "n"™ of biphenyl dimethylene epoxy

5 resin presented in the above formula (III) is not particularly
limited to any specific number, and is preferably 1 to 10, and in
particular preferably 2 to 5. The number of repeating unit "n"
lower than the above lower limit causes an easy crystallization of
biphenyl dimethylene epoxy resin, leading tc relatively reduced

10 solubility 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 molding failure may be caused.
[0231]

15 Content of the aforementioned first resin (in particular,
epoxXy resin) 1is 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 1limit may cause a deterioration in the

20 reactivity of cyanate resin or a deterioration in the moisture
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



phenolic resins, resol phenolic resins, aryl alkylene phenolic resins and
the like. Anong these, aryl al kyl ene phenolic resins are preferable. This
allows further inproved anti-solder crack 20 reliability after soaking
pretreatnent. [0234] Typical aryl alkgl ene phenolic resins include, for
exanpl e xylylene phenolic resins, biphenyl dinethylene phenolic resins and
the like. Bi phenyl dinethylene phenolic resin may be represented 25 by, for
exanple, formula (1V). [0235] fornmula (1V) 130 CH2 P-& CH, I Ug"r CH
FORMULA (I'V) "n" IS AN ARBI TRARY | NTEGER NUMBER Nunber of repeating unit "n"

of bi pharyl cdiaet hagsane resphenos itotr @it ipesentyedibyrad tdy tahg above fornul a
(I'V) is not particularly limted to any specific nunber, and is preferably 1

to 12, spadiEncpadliculaar phef s alphty-2A-draigB. mbhecnuabeseiafht ogpeabi g unit "n"
| ower than the above lower limt nmay cause a reduced thermal resistance. On

t he conor,aony, i heraftader of ah@ sepead i 1Y, 00T tis' parefichasgey phafetdhe cabove
upper limt causes a reduced conpatibility with other resins, thereby
det eri ghat wagglat -avrkajel blycudad ddiughtnetf poeterabhe.tiH236] Content of the
aforenenti oned phenolic resin is not 15 particularly Iimted to any specific
val be, adndemsnpi@tiet dolwerl 1init 55f %ite mehgeheawhokess esitrtaadadmeaesi thons, and
is particularly preferably 5 to 40 %wt. The content |ower than the above
| ower the prepreg, and the weight-average molecular weight of higher
than the aforementioned upper limit of the range may cause a
reduced impregnation into the base material when a prepreg is
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
phenclic 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 scaking pretreatment.
[0234]
Typical aryl alkylene phenolic resins include, for example
xylylene phenolic resins, biphenyl dimethylene phencolic resins and
the like. Biphenyl dimethylene phenclic resin may be represented
25 by, for example, formula (IV).
[0235]

formula (IV)



limt nmay cause a deterioration in the thermal resistance, and the content
beyond the upper limt may cause a reduced property of |low 20 thernal
expansi on. [0237] The wei ght-average nol ecul ar wei ght of the aforenentioned
phenolic resin is not particularly Iihapted to any specific value, and the
wei ght - aver age nol ecul ar wei ght of 400 to 18,000 is 131 preferable, and 500
to 15,000 is particularly preferable. The weight-average nol ecul ar wei ght of
| ower than the aforenentioned lower [imt of the range may cause a tackiness
in the prepreg, and the weight-average nol ecul ar wei ght of higher than the 5
af orenent joned upper limt of the range may cause a reduced inpregnation
into the base npterial when a p reg is manufactured, M thereby failing to
obtain Chn O e g}q:'Q yei ght of the
af orene ned T Wi th; @ exanPRMUBAGIV} 10
[ 0238] A conbi ngti on of the above-frenti oned cyanate réSin (in particular,
novol ac cyanate resin) and an aryl al kyl ene phenolic resin provides a
control of cross l|inking density,"n'hiS ADYARBIHIRARNINTEGERINGENBERSS bet ween
the netal and the resin. 15 [0239] Furthernore, when a printed circuit board
is manufactured by enploying a conbination of the above-nentioned cyanate
resin (in particular, novolac cyanate resin), a phenolic resin and an aryl
al kyl ene epoxy resin (in particul ar, biphenyl dinmethylene epoxy 20 resin),
particularly inproved dimensional stability can be in

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
toc 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 %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



obt ai ned. [0240] The aforenentioned resin conposition is not particularly
limted to any specific resin, and it is preferable to contain a 25 coupling
agent. The above-descri bed coupling agent provides an inproved wettability
in interfaces of the above-described ghernosetting resin and the
above-descri bed inorganic filler, so 132 that uniform cohesion of the
thernosetting resin and the inorganic filler over the fiber base material or
the |li ke can be achieved, thereby providing an inproved heat resistance, in
particular, an inproved anti-solder crack reliability after soaking

pretreat-geblaple, [Heflhol ol $5P666 ef AL +lieueAPI §Yp AR 1N eTeaupl i ng
agent (s) selected fromthe group consisting of, for exanple, epoxysilane

coupl i RgigageMerddd aRatentant g Ndmg SOURMRItASE Nt he A JIRKhAABHEQUPI I NG
agent and silicone oil-containing coupling agent, for the above 10 descri bed

coupl i ngwagenimi tThis alel @whgpand{ celadd Y eabanseds wetdrabiddebyeaf hngerface
of the resin and the inorganic filler, thereby providing a further inproved

heat reskshange:-4RQ242 G@onktentapfwd hmakave-drserihead weupl i ng agent is not
15 particularly limted to any specific value, and it is preferable to be

0. 05 tef3rpRehsidedwipghtr lonit hef aboyegescrbbedahsOrgariduceti | | er of 100
parts by weight, and 0.1 to 2 parts by weight I1s particularly preferable.
The contertgeitl@weimtidhamnet basabayesri ®Warhdn @ prepyegaus emaiufarsuiriidgi ent
coverage for the inorganic 20 filler, leading to deteriorating the
advant ageeubyefdetingpfta b®tain uniform products. The weight-average
molecular weight of the 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 contrel 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



i nproved heat resistance, and the content of higher than the above upper
limt nay adversely affect the reaction, leading to deteriorating a flexural
strength or the Iike. The content of coupling agent within the above range
provi des better bal ance of 25 both adgant ageous effects obtained by the use
of the coupling agent. [0243] 133 Alternatively, the above-described resin
conposition may additionally contain other additives such as a cure
accelerator, an antifoam ng agent, a |eveling agent, a pignment, an
antioxidant agent and the like, as required, in addition to the conponents 5

descri bad: aBevesrm [Q244) ofher f thsStt Heasiddesuba Y 26 &1 4 GhLamebenoblahned by
stacking one or nore plies of a prepreg, which is fornmed by dissolving the

resin goupesisvoON % deseri besk ahover-idl arsehyenti ké oo eparehae¥Bqyar ni sh,
and then penetrating such varnish into a fiber base material. Alternatively,

it cantherabgopobiiaiinedahy ifpacked e redh shBhee pl ipft iaufibkm amhi ch is
formed by applying the varnish on a support film Typical fiber base
mat er i ahgrbned ugles1-gloasier Erbex besabirtier alfsesushalamngl@ass reboibnt non- woven
glass fabric 15 and the like; pol yam de-containing resin fibers such as
pol yam[de41resin fiber, aromatic polyam de resin fiber, wholly aromatic
pol yam de resin fiber and the |like; polyester-containing resin fibers such
as pol yesterpresiraifliden, eapbont dree pof yesteronpsing ddgder(s)wsellbytadomati c
pol yester resin fiber and the like; 20 polyimde resin fibers; synthetic
fiber Hase hhategials wospesédgodt, 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 is 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]



a woven cloth or a non-woven fabric containing a fluorine resin

fiber as a

maj or constituent; organic fiber base materials such as kraft paper, cotton

| inter paper, paper base material containing mx paper of linter

and kraft

pul p as a major constituent and the 125 |ike. [0245] Thi ckness of such first
resin substrate 400 is not 134 particularly limted to any specific

t hi ckness, and 50 to 1,000 pm is preferable, and 100 to 500 pmis
particularly preferable. The thickness within the above range provides a
reduced thickness of the finished product of the sem conductor device. 5

[ 0246] Coef f heteptaofvdiier b exBAaSIIL ailig rehent Bb L orflinz§C

tion of the

first resin substrate 400 is not particularly limted to any speécific val ue,

and 103401 ¥QoRPM ¢ Scftefier abher admghtiked @uél BRMiI Supardd@laskyrpref erabl e.
That coefficient of 10 thermal expansion within the above range provides a

parti cuhaghyifbamQy etdnel, Nk el abid iatg}ént[,oallﬁ.gl@ﬁﬂ i &l e iofkithgt mal

expansi on along the inplane direction of the

irst resin substrate 400 is

not parieedl anbythd Miied te 18gaiyespedi fddeiivabyer o atite dnpo3@nRRM i S
preferable, and 10 to 15 ppmis particularly preferable. That coefficient of
t her maldesexppasi &owd t hi n t he above range provides a particularly inproved
joint reliability. [0248] 20 The first sem conductor chip 2 nounted on the

first r@sin)

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



substrate 400 as descri bed above is simlar to that enployed in third to
fifth enbodi nents, and typically includes chips that constitutes, for
exanple, integrated circuit (1C), large scale integrated circuit (LSI),
central processing unit (CPU), mcro12% processing unit (MPU) and the like. A
circuit that is not showmn and is fornmed on the |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 is formed on the upper side the first
resin substrate 400 (upper side in Fig. 22) through the sol der bunps B2.

The ci pgutichoined 1akavedt be &hy Sdpdesiin subsknate, 4001 isv tel ecbobcahl y
connected to the pad portion 401. On the other hand, 5 the first resin

subst r akep#8fe @disie:,hasdCoDdUEd 0503 86t 11@Npad03ctihat1y gxieanaabeoughhd her eof
al ong the thickness direction, and the conductor sections 403 are

el ectr icsakkyecOnnactied the thbhevPathndordricanse402 foduddd amitdkaebackr surface of
the first resin substrate 400. This allows the circuit of the first

sem condyct ofii K HrpdAckr ansohé tsaigi condivceoei ¥éndcsi gnal s with the pad
portion 402. [0249] Here, the dinension of the solder bunps B2 is not
parsicubasky limted to any specific value, and dianeter of 50 to 500 pmis
preferable, and 80 to 150 pmis particularly preferable. 15 In addition, the
di st ance bet @aeefif idieergolodet hbumps &SZparssinot alpagt toal @rigkddsmsi ted to any
specific distance, and that distance of end to end of the solder bunps B2 is
pr ef er @ikrgcbOott o HGhepMirsandepan tsurdtarlty pgoéf es abdte gaortheuZ@rieg 150 pm
[0250] 20 The peri phery of the solder bunps B2 is filled with the
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 expansicon within the above range provides a particularly
improved joint reliability.
[0247]
Coefficient of thermal expansion alcong 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 tec 15
ppm is particularly preferable. That coefficient of thermal
expansion within the above range provides a particularly improved
joint reliability.
[0248]
20 The first semiconductcr chip 2 mounted on the first resin
substrate 400 as described above 1s 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



first underfill material 404 in order to inprove the joint reliability.
Materials simlar as that enployed for the underfill Uin third enbodi nent
may al so be enpl oyed for the material constituting the first underfil
material 404. More specifically, 25 singilarly as in third enbodi nent, a
liquid thernosetting resin and a filmthernosetting resin may be avail abl e.
Anmong these, a liquid thernosetting resin is preferable. This all ows gap
between 136 the first resin substrate 400 and the first sem conductor chip 2
being filled with an inproved efficiency. In the present enbodinent, the

first wnderislhotTedRiinalind04si So RS tdd Wieduphed shighHDdylus waEeRi al . More
specifically, when the bunps are of 5 |lead free solder, it is preferable to

enpl oy shRetPRtEri@ MppeRdsiad ehastd ¢ omdyhusuyht thd sHrangeupbsegpal to or
hi gher than 150 MPa, and nore preferably equal to or higher than 200 MPa. On

the cenptrafycuithemntRe buaps ane ofr& selder shevtpgrdigherismel ting point,
it is preferable to enploy the material having an elastic 10 nodulus within a

range eflceguatalp, dforegher tbathdMPpordndnmne, poefielabityeeddahdfo or
hi gher than 45 MPa, for the first underfill rmaterials 404. The upper limt

of &l ashieC fPEY! tSsiirs M@kt rpaet 160l Ardy HashicbadutoRnyeMmaldde, 488dcnder
exanple, is 800 MPa or higher. By enploying the resin material having an

el asti exfeddl tisrdiyitRirecsughongnges tariagkeskndt hecbidm, perd phery can be
further inhibited. [0251] Typical nmethod for formng the first underfil

mat er i @ondQétoft nedatdes sa 408t hod ofedttiadusi agnacttadith atreshvie materi al
into 20 the gap and then curing thereof, and a nethod for disposing sheet

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 soclder 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
reliagbility. 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



binding materials within the gap and then curing thereof. [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. This all ows reduci ngga coefficient of thermal expansion,
thereby effectively reducing a danage on the sem conductor device. 137

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 enbodinent. 5 This allows an i nproved

adhesi ygRe$s, AMOAGL {110, BUIPSLB2;08 Neng har 9anke SLt] tnARddertpr ot

underfi 404, thereby reducing the coefficient o

expan%%@nanﬁlﬂpé@ WBfdHe el muové@dé@ﬂl@qe%cglamgﬁ O the ddist sem conduct or
chip 2 and”the like. Simlar conpound as enployed in third enbodi mrent nay be

el oyedplQifaie | henAbaverdasgerbed) Goupliing agents oJ0a54ceaebEi gi ent of

t hermal expansion of the first underfil material 404 is not particularly

limted;bn ﬁaauﬁp@%gﬂecrl\éql ueMor@nQpécslﬂqrc%ﬁ@pabwe@%@é Bl akewsf than 40
ppm degréee C, and is 15 nore preferably equal to or |ower than 30 ppnt degree

C, simlakl ¥re@ssdheunder fisl hrirofagihi rd epbodinent .md{Q3593h n6sepgnd Resin

Substrate and Second Sem conductor Chip) Next, a second resin subStrate 405
and a sgcends20c SEMEORAYGEAR nCl Parh Al RLARAr 66 oA BiHacenah t1he second

resin
MPa, and more preferably eqgual to or higher than 200 MPa. On the
contrary, when the bumps are of a solder having higher melting
point, it is preferable to employ the material having an elastic
10 modulus 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.
[0251]
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.



substrate 405 in the upper side (upper surface in Fig. 23) is provided with
the second sem conductor chip 4 nounted thereon, serving as a sem conductor
el enent. The second sem conductor chip 4 is electrically connected to the
second resin substrate 405 25 throughsthe sol der bunps B2. The periphery of
the sol der bunps B2 are filled with a second underfill materials 409. This
allows providing an inproved joint reliability between the second resin 138
substrate 405 and the second sem conductor chip 4. The second resin
substrate 405 is provided with pad portions 406 and pad portions 407, which
are caQ%QF?]of coupling with other electrode. 1In order to providing

el ectrically couplings between the pad 5 portions 406 and the pad portions

407, conduct ghs §IRLallide astshat 4B, arm Pravhdedlp. st paconduteghn

substrate 405 so as to exten roug e second Tesin substrate

The seeandnieshle suRSLALE 1400 dRY De compased.Blo A EhlA, o 10 which is
di fferent o] or may be conposed of the sane nmaterial as, the materia

Conposic'agpﬁg gfél_% S essi'rﬁl%??gtégt@né%éjle?EQﬂSU Bfeiﬁﬁp'e g@ﬁmgﬁ@d of the

sane materi Is allows reducing a erence In e coefficient of

theg malryexpans)on hetuEan.LRCaaORlo ARG LR, POL il ol { Bfesent conduct or

devi ce, ereby 15 reduci ng a war page. Specifica sane material as

enpl oyggofrbgni efﬁwle-a%l%iscemeb@grﬂ $lad@Shn fuPstiat & A00 t%@gtagso be

enpl oy or the material constituting the second resin substr 405, and

it is paribenbarhy Ri&farabhe be eMPHRY Q@RALecResid ndMOVWHactgyanat e
resin). 20 [0257]
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 ¢f the second resin
substrate 405 in the upper side (upper surface in Fig. 23) 1is
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 408, This allows

providing an improved joint reliability between the second resin



Thi ckness of such second resin substrate 405 is not particularly limted to
any specific thickness, and 50 to 1,000 pm is preferable, and 100 to 500 pm
is particularly preferable. The thickness within the above range provides a
reduced thickness of 25 the finishedsproduct of the sem conductor devi ce.

[ 02581 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, and 15 to 40 ppmis particularly
preferable. That coefficient of thermal expansion within the above range

provi desa3:Pard i £84 afly thel BREGNEGsdd dndughbabbhibys . [9ercbhafficient of

thermal expansion along the inplane direction of the second resin substrate

405 i s faat npafbscrdal lypsl 8 bedyviGed At SREE Fbsty&hyezm@%& ta 30 ppmis
preferable, and 10 to 15 10 ppmis particularly preferable. That coefficient

of therRl i 8XPaGS! QMW BirB ERS23ROVEr 12NGe i RHOVL B8 Sodhdaldiberlkarty | mproved
joint reliability. [0260] Further, the second Sem conductor chip 4 enpl oyed

here may olaebetrd NerSAME ndSel OF L FRYa DG, cwuquriﬁgg beomdde Hd pal sem conduct or
chip 2. [0261] The second underfill material 409 disposed in the periphery
ZB 45he ek dehs bunpsa B2 thy phe serpoases @f7,t kenhliksbr snderddinl c28o8RE eri al
' 408 are provided in the second resin substrate 405 so as to extend
through the second resin substrate 405.
[0256]
The second resin substrate 405 may be composed of a material,
10 which is different from, or may be composed of the same material
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 also 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



[0262] Coefficient of thernmal expansion of the second underfill material 409
is not particularly limted to any specific value, and is preferably equal
to or lower than 40 ppmdegree C, and is 25 nore preferably equal to or

| ower than 30 ppm degree C. The coeffiggi ent of thermal expansion is wthin

t he above range, so that an inhibition of a damage on the Low K | ayer, and
an 140 inhibition of a danmage on the peripheral section of the bunps can be
achieved. [02631 A circuit that is not shown and is fornmed on the |ower side
5 of the second sem conductor chip 4 (lower side in Fig. 23) is electrically

connectiedetidn Chff G skBahdl seoat slamraardads i oidedititheawpper side of
the second resin substrate 405 (upper side in Fig. 23) through the sol der

bunps B2mithe €brau tsperimed vabeve die 19e€andorgsh N $yhalfate 1405208
el ectrically connected to 10 the pad portion 406. On the other hand, the

second 15e$bNa S UBSH e @493 call §p1 Nasre feaRget or Teget st 408 ntchak ext end
t hrough thereof along the thickness direction, and the conductor sections

408 ar eheehett &xsaldiorconnachethd aidie padgpoptbense40y Jaortnedianlyhe back 15
surface of the second resin substrate 405. This allows the <circuit of the

secdnd iggrbeenducied ehiipb41titansmtting and receiving signals with the pad
portion 407. [0264] (Resin Spacer) 20 Next, the resin spacer is prepared. In
the prg9e60]

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 coefficient of thermal
expansion 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



enbodi ment, an exanple of enploying a resin substrate 500 for the resin
spacer will be described. The resin substrate 500 includes a space 500A that
can house the first sem conductor chip 2 therein, simlarly as each of the
above enbodi nents, and this providesiap25 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 400 and the pad portion 407 of the second resin substrate 405 are

provi dednhasit SoreXdend dhhkeegbnt fige r 'ﬂ@h%¥9$tE@&@h&@QﬁﬁH@ﬁQbﬁh&s thhckness.
The conductor 501 is fornmed by conducting a plating 5 process for a through

hol e ppevidededd®ng the thickness direction of the resin substrate 500, and
then filling the through hole with an non-conductive paste, an
el ectrgoopgdyuctive 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 AOZiefuithehatl iseaondshi®ei mrslbst ratee405n tespestirvelide and
provi des electrically couplings between the pad portions 401 and the pad
porti ons 404, ssddreh sne chadatedr tdieipppenoasd shee | owerigends)ofis t he
conductor 501, respectively, when the first resin substrate 400, the resin
subst r atlechbOcandy therseteddtoesi aisubst rabe 405nctl Sslagwan shaicked. [ 0265]
Thi ckness of resin substrate 500 is not particularly limted to any specific
val ue foamcdednttiad updpert biidknesstiad | mwnkionskng st fdtrestd 0Serfuppaduct or
chip 2 (specifically, equal to or higher 20 than a height from an upper
surfaceidk thelFfgr si3)r ediroughbshe at@lder bumps B2. The circuit formed
above the second resin substrate 405 is electrically connected to
10 the pad portion 406.
On the other hand, the second resin substrate 405 also has
conductor sections 408 that extend through thereof along the
thickness direction, and the conductor sections 408 are
electrically connected to the pad portions 407 formed on the back
15 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)
20 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
25 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



400 to an upper surface of the first sem conductor chip 2), and nore
specifically, 50 to 2,000 pmis preferable, and 200 to 1,000 pmis
particularly preferable. The thickness within the above range particularly
provi des a reduced thickness of the figmni shed 25 product of the sem conductor
device. [0266) The material constituting the resin substrate 500 may be the
142 sanme 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 the same material. This allows reducing a

war pageoap1ines fidtsleenesha sapsidatierdd01apd the Hisacordinesipssudsd rate
405, thereby providing an inproved joint reliability. Specifically, the sane

mat eri abpagn@MoyRd pBrthen abpwer descikiebefdf +ésin regist reubstpat 400 and
the second resin substrate 405 can al so be enpl oyed for the materi al

consti bbirDged tde deeikiesdbstralich 5 rapdnasapgcthese00 hlosgpatsicularly 10
preferable to enploy cyanate resin (novolac cyanate resin). [0267] Ceonetry

of resikRiskhsss at ere0QorBMcbEr 501 addifioreadt Byt Bendgaonet by phaving the space
in the center as described above, a geonetry of a horseshoe-shaped, in which
a port ipbebcedsther kb tpepugkt B61Ofpitdie ddd all osgnm EoONEhici e sehdpract soh acki ng, a
geonetry, in which rod-shaped resin substrates are disposed in tw sides of
t he fi st tkenteointdutiberrabeps@0 f adidigheachiol hed , tlend Hrweghi kele §0268]
(Adhesive Film 20 In order to join the first resin substrate 400 wth the
an non-conductive paste, an electroconductive paste or the like.
A pattern of the conductor 501 correspconds to the pad portion 401
of the first resin substrate 400 and the pad portion 407 of the
10 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
15 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
20 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
25 product of the semiconductor device.

(0266]

The material constituting the resin substrate 500 may be the



resin substrate 500 and/or to join the second resin substrate 405 wth the

resin substrate 500, it is preferable to enpl oy adhesive film (adhesive

tape) 502 having an el ectroconductivity. This provides an electrical

coupling between the first

and/ or

whi |l e better joint

resin subgstipate 25 400 and the resin substrate 500

bet ween the second resin substrate 405 and the resin substrate 500,

The 143 adhesive filmb502 is simlar as the adhesive tapes of first to

fourth

enbodi ments, and is conposed of resin conponents and conductive

conponeahs. mibeei sped,f oeahby, bé hei £ el fadhestne addtdndawerides an
adhesive filmcontaining the conductive particles 5 502A (ani sotropic

conductarteaglhestmepdding taEi gir25 BYsimubadhasevecdidim aond alebng net al

parti cl

nmetal | i

reliability of the sem conductor device is maintained.

fine

es such as solder powder dispersing therein, and the like (Fig. 25 b
shows aesgandubsoratad 4065 MaAg &s conelitatao yVSARB bymamaggriegat i anief the

c fine particles such as solder powder). 10 [02691 The resin

conposidlilerscoadtdcing iangatrbegadbesive ffiirstn T821inssulsstdtar 400 bhe tksin
tion enployed for the adhesive tape of third enbodi nent. For exanpl e,
it bs cerpasedesin asubdrmamset 0bngthamwsin suehdasgaan epoxyoveesijoiand a

conposi

t hernopl astic resin such as an 15 acrylic resin.

The thernosetting resins

here tygilcabliyitncl Wiecifiorléxanphie,sapoxpteesibhsas oxgtlaned esi hee phenolic

resins,

(meta) acrylate resins, unsaturated polyester resins,

di al | yploladeecr itegl s rsirales i deubsesiate di00t hadl the seporie resphoyed. Anong

t hese,
bal anci

10

15

20

25

epoxy resins are preferable. This allows providing an i nproved 20

swpsotabe clide-ali lalsy badempbhiedd fldrf éheFuptaeial agpnstituting
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 horseshoe-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



i nproved heat resistance, noisture resistance and chem cal resistance are

al so provided. In addition, for a chem cal conpound exhibiting a fl ux
activity contained in the adhesive film502 (curing agent), the same conpound
as enployed in third 25 enbodi ment mag al so be enpl oyed. [0270] The
above-descri bed conductive conponent typically includes 144 conductive
particles and netallic fine particles. For the above- described conductive
particles, the particles sane as the conductive particles 82A described in
fourth enbodi mrent may be enployed. 5 [0271] Typically, for exanple, the

sol der Jppwdeye desay ified ikhisifli 1 gpbaditmRntaanayibe eapioyed fiaistt ke
above-described netallic fine particles. Anong various sol der powders, a

| ead frre@rspl 8aodSner6f ahabk e. cdigo fprgneati anednpeach iy eggsol der may be
an alloy 10 containing at |least two or nore elenents selected fromthe group

consi stdopguet i 88, cdborBint sl. N, M&Pe afsb GLE1 ATORY theSeypidhl cesisdeeati on of
the nelting tenperature and the nechanical properties, it is preferable to

enpl oy fanmak heyu€entai ridhgsShestchn @ntan rahboyhef c&icBit i pakdtoy1ek
Sn-Ag-Cu, an alloy of Sn-In or 15 the like. [0272] The nelting tenperature,
t hesparsiozel eadi avet@sic anthduheor cofiienivd titlhe case. ofs enpl eyi ng t he sol der
powder as the above- described netallic fine particle are simlar to that
enpl oyedhieniv20fi i rebrembodinoenttal 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 emplcyed in third

25 embodiment may also be employed.

[0270]

The above-described conductive component typically includes



[0273] Metallic particles may be contained as the conductive conponent, and
the content of the above-described netallic particles is preferably 20 to
250 parts by weight, provided that 25 the total conponents except the
netallic particles is assuned to be14@0 parts by weight, and 60 to 200 parts
by weight is particularly preferable. 145 [0274] In addition to above, a
conbi nation of the above-described netallic particles and the
above-described netallic fine particles may also be available. 5 [0275] The
above-described resin conposition may additionally contains a curing agent,

a curi pgnaated ¥stpardn caBki axd dadta |genttinangdathecldke. rbhe taboypodescri bed
curing agent is not particularly Ilimted to any specific conpound, and

typi cabk¥ciOophenldesivanpaesicldd Olthepyrbecayai dakd exs amd in consideration
of the reactivity and the physical properties of the cured product,

phenol iceadasyi ke mnefienabl gornpd ayeidbed QA76bur St @tkdditheogasshe 15 First of
all, as shown in Fig. 26, the adhesive filnms 502 are prelimnary attached on
both skfesopédi he resin substrate 500 (here, the adhesive film 502
containing the solder fine particles as netallic fine particle dispersing
t hebei nok31enpl oyed). Heating and conpressively bonding processing is
conducted at, for 20 exanple, 50 to 150 degree Cfor 1 to 10 seconds to
adhere the 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 sclder 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. Among 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.



adhesive filns 502 onto the resin substrate 500. Typical nmethod for adhering
the adhesive film502 to the resin substrate 500 includes, for exanple, a
met hod of adhering with a roll lam nate, a nethod of adhering with a

t her no- conpressi on bondi ng press and125 the |ike. Next, through holes (400A,
405A, 500B) configured to be able to be inserted with pins as will be

di scussed |l ater are fornmed in ends of the first resin substrate 400, the
resin 146 substrate 500 and the second resin substrate 405 (three pl aces),
respectively (Fig. 27). Then, as shown in Fig. 2B, while the pins are
insertedohpfo the through holes (400A, 405A, 500B) to align these
substrates, the first resin substrate 400, the resin 5 substrate 500 and the

second resi n1subsd i@t 405aBhee st ackatbinit ibhi srofEerap®rd-dBca ibed
mul tiple-layered material. Then, a therno- conpression bonding is conducted

from ametppeic afkdioes shdetiod addie-mdstirpbed! ayes ed dretierd ghrbyces®l oyi ng
hot plates. The condition for the therno-conpression bondi ng depends on the
10 typeayohlébhepd esiaisaposstituting the enployed first resin substrate 400,
the resin substrate 500 and the second resin substrate 405 and the |ike, and
forsexgoplhe] it is preferable to conduct the therno-conpression bondi ng at
150 to 250 degree C for 10 to 600 sec at 0.01 to 10 MPa, and it is
parti cul ar | yTpe edleswadde stiribedceasuctcdripe tihe brome pnpd@sisicora 1dgndi ng at 160
to 220 degree C for 60 to 300 sec at 1 to 3 MPa. \Wen the therno-conpression
bondi ngom&hnt hee qimgaegpate processy icetedpduct ed ast desicianhedgeabove, an
i nproved productivity and workability are achieved. (0277] 20 Here, when the
adhesi wedf then Tk ai fiheg abheeng¢ attileed ioveing 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 roll 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



particles such as sol der powder dispersing therein is enployed for the
adhesive film502, the first resin substrate 400, the resin substrate 500
and the second resin substrate 405 are therno- conpression bonded, and an
aggregation of the netallic fine 25 pakticle (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 provi des an
el ectrical 147 coupling. For exanple, the operation of the

t her no- conpressi on bondi ng process as descri bed above induces the

aggr egaubenrefe tim Jret ahki eepand i €4 €51 dupperstagIon the-adhasicee)fil m 502 to
forma conductor 502B shown in Fig. 29. 5 [0278] In this way, a

sem coreddptotidely cerigd02as . shomen, mdishowd0incaigbe2®btiaiined théhpins
sem conduct or device 700 includes the first resin substrate 400 having the
first ses copdicsdrintid ph2 mhuoteld hdlher gaopat heosrsi FOEIbHa allegh00 and t he
second resin substrate 10 405 having the second sem conductor chip 4 nounted
t her eothewhi shbstara: est,acked fii nst hrsssequienteat#he00 gsti e sudasitr at e 500
i ncludes the space 500A in the center, and the first sem conductor chip 2
I s housedstrahe nS@ spatehkospednddyrddin fasubst raesi A0S wast rateek4d0in t he space
500A of the resin substrate 500 and the second resin 15 substrate 405. This
provi desia protecte diornm at heltipst-lsemecbndtieroal chi pheéh, e ithiemabi-ng a need
for encapsulating the first sem conductor chip 2 with an encapsul ati ng
resin. cohprpadiopdrdncdomadds contdheteagperorpent uppeft oed upperr siide pA Fi g. 30)
of first resin substrate 400 is joined to the conductor 501 of the 20 resin
subst r &he BOOt splerslavsredeapéeana el leetanirdalyiogupbtnglates.
The condition for the thermo-compression bonding depends on the
10 types of the resins constituting the employed first resin
substrate 400, the resin substrate 500 and the second resin
substrate 405 and the like, 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
15 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]
20 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
25 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



addition, the pad portion 407 in the | ower 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 firgt resin substrate 400 is provided with
t he sol der bunps (solder balls) Bl, which are joined to a nother board that
is not shown. 148 [0279] A circuit that is not shown and is fornmed on the

| ower side of the first sem conductor chip 2 (lower side in Fig. 30) is
electrically connected to a circuit that is not shown and is 5 fornmed on the

upper sbdg1 Phgt herdyd retanbesl, ntﬁélb@élagtqoﬁw@f( HRBefhe Shdl& dnip rEis8i 080) t hrough
the sol der bunps B2. The circuit formed above the first resin substrate 400

is el egbhbgay ! yreanectkedetoribde et Pamnduens40ie @@ﬁyttllo@nofatﬁérCUIt
that is not shown and is forned on the | ower side of the second

sem copdugl 0f c Chdfx 4163 dhepers shglel s wWHaceheRifrkgri BR)502S tel eethi gal |y
connected to a circuit that is not shown and is forned on the upper side of

the seeandctesi BoUkSihat endBbg(upper side in Fig. 30) through the solder
bunps B2. The circuit forned above the second resin substrate 405 is
el estri[pallBy connected to the pad portion 406. 15 In addition, the resin
substrate 500 is provided with the conductors 501 fornmed therein, which
provi de el ecthi tial s coupl iangemibehveerot eviad poot aensK¥ddn aind Ftikke pad portion
407 through an adhesive filmexhibiting an anisotropic conductivity that is
not shawnbel obtdirsedvay Theheeneéspedidctwer elesderi ¢abd coupldasgshef fihet20 first
sem conductor chip 2 an the second sem conductor chip 4 with
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 i1s not

shown.



substrates such as a nother board that is not shown. Then, these are joined
to a nother board that is not shown via the solder balls Bl provided on the
| ower surface of first resin substrate 400 (bottomin Fig. 30). 25 [0280] A
siqnal transmtted via the solder baklhg Bl fromthe nother board is
transmtted through the conductors 403 of the first resin 149 substrate 400
and a circuit that is not shown and is fornmed in the first resin substrate
400 and the like, and eventually is input into the first sem conductor chip
2. The above-described signal, which is processed in the first sem conductor
chip 2405§9§ transmtted through the simlar path, and then is output to the
not her board. Simlarly, a signal transmtted via the solder balls Bl from

the nother bgapd, ig; ¢ rangmitt adet Broighiddie s Genduat 9 st h03 Rfert RE4EI I St
resin substrate 400, the conductors 501 of the resin substrate 500, the

conductgr $n408; pf+ the:$eaNdLdP E8Sh L suksiateqd0brandya j)rquit that is not
shown and is forned 1n the second resin substrate 405 and the |ike, and

event ughk¥ti$cal DPWoddi@ cbiheosgconssamiearduct Akt CoPurt-anie s _
above-described Tsignal, which is processed in the second sem conductor chip

4, ks ffo&ﬁeanbﬁtﬁ%t@@&@ihﬁeo%i%éafiﬂ&t hesaRdsthenr-ise Aoputphbert he 15

I
not her board. [0281] such, the sem conductor device, which is obtained by
the abgwe- dgseldbethmthadgnexhi bidsid:ihe,aguanbagedys of feols rei-pbhar as in

second to fourth” enbodi nents. Mre specifically, since the 20 resin spacer
(resingihst cater 5AY) Hesichi sppSedabetymen & ReebibEstally 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) 1s 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



resin 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 cqogposed of the same resin material,

m smat chi ng of coefficient of thermal expansions can be particularly
reduced, thereby further reducing the warpage. 150 [0282] It is intended
that the present invention are not limted to the configurations illustrated
in the above-described enbodi nents, and thus various nodifications thereof,

provi dedpkhakté hese LaD 5 caebievecide objreet sabwhhgndr £semrricavent tea, shoul d
be construed as being included within the scope of the present invention.

For examgteredwhih | fuddratcRe abpsuhatimg 1iaeer sndldvehttder puid dupukayers 31A
and 31B of the first resin substrate 3 are configured to exhibit the average

coef fi aingdt tBE thesilenraxpanstoprationg A TBesubsteat&sdiplaaneighhestion for
tenperature range of from25 degree Cto a glass transition point thereof of

equal taieh [ewsrocddiam 30 ppsl degseesdmidhdubecaverage coef ficient of
thermal expansion along a substrate thickness direction of equal to or

| ower tthansd0t peal tidegige tGei Bikhhisd g H,i GhA enbadigenitut he the
configuration is not limted thereto. For exanple, as shown in Fig. 31 and
Fi g. 3Zoteachbofird he duwiilldup vl ayes sqriHlA tarchs@lBreayvia nclaideldae i nsul ati ng
| ayer 311 having an average coefficient of thernmal expansion along a
subst r a=@ 1isnpl afieondi trec ticahet-oboa t@nperatanseitandet bfoliglornizb degree C to a
glass transition point 20 thereof is equal to or |ower than 30 ppni degree C,
and an caveinagers 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
second 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.



coefficient of thermal expansion along a substrate thickness direction is
equal to or lower than 30 ppni degree C, and the insulating |ayer 911 having
an average coefficient of thermal expansion along a substrate inplane
direction for tenperature 25 range ofischrom 25 degree Cto a glass transition
point thereof is higher than 30 ppnidegree C (for exanple, 60 ppm degree Q),
and an average coefficient of thermal expansion along a substrate 151

t hi ckness direction is higher than 30 ppmi degree C (for exanple, 60

ppnf degree C). In such configuration, it is preferable that the coefficients
of thergggz?xpan5|on of the insulating layers of the buildup |ayers disposed
in substantlally symmetric |l ocations 5 across the core |ayer 32 are nutual ly

equi val ent. ergs Hteeno%%uw@ke%e%eééérpﬂ gnbenploh herdmal expanskanof the
insulating layers of the buildup layer includes that a difference in

Coeff'%h@”Eo@fléJEHﬂﬂﬁnse§@§G§tBQUQ?EWP%%etB%ob@sﬁééﬁfﬂHbd ayehaimgheposed in
the symmetric | ocations across the core layer is zero 10 or equal to or |ower

t han 5aHB%H@Qr@?rl(%usAﬁlo@@L%Q&h@?@n@bﬁ}&’eofcOEEB{JE&&E‘tt%an thigenahnexpansi on
of the insulating |ayers disposed in the synmetric |ocations across the core

layer 32nacge €& eqleett erbenaubrald agiieyah 8At . ssuidale @owarpagg of the
insul ating | ayer disposed across the core layer 32 is 15 symetrically

gener atiedpe Thi i@t QW1 hARhBht LR sc@aneyrathenppisént WarRageoal ther
substrate. In"the second resin substrate, the l|ayer-structure simlarly as

shown igkafbde, 3dhand Fi10+h32iABY1 M 59 1REceBPROyed: dHE addiibipnialaréhe resin
spacer, the Iayer- structure simlarly as shown in Fig. 31 and Fig. 32 may
al so bg120apaptoyesk the first resin substrate 3 are configured to
exhibit the average ccefficient 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 cf 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 along a substrate



[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 ments, the 25 configuration is not
limted thereto, and the substrate nayq alternatively be configured of only
t he buildup layer. By enploying such substrate, the thickness of the

sem conduct or 152 device can be reduced. in addition, while the insulating
| ayer 321 of the core layers 32 is configured to exhibit the average
coefficient of thermal expansion along a substrate inplane direction

pr ef er abk yih 8o eialedia o L OMEnd DAL BPBEAPOEES: & AN 5.1t Beagyes age

coefficient o ermal expansion al ong a substrat t hi cknes ection of

equal %@ @W@a@feet kan 2Q,ppaty degi €€ CakRont hi{%@%&%@&éz thhe

configuration Is not limted thereto.” In addition, e It is configured
that theel pSUEALdNGdAYer $hdldal 8l '_o%r%anItlerfrﬁéﬁlCHtQI%% Wl B i HErS in

third to fifth 10 enbodi nents, the configuration is not lirmted thereto, and

the inpgdl ghingyd avglcss341s888e8 Ll MRyLsalher Bat i velinde iconbi-gur gds t
contain glass fibers or the |like. Having such configuration, further reduced

aves age-¢0ekfigd airof ol Ber BBl s expansiAn vt Bguilasihat i ngrdayehs 311 and 611
in a direction of the substrate 15 thickness can be achieved. [0284]

Fur t hekqui balén€atfd gUk-ednt Bad r COMPIAANY 3bBnBLONT Sedty ithe1asohger bunps
between the first resin substrate and the first sem conductor chip and

bet ween ai/Bes S6£ ok rhﬁﬁh@lu@%%;éﬁﬁqcﬂlﬂfﬁés*‘%h&@ §egontk &aficanduct or chip in
third to sixth enbodi nents, the
coefficient of thermal expansion between the insulating layers
disposed in the symmetric locations acress 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 disposed 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



configuration is not limted thereto, and the coupling may alternatively be

provided via a bonding wire. Further, the sem conductor device having a pair

of substrates and a pair of sem conductor chips, or nore specifically,

t he

devi ce having two 25 stacked sem conglyst or packages is illustrated in the
respective aforenentioned enbodi nents, the configuration is not limted
thereto, and nore than two sem conduct or packages nmay al so be 153 stacked.

[ 0285] While the resin spacer is conposed to have simlar

| ayer- structure

and conposed of simlar substrate material to the first 5 resin substrate
and thgegecondaf el Ne3belr at €y i dydiitish, t Qnf i &t fheradiingnts, 16her

configuration is not limted thereto, and for exanple, the resin spacer may

be conposedrofh@ sUbstingteshayi ng JriafigekeAurbessh0fid aygr svkha

the first

e
resin substrate or the "second resin substrate. Alternatively, ?or exanpl e,

as showgekp;d0e/i Gf %%erﬁa&eéié}ga&%ﬁﬁral@ﬁg whi Ghs has: 1a ripishdup | ayer and

i ncludes an insul ating |ayer 1 and a pair of conductor i nterconnect

233 provi-dedi on dherdi@nt andeghe Rackr sunbacesanf; s

10

15

20

25

| ayers

Ysth dRsubat Engnd ayer

may alternatively bé enployed. The conductor inteérconnect |ayer 623 is

conposefeOhvt Rgyd T-dmBtAICH 8ht Saf e asriNak xBARL Q¥R Ua f Mg th@upRRY-EEOr
i nterconnect layer 312, and has the two-di nensional geonetry sane as the

two- ditheRghesal 4 geermany oof efhel conductiolerNtBAS ONNEKInA Akekedld. inFurt her,
a resin spacer conposed of a substrate material that is different fromthe
first nesi-a subsdimdresgndhkheosecpnhtiesi As A0tsubsitad enmytbe enpl oyed.

addition, while it is configured that the insulating layers 311
and 611 are not reinforced with fibers in third to fifth
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
thickness can be achieved.

f0284]

Further, it is configured that coupling are provided by the
solder bumps between the first resin substrate and the first
semiconductor chip and between the second resin substrate and the
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
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



[ 0286]
the cu
the co
exhi bi
EXAMPL

In addition, while it is configured that the adhesive tape contains
ring agent exhibiting the flux activity in third to fifth enbodi nents,
nfiguration may alternatively include 25 another chem cal conpound
ting a flux activity, which doggz not serve as a curing agent. 154

ES [0287] (Exanples 1 to 3, and Conparative Exanple 1) 5 In the
foll ow ng exanpl es and a conparative exanpl e,

manuf act ures and eval uati ons

of sem conductor devices, which are configured that the connection between
sin substrate and the <chip in first enbodi nent was provided by a wre,

the re
were ¢

Qrducted. (Manufacture of Miltiple-layered material) 10 In the

follomﬁng exanpl es, as shown in Fig. 2, the first sem conductor chip 125 and
§enlconductor chip 131 were nmounted on the surfaces of the first

t he se
resin
t hen,
15 adh
and th

el ectrodesn123o0n-dthe abl@c knhsusEased oﬁeSlhh%uBst§gté esh e suistkbaterdQl is
rated in Fig. 2, the bunp 20 el ectrode 123 was not provi ded, and

il ust

su strate 101 and the second resin substrate 111, respectively,

a multypt gs iy ered nmaparkal i having dehe chi E§~&er§§ﬁﬂa%‘“1%ty(e§te 101,

esive layer 119, the resin base material 109, the adhesive |ayer

and
t he
121

%t%@@@ﬁ?eréﬁﬂ'b %Eﬁaéﬁ éﬁﬂiﬁﬁfﬂgﬂﬁétkﬁtéhm§té¥£3¥'tcT%%@‘EB?anderneath
was manufactured. In dition to above, while the exanple having the bunp

term nahscHoheses eGSHé‘&o%ﬂ%QE‘Q’e‘f@rﬁ VEs 23 St ANEEd betaean t faelds gyhstrates were

provid

10

15

20

25

ed, in the | ow ng description of the present exanp es.
example, the resin spacer may be composed of a substrate having

larger numbers of layers than the first resin substrate or the
second resin substrate. Alternatively, for example, as shown in
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
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
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
another chemical compound exhibiting a flux activity, which does

not serve as a curing agent.



[0288] Materials of the first and the second resin substrates and 25 the
resin base material 109 enployed in the respective exanples and the
conparative exanple are shown in table 1. Besides, Fig. 34 (a) to Fig. 34
(c) are diagrans, illustrating two-dipsensional 155 geonetries of the resin
base material 109 enployed in each of exanples and the First resin substrate
101 and the second resin substrate 111 enployed in each of exanples and
conparative exanple. [0289] 5 Further, in the follow ng exanpl es and
conparative exanple, the first and the second resin substrates are
configured as follows: Two-di nenspgnatrgeonetry (first resin substrate: Fig.
34 (a), second resin substrate: Fig. 34 (c))): square, 34 mmx 34 mm 10
Substrate thickness: 0.2 nmm Copper foil (conductor interconnect |ayer): 12
pmthick; Solder resist thickness (thickness fromcircuit upper surface): 12
pm El gotsogde pad for conduction in depositing direction: Ni/Au 15 plating,
Circuit width (dianmeter of opening of conductor interconnect |ayer) /
ci rcui t{estbspansel (b st,ancd bDetpeent adi axanbleopeni ng of conduct or
i nterconnect layer) = 300 m 300 m and GCircuit geonetry (geonetry of
opehi ng of caonduleé ofolilivamgoBretbles aytet )a compalati?® ¢0284]e,Further, in the
foll ow ng exanples, the resin base material 109 (spacer) is configured as
fol | owstanufactures 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. In 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



Two- di nensi onal geonetry (Fig. 34 (b)): a geonetry fornmed by hollow ng 20 mm
x 20 mm square of a central portion out froma 25 substrate of 34 mm x 34 nmm
square; Substrate thickness: 0.4 mm Copper foil: 12 pmthick; 156 Sol der
resi st thickness (thickness fromcirgygigt upper surface): 12 pm El ectrode
pad for conduction in depositing direction: Ni/Au plating, Grcuit wdth

(di aneter of opening of conductor 5 interconnect |layer) / circuit distance

(di stance between adjacent opening of conductor interconnect |ayer) = 300

pm 300 Um and GCircuit geonetry (geonetry of an opening of a conductor

intercenpgetrl@yery tH0283kn Bosd Beampliail) obnehpeopresonteaexanpl e, in both
of the first resin substrate 101 and the second resin substrate 111,

" ELCA78%G9p1 & § oaerigicalriy st avas i @bl g foremeSuni t on® BakeldddCResiht d. |
cyanate resin inpregnation substrate) was enployed for cores, and "APL 3601"

15 (corupkeiatd y1avain@bhedt ram Sum ¢ oraxfakelsi btadCoomphtsh ive ¥anate . r€sin
i npregnati on substrate) was enployed for built-ups. [02921 In addition, for
the regigpnggpacer that is disposed between the substrates, "ELC4785GS"

(comrercially available fromSumtonmo 20 Bakelite Co., Ltd., cyanate resin

i npg egnat i onraubiséF atig) thas renpbeyeg &:implese anandompirta 6l 'exqapmeer ci al |y
available from Sumtono Bakelite Co., Ltd., cyanate resin inpregnation
substrahe) 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;
10  Substrate thickness: 0.2 mm;
Copper foil (conductor interconnect layer): 12 um thick;
Sclder resist thickness {(thickness from circuit upper surface): 12
pm;
Electrode pad for conduction in depositing direction: Ni/Au
15 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.
20 [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
25 substrate of 34 mm x 34 mm square;

Substrate thickness: 0.4 mm;

Copper foil: 12 ym thick;



was enpl oyed for built-ups. [02931 25 Adhesive tapes were sandw ched 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 157
further, a silicone rubber of 200 pmthi ck was di sposed on an upper surface
of the second resin substrate 111, so as to uniformy exerting a pressure,
and then a conpressively bonding at 180 degree C and 2 MPa for 100 seconds
was conducted to achieved 5 an adhesi on thereof. For the adhesive tape, a
tape of 45 pmthick and 2.0 nmw de containing a thernosetting insulating

adhesi vg1gagentsi itgh cahsgsCont e Gubhngi 288Nt @t Didurrgca) f | ux
activity and sol der powder (Sn42/Bi 58, nean particle dianeter = 35 pm

di sperggpd therein, was enployed. in addition, the adhesive 10 tape was
attached along the circunference of the first resin substrate 101 and the

secondgnest fogdlisdd ateg Ebhdub0294]in (Fpaepkeng) dfrdad 14l eril/ayer ed materi al
was manufactured by enploying 15 the nethod of exanple 1, except that

"ELC 47638t ihgonEF&aiial ki dtavadl akbes f ramepent hgnor BakehiderCo., Ltd., FR 4
substrate) was enployed as the material of the resin spacer 109. [0295]

( Exanpligt 3} c@fndctmuldyigdl)ev1 ayeced: nptaranale wasstaned asdiweed byjeapheying the
nmet hod of exanple 1, except that "BT (bisnmaleimde triazine)" (commercially
avai | ablpent hegmM dauhicthir Casethemea] 1Gyer)LEd300 pm/ 300 um; and
Circuit gecmetry (geometry of an opening of a conductor
interconnect layer):
[0291]
10 (Example 1)
In 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"
15 (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
20 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]
25 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



bi smal ei mde triazine resin inpregnation substrate) was enployed for the
materials of the cores and the built-ups of the first and 25 the second resin
substrates and the resin spacer 109. [0296] (Conparative Exanple 1) 158 A
mul tiple-layered material was manufactured by enpl oying the nmethod of exanple
3, except that bunp el ectrodes are enployed in place of the spacer. Materi al
of the bunp el ectrode was Sn95/Ag3.0/ CuO. 5. Bunp el ectrodes were arranged on
the first 5 resin substrate along the circunference of the first resin
substrate and were joined to the second resin substrate. [0297] (Evaluation

of Chi puerpek) Asiaxicsheneebvér oD giaekith Lhe didsisesemncgnductor 10
chi ps of the sem conductor devices obtained in the respective exanples and

the Comﬁéatwﬁf@@mﬂ ehwesecenanidieih byibarraebser vaté®dmanitoh a scan acoustic
tonograph (SAT), and a result of free of chip crack is indicated as "o", and

a resulhihigbreby pexdrackg bSpradiend ethrad then. aThempesid 1ve16f vhheaigyakwati on
are shown in 15 table 1. [0298] (Evaluation of Conductive failure) Heat
cycl e t1@st degtee 55 gdegrempre for DR dwdhdandaat cd2Sucteyree achfiere@ne hour

wer e conducted for the sem conductor devices 20 obtained in the respective
exabpl es adde$hen corgaodt | vEoexanpl aifcarive, B8Pecysl €spe Ganducinvehi €si St ances
bet ween adj acent termnals provided on the back surface of first resin
substranhe 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
10 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
15 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)
20 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 impregnaticn substrate] was employed
for the materials of the cores and the built-ups of the first and
25 the second resin substrates and the resin spacer 109.

[0296]

(Comparative Example 1)



101 were neasured before and after the heat cycle test for ten points via
four-probe nethod. Spot exhibiting the conductive 25 resistance after the
cycle test, which was higher than 5 tines of the conductive resistance
before the cycle test, was counted agssg conductive failure. Evaluation
results are shown in table 1. 159 [0299] [table 1] STRUCTURAL COVPARATI VE
SUBSTRATE COMPONENT EXAMPLE 1 EXAMPLE 2 EXAMPLE EXAMPLE 1 3 first core
ELCA785GS ELC4785GS BT BT resin build-up APL3601 APL3601 BT BT substrate
second core ELCA785GS ELC4A785GS BT BT resin build-up APL3601 APL3601 BT BT

substrate spacgn1 € -BlGAr8aGRa B o1 shaceanurbbestad B FARY £Aupl i ng  base
bui | d-up APL360% é%gvia g%np na?erfal) elecﬁpgdes chip crackcﬁgogo X

conductingenb ahbdirer UxHhp0619, 041860/ 5 HkEA €865, o AR-36Q1 eRTHLL8HD

Bakelite, cyanate resin inpregnation substrate ELCA765 Sum tono Bakelite,

FR-4 suybspragte & Md siphicehl. Gasc&hem el tnbi stRbebrdge-ddd agisne resin
i npregnation substrate

Sn95/Ag3.0/Cu0.5. Bump electrodes were arranged on the first

5 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

10 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
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

15 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

20 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

25 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.



10 [0300] (Exanples 4 to 6, Conparative Exanple 2) In these exanpl es,

rel ati onshi ps anong the average

conductive failure and the

resin spacer,

t he

to that of
surface of the first

160

exanpl e 1 was nmanufact ur ed.

coefficient of thernal
15 chip crack for the first
and the second resin substrate,
adhesi ve tape were eval uat ed.

expansi on,
resin substrate,
and an influence of the type of

(Exanpl e 4) (manufacture of a
mul tiple-layered material) A sem conductor device having a structure simlar

In addition to above,
resin substrate was provided with termnals

det ect ifpgsg) conducti ve resistance between the substrates,

exanpl e 1.

I n add

ition,

from Seki ;ui Chem cal Co.,

consti
[ 0301]
consti
mat er i
substr
t hree
| ayer.

5

10

15

in the present exanple,
mm wi detgpnéai ni ng di spersed conductive
pol ymer core materials with Ni/Au 10 plating (AUL-704,

an adhesi ve tape of 2
particles produced by coating
commercially avail abl e

for

t he

t he

t he back 5

simlarly as in

Ltd.) was enployed for adhesive tapes

first-—adhesive nenber.-.and the second adhesive penber.
The first|PE&VRTERMsirate and the second rlesi n sub$tHFERATEVig
[ 6YBATRATH | t HAMEONANTay HXYELEsdr uEKOMBLEANG |t eMHLH | aEXAMEDBEL ¢ at
al . More specifically| the first|resin substrat® and the second
atefiﬂf¢udela butédug FaxmﬁSEUaE ESC4TOBP®Sed of aI}ernaugwy st g
nsusaih ng rrayetrs—anart frapct terrcongct —trayet atrd
L add td )n,%{‘%fi‘.é o | APL3601 aAPL3E0T BT BT
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 o 0 X
conductive failure 0/10 0/10 0/10 10/10

ELC4785GS, APL3601 Sumitomo Bakelite, cyanate resin impregnation

substrate

ELC4765 Sumitomoc Bakelite,

FR—-4 substrate

BT Mitsubishi Gas Chemical, bismaleimide triazine resin

impregnation substrate

[0300]

(Examples 4 to 6, Comparative Example 2)

In these examples,

coefficient of thermal expansion,

chip crack for the first resin substrate,

the second resin substrate,

adhesive tape were evaluated.

relationships among the average

the conductive failure and the

the resin spacer,

and

and an influence of the type cf the

_1
(0]

e
resin

cked
core



20 resin spacer has the structure showmn in Fig. 33, and has no buil dup

| ayer, and is conposed of only the core layer, which includes an insulating
| ayer, and a pair of conductor interconnect layers. In table 2, resin
conmponents of the insulating layers ngg the buildup |layer and the insulating
| ayer in the core layer 25 enployed in the first resin substrate and the
second resin substrate are shown. In addition to above, the insulating |ayer
in the core layer of 161 the resin spacer has the sane resin conponent as
enpl oyed for the insulating layer in the core |ayer enployed in the first
resin (subsprate and the second resin substrate. In addition, an average
coefficient of thermal expansion of the insulating layer in the 5 core | ayer

of the mesiiPasPaceriof ar mherpprat Ly rangatekikipm 25 degree C to a gl ass
transition point thereof was the sane as that for the insulating layer in

the core | aygr seapdoyedtior tbeitersivines ntsubstrat eimndht he sagendrresin
substrate. Further, the insulating |layers of the core |ayers of the first

resin gwhsprat e Jds anchirherseeand Iesiduisubst eat ghang, the ibaswl ating | ayer of
the core layer of the resin spacer contain glass clothes, and the

i nssll atsirgabayerf st fihe tbukkdupshisyers cofvatherbiri 8éd nesiin tesuwbskiat e and t he
second resin substrate does not contain a glass <cloth. 15 [0302] [table 2]
162 PARDS B¥t¥E Gl a REGHNSt TRADE: = cECh ek MSbh ATh NG UINSWaAELING
similarly as in example 1. In 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
10 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
15 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
20 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. In table 2, resin components of the insulating layers in
the buildup layer and the insulating layer in the core layer
25 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



LAYER | N CORE LAYER I N LAYER BU LD-UP LAYER cyanate Novol ac cyanate resin,
resins Lonza Co., "PRIMASET PT-' 19.7 25 30" wei ght average nol ecul ar
wei ght (Mnv) =700 epoxy bi phenyl dinethyl ene resins epoxy resin, N ho

24.7

Kayaku Co., "NC- 3000", epoxy eggnval ent=275, MAMK2,000 phenoxy

n 11

copol yner of bi phenyl resins epoxy resin and 10 bisphenol S epoxy resin
havi ng epoxy group as term nating group, Japan Epoxy Resin Co.,, "YX
8100H30", Ma=30, 000 curing biphenyl dinethylene agent phenol resin, Miwa 9
Pl astic Industries Co., "MEH 7851-3H', hydroxyl equival ent=230 curing

i m dazehe ¢E8POWhcaahakyshe Shid@kie Ghedopbielt las GarPorRl 98y tAB2PZ", 1

10

15

insulating layer in the core layer employed in the first resin
substrate and the seccnd resin substrate. In addition, an average
coefficient of thermal expansicn 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 second 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]



benzyl - 2- phenyl i m dazole inorganic spherical fused silica, filler
Admat echs Co., "50-25H', 60 40 nean particle size = 0.5 m coupling epoxy
sil ane coupling agent agent, GE Toshiba 0.3 0.2 Silicone Co., "A-187" 163

[ 0303] Two-di nensi onal geonetry, substpate thickness, conductor 5

i nterconnect |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

enpl oyed in the present exanple are sane as enployed in exanple 1. 10 [0304]
Adhesi ve tapes were sandw ched 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 pmthick was di sposed on an upper
surface of the second resin 15 substrate so as to uniformy exerting a

pressure, and theh a thermally conpressively borRARR$ &Y PB6GHBgree Cland 2
MPa for|10ESdeconds wadRidendatEedTto achijeveds@pradiresionTifereoing 11
addi tiop, the adhesive tape was attached alioRgrt R ebrgynt ef gpge 1pf the
first resin substrate and the second resin substrake. 20 [039plp_yp
LAYFER
cyanate Novolac cyanate resin,
resins Lonza 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,
MwW=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
imidazole
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"




(Exanpl e 5) Resin conponents of the insulating |layers in the buildup |I|ayer
and the insulating layer in the core layer in the first resin substrate and
the second resin substrate are shown as 25 follows (table 3). Oher
conditions are simlar to exanple 4. 1¢kn addition to above, in this case, the
insulating |layer of the buildup |ayer also contained a glass cloth. 164 030
61 [table 3] RESIN PARTS BY WEI GHT brom nated bi sphenol A epoxy resin, epoxy
equi val ent = 475, 90 bronmnated rate = 21 cresol novol ac epoxy resin, epoxy
equi valent = 210 10 dicyan diamde 2.5 imdazole 0.1 5 [0307] (Exanple 6)
An adhesi ve tape constituting an adhesive nenber containing a resin solder
powder and a curing agent exhibiting a flux activity was enployed, simlarly
as in third enbodinment. G her 10 conditions are simlar to exanple 4.
Components of the adhesive tapes are shown in table 4 (by unit of part by
wei ght )03p@308] [table 4] 165

Two-dimensional geometry, substrate thickness, conductor
5 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.
10 [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

15 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.

20 [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

25 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.



F FUNCTI ON COMPONENT STRUCTURE ETC. EXAMPLE 0 3 R providing acrylic (butyl
acrylate)-(ethyl 25.9 Mfilm rubber acrylate)-(acrylonitrile) U
formability, = 30nol % 30nol % 40nmol % L reduci ng nol ecul ar wei ght = 850,000 A
el astic epoxy see *1 24.5 T nodulusjgresin |l cure O conponent 1 N cure
cresol novol ac epoxy resin, 16.3 conponent 2 epoxy softening point (nelting
resin point)- 80 degree C cure epoxy i liquid bis F epoxy, epoxy 7.5
conponent 3 resin equivalent = 170 curing agent phenol softening point
(rmelting 20.2 novol ac point)=100 degree C, OH equival ent=104 i nproved
silane[agggrcidoxy propyl 0.1 adhesiveness coupling trinmethoxysilane 1 agent
i nproved silane N phenyl-3-am nopropyl 0.35 adhesiveness coupling

trimet hexysél@ane 2 agent curing imdazole 2-phenyl 4,5-dihydroxy 0.15
catalyst, imdazole curing agent sebacic HOOC-(CH2)8-COOH 5 0 exhihiting

aci d RESIN PARTS BY WEIGHT

brominated bisphenocl A epoxy
resin, epoxy equivalent = 475, 90

o

brominated rate = 21 %

cresol novolac epoxy resin,

epoxy equivalent = 210 10
dicyan diamide 2.5
imidazole 0.1
5 [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 as in third embodiment. Other
10 conditions are similar to example 4. Components of the adhesive
tapes are shown in table 4 (by unit of part by weight).
(0308]

[table 4]



flux activity RESIN TOTAL 100 conductive particles sol der Sn/Bi-42/58,
powder nelting point=138 60 degree C nean particle dianmeter=35 um?* 1:

M xture of 2 - [4- (2,3, epoxypropoxy) phenyl] -2 - [4[1,1- bis [4- (2, 3-
epoxypropoxy) phenyl] ethyl] phenyl] 1psopane and 1,3- bis [4-[1-[4- (2,3
epoxypropoxy) phenyl] -1 - [4-[1-[4- (2,3 5 epoxypropoxy) phenyl] -1 -

met hyl ] et hyI] phenyl] phenoxy] -2 - propanol [0309] 166 (Conparative
Exanple 2) A "BT" substrate ( commercially available fromM tsubishi Gas
Chem cal Co., Ltd., CCL-HL832HS Type HS) was enpl oyed for the core |ayers of

the first resin substrate and the second resin 5 substrate. |In addition,
ABFGX- 13 (commercially gvailable from Ajinonpto Co Ltd. ) s enployed for

the insW ati n@UN(é@/%@% i COMBOBENT dup | ayeSREETVRE FT¢ st resin BUEiFat e and
the segcdhd resin substriate. Further, bunp el ectrodes were enplloyed in place
of the|rrsin mpaderingMatier kakydict he bubpt ¢l esdrade edagetlySn/ Ag326/ @uQq 5.

The bupp el ect rrades were arnanged oh kheyiitst- (dasilonsubstiepte al ong the
circum ejen(f@rggbirlﬁ-jl st resin SubSLrgglﬁop%’lﬂg,O/f@l@/M@he@g to |the second

resin supstratgy ?§1 t he bunp ie%gl%%qﬁa\ge@glsgg @b |dboccrrpjr ative
exampl e 2, the first a hestye penber—and the—gecoptadhesrveTemgr not
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 liquid 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, epoxrypropoxy) 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] ethyl] phenyl] phenoxyl -2 -
propanocl

[0309]



15 enpl oyed. The others are the sane as exanple 4. [0310] (Average
Coefficient of thermal expansion and 3 ass Transition Point) The average
coefficient of thermal expansion and the glass 20 transition point of the
insulating layer in the core layer, amd the average coefficient of therma
expansion and the glass transition point of the insulating |ayer of the
built-up layer of the first resin substrate, the average coefficient of
thermal expansion and the glass transition point of the insulating |ayer 25
in the core layer and the average coefficient of thermal expansion and the

gl ass teapshthotvd ik bhe insulating |ayer of the built-up layer of the
second resin substrate, and the average 167 coefficient of thermal expansion

and the glasg tgansifdaapel Nt c8fmetbenliNs WALl ALl ayesm iMt dheicpne | ayer of
resin spacer, for exanples 4 to 6 and conparative exanple 2, were neasured.

Measur eagnthpnoeedw s f ok dt hecavenmaegoatbechent wdd digroila $oexpaasi on and
the glass transition point are sane as described in the above-descri bed

enbodi meRts1a&3d 1 dhevalivati eesDi g r@tackhdAmexdsienceeefina chip crack
was exam ned for the first 10 sem conductor chips of the sem conductor

devhcesupbtabbed iTh tdiRiitiespenbrve- EXampies randl t heswqripaiat ifvemexanpl e by
an observation wth a scan acoustic tonograph (SAT), and a result of free of
chip enaakmbsoiqsl catted ,aswas” emahsled rfesulcheoinshl gt tpadke vies si bidi cated  as
|.X. 1. The results of the evaluation are shown in table 5.
the buildup layers of the first resin substrate and the 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



15 Further, an existence of a chip crack was exam ned for the first

sem conduct or chips of the sem conductor devices obtained in the
exanpl es and the conparative exanple inmediately after
t he sem conductor device was finishedgand after
-65 degree C for one hour 20 and at 150 degree C for one hour
with a scan acoustic tonograph (SAT),

cycle test at
wer e conducted by an observation
result of free of chip <crack is indicated as

is indicated as "x". The results of the evaluation are shown in table 6.

respective
t he manuf acture of
1,000 cycl es of the heat

and a

o", and a result of chip crack

[0312] co@or{Evaluald anepha Conduetd s, fald une) gteat <yl thiest podht -&p degree

C for one hour and at 125 degree C for one hour were conducted for the

sem copgdct REL ORVIGES 2168 1Qbtd nagkd nalke hespesih v Lanplres and the
conparative exanple for 1,000 cycles. 8%

nducti ve resi stances between

adj acepkanpes gl Nals Previ dedporat e kackpsur bacgeod diddsiredgsin substrate

wer e nmeasured before and after the heat cycle test for ten points 5 via

f our - pebeurEhES . proReUuexhEbE t g dNecenduetivei ¢@sSist ameemaafter the cycle
whi ch was higher than 5 tines of the conductive resistance before the
cychte tgpbnswas aouniedgassa teomsucitdnveofiak! are. sdhe Fedstsipkdt he
eval uation are shown in table 5. Further, heat cycle tests at -65 degree C

test,

f or onehbodbold-@netratheli58mdegieents f or one hour were conducted for the

sem conduct or devices obtained in the respective exanples and the
conpar goizee] exanpl e for 1,000 cycles. Conductive resistances between

adj acent term nals provided on the back surface of first

wer e ne&sailedt bef orfe Crig¢p akbek) t he heat cycle test

10

15

20

25

An existence of a chip crack was examined for the first
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
crack is indicated as "o", and a result of chip crack is indicated
as "x". The results of the evaluatiocn are shown in table 5.
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
and at 150 degree C for one hour were conducted by an cbservation
with a scan acoustic tomograph (SAT), and a result of free of chip
crack 1s indicated as "o", and a result of chip crack is indicated
as "x". The results of the evaluation are shown in table 6.

[0312]
(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

resin substrate



15 for ten points via four-probe nethod. Spot exhibiting the conductive

resi stance after the cycle test, which was higher than 5 tines of the
conductive resistance before the cycle test, was counted as a conductive
failure. The results of the evaluatigogg are shown in table 6. 20 [03131
[table 5] Table-5 169 Nao4 VdVSOOOx VVO 4H200aNNRMN
40~ 4Z 0 HNHNNHH.4 . 4 N-i NHNNHH-i - OVupu W Wn 11 mH
101 HHH=-i .i HHOi Hfl .4.i v.4cH ONG64E 60

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
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[table 6]

Table-6



Tabl e-6 170 CH P CRACK CONDUCTI ON FAI LURE

HEAT CYCLES MANUFACTURE OF SEM CONDUCTOR DEVICE Exanple 4 0 o 0/10
Exanple 5 o x 0/10 Exanple 6 0 0 0/10 Conparative Exanple 2 x x 10/10
0 6, no conductiyye failure was generated in th

[ 0315]

cycle tests at

Furt he
exanpl
genera
heat ¢
hour .

crack

and at
conduc
degree
t he av

5

10

15

In examples 4 t

r, no chip crack was generated. On

e 2, a chip crack was generated,

d. Further, in
ycle tests at -
On the 10 contrag

exanpl es

4 and 6,

was generat ed 3
150 degree C f
[ive failure was

r oRMMEBLATER |t h

- 65 |degrerel IOREOr Q
er , AFTER dmP&Pat i ve

al so gEReRat ed af t eMEAhEHEdS clycle tests at

exanpl e 2,

C for one hour |andREIFATUVRIegFee 15 one hour. This shows
erage coefficient oEMTheNpwETOR
DEVICE
Example 4 e 0/10
Example 5 o) 0/10
Example © o) 0/10
Comparative
Example 2 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

degree C for one

hour.

Further, no chip crack was generated. On

| MVEDI ATELY AFTER 1, 000 AFTER

e heat

-55 degree C for one hour and at 125 5 degree C for one hour.
the contrary, in conparativ
and a conductive failure was al so
no chip crack was generate
65 degree C for one hour and at 150 degree C fqg
iry, i n exanpllel® CRAGKi n conpar at i [ve COXaupT eC12,

fter the heat cycle tests at

e

in the
r one
a chip
ne hour
a
-65

t hat

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

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 cne hour and at 150 degree C for

one hour.

This shows that the average cocefficient of thermal

expansicn of the insulating layer of equal to or lower than 30

ppm/degree C is preferable.

[0316]



expansion of the insulating |ayer of equal to or Iower than 30 ppmdegree C
is preferable. [0316] 171 (Exanples 7 and 8) Here, the sem conductor devices
sane as enployed in fifth enbodi ment were manufactured. (Manufacture of
Adhesive Tape) 5 20 parts by wei ght of1phenoxy resin (YL6954, commercially
avai l abl e from Japan Epoxy Resin Co., Ltd), 40 parts by weight of [liquid

bi sphenol A epoxy resin (EPI CLON 8405, comrercially available from Daini ppon
I nk and Chem cal Co., Ltd), 20 parts by weight of phenolic novolac resin
(PR-53467, comercially available 10 from Sum tono Bakelite Co., Ltd), and 20
parts byx¥ebodd ofandplenol phthalin (comercially available from Tokyo

Chem cal Industry Co., Ltd) serving as a curing agent exhibiting a fl ux

activity wergefl ssalevedniiBofBtBYbr ldWilcdetane b9 aRBIye® ivarAiksh, and the
obt ai ned varni sh was applied on a polyester sheet, and 15 then was dried at a

t enper ahghgihdrad e achueyetyanori zing the above-described solvent to
obt ai n an adhesi ve tape of 25 pmthick. Copper oxide (CuO rate of reduction

of thi gMadhesimerd age ag¥g:sise BH%) [0317] 20 (Eval uation Substrate) In the
foll owi ng exanpl es and a conparative exanple, two- dinensional geonetry,
substrate thpocknesss gomdigher of nblegrennneelsinl aye6ss ) cdoress.cisoliger resi st
t hi ckness, electrode pad, circuit wdth, circuit |layout of the first resin
substr aveilabke secondapan 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]



25 resin substrate and the resin spacer are sane as enployed in exanple 1.
[0318] 172 The second bunps provided in 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 spagep were as follows: first bunp:

Sn/ 3.5Ag; and first bunp height: 45 pm [0320] 10 In addition to above, for
the second resin substrate and resin spacer, the first bunps and the second
bunmps of Sn/3.5Ag were forned in the followi ng manner. Sn-3.5Ag

sol dering-paste (comercially available from Tanura Kaken Co., Ltd., LF

-101) vas prhated-y &auPhbirBgiad 1Y tHd skzbRE Re 8Bt dlda rek,Baxi ng 15
opening holes in locations corresponding to el ectrode pads forned on the
resin gdbstrates: After renoving the nmetallic mask, a reflow was passed
t heret hrough to form sol der bunps. [0321] (Exanmple 7) 20 In the present
exanpl eecbhd ofsiitee shigl: skngesi n substrate and the second resin
substrate, "ELC4785GS" (commercially available from Sum tono Bakelite Co.
Ltd., eyaBaliepti®sineidhtaregnaihi on substrate) was enpl oyed for cores, and "APL
3601" (commercially available from Sumtono Bakelite Co., Ltd., cyanate
5 [0319]
The first bump provided in the resin spacer were as follows:
first bump: Sn/3.5Ag; and
first bump height: 45 um.
[0320]
10 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
15 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)
20 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
25 resin impregnation substrate) was employed for built-ups.

[0322]

In addition, for the resin spacer that is disposed between



25 resin inpregnation substrate) was enployed for built-ups. [0322] In
addition, for the resin spacer that is disposed between 173 the substrates,
"ELCA785GS" (comercially available from Sumitono Bakelite Co., Ltd.
cyanate resin inpregnation substrate)7was enployed for core, and "APL 3601"
(comrercially available from Sum tono Bakelite Co., Ltd., cyanate resin

i npregnation substrate) 5 was enployed for built-ups. [0323] By enpl oying
the second resin substrate having the solder bunps formed in the back
surface thereof and the resin spacer having the solder bunps forned in the

back syptacgnrihesenf, ko cadbessve tapes NaviRdadallix actiod Sumvebso
sandwi ched between the first resin substraté and the resin spacer and

bet weem iBei fesid., IRACEr cgRHat BerseconGyreshAt SHRSE N & @Nd whyrt her, a
silicone rubber of 200 pmthick was di sposed on an upper surface of the

second efn@ib?e@uf)@ﬁ red, Sadasabn 3ehf'or opmexer hing avPressw erohd and then a
conpressively bonding at 260 degree C and 0.5 MPa for 10 seconds was

conductseshi t emachdleved cancadhesion ¢feiaef rein aggréditidrheuadhestye tape
having the flux activity was attached along the circunference of the first
resgpn sibBstmpteyenddheuisecgpd.resin substrate. 20 [0324] (Exanple 8) A

mul tiple-layered materi al was nmanufactured by enploying the nethod of
exanpl g0823¢xcept that "ELC-4765" (commercially available from Sum tono
Bakelite Co., Ltd., ER-4 substrate) was

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 um thick was disposed on an upper surface of the
second resin substrate, 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)



25 enpl oyed as the material of the resin spacer. [0325] (Evaluation of Chip
Crack) 174 An existence of a chip crack in the first sem conductor chips of
t he sem conduct or devices obtained in the respective exanples and the
conparati ve exanpl e were exam ned byjamn observation with a scan acoustic
tonograph (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

eval uation 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 copdustestdfe biieasem Somehiol am dexi ¢esst bt ARtidt irhe respective
exanpl es and the conparative exanple for 1,000 cycles. Conductive

resi st anegs betwrencadicasaittot eddiinalss opavhdgdi eniderdackrsyef ace of first
resin substrate 15 were neasured before and after the heat cycle test for ten

Poi Nt S ex¥ingl&OUnPreRe coRphed: 1 wPpx falicbivkirBge kiRl sONAIcHVe resi stance
after the cycle test, which was higher than 5 tinmes of the conductive

resi st apserbef 06e Wite eyekent estustas weaibat-aghassar) conduct irkeufiai bare.
Eval uation results are shown in table 7. 20 [0327] [table 7] 175 Table-7

STRUCTURAL EXAMPLE ok aXAVBLENn@icated 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. Evaluaticn results are shown in table 7.

20 10327]

[table 7]



SUBSTRATE COVPONENT ELCA785GS ELCA785GS first resin core |ayer substrate
second resin core |ayer

APL3601 APL3601 build-up |ayer

substrate APL36ClL APL3601 build-up | ayer
ELC4785GS ELC4765
sol der bunmp back surface back surface
[ 0328] (Exanple 9) Here,
5 sem conduct or

sur f ace

0/ 10 0/10

manuf acturi ng t he

first resin substrate, second resin substrate and resin spacer The first
resin sgypstrate, the second resin substrate and
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
solder bump back surface back surface
ELC4785GS ELC4765
resin core layer
spacer APL3601
build-up
layer
solder bump back surface back surface
chip crack O @
conductive failure 0/10 0/10

ELCA785GS ELCA785GS

sol der bunmp back surface back
resin conesl ayer spacer APL3601 buil d-up
chip crack 0 O

I nvestigations of the nethod for
devi ce were conducted. 1. Manufacture of

conductive failure

[0328]

(Example 9)

Here, investigations of the method for manufacturing the

semiconductor device were conducted.

1. Manufacture of first resin substrate,

second resin substrate

and resin spacer
The first resin substrate, the second resin substrate and
the resin spacer employed here include a buildup layer that is
10 composed of alternately stacked three insulating layers and three
In table 8,

conductor interconnect layers, and a core layer.

resin components of the insulating layers and the insulating layer



the resin spacer enployed here include a buildup |layer that is 10 conposed of
alternately stacked three insulating |ayers and three conductor interconnect
| ayers, and a core layer. In table 8, resin conponents of the insulating

| ayers and the insulating |ayer 176 1i7p the core | ayer enployed in the first
resin substrate, the second resin substrate and the resin spacer are shown.
[0329] [table 8] 5 Table-8 PARTS BY WEI GHT RESINS TRADE NAME ETC. CORE
LAYER BU LD- UP LAYER cyanate Novol ac cyanate resin, resins Lonza Co.,
"PRIMASET PT- 19.7 25.0 30", weight average nolecular weight (My =700

epoxy bhphraydod Mk Ryl BRE1EPOXYi kK 8HANE 88! Res N NAL HaKRKY ERe, 11.0 24.7
3000", epoxy equival ent =275, MAM2, 000 phenoxy copolyner of bi phenyl

epoxy LesbAS Fesih sbdtRhsphenel (1S eRw %Ba@err&_sé NsHAME. NG epoxy group as

term nating group, Japan Epoxy Resin Co.,, "YX- 8100H30", Mnr=30, 000
[0329]
[table 8]
5 Table-8
PARTS BY WEIGHT
RESINS TRADE NAME ETC, CORE LAYER BUILD-UP
LAYER
cyanate Novolac cyanate resin,
resins Lonza Co., "PRIMASET PT- 19.7 25.0
30||,

weight average molecular
weight (Mw) =700
epoxy biphenyl dimethylene epoxy
resins resin, Nihon Kayaku Co., 11.0 24.7
"NC-3000", epoxy
equivalent=275, Mw=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

catalyst Chemicals Corporation, 0.1
"1B2PZ", 1-benzyl-2-phenyl
imidazole
inorganic spherical fused silica,
filler Admatechs Co., "SO-25H", 60 40
mean particle size = 0.5 um
coupling epoxy 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



curing bi phenyl dinmethyl ene phenol agent resin, Meiwa Plastic 9.0 Industries
Co., "MEH 7851 3H', hydroxyl equival ent=230 curing imdazole conpound,

Shi koku catal yst Chemicals Corporation, 0.1 "1B2PZ", 1-benzyl-2-phenyl

i m dazol e inorganic spherical fusedisizlica, filler Admatechs Co., "SO 25H'
60 40 nean particle size = 0.5 pm coupling epoxy silane coupling agent
agent, GE Toshiba Silicone 0.3 0.2 Co., "A- 187" [0330] 2. Manufacture of
adhesive film (adhesive tape) Thernosetting resins of 20 parts by wei ght of
cresol novolac 177 epoxy resin ( comrercially available from N ppon Kayaku

Co., Lt@oxy ESEM 102Qmneet-teni f0avoi b1 86 rdaonespén @}%@pd@art,@téy wei ght

of epoxy resin (commercially available from N ppon Kayaku Co., Ltd

- 6000) gothetopp) asditeriag Booht 208 Paddgrdey cwekght 30fpaery by wélrgubb@f
(comrercially avail able from Nagase Chentex Co., Ltd., SG PZ, butyl

acryl atpbat/hybsaer Watirachyl onitsilabre &Qo%mhpbéﬁ I%lgﬂalku 40 ,%IBB., ol ecul ar
wei ght: 850, 000); curing agent of 16 parts by weight of |liquid phenolic

compoumd (6O0UES cilpddnpravattablesfn o AkipaatBl Bgti€idndust Hceg1Ce. , Ltd.,
MEH - 8000H) and 8 parts by

5 rubber (commercially available from Nagase Chemtex Co., Ltd., SG-
PZ, butyl acrylate/ethyl acrylate/acrylonitrile = 30 %mol /30 %mol
/40 %mol, molecular weight: 850,000); curing agent of 16 parts by
weight of liquid phenclic compound (commercially available from
Meiwa Plastic Industries Co., Ltd., MEH -8000H) and 8 parts by

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/Bi58), 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
pclyethylene 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 weight of solid phenolic resin (comrercially available from Sum tono
Bakelite Co., Ltd., PR HE-3); curing agent exhibiting a flux activity of 5
parts by wei ght of sebacic acid (commercially available from Tokyo Chenica
I ndustry Co., Ltd); cure accelerator 17gf 0.15 part by wei ght of imdazole
conpound (commercially 15 avail abl e from Shi koku Chem cal s Corporati on,
2PHZ- PW; coupling agent of 0.5 part by weight of y-glycidoxy propyl
trimethoxysilane (conmercially available from Shin-Etsu Chem cal Co., Ltd.
KBMAO3E); and conductive conponent of 60 parts by wei ght of solder powder

(commergiabhy gyaldable finem Metsuw M RiNGp&a Pt fd N 1wl G ibhd.
Sn42/ Bi 56), were uniformy dispersed in a solvent of 50 parts by weight of

tol uengpang;80 parts by weight of nethyl ethyl ketone. Further, the obtained
resin varni sh was applied onto polyethylene terephthalate that has been

denol dizngMRRQELSSE: SF demitenBaves2 ddiickness of dried filmof 20 }gym and
then was dried. 25 The dryi ng process was conducted by exposing the applied

surface W thhRoagllryd NG meeliparall eh dsirde tenper ahskef Hendegnee G,
and air velocity of 15 mimin for ten mnutes. The dried product 178 was cut

to bavgezeWrdthe®f i - tham@nbe ebt ahd theradheshveubst Mte [ @331kedinManufacture
of Sem conduct or Devi ce Through holes configured to be able to be inserted

W th pispSced M\ﬁdiet}’ﬁ@rsf&%nidnrbB@ne@ﬂss@atteberEispéétiﬁéiﬂ. sutpstr,atBe the resin
spacer and the second resin substrate, respectively. Then, the pins are

i nsert ednisnheet heserddy augh bhkes tioraeh eveeal tgnaemisre (@iiknhantpat e
nmet hod), and then, the above-descri bed adhesive tapes were sandw ched
bet weenptihe 1&int sS4t ¢ esithg)hskndt ehamd tHie above-described adhesive
tapes were sandwiched 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 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. This 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]



10 resin spacer and between the resin spacer and the second resin substrate,
and further, a silicone rubber of 200 pmthick was disposed on an upper
surface of the second substrate, so as to uniformy exerting a pressure, and
then a conpressively bonding at 2201degree C and 2 MPa for 100 seconds was
conducted to achieved 15 an adhesion thereof. In addition, the adhesive tape
was attached along the circunference of the first resin substrate and the
second resin substrate. This provides the sem conductor device provided with
the resin spacer between the first resin substrate and the second resin
substr gtgamg0e [0B832] (Exanple 10) Simlar procedure as in exanple 1 was

enpl oyed to nmanufacture the sem conductor device, except that the condition

for the ther pomtDapressicamreondi g avasn@Ee flolkbhewsmp Ihg=d hefgept25haenpr essi on
bondi ng was carried out at 220 degree C and 0.5 MPa for 100 seconds. [0333]
179 ( BxasaplkeotlddpiS mdnalicpiocedule &S dat €xanpl en ltvast dipwayigd except t hat
an ani sotropi c conductive filmas set forth in the follow ng description was
enpl oyel@dstot pt hen adhe simpa offetint od Othgpardhe shyeS5fwen ght 100f dairgghegol A phenoxy
resin (commercially available from Inchem Co., Ltd., PKHC, weight-average
nmol Bculwarigivei ghtbMplenc80A0PRenswy utdeim QicoRfle %t al B hytaidaetlat €)om50 parts
by wei ght of polyvinylbutyral resin (commercially avail able from Seki su
Chem cdncBem, C&t d.LtdBX, PHEF eee bihipad warergez abileaul dr A, ghhutMyr &
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 um, 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-



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, wei ght per epoxy equivalent 180 g/eq); 30 parts by wei ght
of bisphenol F epoxy resin ( comrerggally avail able from Japan Epoxy Resin
Co., Ltd., 15 EPICOTE 806, wei ght per epoxy equivalent 175 g/eq); 20 parts by
wei ght of m croencapsul ated 2-nethyl im dazol e epoxy conpound (nean particle
dianeter 3 pm capsule nenbrane matrix thickness 0.2 pm; and 3 parts by

wei ght of Ni/Au plated acrylic particle (comrercially avail able from Sekisu

Chemi calroC@ssedtsh a2@cMhatepgatthi Alest0or ARABAPEL Ih d© 1G4 gt ghgS pm), were
m xed, and were uniformy dispersed. Then, 100 parts by weight of a m xture

of m creencapsulatied ZneetRybdipisazal aaepexy €ONpoHnct anditepexyl,.sesin
conmponent s enpl oyed for blending, which were m xed by enpl oyi ng a conpoundi ng

rati o, masct 68ASierded anf sat 200i & cARkerirakARE s 1 e h et ghlQat.i ng of the
m xture was conducted. The condition of the preheating is described in the

tabl e. [DRizgjwas applied onto pol yethyl ene terephthal ate that has been
denmolding ------------- 180 processed so as to have a thickness of dried
film of(ekampme amd then was dried. The dried product was cut to have a width
of 1.5 mmto obtain the anisotropic conductor adhesive agent film [0334] 5
(Exanmpl e 12) sSinii 4 arpipceceder @sasni axaxanplle whswaspeopedyedagxcepttt hat  the
foll owi ng nethod was enpl oyed for stacking of the first resin substrate, the
resin sgpacépl aoditdensdoandasesnpl sybstfrcat etackRing 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 reccognition 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.



pl ace of enploying a pin |lam nate nethod. An alignnment of the 10 first resin
substrate, the resin spacer and the second resin substrate was conducted by
an imge recognition with a canmera. [0335] (Conparative Exanple 3) Simlar
procedure as in exanple 1 was enpl oyegiexcept that 15 the coupling of the
above-described first resin substrate and the second resin substrate was
achi eved by the bunp electrodes as set forth belowis place of the resin
spacer. The material of the bunp electrode was Sn/ Ag3. 0/ CuO. 5. The bunp

el ectrodes were arranged on the first resin substrate along the

ci rcunfiegente of 20 the first resin substrate and were joined to the second
resin substrate. Since the bunp el ectrodes were enployed in conparative
exanpl e, 3Jo0e: athiesipie itape was enpl oyed. [0336] The fol | owi ng eval uations
were conducted for the 25 sem conductor devices obtained in the respective

exanpl es anduéhe cgaparatisvet exahpdeyreEhe €val uahben goantentigsare shown with
the itens. (btained results are shown in table 9. 181 [0337] 1. Joint

rel i abdegtye Headf eyl ecuestwsratcorihiddegr eerCtheorottdiowd anthiabnddbtotegree C
of one hour were conducted for the obtained sem conductor 5 devices for
1, 000 aycless LandydiOioveyreésksst almeiididtveeens adi awwesd Hearnrienabsjpeent ded on
t he back surface of first substrate were neasured before and after the heat
cycl e tesmifials tmovpaiedt snvihe Back -prdbeenef hodrs{Spotbsndaitei veng t he
conductive resistance
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
10 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
15 semiconductor devices of the cobtained 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]
20 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]
25 [table 9]

Table-9



after the cycle test, which was higher than 5 tines of the 10 conductive

resi stance before the cycle test, was counted as a conductive failure.

[0338] 2. Evaluation of Chip Crack An existence of a chip crack was exam ned
for the first 15 sem conductor deviceg2of the obtained sem conductor devices
by an observation with a scan acoustic tonograph (SAT), and a result of

free of chip crack is indicated as "0o", and a result of chip crack is

indicated as "x". [03391 20 3. Productivity Conparison of the productivity

was copducted, when reference is assuned that the manufacture of a

sem copductor devicg in exanple 9 is (100). [0340] 25 [t|dBMPAFRTIVRDI e-9
182 COVPARATI VE EXANPEEAHRANPL EEXANANE] F EGWALEE |ERANIPEE 3 EXAMPLE1312 JO NT
0/ 10 0Of10 0/10 0/10 10/10% REL|ABILDTY CHI PI1ICRACK O Q20 O |X PRODUCTI VI TY 100
100 100 80 100 [0341] As can be seen fnomtable |9, the sgm conductor |devices
of
JOINT 0/10 0/10 0/10 0/10 10/10

RELIABILITY

CHIP CRACK 0 0 0 0 X

PRCDUCTIVITY 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.



exanples 9 to 12 exhibit inproved coupling reliabilities. 5 In addition,

chip crack was observed in the sem conductor

no

devi ces of exanples 9 to 12.

Further, an inproved productivity is achieved for each of the sem conductor
devices in exanples 9 to 12. 183 CLARNS 1. A senm conductor device,

conprising: 5 a first

resin substrate on which a first sem conductor chip

nmount ed; a second resin substrate on which a second sem conductor chip is
nount ed; and a resin spacer, joined to a front surface of said first
resin substrate and to a back surface of said second resin substrate,

that said front surface of said firstamnesin

substrate is electrically

10
so

connected to said back surface of the second said resin substrate, wherein
said resin spacer is disposed in a circunference of 15 said first

sem conductor chip on said surface of said first resin substrate, and

wherein said first sem conductor chip is disposed in a space section
provi ded anong said first resin substrate, said second resin substrate and
sai d resin spasefi @hdtdrsuelace, oforgatich12Q:first resin substrate. 2. The
sem conductor device as set forth in claiml, wherein an electrical

f eedlt hr ough extensh ngdifr cugbtsatd eSinicIPACERrks sPfidvdrdad-tionr saig resin

spacer, a first electrode coupled to said 25 electrical feedthrough is

provi ded @Busedd; surface of said first resin substrate, and a second
el ectrode coupled to said electrica

10

15

20

25

a second resin substrate on which a second semiconductor
chip is mounted; and

a resin spacer, joined to a front surface of said first
resin substrate and to 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
second sald resin substrate,

wherein said resin spacer 1s disposed in a circumference of
said first semiconductor chip on said surface of said first resin
substrate, and

wherein said first semiconductor chip is disposed in a space
section provided among said first resin substrate, said second
resin substrate and said resin spacer on said surface of said

first resin substrate.

2. The semiconductor device as set forth in claim 1, wherein
an electrical feedthrough extending through said resin spacer is
provided in said resin spacer, a first electrode coupled to said
electrical feedthrough is provided on said surface of said first
resin substrate, and a second electrode coupled to said electrical

feedthrough is provided on said back surface of said second resin

is



feedt hrough is provided on said back surface of said second resin 184
substrate. 3. The sem conductor device as set forth in claiml1l or 2, wherein
adhesi on tapes are provided between said first resin 5 substrate and said
resin spacer and between said resin gpacer and said second resin substrate,
respectively, and said first and said second resin substrates are
electrically connected to said resin spacer through said adhesion tape. 10
4. The sem conductor device as set forth in any of clains 1 to 3, wherein a
pl anar geometry of said first resin substrate is substantially rectangul ar,
and sakgpkesite spacer is provided along a side of said rectangul ar geonetry
of said first resin substrate. 15 5. The sem conductor device as set forth in
any of claims 1 to 3, wherein a planar geonetry of said first resin
substrate is substantially rectangular, and said resin spacer is provided at
a cornger of rpai geietdrangtibar dgeoretdy wft Fardhf inst1488in gubstrate. 20 6.
The sem conductor device as set forth in any of clains 1 to 3, wherein a
pl anar wgeeseh rydrdsisal dapesi Arspaeeridest aBnukan. sFid The-ssemeg@nduct or devi ce
as set forth in any of clains 1 to 6, further conprising: 25 a first bonding
W re tRkabstsatapail eadld ekechr spaddy arcobplkivegnsastd fidsSin Spaiceendugt or chi p
to said first resin substrate; 185 a second bonding wire that is capabl e of
el ect risaall yecoupliard rt Babseconsd, swdgpesenivetndushdrseid Fitrett hedsesbnd sai d
resin substrate; and

second resin substrates are electrically connected to said resin

spacer through said adhesion tape.

10 4. The semiconductor device as set forth in any of claims 1 to
3, wherein a planar geometry of said first resin substrate is
substantially rectangular, and said resin spacer is provided along

a side of said rectangular geometry of said first resin substrate.

15 5. The semiconductor device as set forth in any of claims 1 to
3, wherein a planar geometry of said first resin substrate is
substantially rectangular, and said resin spacer is provided at a

corner of said rectangular geometry of said first resin substrate.

20 6. The semiconductor device as set forth in any of claims 1 to

3, wherein a planar geometry of said resin spacer is annular.

7. The semiconductor device as set forth in any of claims 1 to
6, further comprising:

25 a first bonding wire that is capable of electrically
coupling said first semiconductor chip to said first resin

substrate;



Mmoot

a bunp electrode that is capable of providing an external 5 coupling and is
provi ded on a back surface of said first resin substrate. 8. The

sem conductor device as set forth in any of clains 1 to 7, wherein said
resin spacer is configured of a matengal simlar 10 to the material of said
the first and said second resin substrate. 9. A sem conductor device,
conprising: a first resin substrate on which a first sem conductor chip 1is
nount ed; 15 a second resin substrate on which a second senm conductor <chip is
nount ed; and a resin spacer, contacted with a front surface of said first

resin substratgeaiet trdriibackiserfiage of ddpebgsecendesaditk 1@Sily substrate, so
that said front first resin substrate is 20 electrically connected to said

secondch@pl ing s rsdcendwegl @i SeisdtshdirSion spageto i shdlisResed skida
circunference of said first sem conductor chip on the surface of said first
resin rsgbatsabesramier aind said first sem conductor chip is disposed in a
space 25 section provided anong said first resin substrate, said second
resin substrateuancsaitdodesithaspasetapablidhefsprbaceind @aidktlerhgtl resin

substrate, 186 wherein said first resin substrate includes a buildup |ayer,
whi £h icsupot ngdared ingulatdag bayersaconrtaitfacagor esaid and stcerduat or
i nterconnect |ayers that are alternately stacked, each of said conductor
i nt er ceanbettatayers being electrically mutually 5 coupled via conduct or
| ayers formed in the via hol és of said
8. The semiconductor device as set forth in any of claims 1 to

7, wherein said resin spacer is configured of a material similar

10 to the material of said the first and said second resin substrate.

3. A semiconductor device, comprising:
a first resin substrate on which a first semiconductor chip
is mounted;
15 a second resin substrate on which a second semiconductor
chip is mounted; and
a resin spacer, contacted with a front surface of said first
resin substrate and to a back surface of the second said resin
substrate, so that saild front first resin substrate is
20 electrically connected to said second resin substrate,
wherein said resin spacer 1s disposed in a circumference of
said first semiconductor chip on the surface of said first resin
substrate,
wherein said first semiconductor chip is disposed in a space
25 section provided among said first resin substrate, said second
resin substrate and said resin spacer on the surface of said first

resin substrate,



insulating | ayers, wherein said second resin substrate includes a buil dup

| ayer, which is fornmed of insulating |ayers containing resin and conductor

i nterconnect layers that are alternately stacked, each 10 of said conductor

i nterconnect | ayers being electrical hgsnutually coupled via conductor |ayers
formed in the via holes of said insulating |ayers, and wherein, anong
insulating layers of said buildup |ayer of at |east one of said first resin
substrate and said second resin 15 substrate, in at |east one insulating

| ayer, an average coefficient of thermal expansion along a substrate inplane

direction foghéesperativr €irangeeoin fsmdtdegneended o2 o llakp 1bpansi tion
point thereof is equal to or |lower than 30 ppnmidegree C, and an average

coef fi ahenh 0f fhetgmlofexpansioingllongra subshiaieg 26:4i ckaess direction for
tenperature range of from25 degree Cto a glass transition point thereof is

equal tenancteweintdrannd8cpphdyetegites Grel@ltdhrasely canduetior cdeNi ce as set
forth in claim9, wherein 25 at |east one layer in said insulating | ayer of

sai d buifl dapd| @yretucteont ak ascanty@nats/ares bhind 841 edilricHIA ys et aantyict or
device as set forth in claim10, wherein said cyanate resin is a novol ac
cyahat eonpsed. vi2.coltmcten tapduct tsrndeviicetas sed Hordd dfinsangd of clains 9
to 5 11, wherein at |east one of said first resin substrate and said second
resin dubsfegategilwtlardes a core | ayer wherein a through hole provided with a
conductor layer is formed in the inside of a insulating layer, and said
conduct or | ayereim gdied tsmoonghrhelie sgbstrate includes a buildup layer,
which is formed of insulating layers containing resin and
conductor interconnect layers that are alternately stacked, each
10 of said conductor interconnect layers being electrically mutually
coupled via conductor layers formed in the via holes of said
insulating layers, and
wherein, among insulating layers of said buildup layer of at
least one of said first resin substrate and said second resin
15 substrate, in at least one insulating layer, 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 equal to or lower than 30 ppm/degree C,
and an average coefficient of thermal expansicn along a substrate
20 thickness 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.

10. The semiconductor device as set forth in claim 9, wherein
25 at least one layer in said insulating layer of said buildup layer

contains a cyanate resin.



coupled to the conductor interconnect |ayer of said buildup layer 10 is
formed, and wherein an average coefficient of thernmal expansion along a
substrate inplane direction of said insulating | ayer of said core |ayer for
tenperature range of from 25 degree €gto a glass transition point thereof is
equal to or |lower than 12 ppm degree C, 15 and an average coefficient of

t hermal expansion along a substrate thickness direction of the insulating

| ayer of the core layer for tenperature range of from25 degree Cto a gl ass
transition point thereof is equal to or lower than 20 ppm degree C. 20 13.
The seqhcondegt 0L eV R @8 rSaLvi ok tdy iiClRiin12y whelpity, qneesip of said
insulating |layer of sald core layer contains a cyanate resin. 14. The

sem condugt o tlevd 6 A% 38t af bt dd &JRlamel2esyherein 25 said cyanate resin
is a novol ac” cyanate resin. 15. The sem conductor device as set forth in any
of claims 12 to 188 14, wherein a pair of said buildup |ayers are di sposed
across said core layer, and coefficient of thermal expansions of said

i nsul atibng | aper sefcorrivdtbyi Heupcd ayersetdirepesedni ansubstantinal oy tosynmretric
| ocations across said core layer are nutually equivalent. 5 16. The

seng condyci;REr&eyiHe @sistebnbobt Nsd 11 ayrsef rekahMsu¥st Matelndvigrgi n said
resin spacer includes a core |layer having an insulating | ayer where a

conducts@eohayeésis fevirded wWhehaded a X rehnaygh hedesid m ttheougsul ating
| ayer of the core |ayer, an average

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 conductcor interconnect layer of said buildup layer
10 is formed, and
wherein an average coefficient of thermal expansion along a
substrate inplane direction of said insulating layer of said core
layer for temperature range of from 25 degree C to a glass
transition point thereof is equal to or lower than 12 ppm/degree C,
15 and an average coefficient of thermal expansion along a substrate
thickness direction of the insulating layer of the core layer for
temperature range of from 25 degree C to a glass transition point

thereof is equal to or lower than 20 ppm/ degree C.
20 13. The semiconductor device as set forth in claim 12, wherein
a resin of said insulating layer of said core layer contains a

cyanate resin.

14, The semiconductor device as set forth in claim 12, wherein

25 said cyanate resin is a novolac cyanate resin.

15. The semiconductor device as set forth in any of claims 12 to



coefficient of thermal expansion along an inplane direction for tenperature
range of from 25 degree Cto a glass transition point thereof is equal to or
| ower than 12 ppm degree C, and an average 15 coefficient of thermnal
expansion along a thickness directiongigor tenperature range of from 25
degree Cto a glass transition point thereof is equal to or |lower than 20
ppm degree C. 17. The sem conductor device as set forth in claim16, 20
wherein said resin spacer includes a buildup |layer which is forned on said
core layer and which is forned of insulating layers containing resin and

conductjor |,ALEEERNNESE: J AYekaibhhBhi B Blieknatel ¥i spaskedceachsgaf gsai d
conductor interconnect |ayers being electrically nutually coupled via

conductQfrel ayeLs, f odebditigdehhecyi @hdiglas «@basaidns nstl ating |ayers, and
wherein, anong insulating |ayers in said buildup layer of said resin spacer,

in at lieasha0n8qi Ny Id10 shavepui dlup Vel Rae 488poseef fi cd et okt itheymal
expansi on along a substrate inplane direction for tenperature range of from

25 degrepmett9cal §tastond asiskl @R R0ESte t NBFBOTareS megual 1§ O Qi oMLt .t han 30
ppnf degree C, and an average coefficient of thermal expansion along a
substrate 5 thickness direction for tenperature range of from25 degree Cto
a glass transition point thereof is equal to or |ower than 30 ppm degree

C. 18. 1khe senkcopduchiuded cevaseset $&f tivrth chahfylds whem@ ® t30 a resin
of said insulating layer in said core |layer of said resin spacer and a resin
of saidg,nsulating layer in said buildup |ayer of said resin spacer include
a cyanate resin, respectively. 19. The sem conductor device as set forth in
any of clai m&#h®rton said resin spacer includes a core layer having an
insulating layer where a conductor layer is provided within a
10 through hole,
in the insulating layer of the core layer, an average
coefficient of thermal expansion along an inplane direction 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
15 coefficient of thermal expansion along a thickness direction for

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

thereof is equal to or lower than 20 ppm/ degree C.

17. The semiconductor device as set forth in claim 16,

20 wherein said resin spacer includes a buildup layer which is
formed on said core layer and which is formed of insulating layers
containing resin and conductor interconnect layers that are
alternately stacked, each of said conductor interconnect layers
being electrically mutually coupled via conductor layers formed in

25 the via holes of said insulating layers, and

wherein, among insulating layers in said buildup layer of

said resin spacer, in at least one insulating layer, an average



15 18, wherein said first resin substrate has a planar geonetry of
substantially rectangular, and said resin spacer is provided along each side
of said rectangular geonetry of said first resin substrate. 20 20. The

sem conductor device as set forth inyjgpy of clainms 9 to 19, wherein said
first resin substrate is connected to first sem conductor chip via a bunp
and said second resin substrate is connected to the second sem conduct or
chip via a bunp, and 25 wherein an underfill filled therein is nmounted in a
peri phery of each of the bunps, said underfill being conposed of a resin

mat er | %be%?éfer@dQﬁtit%e@ﬁgﬂﬂélﬁpérﬁ‘sﬁm%ﬂ?rﬁ atbdZeatdeanrgasnt90 centigrade
is 150 MPa or nore and 800 MPa or |less. 21I. The sem conductor device as set

forth yRrekeisn - \Méﬂ\E@EBtIJP@ A A Fgohayer Segresal d Pui bdups| ayers of
said 5 first resin substrate and said second resin substrate exhibit

averagerenef fi6h i theeennl i expansl ans Al abgea SHEStI@omiRprasec,
direction for tenperature range of from25 degree Cto a glass transition

poi nt thar eafatsrofuaoct@iotchovef thamallexppisdegremdg andupverage
coefficient of thermal expansions along a 10 substrate thickness direction

forst erperahese diangeich EFpreondbpediagiee rGnye argkass 19 arsirke00 poi at
thereof is equal to or lower than 30 ppmi degree C, and wherein said

i nsul aylags! ayeisitivrs @odnbut hdoeof avereguefl tsabd fowet thesi B0sppsfrate and
the second resin substrate and the 15 insulating layer in the core |ayer of
sai d regghespacer contain cyanate resins, respectively.

18. The semiconductor device as set forth in claim 17, wherein
10 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.

19. The semiconductor device as set forth in any of claims 9 to
15 18, wherein said first resin substrate has a planar geometry of
substantially rectangular, and said resin spacer is provided along

each side of said rectangular gecmetry of said first resin

substrate.
20  20. The semiconductor device as set forth in any of claims 9 to
19,

wherein said first resin substrate is connected to first
semiconductor chip via a bump and said second resin substrate is
connected to the second semiconductor chip via a bump, and
25 wherein an underfill filled therein is mounted in a
periphery of each of the bumps, said underfill being composed of a

resin material whose elastic modulus in atmosphere at 125 degrees



22. A sem conductor device, conprising: a first resin substrate on which a
first sem conductor chip 20 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 said first resinisgbstrate and a back surface of said
second resin 25 substrate, so that said front surface of said first resin
substrate is electrically connected to said back surface of the second said
resin substrate, 191 wherein said resin spacer is disposed in a
circunference of said first sem conductor chip on said surface of said first

resin cgHbstrade, iandosapd birgbrsaemLaduetar oehi®sd s di sposed in a space
section provided anong said first resin substrate, said 5 second resin

substrate and said resin spacer on said surface of said first resin
substrate, wherein a first adhesive nenber, including an adhesive first

resin hayer thatsémi€apabiterofieadberinaairdithrsh cesim sdibstrate to said
resin spacer and a first electric conductor disposed in 10 the first resin

llayer, is prouededth beiaeerusaktngi I1sfer£sim sasubphit aligp andyesal dreshn spacer,
wherein a second adhesi ve nenber, including an adhesive second resin |ayer
that | gieapabkeinfsadheritegaial dat®sddr@pRAcesint Sulsét thiseexmdbiesi N substrate

and a second el ectric conductor 15 disposed in the second resin |ayer, is
provi degehatueese Saidd argsioi tEpacel «phrsdiodssatond & esibstxuwhstrate, wherein
said first resin substrate is electrically connected
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 average coefficient of thermal expansions along a
10 substrate thickness 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
wherein said insulating layers in said buildup layers of
said first resin substrate and the second resin substrate and the

15 insulating layer in the core layer of said resin spacer contain

cyanate resins, respectively.

22. A semiconductor device, comprising:
a first resin substrate on which a first semiconductor chip
20 is mounted;
a second resin substrate on which a second semiconductor
chip i1s mounted ; and
a resin spacer, disposed between a front surface of said
first resin substrate and a back surface of said second resin
25 substrate, so that said front surface of said first resin
substrate is electrically connected to said back surface of the

second sald resin substrate,



to said resin spacer through said first electric conductor of said first
adhesi ve nenber, and 20 wherein said second resin substrate is electrically
connected to said resin spacer through said second electric conductor of
sai d second adhesi ve nenber. 23. Thejgem conductor device as set forth in
claim?22, 25 wherein said first resin substrate has a conduct or

i nterconnect layer in a front surface thereof, said second resin substrate
has a conductor interconnect |layer in a back surface 192 thereof, said resin
spacer has conductor interconnect layers in front and back surfaces,

respectivel yyhahereidhildhec9Rdugiosr i 1Y @icpnBeqat 1 hayesi QfurFirdntkr st resin
substrate is electrically connected to the conductor interconnect 5 |ayer of

said resif spasersdricemalcsakdehip Sdn elaget shiersedYEt QI Wieke Rethe
conductor interconnect |ayer of said second resin substrate is electrically

conneckedst Patde HENGIGHOE kBt es&pmhetiuctbayehipf i salibpggesidn igpacer through
said second el ectric conductor, and 10 wherein said first electric conductor

and saisgasecosek Bdrerdve de@OREtEd Ofa il & iGeRPRSedn ofuisal dere, 24idThe
sem conductor device as set forth in claim23, wherein a first resin |ayer

of sai detbhét rasthesdurstiranbesnansk id secand spaceesoém dayversueifasai df second
adhesi ve nenber contain an epoxy resin and an acrylic rubber. 25. The
sem condudt 6f relevieegirasudetrboeth in claim 23 or 24, wherein said solder is
an alloy containing at |least two elenents 20 selected fromthe group
consi sti ng oWhttraif Sn)firstl wehefAge ,member, including an adhesive first
resin layer that is capable of adhering said first resin substrate
to said resin spacer and a first electric conductor disposed in
10 the first resin layer, 1s 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 electric conductor
15 disposed in the second resin layer, is provided between said resin
spacer and said second resin substrate,
wherein said first resin substrate is electrically connected
to said resin spacer through said first electric conductor of said
first adhesive member, and
20 wherein said second resin substrate is electrically

connected to said resin spacer through said second electric

conductor of said second adhesive member.

23, The semiconductor device as set forth in claim 22,
25 wherein said first resin substrate has a conductor
interconnect layer in a front surface thereof, said second resin

substrate has a conductor interconnect layer in a back surface



bi smuth(Bi ), indium(ln), zinc (Zn) and copper (Cu). 26. The sem conductor
device as set forth in any of clains 23 to 25, 25 wherein said first
adhesive nmenber is a cured product of an adhesive agent containing said
first resin layer, a curing agent exhpbiting the flux activity and sol der,
and 193 wherein said second adhesive nmenber is a cured product of an
adhesi ve agent containing said second resin |ayer, a curing agent exhibiting
the flux activity and solder. 5 27. The sem conductor device as set forth in
claim 26, wherein said curing agent exhibiting the flux activity is a

chem cahereguposidy GIALAI BhAGe £ ARPOXMNGQUR Afe Acdincdd aRglergr @4p that is
capabl e of reacting with epoxy group. 10 28. The sem conducfor device as set

forth imoekakbiy Adacihergibetherfipsdt BlegGlri ¢ conductor of said first
adhesi ve nenber and the second el ectric conductor of said second adhesive

nenber are CQREUELH VihdPRIdndekesr {esPesdrinelty 1avher 8f Nssad & ifdsiStekeai N
substrate is electrically connected 15 to said resin spacer, through said

conductsupetpatéi £ es Qft rsakd1yf E6sie @dhesiove haeabeRuctEdy WierebAnsatd second
resin substrate is electrically connected to said resin spacer through said

conductliayerpart i£l@Sresdfh Sahdeseconsh@dhesidvei reabelectdd 2%ontinetor,
sem conductor device as set forth in claim28, wherein said first resin

substraiherbas eheongufic®or iRtereomnest l=yer oifnsthe ddcmd sesfiace and an
insulating layer is
substrate is electrically connected to the conductor interconnect
layer of said resin spacer through said second electric conductor,
and

10 wherein salid first electric conductor and said second electric

conductor are composed of solder.

24, The semiconductor device as set forth in claim 23, wherein
a first resin layer of said first adhesive member and a second
15 resin layer of said second adhesive member contain an epoxy resin

and an acrylic rubber.

25. The semiconductor device as set forth in claim 23 or 24,
wherein said scolder is an alloy containing at least two elements
20 selected from the group consisting c¢f tin (Sn}, silver (Ag),

bismuth(Bi), indium (In}, zinc (Zn) and copper (Cu).

26. The semiconductor device as set forth in any of claims 23 to
25,

25 wherein said first adhesive member is a cured product of an
adhesive agent containing said first resin layer, a curing agent

exhibiting the flux activity and solder, and



provi ded on said conductor interconnect |ayer so as to expose at 25 | east a
part of said conductor interconnect |ayer, wherein said second resin
substrate has a conductor interconnect |ayer in the back surface and an
insulating layer is 194 provided onjysai d conductor interconnect |ayer so as
to expose at least a part of said conductor interconnect |ayer, wherein said
resin spacer has conductor interconnect layers in front and back surfaces,
respectively, 5 wherein said conductive particles of said first adhesive
menber di sposed between said resin spacer and said first resin substrate

provides a coupking betyegndhhe 88BdUEd QferidiireicoANeGted | Y& Qf 3aid first
resin substrate exposed fromthe insulating |ayer and the conductor

i nt er coppRet vhaygenofcdhaineshNssPaceicondl Gcand WRoEEI Ny said repnRdueti ve
particles of said second adheSive nenber disposed between sai'd resin spacer

and saigrsegendgresd el substiat eyPARYI fesiea .coupl i ng bet ween the conduct or
i nterconnect |ayer of said second resin substrate exposed fromthe

i nsul ating 15 |l ayer and the conductor interconnect |ayer of the resin spacer.
30. The sem conductor device as set forth in claim?29, wherein, anong said

conductine pahki sk@scoidsaicd behskeadhestverdmirben pravihded, hataween said
resin spacer and said first 20 resin substrate, the conductive particles

di sposes iketweengsagsht 188iibispagethand d:hedtisukat i 50a |l @i qanovi ded on said
first resin substrate are di sposed so as to be wedged into said insulating
| ayer, cuigboshar ebfta g c3abdx00nguetp hdpar tfuekesonil sgtsliseterdis

capable of reacting with epoxy group.

10 28. The semiconductor device as set forth in claim 22,
wherein the first electric conductor of said first adhesive
member and the second electric conductor of said second adhesive
member are conductive particles, respectively,
wherein said first resin substrate is electrically connected
15 to said resin spacer, through said conductive particles of said
first adhesive member, and
wherein said second resin substrate is electrically
connected to said resin spacer through said conductive particles
of said second adhesive member.
20
29. The semiconductor device as set forth in claim 28,
wherein said first resin substrate has a conductor
interconnect layer in the front surface and an insulating layer is
provided on said conductor interconnect layer so as to expose at
25 least a part of said conductor interconnect layer,
wherein said second resin substrate has a conductor

interconnect layer in the back surface and an insulating layer is



25 adhesi ve nenber provided between said resin spacer and said second resin
substrate, the conductive particles disposed between said resin spacer and
the insulating | ayer provided on said second 195 resin substrate are

di sposed so as to be wedged into saidg4insulating |ayer. 31. The

sem conductor device as set forth in claim?29 or 30, 5 wherein said
conductive particle is forned of a core material of resin, which is coated
with a nmetallic film 32. The sem conductor device as set forth in any of
claims 22 to 31, wherein said resin spacer is conposed of a substrate

mat er i ?lrovié-@dV\sz Gy 1icB cohBib 86 t thiddie csubstr ak e PR @rdAlt Okxabskeast one of
sai d irst resin substrate and said second resin substrate. 33. A

sem condHet 05 slem G seQAPEbLSHRGE o ifdtestohgstn Baasirate on which a first
sem conductor chip 15 is nmounted; a second resin substrate on which a second

sem conduct ofhe £8P 48 ekt adspaddtd ra g eshAuspageint shposed batween a front
surface of said first resin substrate and a back surface of said second

resin iA0rsubstamd eacko sihdbcsd) dedgpandt iselface of said first resin substrate
is electrically connected to said back surface of the second said resin
substrate, wheeedin sadid residocs pae epaittsi cdiesposedaid firxdtr cuifeeriernce of said
first sem conductor chip on said surface of said first resin 25 substrate,
and saimgmberstissrdecbhdtieben ship fesidi spesed and assiphcE rsectresnpr ovi ded
anong said first resin substrate, said second resin substrate and said resin
spacer sabssaate sprdwaicksof coupling between the conductor interconnect

layer of said first resin substrate exposed from the insulating

layer and the conductor interconnect layer of the resin spacer,

10 and
wherein said conductive particles of said second adhesive
member disposed between sald resin spacer and said second resin
substrate provides a coupling between the conductor interconnect

layer of said second resin substrate exposed from the insulating

15 layer and the conductor interconnect layer of the resin spacer.

30. The semiconductor device as set forth in claim 29,
wherein, among said conductive particles of said first
adhesive member provided between said resin spacer and said first
20 resin substrate, the conductive particles disposed 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
25 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



196 said first resin substrate, wherein a nmetallic first bunp is provided
between said first resin substrate and said resin spacer, said netallic
first bunp being capable of coupling said first resin substrate to said
resin 5 spacer, and wherein a netallibe second bunp is provided between said
resin spacer and said second resin substrate, said netallic second bunp
bei ng capabl e of coupling said second resin substrate to said resin spacer.
10 34. The sem conductor device as set forth in claim33, wherein, a

di mensi onal height of said resin spacer is higher than that of said first

sen copdyet ofuichitht 153541 IPpess@M e onduct e deNise assehibiorth in claim 33
or 34, wherein said first bunps are provided in said first resin substrate

and inisa|,datBsd NSRacer, respectively, and said second bunps are provided
in said second resin substrate and in said resin spacer, respectively. 20
36. A nethod for manufacturing a sem conductor device, which is fornmed by
depositing a second resin substrate on a first resin substrate on which a
first sen compdyciani @reiRitbri detibonted, seaifdrraecandl 486129 subsorat e bei ng
deposited on a side of said first 25 resin substrate that the first the
sent contleetOn € ererindust irBups edi cland ssd@iodmeaconda resien matlkst pat efon which a
second sem conductor elenent is nounted thereon, 197

resin, which is coated with a metallic film.

32. The semiconductor device as set forth in any of claims 22 to
31, wherein said resin spacer is composed of a substrate material,
10 which is similar to the substrate material of at least one of said

first resin substrate and said second resin substrate.

33, A semiconductor device, comprising:
a first resin substrate on which a first semiconductor chip
15 1is mounted;
a second resin substrate on which a second semiconductor
chip is mounted ; and
a resin spacer, disposed between a front surface of said
first resin substrate and a back surface of said second resin
20 substrate, so that said front surface of said first resin
substrate is electrically connected tc said back surface of the
second said resin substrate,
wherein said resin spacer is disposed in a circumference of
said first semiconductor chip on said surface of said first resin
25 substrate, and said first semiconductor chip is disposed in a
space section provided among said first resin substrate, said

second resin substrate and said resin spacer on said surface of



wherein a resin spacer is disposed between said first resin substrate and
said second resin substrate, said resin spacer having a conductor extending
through an interior thereof along a thickness direction, and then a

t her no- conpressi on bondi ng thereof 51ge carried out to provide an
electrically coupling between said first resin substrate and said second
resin substrate via said conductor. 37. The nethod for manufacturing the
sem conductor device as set 10 forth in claim 36, wherein said resin spacer
is disposed in the periphery of said first sem conductor elenent. 38. The
met hod s£,98 FpP4f actyri BALERBaS€M conduct or device as set forth in claim 36
or 37, wherein a resin substrate, serving as 15 said resin spacer, is

enpl oyed. 39%nhdheidmel hedaflor cmanpiadtund NG thevsasl comducdprsdevirgesas set
forth in claim38, wherein said resin substrate includes a space section

that caBshpauseos@iLtd ahdt ssedl eI RIcee], eBBNY hEeIEl 1t £i12@t4Qumphe met hod
for manufacturing the sem conductor device as set forth in any of clains 36

to 39, pehegetspasid Ji LSUpl e84 Nsa SbSHsat @eksnj ohpedrde s daiasi8sspacer
t hrough an adhesive film that exhibits an el ectroconductivity. 25 41. The
met hod sbateppnaic@ct uri ng the sem conductor device as set forth in any of
clains 36 to 40, wherein said second resin 198 substrate is joined to said

resin spacer whbrough aetadhesi yecbhd muridhals exbivbiés Bérwlactgzaeionductivity.
42. The nethod for manufacturing the sem conductor device as set
resin spacer and said second resin substrate, said metallic second
bump being capable of coupling said second resin substrate to said
resin spacer.
10
34, The semiconductor device as set forth in claim 33, wherein,

a dimensional height of said resin spacer is higher than that of

said first semiconductor chip.

15 35, The semiconductor device as set forth in claim 33 or 34,
wherein said first bumps are provided in said first resin
substrate and in said resin spacer, respectively, and said second
bumps are provided in said second resin substrate and in said
resin spacer, respectively.

20
36. 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 element i1s mounted, said
second resin substrate being deposited on a side of said first

25 resin substrate that the first the semiconductor element is
mounted, and saild second resin substrate on which a second

semiconductor element is mounted thereon,



5 forth in claim4l, wherein said adhesive filmcontains a resin conponent
and an conductive conponent. 43. The nethod for manufacturing the
sem conductor device as set forth in claim42, wherein said conductive
conmponent contains 10 sol der powder. 144. The nethod for manufacturing the
sem conductor device as set forth in claim43, wherein said adhesive filmis
capable of formng a conductor portion through an aggregati on of said sol der
15 powder by heating thereof. 45. The nmethod for manufacturing the
sem conductor device as set forth in claim44, wherein said solder powder is
aggr egat ed byharehead i g irhisedgbrsas diidesdmr cenpeEesSsoNd bpntithges2@ 46. The
nmet hod for manufacturing the sem conductor device as set forth in any of
cl ai N8 s36st a#S, adhedLid seabddt hes 1 -amgyress), opaibonsds g dpmcear ri ed out by
heating and pressurizing at 0.01 to 10 MPa and 150 to 250 degree C for 10 to
600 setartdsg 25c&fduchhe rethadihortmenuffachuinngrife sesteohduchar adevi ce as
set forth in any of clains 36 to 46, wherein said thernp-conpression 199
bondi nghiskaesgudies-tdich,a apdnt ham aatte poecespred8i o\ imidiody fteereof
manuf acturi ng a sem conduct or device, which is formed by depositing a second
resbn subhstratecdrnow fia strovesenabd sudbstriatad Igncuhpthng e tvwstfersemiiaonduct or
chip is nounted, said second resin substrate being deposited on a side of
sai d fifriskt resim sulstnadte ahbHataidfiesddargt relsénsenbsonalietara chiipl i s nount ed,
and said second resin substrate on which a second sem conduct or

conductor.

37. The method for manufacturing the semiconductor device as set
10 forth in claim 36, wherein said resin spacer is disposed in the

periphery of said first semiconductor element.

38. The method for manufacturing the semiconductor device as set
forth in claim 36 or 37, wherein a resin substrate, serving as

15 said resin spacer, is employed.

39. The method for manufacturing the semicconductor device as set
forth in claim 38, wherein said resin substrate includes a space

section that can house said first semiconductor element therein.

20
40. The method for manufacturing the semiconductor device as set
forth in any of claims 36 to 39, wherein said first resin
substrate is joined to said resin spacer through an adhesive film
that exhibits an electroconductivity.

25

41. The method for manufacturing the semiconductor device as set

forth in any of claims 36 to 40, wherein said second resin



chip is nounted , 10 wherein a resin spacer is disposed between said first
resin substrate and said second resin substrate, said resin spacer having a
conductor extending through an interior thereof along a thickness direction,
and wherein said nethod conprises: 15gdi sposing a netallic first bunp between
said first resin substrate and said resin spacer and disposing a netallic
second bunp between said second resin substrate and said resin spacer; and

t her no- conpressi on bonding said first resin substrate, 20 said resin spacer
and said second resin substrate. 49. The nethod for manufacturing the

sem corduet pxrdevd opidaseb sEoAtPedih WRICEA8hr¥hgK el et ifir $t 1RuUNps are
provided on said first resin substrate and said resin spacer, respectively,
and 25 +sakdegecond HMRS cakecpb ANk ed,iay sai d second resin substrate and

said resin spacer, respectively. 200 50. The nmethod for manufacturing the
sem conductor device as set forth in claim48 or 49, wherein in said

di sposing said netallic first bunp between said first resin substrate and
said resin sppeehe@itst HesPashngabt sl gy Matealdes c58608Eb b U, ket weeresai d
second resin substrate and said resin spacer, adhesion tapes having an
adhgsi vertgsin tByei 41i,S wikesposeda betameryisal diflinr sénteisid ssuestihate and said
resin spacer and between said second resin substrate and said resin spacer,
and 10 cehebeent drmd sai ddnheerove osRimssiran bonding said first resin

43, The method for manufacturing the semiconductor device as set
forth in claim 42, wherein said conductive component contains

10 solder powder.

44, The method for manufacturing the semiconductor device as set
forth in claim 43, wherein said adhesive film is capable of
forming a conductor portion through an aggregation of said solder

15 powder by heating thereof.

45, The method for manufacturing the semiconductor device as set
forth in claim 44, wherein said solder powder is aggregated by a

heating through said thermo-compression bonding.

20
46, The method for manufacturing the semiconductor device as set
forth in any of claims 36 to 45, wherein said 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.

25

47. The method for manufacturing the semiconductor device as set

forth in any of claims 36 to 46, wherein said thermo-compression



substrate, said resin spacer and said second resin substrate, said first
bunp extends through said adhesi on tape di sposed between said first resin
substrate and said resin spacer, and said second bunp extends through said
adhesi on tape di sposed between said 159second resin substrate and said resin
spacer. 51. The nethod for manufacturing the sem conductor device as set
forth in claimb50, wherein each of said adhesion tapes includes a chem cal
conmpound exhibiting a flux activity and having carboxylic 20 group and/ or
phenol i ¢ hydroxyl group, a thernbsetting resin and a thernoplastic resin.
52. TheoAeih@di§ aformmrtibact b | Agpitiel semacenguctess device as set forth in
claim51l, wherein said thernoplastic resin is a phenoxy 25 resin. 53. The
nmet hod for manufacturing the sem conductor device as set 201 forth in any of
claims 50 to 52, wherein said adhesion tape is that, when said adhesion tape
i s attaghed mnmatlsed fface mahudnctoxiny zatdani-cphdoesseddeopper wdlieat iand a
reduction-processing is carried out at 230 degree C for one mnute in an
at nosplerimedaby ,dépasitdppern oxtoed reghict isastatee obn tdhef iooppersiheet
represented by the following fornmula (1) is equal to or higher than 65 ;.
copper soksteateductwhdrehr at €1¢84 serfilcor({datotmirc cbbpcentmatrtmd, ofadkygen (0)
after reduction 10 process)/(atom c concentration of oxygen (0) after
oxi di zisegongr peebs)jubsttale( Poinul desited on a side of said first

resin substrate that the first the semiconductcr chip is mounted,

and said second resin substrate on which a second semiconductor

chip is mounted ,

10 wherein a resin spacer is disposed between said first resin

substrate and said second resin substrate, said resin spacer

having a conductor extending through an interior thereof along a

thickness direction, and

wherein said method comprises:
15 disposing a metallic first bump between said first

resin substrate and said resin spacer and disposing a metallic

second bump between said second resin substrate and said resin

spacer; and

thermo-compression bonding said first resin substrate,

20 said resin spacer and said second resin substrate.

49, The method for manufacturing the semiconductor device as set
forth in claim 48, wherein said first bumps are provided on said
first resin substrate and said resin spacer, respectively, and

25 said second bumps are provided on said second resin substrate and

said resin spacer, respectively.
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50. The method for manufacturing the semiconductor device as set
forth in claim 48 or 49,

wherein in said disposing said metallic first bump between
said first resin substrate and said resin spacer and disposing
said metallic second bump between said second resin substrate and
said resin spacer, adhesion tapes having an adhesive resin layer
is disposed between said first resin substrate and said resin
spacer and between said second resin substrate and said resin
spacer, and

wherein, in said thermo~compression bonding said first resin
substrate, said resin spacer and said seceond resin substrate, said
first bump extends through said adhesion tape disposed between
said first resin substrate and said resin spacer, and said second
bump extends through said adhesion tape disposed between said

second resin substrate and said resin spacer.

51. The method for manufacturing the semiconductor device as set
forth in claim 50, wherein each of said adhesion tapes includes a
chemical compound exhibiting a flux activity and having carboxylic
group and/or phenolic hydroxyl group, a thermosetting resin and a

thermoplastic resin.
52. The method for manufacturing the semiconductor device as set
forth in claim 51, wherein said thermoplastic resin is a phenoxy

resin.

53. The method for manufacturing the semiconductor device as set



10

201

forth in any of claims 50 to 52, wherein said adhesion tape is
that, when said 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

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

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

prccess) ] x 100

{Formula 1).



