SPECIFICATION METHOD FOR BONDING SEMICONDUCTOR WAFERS AND METHOD FOR
MANUFACTURING SEMICONDUCTOR DEVICE TECHNICAL FIELD [0001]The present invention
relates to a method for bonding semiconductor wafers and a method for manufacturing a
semiconductor device. BACKGROUND ART [0002]In recent years, techniques for packaging a
semiconductor integrated circuit with high dgpsifraedasirgeveloped to meet a demand for versatile
and compact electronic devices. As one of STUCH packaging techniques, there has been proposed a
system-in-package (Sip) semiconductor device of chip-on-chip (CoC) type in which semiconductor

chips are stackedrantmoudtedtagether. Ihisrsemicooduetondeyins digwsattention imthat it is
excellent in realizing a thin pack%%e see, e.g., patent document 1: Japanese Patent Application

Laid-open No. Hei 11-3969). [1\% HEH% iﬁ&gé[ﬁ\?%‘ﬁ%g%? cHip5'étie above another, use is

made of, e.g., a method by which each semiconductor chips severed from a wafer are bonded
together in ag f' t teFf%ever, this method, i.e., the method for producing a stacked body of
semiconductam%mg-each semiconductor chips together, suffers from an increase in the
number of pr@6€ssiels and retjuire padeteoftimenamach tabon for elardacture of a lageodimber of stacked
semiconductpy, ghjps, This, poses A roblem i ar Lisimpossinle to enbance praductvity, J0004lAs a
solution to this pro e%,t ere has been proposed a method for manufacturing a system-in-package
semiconductér device amamichrgserdizohdactor wafers are bonded together prior to dicing them into
each semiconductor chips. This method will be described now. [0005]ReferringfirsttoFIG.11A,afirst
semiconductor wafer 510 provided with connector portions 511 and a second semiconductor wafer

gy, »,

520 provided2Aie8ENEA ofBartions 521 are prepared and positioned together so that the connector
portions 521 ¢gespond to the cannecter porions 511 dhefirst,anrd seeend senicendustorwafers
510 and 520 are bonded together to obtain a semiconductor wafer bonded body 530 (see FIG. 11B).
[0006] Then, FES&RRROHAGEHGr watEFHGRTEF body 5364S didkd ts shodh inFaES 448, ThESroduces a
stacked semisendyctaeehipdytfas shawe th ElGicklih damely abopded bodyconsisiing of a
semiconductor. chie 540.sev8red. from the first semiconductor wafer 510 and acserkqicondugtor chip 550
severed fromet?ﬁgcse%grﬁa%em(iagoln%eu%tor wa?erqol?%, A wiicl c‘?locnnae%{“onrgportelsc?nsn%f[i1 &hid the
connector pottionssb21 e elettdeally compecteddogether. $0007&AS shawe kaBEES. 11Bj the
semiconductqr chi ..bod Qist ted on an inte reé avi iring pattern
640 and bum%g%%gi)ﬁ%%%ﬁoa? mg(r?i%‘rcaés %?n;%%li ongt;élct(\:/?}l%ﬁhe( %v%?fﬁg r?gt%rn ggo?vt)%eg’rgé y
manufacturing&ndystemintsackalgesensicondicekdeviead 00 Y008I Heve sthiessondidgidfthe first
semiconductQr.wafer,510angd the second semiconductor wafer; 520 in |G, 11Acan pe performed by,

e.g., compressing the first semiconductor wafer 510 and the second semiconductor wafer 520 together
with an anisofbpRleGituctive fAACE)IAtefrosEd thePEsatReen. (A s nfethod foP BbRBINg the
semiconducterswatess 510 andraganetiethe anisatropisaansiuctive film, ieleespeal copnedtion between
the connector portions 511 and 521 is obtained by mutual contact of metal particles contained in the
anisotropic cd LFC%I@é >ﬁlm, I.e., point-to-point contact between the metal particles. [0009]If the
semiconductor device 100 is operated in this state, a resin component contained in the anisotropic
conductive filrfbig andedﬁ}r1 cgntra%tggk%ue to ge%ti%egﬁratg Of(_pm C’gple semi%%ndu%%r c_hejp bonded
body 560 or & chande in an am%ienﬁemperéjt%re. Asa resﬁjlﬁ istancés between the metal particles
are changed.dnonee casescthe. metakparticiés meved in asthicieessdiréstiow of tHe amisotropic
conductive filgLEame, fod gon-contast stalg.beteby dhagging.A resisiance yale betaay the
connector portions 511 and 521 or breaking conduction between the connector portions 511 and 521.
In the method frFidielingithe semiconitedto? Witfers 510RIME20 with Hife BRisBaepic toAductive film,
therefore, thegg is g prablem intha 'E@djg&q?:z% é%%é?\'l@&ta@@dgor@gctgg}ngmgct@gzconnector

portions 511 and 521. DISCLOSURE OF TH
chips by bonding each semiconductor chips together, suffers

from an increase in the number of processes and requires a
lot of time and labor for manufacture of a large number of

stacked semiconductor chips. This poses a problem in that




[0010]lt is an object of the present invention to provide, a method for bonding semiconductor wafers
which is capable of producing a semiconductor wafer bonded body in which the semiconductor wafers
are bonded together by providing stable electrical connection between connector portions of the
semiconductor wafers stacked together and capable of efficiently manufacturing a plurality of
semiconductq_rtelg@e%@é gm%th&sgymggcpfwgtq%d@g.body thus produced, and a
method for manufacturing a semiconductor device with increased reliability. [0011]In order to achieve
the object, the present invention includes the following features (1) to (18): (1)A method for bonding
semiconductorgpaigls, comptising: so1adirsiprecess f preparing adirst segygonductor wafer
including a functional surface and a plurality of first connector portions extending through the first

semiconductt WERF fifa thickHEsI Wredtidh tHIBSLARFHAVIRG fuRctiSHS Siifade $a& khds, and a

second semicostluetorwafes including eerearsurfaceca plyalityfsecend conpeetarportiens
extending thrgé %Lh second %?)miconductor wafer in a thickness direction thereof and having rear
nas a

surface side a plaraTity 5FsoldBF Bdps ddhnected tothe rehrSlirface Xide endé 6Fthe
second connegioriportionstor arsgesnd pracessmefihteipesing adzondling layies ¢ontaining. a.
flux-active curing agent and a thermosetting resin as constituent materials thereof between the first
semiconductor wafer and the second semiconductor wafer and positioning themselves with alignment
so that the fud€fdHal surfac&sitiersnidsdof thé firsttconnector pBEibNs cartdspondato théisofder bumps
connected 10 Ing, feBaUIACE siqe ands affhe seeandpannesierportions, fagehyBiadicing &

semiconductor wafer stacked body in which the first semiconductor wafer and t econ
semiconductot Waferie stackegvgetrgnan@nducy ¢ird waferstacked haghirigirdo sedond

semiconduct%or%&gmeﬁﬂw1%%6@@010%@%@' kness directiontheregfwhilefirst e
e

semiconductor wafer and the wafer are fixed together by melting and solidifying the solder bumps

while curing thé théraidsetlii§ reSIAMMRFEIRF pratiiciig R Semicond GRS RERIBONdEd bédhPin which

the first connegiarn pertions swdthersecond conngetor pedionsraie elecirealheeannacted tagether
through solidifie %%oducés btained bge%meltin% and solidifying the solder bumops.é0012](2)The method
Ve fa e

according to tf& re L0 whtdin A& ordiiy BSer is38FHEE Tn the sectticPproceds by
interposing a film-shaped booding=shkeeticontaningdtde coastityerematerialg 0the bonding layer
between the first semiconductor wafer and the second semiconductor wafer. [0013](3)The method
according to the above feature (1) , wherein the bonding layer is formed in the second process by
applying a liquidtfi&terial corfthitiing thecorstitdentmatetials of theelondinleyerordat I€akst one of

the functional surfage. ofythe dirst sgmicondugtepwalter and theyrear siiage of the,second, o

semiconductor wafer [0014](4)The method according to the above feature (1), whereinfirst
semiconductot SAEfEPprEpaFred in Bhe Frstyftbceas fuRtherimclddes Bturality ©f solddrhiimps

bonded body consisting of a semiconductor chip 540 severed
from the first semiconductor wafer 510 and a semiconductor
chip 550 severed from the second semiconductor wafer 520,
in which the connector portions 511 and the connector

portions 521 are electrically connected together.

[0007] As shown 1in FIG. 11D, the semiconductor chip
bonded body 560 is then mounted on an interposer 630 having
a wiring pattern 640 and bumps 620 in such a manner as to
make contact with the wiring pattern 640, thereby

manufacturing a system-in-package semiconductor device 100.




connected to the functional surface ends of the first connector portions thereof. [0015](5)The method
according to the above feature (1), wherein when heating and compressing the semiconductor wafer
stacked body in the third process, the curing of the thermosetting resin is completed after the solder
bumps have been melted. [0016](6) The method according to the above feature (1), wherein a
thickness of thgganling laygeinsthe semicendugtaryvater bended pody is in the range,af-3 to 200 pm.
[0017](7)The method according to the above feature (1), wherein the constituent materials of the
bonding layelfier é&’rﬁpr‘?é’éga FiRRfoPRRR @ sitCBhtaRNg At I6ast dheof a2@netR)atRfiic resin, a
phenoxy resin and & palyipide asiJ0QL31(8)Ihe method accasdingdothe abovgdeatures (1)
wherein the bonding layer has such a property that it. can reduce an oxidation-treated copper plate at
a copper oxidEFEURAGH FAR of 7085 br mble, AN HENG FGMREY SRRISRRIBRTI e Bidafion-treated
copper plate and theb geing-subjectad taa redugtion treptimentah2BRE farcone minute irthe
atmosphere, the copper oxide reduction rate being represented by the fallowing equation (1):

copper oxidelrre%l%p o%srea%; @}3)65 ?%g%gffg%h ato%rﬁl corcentratio 8@@8&%%@%5%8% / (oxygen
atom concentratidreaftduoxidatiomdreatraenfl f 100nd), JCQL9thmethed farbondingpic
semiconduclor Walers. Gpmprigngs,  affisthrocess of preparing a first semicandctor yafer
including a functional surface and a pIuraT‘lty of Tirst connector portions extencﬁng eFhrough e first
semiconducteorafes irpa thicknesodirectionl thereof aidd having furctiernalsirface side s, and a
second semieoneuctor water inclidingiutear svdace el a plualin of serand-pnnegiorartions
extending through the second semiconductor wafer in a thickness direction thereof and having rear
surface side &/d$1Ct ¥ Secohtiprodesy-of ifterbdsing a Behbing taydraohtaifivg eefluxtactive curing
agent, a thermesetting4esinandssolder powder as constituent materials thereof between the first
semiconductor wafer and the second semiconductor wafer and positioning themselves with alignment
so that the functional surface side ends of the first connector portions correspond to the rear surface
side ends of thecsezpnd connectenportiens,dberebyreduring asencontyciopmaleestagked body in
which the firs%ﬁergicogd%ctor wafer and the second Ec,emicond,ucto wafert 6E}re stacked together; and

a third process of compressing the Samiconanctor Wafsr StheR&F Body'ina' thidkhess Wifdetion thereof
while heatingatsaeitivat the firstisemicosduetgravafeand thecsecondsemicodductarwates are fixed
together by melting saidgr Radigles,of the soldsr, paudst.and splidfying the mallen ggidey particles
aggregated between the first connector portions and the second connector portYons Whilé curing the
thermosetting-Fesitg| ehereby proditieireg b sepmiesiciicteravafe Asoridedssodl/tin which: thecfirst
connector pofiaQpeandihe sgeend conpectar portiops are. glectigally cepnegiad together through
solidified products obtained by solidifying the molten solder partiCles aggregated. [0020](10§ The
method accofdify ftthe labB9g féstlfes (I1WREreithé bERdmENayEr 18 farasdd rithe Se&bRd process
by interposing aifiimtshaped hansing sheet containingihe carslituert snategalsLfithe bonding layer
between the first semiconductor wafer and the second semiconductor wafer. [0021](11) The method
according to tHeSAt5EvE FEXRTS 18T whelsii Hie BONGing Ty iSRMhEa N e secBnBHbeEss by
applying a liquiskmatetial cartaining thexdonsituent sstetials ebthedaanding layerer at least one of
the functionag%lhrgacgtof the fir tserrpsic% dluctonr a/vaggrland ﬁe rﬁéﬁr surfg%e 8f 'g; seﬁcon .
semiconductor Wafer. [852§]?f THE method accor ing to le above featire “whereifwhen
heating and compressing thelsermicondadter wafel Gtacked hody inithe thing process;-thepduring of the
eting resin iscafapigted afe; i soldgr pawgerhas hegh metied. [B9FFIHL The Methiod gecording to
the above feature (9), wherein a thickness of the'bonding layér in the semiconductor wafer bonded
body is in thelrangel&@f3tdidgepnmto obtain stable conduction between the

connector portions 511 and 521.

DISCLOSURE OF THE INVENTION

[0C10] It is an object of the present invention to

provide a method for bonding semiconductor wafers which is




[0024](14) The method according to the above feature. (9) wherein an amount of the solder powder
contained in the bonding layer is in the range of 20 to 250 parts by weight, based on 100 parts by
weight of a total amount the constituent materials of the bonding layer exclud. the solder powder.
[0025](15) The method according to the above feature (9), wherein in the case where the bonding
layer has a thigkness.of 100pr.a melyviscosity, ab 138G thereolis4a the rangeof0.01, t0;10,000 Pa's.
[0026](16) The method according to the above feature (1), wherein the flux-active curing agent has at

least one of ¥BafBbxyF§foupssid aPHEHORE hydreXyE foup J0027REAFFhe TREBBASCCIRding to the

above featurg £b); Whatgin thestheemaseing-rasin COMPIHSESHAHEPOKY £6318n[0028](18)+ method for
manufacturing a semiconductor device, comprising the praocesses of: preparing a semiconductor

wafer bonded B8y PrSdurbd bYghe Rt dBRTET by 8ibih L if wWifidted plrdf b eadh Sircuit

portions are tesmeglen the funcienalsietace,of thefitst semieandyctos wafaural Oiging the

semiconductor wafer bé)nded bod)i in a correspon ing relationship with the (Ceiachtcircuit_ ortions,
nduct % uctor §

thereby sepasf’gtrir}}lgcﬁle sl.lemfélénoeuc%}ev{/le}f%r bonded %)%9 in 51% pl?ﬁg]ftﬁ%rflsemicohdh‘] j(Tj?lélements

with the eactbcircigtipartidgs;tants protureidg thedicednsemimdnfoctanatenientsoon agubstrate
BRIEF DES%%IHFEAQN OF. THE RAWINC-;\L%h[O%ng]r@gséLds 9e\f%{ |%%If§€tlon view snowing one

o) uctog evice % g. ] ;
example of a semiconductor device manuractured using a method for manadfacturing a semiconductor

device of the present invention- FIGs. 2A. to 20 are vertical section views for explaining the

method for mp@g{q_c]turing aﬁe;m.iggaglfcto&gevé%ggﬂ;@ p@%ntg@ﬁeé'gigp. the FI§§§e 3A1p 3E are

vertical section views for explaining a first method for bonding semic¢onductor wafers. FIGs. 4A to
4D are verticaPSe&dtibhiews forsgtaining & secsiid rfetied Fortondidg sémicoktuctor wafers.

FIGs. 5A to 5E are vertical section views for explaining a third method for bonding semiconductor
wafers- FIGs. 6A to 60 are vertical section views for explaining a fourth method for bonding
semiconductor. wafefd)  AFIGMSHRSG plAAVieWSREWRR a E6MRGIRAGHT 6Pbne BF Ef&dits formed
on a test wafepand F4GnéB is a section view taken along line A-Ain FIG. 7A_ FIG. 8 is a section

view showing a configuration of a circuit bonded wafer in which the_circuits are bonded together.
gura : d g toge

FIG. 9. is a plan view showing the ‘coRfigiration ot the &ttt béhdéd bday. 5= +=onH

wafer including a functional surface and a plurality of
first connector portions extending through the first
semiconductor wafer in a thickness direction thereof and
having functional surface side ends, and a second
semiconductor wafer including a rear surface, a plurality
of second connector portions extending through the second
semiconductor wafer in a thickness direction thereof and
having rear surface side ends and a plurality of solder
bumps connected to the rear surface side ends of the second
connector portions;

a second process of interposing a bonding layer
containing a flux-active curing agent and a thermosetting
resin as constituent materials thereof between the first
semiconductor wafer and the second semiconductor wafer and
positioning themselves with alignment so  that the
functional surface side ends of the first connector

portions correspond to the solder bumps connected to the




FIG. 10 is a plan view showing the circuit bonded body in a diced state. FiGs. llA to 11D are views
for explaining a conventional bonding method for bonding semiconductor wafers. BEST MODE FOR
CARRYING OUT THE INVENTION [0030]Hereinafter, a method for bonding semiconductor wafers
and a method for manufacturing a semiconductor device in accordance with the present invention will

be described;ip fletail with referenge ta-accompanying deawings. [003LEIska seymiconsiystor device
manufactured using the method for manufacturing a semiconductor device of the present invention will

be described BB He S NG tHeOméthoteibt BoRdHG SemicEHdtctor WaférRbf e dreseht

invention. [0G3R]EIG. ltisa vertical sectiemyievnshewing ongexample pfithetsemiconduster device
manufactured using the method for manufacturing.a semiconductor devlji%e of the present invention. In

the following HESEABRGH ArPdpparside i BIG T Wiff Be T8RFed to’'a ipper and a lower side therein
as "lower". [0033]A semiconddctos tevices10 siowndnd4Es diaa@ chipon-chip{Coa)iyeor
system-in-package(Si?)and includes a semiconductor c(or a stacked.body,of two semiconductor chips)
20, an interpgé‘je%r% (]E)r géﬁggterge%ggsforlsrhp%or%iné%%g es.(se?ni((:%lnroleu(c::tLolrocrhipt%(?,raeaE %ﬁriﬁé j|E)r?§1(t%(ern 40
formed into ahpredeterminedgpatteireand-aplufality of cendurtivd btinys (oe fermirsls) 702¢0034]The

interposer 30.ig an insulating. substrate and is made of, eg., various kinds of resin maferial such as

polyimide resin, epoxy resin, cyanate resin and bismaleimide triazine resin (BT tesin). When seen in a
plan view, théirterpssari30 hxs 20genthally geadfigulaP$hape sieh-as a s§Uafe Shapklst a

rectangular spape,[0035}The,wiringspattern 4. made of.g, &.canductiye metalic nateriab such as

copper, is provided on an upper surface (one surface) of the interposer 30 in a predetermined shape.

f00361Furthef2& PrurafiysTias (of throuthtRGles RofSHoiin fPiRSFaWInGO afe ftMed$h as to
extend through the datespeser-3@ i a thicknassdiwetionthereel. 003 710ne endL(ameppesend) of
each of the bumps 70 is electrically connected to a portion of the wiring pattern 40 through each of the
vias. The oth&PERd & ’Fow%?%%ﬂ?%erse%lfjp%f%& ffom gul(&{?\l%r &ﬂ?&?c]eg ée gﬁﬁe ?ﬁfa%é? of the
interposer 302 {2038)Aiphrtign ofeatk of tielbumpsmitsprotruding from the interposer 30 has a
generally spherical shape (or a ball-like shape). 0039)The bumps 70 are mainly composed of a solderi

material such as solder, silver solder, copper solder, phosphor copper solder.
00121 (2) The method according to the above feature

(1), wherein the bonding layer 1is formed in the second
process by interposing a film-shaped bonding sheet
containing the constituent materials of the bonding layer
between the first semiconductor wafer and the second

semliconductor wafer.

[0013] (3) The method according to the above feature
(1), wherein the bonding layer i1s formed in the second
process by applying a ligquid material containing the
constituent materials of the bonding layer on at least one
of the functional surface of the first semiconductor wafer

and the rear surface of the second semiconductor wafer.

[0014] (4) The method according to the above feature
(1), wherein the first semiconductor wafer prepared in the

first process further includes a plurality of solder bumps




[0040]The wiring pattern 40 is formed on the interposer 30.The semiconductor chip 20 is electrically
connected to the wiring pattern 40 through connector portions 82. [0041]Further, a gap between the
semiconductor chip 20 and the interposer 30 or the wiring pattern 40 is filled with an encapsulation
composed of various kinds of resin materials such as epoxy based resin. An encapsulated layer 80 is

formed from agured-productof theencapsulated sesins e gncapsylated Jayer.8Q has afunction of
increasing bonding strength between the semiconductor chip 20 and the interposer 30 or the wiring

pattern 40 ancCARFCHBh FPreveRting forE/fimatters or moistures from infiltrating into the gap
described above. [0042]Suchasemiconductor devicelOcanbe manufactured as follows. FIGs. 2A
to 20 are vertgcidtjzgﬁtion viezg for e>%)lainin% thgfmethod for manufacturing a semiconductor
device.FIGs. E are vertical sectiol GieWefof EXstAintfirst éthsd fFRP6hdingPdemiconductor
wafers. FIGs.(4A to Wleareiverticalrsectian vieys fod explainiag i secondemethod-for boading
semiconductor wafers. FiGs. IA 1o SE are vertical section views for explaining a third method for
bonding semlyg:%\%lnaﬁct%%v%eerﬁ E?ng 6A togé ajcrg %/]é?%cgfggcetfo%’vi)ﬁlvg fgrg g%prfginf?]% dt: urth
method for bamdingseatitdmductor wiaferd.sin thenjollewindg descrptionhan uppeiside s, 2A to
20, 3A. to 3E, 4A,.1q.4Q, 5A 19..3F and 6A to 6D will be referred to as 'upper” and a lower side therein
as "lower". [0043][1] First, as shown in FIG. 2A, a semiconductor wafer bonded body 240 in which a
first semiconductor wafer 210 and a second semiconductor wafer 220 are bonded together through a
bonding layer; 6@ig prepared[0044}The method forhonding senpiconductar waters-at the present
invention is used in producing this semiconductor wafer bonded body 240. [0045]Hereinafter,
description wiltBe made 8/ E'metholltdCiRdtfactafing thsingtRE Fhe&®odRY BBNdiHYy sémiconductor
wafers of the preseriavention, fhe semicontueterarafer bonded hody 249-ny¢high the first
semiconductor wafer 210 and the second semiconductor wafer 220 are bonded together through the
bonding Iayelugb' In this regard, each of the first and second methods for bonding semiconductor
wafers which will be described below is directed to a case where constituent materials of a bonding
layer 60 to be.pravided between the first and.second semiconductor wafers 210 and 220 do not
contain any g&?d@rﬁowder a d)whe%r{é %0 %% argnpgcé%ﬁrégjénp?o% e(}y ﬁrlleco% S Wwith"Conhector
portions 222 dflthe sdeoneisericendactor Wafen22Mdineohaast, @chlof the thirchand fourth methods
for bonding semjsanchictoswafetswiich wilkbe deserbedbelow indiiggled {34 case yher the
constituent materials of the bonding layer 60 contain the solder powder and where the solder bumps
224 are not pf&\ide®@ n tife coRfEEIOR BBItioHS 22251n, Fifst, BBSEHPtON Witihemaiedon the method
for producingthe semieenduciorwafer bonded body 240 using the first method for bonding
semiconductor wafers. [0047][1A-I] First, the first semiconductor wafer 210 and the second
semiconductor wafer 220 each having a plurality of each circuit portions not shown in the drawings are
prepared (first poaceps). [0048])n thisrembediment, ascshonmin AIEG. 8he thedirstserigenductor wafer
210 includes ?Qlurajri’g of ,electglodes (ngt,shovxﬁrg g)roviged on a functional surface 2%11: thereof and
connected to the ed&F Eivddit poitioRS Mhd'd plitdity of 8Snriettor porfori (ot téndiidtive Posts) 212
provided so asao extamadhroagh the fiest Semicordhuctal wader210 inlathickaessadirectiar: thereof and
electrically copnegted tofhe elegtrodss. [0949JFurther. as,shown.in FIG 34y the seeand

surface of the oxidation-treated copper plate and then

being subjected to a reduction treatment at 230°C for one

minute in the atmosphere, the copper oxide reduction rate

being represented by the following equation (I):

copper oxide reduction rate (%) = {1 - (oxygen atom

concentration after reduction treatment) / (oxygen atom

concentration after oxidation treatment)} x 100 --- (I).




semiconductor wafer 220 includes a plurality of electrodes (not shown) provided on a functional
surface 221 thereof and connected to the each circuit portions, a plurality of connector portions 222
provided so as to extend through the second semiconductor wafer 220 in a thickness direction thereof
and electrically connected to the electrodes, and the solder bumps 224 connected to ends of the
connector poftiggsgpr condugfive pgsts) 223 onhe siderofia keas sirface 223:0f.the second
semiconductor wafer 220. [0050]The formation of the solder bumps 224 on the ends of the connector
portions (secoREEANEEIBF portions) 222 on the side of the rear surface 223 can be performed by
many different methegds fExamplgs of sueh methedsinglidesa method far mountinghalk-shaped

solders on the ends (rear surface side ends) of the connector portions 222, a method for printing a
solder paste Her&dn aritfa Wiethdd for Growing Blifps T8GR Blafiy procels “Fhe sbidefbumps 224
thus formed rhay be subjecied te a reflew treatmentaftesthiein formationu@O511Although:be solder
bumps 224 arseeIfr?:lrmgr(lj nl)é on the ﬁid{; of %he rear sgrfgge 223 gf the %econd tsgmicor%ducto wafer 220
in FIG. 3A, itis pré?erredl%a(ﬁhewgo der blump% 2 Ea?e also formed So a8'to be connectéd to ends
(functional surfacerside ends) of the: tonnectof poetions {fist cambstor pertibns)212s@rthelside of the
functional surface. e first iconductor, wafer 210, Thi es| ible far.the connector
portions 212 é%%%%é}%g{%%&%ctri%g% fonn%%ci%e%\qﬁ%%h jgint %ogr%%(ns %%%vasv%c wi Inl?e deg*5cribed
below in a relidple adner. gG052FRRTsEr, HesDRIEHSUM 2B Rty e attiRioAalg fotrhedsahas to be

connected to gnds Qflhg,coNNeCorparions 212 g e side, of a reay;surface 213 of the figst

semiconductor wafer 210, and formed so as to be connected to ends of the connector portions 222 on
the side of th& FfTiohaPEGrfAGY 228 of &fe sécontPSEmitbABUERF Svafer 220. [0053]It is preferred that
a solder component gf thessalder bumpsL24 is an alloyrcontainingtwae or meke Mmetals selected from
the group comprising tin (Sn), silver (Ag), bismuth (Si), indium (In), zinc (Zn), lead (Pb) and copper
(Cu). In term$ B @ity mperatdrearid mbtfanfcaF properi@SBf the §o|d%bf)ﬁﬁfb§ >4 1Pis
particularly preferahle do.dsealSr-containingrallay suckhas aSelb allay.araiQy aSieAgaaloy, a
Sn-Ag-Cu all r a Sn-In_alloy. [0054]In general, a melting point.of the solder humps 224 is preferably
i the range QTSP 100 5980 5ol mOr aherat i e 13108 of BbSut 1306 S56C" This makes
it possible to sefficientlyseture flowabiity of arthermosettingoresinsandithetike toatainediintthe
bonding layer,§Q pefore peing C%‘r(%@’ o %%'%?@%dyiBEeé’f”'éﬁPff@@éd%g[égat qnyf the eagh circuit
portions provided on the first and second semiconductor wafers 210 and 220. [0055]In this regard, it is
to be noted tHat #ié- meitiRg postiof BrerdolderbumpsrERpPRrdkfifiad byl en efrthefhicipask
temperature qf solder powder itself constituting;the soldgyumps 224 measyred usinge 84a. DSC
(Differential Scanning Calorimetry) method, at a temperature increasing rate of 10C/min. [0356]Sizes
of the solder BEPE 228%ré sEEEUIPIHAL BiciietdidtREredF ard prefétaBl) i theviahge dfibout 1 to
500 pm, morerpreferabls i therangef abeut 540 300pm; Rad exarsmere psaferablyin tha-range of
about 10 to 200 pth This makes it possible tq sufficiently secure electrical connection reliability
between the &6HMettSH PorfiGRS ﬁpg ath%gffg‘ﬁffdugaﬁlﬁwe joint portions 225 which will be described be
[0057][1A-2] Next, asasshavin i FI@ r33cthe banfling:layer 604s farmedhby apptying adigrid material 61
containing a fluxzactive curi ent.and a thermosetting resin as constituent materjals thereof on the
rear surface %iéatl the Egggr%? Sgr%(ljc\énéactgr v%fé?%&gsﬁogé]ﬁéﬁﬁ%er%ﬁ?Eﬁﬁﬁa‘%’%ﬁaﬁethods
can be used incapplyigg the ligaidthaterialél ohithetrearesurfaced223.Exangplies ofethé apptication
methods inclue a spin coat methed..a, castingpethad, a-migrg grayhire (3t methad,\a bay coat
method, a roll coat method, a dip coat method, a spray coat method, a screen printing method, a
flexographic piintifgnéthst 1aa o setiprintifg fAretsed, ahdrkjer pamtthgshetHodl Bhtithd like. With
these applicafion meiodsy itjs possible.0c3upply tediaui maserial S, q1Line At suifage 223 in an
easier matter. [0059]The bonding layer 60 is formed by, removing a solvent contained in the liquid
material 61, MatiEL Afyifg B idnl TnatBral 61 afterapplyingthe figai matktaPbt oftheear

surface 223. [0R60}Tde lighid matesiah 6% cmay: be dried sither natukak:ep artifigiaby #:8xn Py heating the

second : , . ;
semiconductor wafer bonded body in which the first

connector portions and the second connector portions are




semiconductor wafer 220 with a heater or the like. [0061]A thickness (an average thickness) of the
bonding layer 60 is not particularly limited to a specific value, but may be preferably in the range of
about 5 to 300 pm, and more preferably in the range of about 10 to 200 pm. [00621Further, if

necessary, the bonding layer 60 may be subjected to a temporary curing treatment. This makes it

possible to reliably keep a1shapsrpidbe bandingdayer6@ thusfgrmedi[0868]ladhis.embediment, the

bonding layer 60 is provided only on the rear surface 223 of the second semiconductor wafer 220.
Alternatively thEaIdHfing RYer(SBOHHLY BEGrovilBE onfI DR furkRibhar surffte 2 £1-6Fthe first
semiconductatwiedea2Eor on both the rear surface 223 of the second semiconductor wafer 220 and
the functional surface 211 of the first semiconductor wafer 210. From the viewpoint of simplifying the
processes in the method for bonding semiconductor wafers, it is preferred that the bonding layer 60 is
provided on @26 ihe rear sufface223 aretthedfunctiomnad sudadec2 I O mthevethérehdnd,drom the
standpoint of enhancing adhesion between the first secgnd iconducto fe nd 220 in
the semicond(l?gtér V\‘;qzﬁgrr bonde %%d)}gl §E§ jﬁrrlgduéigs]%%is 5r8efe§%%§§t t Lél b(;ér%{\ﬁg%éér%%o are
formed on bathake $ear sbhyfacei2i3 e therfunctionalisukface e 006RPTITEL figk-activessuring agent
serves to reduce:siirfaces of the soldprbumps, 224, when heatings angdcompressing a sepigonductor
wafer stacked body 230 in a. process [1A-4] which will be described below. This makes it possible to
increase wetkilitg Ot a $olGer dorisdnent TBRSERAHG PR solddrBumps224-haRd t6@RRBAce
agglutinability of molten salder bunaps 224 between the connector portions 212 and 222 which will be
described below. AS a result, the connector portions 212 and 222 can be connected through the joint
portions 225 formed from solidified products of the molten solder bumps 224, which makes it possible
to reliably obtginzonduction(hatyeamthergonneetos pesionsnl 2tandi22? thireugh thedeint portions
225. (0065]Further, it is preferred that such a. flux- active curing_.agent has a fynctional group
bondable to t % ther%es%ﬁfﬁb rétsﬁﬁ. Tﬁag,dtf‘lréqﬂu%-aagﬁ\}:e cﬂ?ingfaogglﬁégeﬁ/%s%%% cisﬁr%) Iz}%ent when
thermally curingsthesthermpsetting Yesin@ndas bbindeddo the therimsettmgnresim AsJa resdt, it is
possible to appropriatel ppre ccurren ion.migratio [ octgd C b él X
component ré% Uggé ‘IEI?IJ é%ybghad?r%gxofé%%? 68&;%%&) s%%cggin%ﬁcvt!o%%vgal\f(\ér or? edfl t§§§§ 2% %Jroduced.
Furthermore cthe Hondingnofttheflx-aective egeing agémio the Hergrseaigdasincalspicvides an
effect of incregsing gn elastic modylys andfora, glass tansitondempesature £Tghoka cured product of
the thermosetting resin. [0066]Taking the above facts into account, it is preferred that a curing agent
having a carboxyl group and/or a phenolic hydroxyl group is used as the flux--active curing agent.
(0067]In this regard; it is to he poted that the. fiux -agtive eyking agentihayving-a ¢arbpxykaresp and/or a
phenolic hydroxyl croup Thereinafter abbreviated as ‘flux-active Quringre?%]ent") refers to a curing agent
having a carboxyt giBtip-&idior 2 PheRGRd AYdrox)FgrotiBin aSmofeule het 88 SUH K- active
curing agent mafehe krthedeamiedatiquid are salid. rd0GExamples of e fux-activercuring:agent
having a carboxyl group include an aliphatic acid anhydride, an alicyclic acid anhydride, an aromatic
acid anhydrid%geé%ﬁr%ifb%% i %%rbgiﬁfcrgcfb? an arc n%}[% Egrégfy% agl%l(? and %%e |ke?f%)%%§J[Examples
of the aliphatitzacitaahydede atlude succinic acid anhydride, polyadipic acid anhydride, polyazelaic
acid anhydride, polysebacic acid anhydrate, and the like. [0070]Examples of the alicyclic acid

anhydride include methyl tetrahydrophthalic acid anhydride, methyl hexahydrephthalic acid anhydride,
methyl himic &8REarhydride ( AéxahYdvepFhalie acidzrhydiing, tégariffopithikc acid @hkydride,

trialkyl tetrahylbyephthalic,acid anhydride -petiyd cyglohexene dicarboxylic agicbanhydrideand the like.
semiconductor wafer bonded body is in the range of 3 to 300

M.

[0024] (14) The method according to the above feature
(%), wherein an amount of the solder powder contained in

the bonding layer is in the range of 20 to 250 parts by




[0071]Examples of the aromatic acid anhydride include phthalic acid anhydride, trimellitic acid
anhydride, pyromellitic acid dianhydride, benzephenone tetracarboxylic acid anhydrate, ethylene glycol
bistrimellitate, glycerol tristrimellitate, and the like. [0072]Examples of the aliphatic carboxylic acid
include a compound represented by the following general formula (1), formic acid, acetic acid,
propionic acigle bytyric agid; valegg agigy péﬁ!él}% acigdy caRroigacid, caprylig acid, lawig.acid,smyristic
acid, ralmitic acid, stearic acid, acrylic acid, methacrylic acid, crotonic acid, oleic acid, fumaric acid,
maleic acid, bR&lic P MRk act? s6EdiRSachE and theliRBI1067 3H3OTC-EII2HEBDH -.- (1)
[wherein in the abgyve dermyade is. an integer of 0 to 20.1 [0074]Examples of the aromatic carboxylic
acid include benzoic acid, phthalic acid, isophthalic acid, terephthalic acid, hemimellitic acid, trimellitic
acid, trimesic acid, mellophanic acid, prehnitic acid, pyromellitic acid, mellitib acid, toluic acid, xylic
acid, hemelitia@d ] mesitylenie acidhprehaityliecacid; doluiti acid teinnamic detd; salieydiciacid,
2,3-dihydroxyhenzoic acid, .2,4-dihydroxybenzoic acid, gentisic acid (2,5- dihydroxybenzoic acid),
2,6-dihydrox3$§2ﬁzo%haec]f§ ,%S-%ygfﬁﬁyybce%sz%ic %?&? ,%al é gci§ ?&%ﬁﬁi@&%ﬁ%e‘?ﬁ%%ic aacid),
naphthoic acidhdefivatives sfich 88 14xdihgdmoxy-2- napktheicacid and 335-dihydesgeZ-naphthoic
acid, phenol ]L_)chcq,{ig, g%&? oggga%iqO%nq(ghqrgkeoégo(g%@ong them, it is preferable to use the
compound represented bythe above general formula (1) in order to keep a balance between an
activation degree of the flux-active curing agent, an amount of outgases which would be generated
when curing fhg, Bgymosetting gesiny;and an elastic,modulus o glassitransition.temperature of the
bonding layer 60' of the semiconductor wafer bonded body 240. More preferably, "n" in the above
general formbife (1) ¥'Prifétange offabbin 2o e %M&ﬂke%%ﬁssﬁﬂé t¢Supi5ess af'ificrease in
the elastic mgdulysof the gyredpredyctefdhe thernesetting (eeia prasetduthe semiconductor wafer
bonded body 240, and to improve adhesion between the cured product of the thermosetting resin and
the first and second semiconductor wafers 210 and 220. [0076]Examples of the compound
represented Ipg o2y above generpl fameuladthand having da'hef Ito hinchidewglutase agice("n"=3:
HOlSO-(CHZ)&QOOH‘?ha%i :%c acidh%n":m .9000%%H2 4-OOOH% Boimelic acj:ld "n":aS]f;1 HOO%— OH2)5-
000H), sebacic atid L8 Hoob! HEfbe-&%)E , ~( - O%%Ilgp(ﬁnﬁzfox 4nd e Tike.
[0077]Furthersexiamples of the flux-active curing agent having a phenolic hydroxyl group include
phenols. Specifically, examples of the phenols include monomers each having a phenolic hydroxyl
group such as phenol, o-cresol, 2,6-xylenol, p-cresol, m-cresol, o-ethyl phenol, 2,4- xylenaol,
2,5-xylenol, rh®tB¥Iphenol, P18-kyléndlahbsitol £ 315-maandla plisitipgh iy | THHafsl ncateERE]”
ptertiaryamylphenol, resereinol 2-96tyt RRepel, P4 giyspRenol, bisphenol A, bisphenol F, bisphenol
AF, biphenol, diallyi bisphenol F, diallyl bisphenol A, trisphenol, tetrakisohenol, phenol novolak resin,
o-cresol novolak reskt FEBREMS FanovBIRkIeRM BisphelBiE& hobORR$EsiR s #reakeSfsb78]The
above described Hux-agtivenading agent bawgg a catlhoxyl graupandtor a pbeneka hygroxyl group is
three-dimensionally introduced into the cured product of the thermosetting resin such as epoxy resin or
the like by re&&fioh (BT, (007TYBM e vieiBaIRFof Promibtng 1omatdifof tecdimensional
networks of thé cured prodeict ekthecepdxy-tesin wtisspreferred that the flux-active curing agent
contains, in one molecule thereof, at least two phenolic hydraxyl groups which can be bonded to the
epoxy resin and at |§als%ﬁ8 ca%oexyl as&lpc\?vﬁfﬁgﬂcig%?recﬁ?og%ﬁde%%%%gargbrﬁg% rirlfélshgwing a flux
action (or a reduting petioniywithreespecttosthesolderbubiyss 2240080 Exatmpiesrofisuch, a

flux-active curipg agent %%%@fﬂaoi&g&i%gﬁ%ﬁwc%@ 35%:23; diydioxyhenzoic acid,

2,4-dihydroxybenzoic acid, gentisic acid (2,5-dihydroxybenzoic acid), 2,6-dihydroxybenzoic acid,
3,4-dihydroxybéhzsiceddid and aliREG e (8 aB-0 ThedieRgbénzoié Beidyhsasitabiccadid defivatives
such as 1,4-dipydroxy-2:naphthoic acid, 3,5-dihydroxy-2-naphthoic acid and 3,7-dihydroxy-2-naphthoic
acid; phenol phthalin; diphenolic acid; and the like, one or more of which may be used independently
or in combination. (008 ¥fEutther, ahmoutit Tt the AGRAENEEGTRGent 2bRESERESR in (R bohding layer
60 is preferaklythe range. of about 1 to 30 wt%, and more preferably in the range of about 5 to 25
wt%, based on a total amount of the constituent materials of the bonding layer 60. This makes it
possible to enhance the flux activation in the bonding layer 60, and to prevent the flux-active curing
agent from remaining unreacted with the thermosetting resin in the bonding layer 60’ of the
semiconductor wafer bonded body 240, thereby appropriately inhibiting occurrence of ion migration
which would be caused by the residual flux-active curing agent. [0082]In the semiconductor wafer
bonded body 240




obtainedinthesubsequentprocess[1A-4],the thermosetting resin serves to insulate the adjacent joint
portions 225 by an insulating portion 226 composed from the cured product of the thermosetting resin,
and to fix (or bond) the first and second semiconductor wafers 210 and 220 together. [0083]Examples
of such a thermosetting resin include, but are not particularly limited to, epoxy resin, oxetane resin,

phenol resin gmgib) assyieresing sipsaturates palxestgeEesin, diallyl phthalate resin, maleimide resin,
and the like. Among them, the epoxy resin is preferably used. Use of the epoxy resin is preferred

because it is EBBEAdr in curdBifity ahd Stordge’RabilitAniRSthe ' Qed produSitRErdst isexeellent in
heat resistangg amgisture resistancgrand shemicat resistance. [R84Asdbe epoxydesiy it gay be
possible to use an epoxy resin kept in a solid state at room temperature, an epoxy re in%gg tin a liquid
state at rooﬁ%ﬁ?bo$ dﬁ'/ L or Rt aretherdst. By uSing SieR AH-&56xy %ﬁﬁﬁ?be% mes gossible to
increase a degree &f freedoaninidesigning melting behavior of the thermosetting resin.
[0085]Examples of the epoxy resin kept in a solid state at room temperature include, but are not
particularly limitedto, bisphenol A type epoxy resin, bisphenol S type epoxy resin, phenol novolak type
epoxy resin, cresol NoVGkak typé epbry resin, alyeidyramninedgpe epoxy resin, giyeidyl estertype
epoxy resin. e Iunelignal gpoxyesin, foutbinctipnal.eamotesin and e e, sorespeciiically, a
mixture of solid three functional epoxy resin and cresol novolak typé epoxy resin, one or none of
which may bélagé¢ ihdepereently ©f @ EombifRitibAC[0086]0nN the other hand, examples of the epoxy
resin kept in a liquid state at room temperature include, but are not particularly limited to, bisphenol A
type epoxy resin, bisphenol F type epoxy resin, and the like, one or more of which may be used
independently or in Fﬁﬁnatio%. [0687]AREepdkd e quiRliéitG the Epoky P8sin kept'in a figdid state at
room temperatyfg isipreferablyrintbe range of 156 1o 86Admase saferablyiin the-range-0fs160 to 250,
and even more preferably in the range of 170 to 220. prevent the semiconductor wafer bonded body
240 from causing warp due to existence of the insulating portion 226 and to reliably prevent reduction
in reactivity with a poiyidde resin. [0088]Fbthesran ameunt obthe therrndsetting tesia cofitained in the
bonding layer 60 is preferably in the range of ahout 25 jo 75 wi%, and. more preferably in the range of
about 45 13 TOUVE LASah O (16 D] B aor o coaR oA, A PR Condihe ger 60,
This makes it possible to obtain superior curability of the thermosetting resin when curing it, and to
design good melting behavior gf the honding laygg 60,,[00In addition,, jtis glso preferred that a curing
agent other than the flux-active curing agent (hereinafter simply referred to as "curing agent”) is
added to the BepALBHiHY rRsiHLTHS RRIKESG Possitiens Hith SR RETUrabilig 6f the

thermosetting resin. [0090]Examples of the curing agent include, but are

FIGs. 6A to 6D are vertical section views for

explaining a fourth method for bonding semiconductor wafers.

FIG. 7A is a plan view showing a configuration of one
of circuits formed on a test wafer and FIG. 7B is a section

view taken along line A-A in FIG. TA.

FIG. 8 is a section view showing a configuraticn of a
circuit bonded wafer in which the circuits are bonded
together.

FIG. 9 is a plan view showing the configuration of

the circuit bonded body.
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not particularly limited to, phenols, amines, and thiols. Among them, it is preferable to use the phenols
in the case where the epoxy resin is used as the thermosetting resin. This makes it possible for the
curing agent to show good reactivity with the epoxy resin in bonding layer 60. Furthermore, this
ensures that the epoxy resin contained in the bonding layer 60 enjoys a reduced change in size during
the curing process and has well-suited physical properties (e.g,, thermal resistance and moisture
resistance) after the curing process. [0091]Further,althoughthephenolsarenot particularly limited to
specific types, a phehbFcomiouid havirHifb of rfisre FREHDRAI grbGpsTapable of PG with the
epoxy resin issiged preterablye fhisynakes it possible to improve the physical properties (e.g., thermal
resistance and moisture resistance) of the cured product of the epoxy resin in the bonding layer 60'.
[0092]Examples of such phenols, specifically, include bisphehol A, tetramethyl bisphenol A, diallyi
bisphenol A, biphenal1bBisphenalz-, diadlyl bisphenakE, trisplk tetrakisphenae xphenol noyolaks, cresol
novolaks, and the like.Amaong them, the phenol novolaks and the cresol novolaks are preferably
used.This mafkoe%vi?s%és()lgfaeqlo gkr)é)fr(iecr}altrfl adfrﬁes %Orﬁgelt \?ics)gosi yo&%ﬁg%ongi%g]lgfgr%ébc,%fsra result, it
is possible fovdHeecaring agent to show good reactivity with the epoxy resin in the bonding layer 60.
Furthermore, this makes it possible for the cured product of the epoxy resin contained in the bonding

[0093]Furthegii thelease hY _ 10184 s isvide @aithe curing agent, an amount of the
curing agent eggtgyied in thg bondingrlayer 6q isreferablydn the range-of abeutsia 30w, and
more preferably range of about 10 to 25 wt%, based on the total amount of the constituent materials of
the bonding (4§60, Thid fhakes FEESSIBle threliaBRctira the HérthosettifG PR e B8nding layer
60, to preveniithg edringragerifsemsemaining inreactedwitbdhe therresetting resin in the bonding
layer 60', and to appropriately prevent occurrence_of ion migration which would be caused if the curing

agent remainS eS8, fo09ARhahis réham, TE5T6 BeTTotad tASCRTHE CESE WHEFE e 8Poxy resin

is used as the thermosetting resin, the amount of the phenol novolaks contained in the bonding layer
60 may be defi tﬁ/an equivalent ratio to the epoxy. resin. [0095]More specifically, the equivalent
ratio of the pﬁgéu:w&oglh volaks 1o ﬁ'n%épox?/ resin 1|nsj’|§’roelt}(/(ajr%l% yo% theg %éfnlg%eof about %ctg '?Sq,él more
preferably in thelramgé lod abedtr:6 td ¢4, and eVentmorengreferaisipircthedrangeof abuute.7 to 0.98.
This makes ipossihle to piaNda the same.afiets 2 eet forkabos, JlO096IN adlitn todge curing
agent described above, it may be possible to use, e.g., an imidazole compound having a melting point
of 150C or mefs Thid ifakes tpossibiofdr fembRe 56ide fBUAPITPAEYEiaHl Béaggfegated
between the ¢onnecterportions g1r@angh222, and also makes it possible for the connector portions
212 and 222 to be electrically connected together through the joint portions 225 formed from the
solidified products of the molten solder bumps 224 in a reliable manner. [0097]Examples of this
imidazole compeund having@rmelting peintofdSPEC eamoresiseluste 2vphenykhowing one
hydroxyimidazole,2-pheny -4-%1ethgll h};droxgimidazol , and the like. gn ttgis re ardé it is totge noted that
an upper limitSFHB elfifg poimt SFeTRITAZ018 compating iEABE particurarly limited to a Specific
value, but mayshehapprapsiatetysset thependingiona beadingcetparatureds the bonding tayer 60.
[0098]In the case where such an.imidazaole ¢ ound js.used a Arl ent, an t of the
curing agent ggﬁtgﬁ%% inthe Ba(t)ﬁglrrl]g Ia?er} G%E{E p%t;eO e%gtﬁ;?il thaeélrg%%ggegc[%ga%%m 8%0‘%%%1%] wit%, and
more preferablydre thigrafige of aboutl0.0b¢0 Bwios et onethe tobambunnef the torstituent

materials of the handing layer 6Q, This makes it possible for the curing agent to effectively perform its
function as a catalyst for curing the thermosetting resin, and to improve the curability thermosetting

resin in the bonding laver 60'. In adgi this also makes it possible to obtain good joint portions 225 in the

bonding layerggywithout alloying g melt Missesity efihetbermosetiingiresin to-he undulysingreased
chip-on-chip (CoC) type system-in-package (Sip} and
includes a semiconductor chip (or a stacked body of two
semiconductor chips) 20, an interposer (or a substrate) 30

for supporting the semiconductor chip 20, a wiring pattern
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at the melting temperature of the solder bumps 224. [0099]In this regard, it is to be noted that the
curing agents described above may be used independently or in combination. [0100]Further, other
constituent materials than the flux-active curing agent and the thermosetting resin may be
appropriately added to the bonding layer 60, examples of which include a coupling agent, a flux
activator for iggreagingdhe agliyty.of the fux-active curing.agent.andyarigus kinds of additiyes for
improving different properties such as resin compatibility, stability and workability. [0101]Use of such a
coupling ageROMARES HFoSie o fittherdhertade the alhesion of the bonding layer. 60 to the first
and second semiconductor wafers 210 and 220. [0102]Examples of the coupling agent include silane
coupling agents such as an epoxy silane coupling agent and an aromatic-containing amino silane
coupling agert® 3Afkhe Iike?(g’?e o}qﬁ&ﬁpﬁﬁﬁlﬂch%gn he udel indepehaently orﬁﬁ%ﬁﬁ?‘?ﬁﬁﬁion.
[0103]An amewat afsheLeeplifig agest. Gontaineshie the heading layeri60 ispreferably isdhe range of
about 0.01 to 5 wt%, based an the total amount of the constituent materials of the bonding layer 60.
[0104]Further‘j’,1 2 soivent contiined ﬁstﬁrel1iqui€aprﬁ§t5érialr6ef 48cribSd HBOVR is ﬁgtsﬁgrtiCtﬁqQ limited.
to a specific tyjpspdble isiprdferably anerirerttosthe cdBstitusnt imgterialsibfdhe berdingilayer 60 the

liquid material %}1 [Qf]i%g]Ex mglesrgg such éalesol\gedwt %nglsudg: keet%rées ; ch as a %tgzqeuye%hyl ethyl
ketone, methyl ketone, DIBK (cliuso]butﬁ%?ones, cyclo exanong and D y(d?ace one glco‘ﬁol);
aromatic hydrdrapisorssisticls as depzune xyidre and tolaenecdleotnis suchzzmaethyl alcohol, ethyl
alcohol, isopropyl alcohol and n-butyl alcohol; cellosolve based solvents such as methyl cellosolve,
ethyl cellosolve, butyl cellosolve, methyl cellosolve acetate, ethyl cellosolve acetate, BCSA (butyl
cellosolve acdf@fe)® NMP (NIhethy Y-Orgyielidope}:trHE" (tetf@hydidfifan)°DMF @irfiethyl fBrmamide);

DBE (dibasic asidiester) RIR{ethyl 3-ethaxyropionaie), DMC (dimethyl casbonate).and the like,
[0106]Further, an amount of the solvent contained in the liquid material 61 is preferably set in such a
range that an“ Mot GF ST EGMporléiits t°HE Fikéd inthe 58fent{harisly She tthtal Andunt of the
constituent matesiads ethicabovwhdescribed bonding layer 60) becomes equal to about 10 to 60 wt%.
[0107]In this regard, it is preferred that the bonding laver 60 formed on the rear surface 223 using the
liquid material 61 containing the flux-active curing agent, the thermosetting resin, and the like has the
following propeFtiés j [0108]Fivstitherhordinglayei 6@ forofedvara 2he ceartsurtace 228 Rassuch a

property that jt can reduce an_oxidation-treate pper. plat edeter 'neqi opper. oxide
reduction rategcfrﬁEl thé%rﬁﬁod?rﬁenggt%e c(%)rpabvé%%i%e F% uctl%??}rrag%é%{Ir caﬁ%e%%llcu §tedg éist; %orhows.
Namely, aftertthe bomdirid Rayen 8619 agashed to-a sarfabé okurseoxidatios-trearted bepserplate, and
then is subjected to a reduction treatment at 230C for one minute in the atmosphere, the copper oxide
reduction rate is calculated by the following equation (1): [0109]copper oxide reduction rate (%) = {1 -

(oxygen atomt&htEhtration fer FetictiGR trEBRFENtEROXy§en SRFT coicentratibiaker dxidation

treatment)} X {80 electrically connected to a portion of the wiring
pattern 40 through each of the vias. The other end (a
lower end) thereof protrudes from a lower surface (the

other surface) of the interposer 30.

[0038] A portion of each of the bumps 70 protruding
from the interposer 30 has a generally spherical shape (or

a ball-1like shape).
[0039] The bumps 70 are mainly composed of a soldering

material such as solder, silver solder, copper solder,

phosphor copper solder.
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(). [0110]In this regard, the flux-active curing agent serves to reduce oxide films covering the surfaces
of the solder bumps 224, and therefore has a reduction power for removal of the oxide films. The
above copper oxide reduction rate (%) is used as an index indicating the reduction power for removal
of the oxide films. The copper oxide reduction rate great enough to remove the oxide films is
preferably 70% or more, more preferably 75% or more, and even more preferably 80% or more. This
makes it possible to increase a removal rate of the oxide films formed on the surfaces of the solder
bumps 224, 384 ¢ énhancetBéndiritireliaBility BethEeH the ‘bnnédtior PortiBiRs' 212 8nd 382 through
the joint portions225agder glifferent pestdeending envwteimensp[02bl]Measuamentconditions of the
copper oxide reduction. rate (%) are adjusted such that the redhl tion treatment is performed for one
minute at 236ETR T Htmo %he@%lﬁ]ﬁo’?@ spBaificalihe cgoppté?&l‘ﬂ%?Cu 18§t rate is
calculated usiag;te.gn $hes fallowing measurement method. (1A) A copper plate having a thickness
of 70 pm ("3EC-3" produced by Mitsui Mining and Smelting Co., Ltd.) is softly etched using a
commercially available etching solution to cut away a surface thereof by a thickness of 2 to 3 pm.
[01131(2A) UsHed &ih oven, thersdftly etchedaappérgilatesis subjectedtu anmoXidation trelatrment for
thirty minutes, gt 230C {n (he giagsphete. [9H141(SA)4 bonding layet 60 fiaving g Jhigkngss,of 25 pm
is attached to a surface of the oxidation-treated copper plate and is subjected to a reduction treatment
for one minutelat238C s ivaarHesHhere. [CPIB)EOWitHin B heinate lafted Sheoreductivkitreatment
performed in{he aboye pracess @é)e%ewy%Q%@H(a@é%@omﬁﬁn%@%%{aE*_?%Q@@@'nﬂzl yer 60

wi

remaining on the surface of the reduction-treated copper plate is remove acetone. [0116](5A)
The copper rﬁ&tejfﬁorﬁ WHIER tHe FS%IF CORipohent hias Peehireritvetris apidhAirafsfefiedto a

vacuum desiceior cand themiswdied uggenvaguuns dhergaftenrtbe coppesplate is-sioradin a
vacuum atmosphere until ESCA measurement is performed. [0117](6A) The surface of the copper

plate subject84 6 AR ths TXithtion Heatineht A thaSurfa tithe copperplate §M5ledtda to the

reduction treatment@ase cut a0ayhy a thickness 0f 4@ Adusing a plasmadtreatrientththen, of

concentrations of Cu and O %toms.are mea[;sured with an ES AlgprodLILced by UJ,V&C-PH,I Inc.). The
8£ m T 1 %u e3 rom “1nrllrtra

revent Il elgn a ers or 0l1sS T
plasma treatt}%ent amj.f%hegE m%asuremenfare perfrgrme In avacuum a%mosphere. ll'iﬁ% purpose

of cutting away:the sbrfaces-ofthe copberpkaltesby a thickness of 40 A using the plasma treatment is
to eliminate influence of surface oxidation possibly occurring in handling the copper plates during the
measurement. [0118]In this regard, it is to be noted that the ESCA measurement is performed under
the condition$ 0§/¥& photoelett®h escape &§lé ePaSHerEes; @FHACray $68urcesfAlkadrays

(monochrome); ane (i) ap.analysis rangs,Qf 0.8 mm. [0119](7A)The copper oxide reduction rate is
calculated by the following equation (1): copper oxide reduction rate (%) =(oxygen atom concentration

after reduction treatment) / (oxygen atom concentration after oxidation treatment)} x 100(1).
FIGs. 2A to 2C are vertical section views for

explaining the method for manufacturing a semiconductor
device. FIGs. 3A to 3E are vertical section views for
explaining a first method for bonding semiconductor wafers.
FIGs. 4A to 4D are vertical section views for explaining a
second method for bonding semiconductor wafers. FiGs. 5A
to B5E are vertical section views for explaining a third
method for bonding semiconductor wafers. FIGs. 6A to 6D
are vertical section views for explaining a fourth method
for bonding semiconductor wafers. In the following
description, an upper side in FIGs. 2A to 2C, 3A to 3E, 4A
to 4D, 5A to H5E and 6A to 6D will be referred to as “upper”
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[0120]Second, the bonding layer 60 formed on the rear surface 223 has such a property that solder
balls placed thereon are wet spread at a predetermined solder wet spread rate.In this embodiment, the
solder wet spread rate can be calculated as follows.Namely, after tin-containing solder balls each
having a diameter of 500 pm are placed on the bonding layer 60, and then are heated for twenty
seconds at ategperatyre 305 higher than; g melting it of the solder balls, this solder wet spread
rate is calculated by the following equation (II): [0121]solder wet spread rate (%) = [{(solder ball
diameter) - (solder thickness after wet spread)} / (solder ball diameter)] x 100 --. (II). [0122]In this
regard, in thg caaa yhere the conmeetar, pastionsn232 and 222 @re raetabicalbrhended:by the solidified
products of thegolter? solder %urges éi@ bondingés%r}‘eengt%therebetween tends to increase by
promoting intétrietallf® BoRding Ashé S8IdeF WAt SHread ratd BEcotins Grastar THe L614&F wet spread
rate great enplgh tampdevent aoedtredce sénetectide boadingwis Preferaldly 4084 or nenegedre
preferably 45% or.mare, and even more preferably SO% or mare. This makes it possible to increase
bonding pro%ﬁlﬁg%eefwggﬁ%eqegoﬁnegc glr(%(?r o%g%?[ﬁ a%jd zif fnrcfa%aéfrﬁw%dnce bonding reliability
between the connector portions 212 and 222 through the joint portions 225 under different
post-bonding;gyjrpnments({0123]Ifits desited thay, the, solderwet spread sate,of the bonding layer
60 is set to a value of 60% or more, it Is preferable to use the flux-active curing agent containing the
aliphatic dicdrbéxylicacideBy usidg ¥6eH araliphasic dig@ddxylié acid RtAIGH ftx activity, it is
possible to impart highyseldst-wet spreadJate. af 68% ormere together with strong reduction power to
the bonding layer 60. As a result, the adglutinability of the molten solder bumps 224 can be increased
in the bonding layer 60, thereby securing electrical connection reliability between the connector
portions 212 powla22. [012410ndhe Htherhandiddtisigasired that the selder wetispreagd rase of the
bonding layer 60 is set to a value of 40 to 60%, it is preferable to use the flux-active curing agent
containing tH8CdMsound haviy & carioi§tgdup gﬁ&%gphéﬁ’ ic Ry <9(§§I gfStp. % Héijn%gsuch a
compound, itsismpissibtaita:retiably seétthe soldér wetspread-rate of the honsing layer 6a:teefall within
ihe above ragde AN mpart sl stipng seductignponey o Tie Daadin gL 60 Furfher, since
the above compoundnls oneohavmg Igh reactivity with tHe curablé resin e.g., the epoxy resin), it is
possible to effectivetysuppress wet@rrertelofdod mignation watich weuld-bedaased by fltik residues.
[0125]The soldey wet.spiead sateds measured in thefollowing.conditions. Egr exgmple, the solder balls
are heated at the temperature 30C higher than the malting point thereof in order to reduce variations in
a degree of wet spread of the solder balls. A heating time is set equal to twenty seconds by taking into

account a time required unfil she-flvx-agtive-cuingagent is melted apddnavadoptosiiriases of the
solder balls to thereby wet spread the solder balls, and the variations in the degree of wet spread of

the solder bafi8 JOLSBIRIRE spsEiiciy Sthe Uidel et Sprediirate dahitde GficufREGUSHF e.g., the
following measurement methedted t6l8) BendingJdayees G each baving anthieknessofdb pm is

attached to bare_copper plates (produced by Hirai Seimitsu Kogyq Corp.), respectively. [0127](28) The
following so|&f%%f@%?é&&ﬁ%&ﬁ%%% allg giat%lé?e\?lo%%go %%n”é?ee |%Ia(4§éel ongfh*esgon%?r%g layers
60, respectivelydorobtaintwosamples.r wafeM3L2'Ya SIMAgLAD akoy manvingarmeltmggpojnt of 217C

produced by Seniy Mefal industry €0 bidh)e o (L0 a-PYBLOY aying A meking Rgint of 138C
produced by Senju Metal Industry Co., Ltd.).
contact with connector ©portions 222 of the second
semiconductor wafer 220. In contrast, each of the third
and fourth methods for bonding semiconductor wafers which
will be described below 1s directed to a case where the
constituent materials of the bonding layer 60 contain the

solder powder and where the solder Dbumps 224 are not

provided in the connector portions 222.
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[0128](38) According to ASTM B 545, a hot plate is heated to a temperature 30C higher than a melting
point of each solder ball. Each of the samples described just above, is heated on the hot plate for
twenty seconds.  (48) A height of each solder ball wet spread over bonding layer 60 is measured.
[0129](58) The solder wet spread rate is calculated by the following equation (11): solder wet
spread rate (Yo Bfolder halldiameter) r (solder thickness afterwet spead)h - (spider hall diameter))
x 100 (I1). [0130]Further, in this embodiment, when the bonding Layer 60 formed on the rear surface
223 has a thickness of 100 um, a melt viscosity at 223C thereof may be preferably in the range of
about 10 to 10,000 Rasy srqre geaferably insthe fange of abawt 89 1a,5,000 Pass: @ndLven more
preferably in the range of about 300 to 1,500 Pas. By setting the melt viscosity of the bonding layer 60
to fall within SUCH R rare, f1i§ poelibte i praveht B3 EGactitmmccontiedtion ?éliéﬁﬁtﬁ}g}vﬁi@ﬁ would
occur as the bardingriayerceD ischled draim honded Dbjecis,des rthesfirst-and second semiconductor
wafers 210 and 220, during a heating operation, and to restrain the bonding layer 60 from
contaminating neighboring members. In addition, it is possible to prevent generation of air bubbles in
the bonding 1896160 and ocfuikende dfdefectstsuch Ashinsuffierent fiting of ¢hre vargeprodact of the
thermosettin in.in. the ween the firs second.semiconductor wafers 210 and_220.
Moreover, it %B;J%SSQ eg3 to %%g\%% thg %%tceonnéé? erO &m‘ﬁgf;ezﬁ (oﬁr)grgolteer{?1 %%Idel[}g)vflrg% b&ng
excessively \wetspréad, whieh wauld lead to-auproblere of Shor-cireaitingsthevadjacent conaector
portions 212 and,222. Ti-Js @l30-passible t%ﬂ/ggdco%%%) of defective bonding between the
connector portions 212 and 222, because the thermosetting resin present between the solder bumps
224 and the connector portions 212 is removed when metallically bonding the connector portions 212
and 222 throyghy #wjoint portions 225 farmeshireavthe salidified predugts ofthe sojder bhumps 224.
[01311In this regard, it is to be noted that the melt viscosity of the bonding. layer 60 is measured using
the following Fridasure Meht ARSHGE HATothBRWRTds, 4h8 botiiy ier. 60 HabiHga Hiidknéds of 100
pm is measueer:using @sdsaeglasticitywneasuring instiumens (Freduced by1JASECOa trtepnational Co.,
Ltd.) ata temggéaturefincre sing rate gf gOC%/mir%ﬁnd a fr%quenCé of t1.0 Hztu.nder a strain-constant
stress sensing condition” The iie \%gcc?sny of the Soned?r(fg Ia%lr: B cante obtained l:‘f‘yrl eﬁsuring a
viscosity thereofiattan atmasphenatemperature of 223€, whichdsadmeltitgepaintsaf @) 96253n/3.5A,
alloy. [0132][1A- , as.shown jn Fl efi icQnductar wafer % cond
semiconductcg))rév?/%i#eyﬁe%(%o %vi%l th]l'er:bbo%)é1|::>1€]101I§11yet—'rHG%(;O ?gtr!f%eg%% tg%?ga%r sa%f;g%eg% éﬂt%ggé%f are put
in a face-to-fatet ffatiokshipwith dathlothessd ke functivnae sdrfacel 2 21 eanbeceppased to the
rear surface 223,khat isita-say,the fifst and sgeond semiconductor wafers 210 and 220 are brought
into a face-to-face relationship in a state that the bondin.g layer 60 lies between the functional surface
211 and the rear surface 223. [0133]The first and second semiconductor wafers. 210 and 220 are
positioned togethep $o that the ends 0f theygonngaiarportiens 212 |ocated onthe sideefthg functional
surface 211 correspond to the solder bumps 224 located on the side of the rear surface 223.
Thereafter, a§ %]ﬁﬂs\%ﬁri ﬁé%DY“ﬁfieﬁrslz d %éI&?ﬁ)dj&?m%oﬁ HERT Waferd 219 &t 396 2Fe brought
into contact withoeachrothen thratighithedonding lagen6a ithesabyrodaciag axemicendistor wafer
stacked bodya2r13 iQOV\r/lrgligh th%first ag%segor&% serlné%ounductor vyrﬁfgrrlsSZl% anQ u22{5(1) are stacked
together (secon procesvsf.t[% 35)?1 - TNeﬁ,assﬁowmnﬁG%ﬁ, € Semiconductor wafér Stacked body
230 is compressettinte thicknessdigectivh theraofdehilesheating: theesarmadthittrprogbssh §0135]At
this time, 1t s prefeed (af the heallng s cauried ous 59 thal the tharmogsling resip can g completely
y, a

cured subsequent to melting of the solder bumps 224. [0136]More specifica eating temperature
is preferably fthegafigedfaliole 20016 25000 cand: Afore Preferablicin tHe pargsetabourd 30 to

230C, although, it may slightlyvary with the kinds of thescopstitugntmaferialg of thegolderpumps 224
and the bonding layer 60. [0137]This makes it possible for the fluxractive curing agent to reduce the

surfaces of tHEPSFldENBUMPS 228 e gt BiSSAdercompuheftéonstififting thesofdérbumps

224. As a resglitrtheduolten selder bumps-224i aragaregated between-thecoennector portions 212
and 222 in the bonding layer 60. Thereafter, the molten solder bumps 224 are solidified. As a result,
the connector portions 212 and 222 can be electrically connected together though the joint portions

225 formed frpoo gee] solidifierhproducts of thenmaeltensoddesbumps 284mps 224 on  the
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[0138]Further, since the curing of the thermosetting resin is completed after the solder bumps 224
have been melted, the insulating portion 226 composed from the cured product of the thermosetting
resin can be formed in a region between the first and second semiconductor wafers 210 and 220 other
than regions where the molten solder. bumps 224 are aggregated. This makes it possible to

electrically insylate the agjacentjQibt-paHions 225Jndelighle mannesnard 1o religblyhiands(or fix) the

first and second semiconductor wafers 210 and 220 tﬁc;%ether. 0139]In the manner described above,

the solder butrps 224 &hé nTeifétl &id §8Rdifi6d Tari thethgrmésetting réS§inis EhRd2S &¥esult, the

first and secenhsemiconsustor wafers31Q and:22faredfixed togetherdhrongh the bondinglayer 60'.
Thus, it is possible to produce a semiconduglﬁé)r wafer %ondeejd bo%y 240 ir&bwhich e connector

portions 212 BRd™%b drael@HEAIN onnacted TogeiHer fitotgh the’fbint portiohs 225 tohiposed from
the solidified preducts of thimelies solder biumpsc224 (@40 Here, iwitls theopresentiavéntion, the
connecter portions 212 and 222 are electrically connected together through sqlidified,praducts such as
the joint portit%cﬁg 235 6??%%qﬁ<e.arhasn3<s%%)ihis fae%ﬁre, ?tglg lﬁ%%&mg %9 re%abl?%%fg\?e%t g%gkage of
the electricalcormestiortbetmeen she gormeptor pontions 2dearsd 222Tévensphisie thecimsplating
portion 226 composed, frorp the, cyred product of the thermosetting.resia are,expapded by leat
generated( from the semiconductor chip(s) 20 during operation of the semiconductor device 10 which
will be describéd deld<This nakesit possible to obtain stable conduction between the connector
portions 212 and 222. In other words, it becomes possible to electrically connect the connector
portions 212 and 222 together in excellent connection reliability. [0141]A thicknesses of each joint

portion 225, & #fiékdess (an’sver8se thickhgss) OF 5 bHHIRG lager6G2 IR theP<@ififcorfiticor wafer

bonded body240 istiRot particulady limitgd to asspecifinvaldecbutomay berpreferablyds dag sange of
about 3 to 200 um, and more preferably in the range_of abgut 5 to 150 pm. By reducing s;gaced-apart
distance betw&ah HERELRY sé’@dﬁ?drse%ﬁigori‘dhc%ﬁ\latgé'zmtana5228‘71? fig ﬁ?ﬁwnﬁﬁt is possible
to reduce thicknesses aethesemiconductar-ehipg 20 obtained byddieing the semicondactosavafer
bonded bodyt2040. As a re%ﬂtl,léttbleocgnles gé)s%ibl% to Srgguceeanndo er%I%thiggréess gf z%rée %%rjpiconductor
device 10 prowde%nwlﬁw tﬁe Semiconductor cﬁlpa(g) 20, and to make the semiconductor device 10
lightweight. [@42]rcother Words;, itds possible tooincisasesan ihtégratiort densitydsf thé séhdconductor
chips 20 includec|n, 3 aingle, sermiconduetor dleviag, (Of A-nole spIERAUUCIOE PRgkage) 1, and to
reduce an overall size of the semiconductor device 10. Further, since a spaced-apart distance
between the 8letfrodlesprovidedsstherespedive FiictibRANSGiatesItard 22F ¢édn BBinade
small, it is possible.tg ipereasean-amount obinfermation stared.inrsinglerserpisondustar device 10.
[0143]<Second MethodforBondingSemjconductor Wafers> Next, description will be made on the
method for 'ld8ng the'demiddRdaeRr WdteFpbirdet bddy 248%sHiP e MMt for bonding
semiconductor wafers. 14411B-1] First, as shown in FIG. 4A, a first semiconductor wafer 210 and a
second semiconductor 220 are prepared in the same_manner as in the abgve process [1A-1]
described abdve #??it proce&s)” %i%%][l&fﬁﬁext, i%@%fng sHeets5 co%%f%ing Tlux-active curing
agent and a therimaodetting resirt aseedstituet snateridls theveofds peepared. skhdseafter, @sesshown in
FIG. 48, the bonding sheet 65 is.interp between the first semiconduc fer 2 nd the
second' semiconduc §r® V%a?e?%&boélr?ar%ggg o tﬁglﬁhtéjfgr%ct%o%a?suﬁgge %%%ethé%garg gurface 223
can be opposgtdo £ach btlvam[iasiTiee sameanateridfslas destribedmiedomsection twith ke above
process [1A-2] an-be used asdhg copstitugnt materials such a5 the filx-aciive,cuting agegt and the

thermosetting resin contained in the bonding sheet 65. [0147]Further, it is preferred that the bonding
sheet 65 furthef coRtains a filtd-Podding Fe<in @8 the torvstitueht mERenals tHsBoiRTslbRicH to the

flux-active cuging agenband the thermosetting resin. Use of the film-forming resin makes it possible to
reliably form the bonding sheet 65 into a film shape. [0148]Examples of the film-forming resin include

[0053] It is preferred that a solder component of the
solder bumps 224 is an alloy containing two or more metals

selected from the group comprising tin (Sn), silver (Ag),

16




(meth) acrylic resin, phenoxy resin, polyester resin, polyurethane resin, polyimide resin,
cyclohexane-modified polyimide resin, polybutadiene, polypropylene, styrene - butadiene - styrene
copolymer, styrene - ethylene - butylene - styrene copolymer, polyacetal resin, polyvinyl butyral resin,
polyvinyl acetal resin, butyl runhhe.r, chloroprene rubber, polyamide resin, acrylonitrile - butadiene
copalymer, agiylanir,e Dutadieneapiie aald congmenagrylonidls - puiadians - sipne
copolymer, polyvinyl acetate, nylon, and the like, one or more of which may be used independently or
in combinatiofC[0149] Thetterfrefrfethjecrylie tésittusE¢ B RIA Fefers téaboljrerdf (heth)acrylic
acids and derivafiyes.thereof, or a gepolymerof (meth)acryhie acids, deriatiye.thergofiand other
monomers. In this regard, the expression (meth) acrylic acid or the like" used herein denotes acrylic
acid or meth&thiicaa 1 150)Spea icallyS examplesiortie (Rét) bcr§tictesitindude pélyacrylic
acid, polymethaceyic agids polyacgy lic ostess suchnas nolysethy acrylate- palygthyd acepate, polybutyl
acrylate and poly-2-ethyl hexyl acrylate, polymethacrylates such as polymethyl methacrylmte,
polyethyl metﬁﬁé%t@ polybutyl methacrylate, polyacrylonitrile, polymethacrylonitrile,
polyacrylamide, butyl acrylate - ethyl crylate - acrylonitrile copolymer, acrylonitrile - butadiene
copolymer, acrylonjtrile - butadiene - acrylic acid copolymer, acrylonitrile. - butadiene - styrene
copolymer, a r%o%tiile - sty é%eg@&peoﬁ?r%ér,amérfﬁyg;lgrﬁgﬁwa%?flgt% -Os]%yr%% c%%%é%ﬁ"er?m%egfﬁyl
methacryi -e aérlohitrikecapatyhér; methylimethacrykate £  atremethyD StyteneZcopuolymenr, dutyl
acrylate - ethyl acrylateacrylonitrile - 2-hydroxye meth em Iigf&%copo&@gr, butyl
acrylate - ethy Oaifc?ylgtree-%ae\ér?/goirﬁ]triﬁen- 2- édrgiég%ylorﬁe%%éry ate §g](?r§/ ic acid copolymer, butyl
acrylate - acrylohitsle 1 hygroxyéthys methasnidteccopolyiiiers bat acrylsee abddrjlonitilé - acrylic acid
copolymer, butylL.agylate ¢ gyl acyjate 5 agrvlanitrile;copolymer, etlyh agrylate, » agylonitile -
N,N-dimethyl acrylamide copdolymer, and the like. Among them, the butyl acrylate - ethyl acrylate
acrylonitrile cépol§imer @hd #RESHES a&i§idte - aenisAitrileREN-difrethyl&kramide REBBRter are

preferably used,J0}a1]Usepfihe {meth)aerylicresiaLhiained By copelymerizitg menemessihaving a
functional group such as a nitrile group, an epoxy group, a hydroxy:fgroup or a carboxyl group makes it

possible to infpfovetthe adiiésigh eﬁﬁ&@ﬁ%éﬁ%ﬁ&@ﬁ‘é@%@(& fRESHanting 1Ky ef 0) and the first
and second semiconductor wafers 210 and 220, and to enhance compatibility thereof with the
thermosetting resin_qr the like. An amount of the. monaomers used in the (meth)acrylic resin is not
particularly Iir&i?esdgéj a speckiﬁ% vgﬁel,snutrr%%?/%%’pre]f%raﬁ)s/ inttﬁe rr]%%ge%gﬁ a gisuty&itto § ?nol%,
more preferably in thesrapge of about @5<to 45 hisl%, andeverebéreiprefdeably: frithé yange of about
1 to 40 mol% n.a.total amount of the (meth)acrylicresip, By setting the amoynt of the
monomers to?gil%s\c/}vlt (i%]ré%jb a ?a[gr%ge, it?s %g%sible to iImprove th% adhesi(r}goqf the bonding sheet 65
(or the bondirgPlagér 60)tbrthe first afd séesnd semicoRd ActDr T8 D 10%HIE220 ehd-to Zeliably
prevent an adhgsive fercesQf,the bondingssheet 6 frore begenting tap) greab whieh assists i
enhancing workability of the bonding sheet 65. .[0152g]A weight average molecular weight of the
(meth) acrylicT8¥iRGS Hbt particitiRAfhREd 135 SpREifit Vati&Idut may be preferably 100,000 or
more, more preferably in the range of about 150,000 to.1,000,000, and even more preferably in the

range of about 250,000 to 900,000. By _setting the weight average molecular weight of the
(meth)acrylic fe&i B fall within 2 aBéve Fin ?e%t\%/se gogﬁﬂﬁstg%%%r&}éea fifRy f%r%cgiio ?bﬂjperty of
the bonding sbieet6h.{0153}r the case-where therphdnoxyrresireis tusedeaasothesfilmaformingresin, a
number averaggomolecular weight t ere f_iLs prfglerggl i@ tge éar%e %fbathqcutéotooo OJOS,OOO. Use of
the phenoxy resin HlarQ/ingmgggh humbet a\%rage mo ’ecu?ar%eig t Makes it possible to freduce
flowability of thedonading layer60 rarfdtmkdep the thickness of the behding layer®0 dhiform -
lo1541Examplek of a ghemical stryclye of fhe Riengyy tasih laciyde. Dutatsnal padicuarly fimited to,
a bi.sphenol A type chemical structure, a bisphenol F type chemical structure and a biphenyl type
chemical structare:&Xmong thewd Jitisigreferatie (v ase a'preneanrsit having alstiitatedlabsorption
rate of 1% or less- This,makes it pessibledo suppress goeurrence of feaming; efpegling attjbutable to
the bonding layer 60, even though the phenoXy resin is exposed to a high temperature condition when
producing theehfiEdmdictbfwaler bonded body 240 or mounting the semiconductor chip(s) 20 onto
the interposer [0155]In this regard, it is to be noted that the saturated absorption rate is calculated by
forming the phencxy resin into a film having a thickness of 25 pm, drying the film (into an absolutely
dried state) for one
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hour in an atmosphere of 100C, leaving the film alone in a constant-temperature high-humidity
reservoir kept in an atmosphere of 40C and 90%P.E, measuring change in weight every 24 hour, and
finding the weight at the time when the change in weight is saturated. Using the weight at the
saturated time, the saturated absorption rate can be calculated by the following equation (II):
[0156]saturat[q90§1qﬁorption Fate _(%11) :N{Qg@ightaaé.t sajurated yH”neh@vyeigI@tlat @ngl%allg@qgﬁd time)} /
(weight at absolutely dried time) x 100 ...(ll[). [0157]Further, in the case where the polyimide resin is
used as the FAXRIMIAG resif, it ¥ presterabhy fortRB Polyifide redih 8 hdvetifdidé borfdlin one
repeating unit dhereof, (91581 Examples-of such a.palyimide esin include aqlymers ebtained by
reacting diamine and acid dianhydride with each other to synthesize polyamide acid, and then heating
the polyamideSitid tddelifitate an®hing BRIt Bxantgies 8P thediamite iRGRbe *4rokA&tic diamines
such as 3,3-dimethy1+h4-dianine diphenybddrdimethylezer 220.
phenylenediamine,2,5-dimethyl-p-phenyienediamine; siloxanediamines such as
1,3-bis(3-aminopropyl)-1,1,3,3- tramethyl disiloxane; and the like, one or more of which may be used
independentlycirss Tombinationy [0159 Feurther, exapiples di te acid diadydride ibelude2,3,4,4'

-biphenyltetracarboxylic. pyromellitic acid dianhydrate, 4,4'-oxydiphthalic acid_dianhydrate,.and the like.
[0160]In this :l%lgaa ,ﬁ%’sl H))/gbemﬁ(?)te%1 ﬁl%%gug}ﬁa gep%mrlnic?el ré%/lln Ertm%aey be either 50 a)él%aé?i%aéoluble to a
solvent whiclzwilinbé elesaribed belowpalthotmghithe soleblecdise ispréfeted.arhepolyimidetresin
soluble to the, seien, snows Jaareasedyoutial soldOy WD Tsppeello I dansiitianinatgrials -
contained in the liquid material 61, which makes it easy to handle the polyimide resin. In particular, it is
preferable tokise &sifoxafieimodified palgidide pasin WhidiPean Be disolved in ARy ifferent
solvents. [016LIFustherthe filmrforming resinduay beia cominersially availableans.Additives such as
various kinds of plasticizers, a stabilizing agent, an inorganic filler, an antistatic agent and a pigment
may be mixeBwith-tHedboHtihg SHeet 85 to 2hfei&ént HEE b8 ot At Etfbets providdd by the present
invention. [0k62]AR amountefibe film-frrmipgdesin eentained if the hxpading speetich isi preferably in
the range of about 5 to 45 wt%, based on.the total amo#nt oéthe cons,tiéuenttmaterifls %f the bonding
sheet 65. By Bettingfthe ahiodiit ST35E fitd-Fornting 1RSI Yo YA with i eGcHs Fatde it i pdEsivle to
suppress an irtcseasanin an elastie modulis:obthedasulatinggpotrteon 226 while inhibiting a decrease, in
the film formation property of the bonding sheet 65. This makes it possible to further improve the
adhesion between the bonding layer 60" and the first and second semiconductor wafers 210 and 220,
and to supprd$&? increaslinca medtndscosity b iteerborfding sheet®5;1f9d63jSuch &bonding sheet

65 can be prodycediby, e.g., dissoling the flux-getive quring agent; the; thermasetting resin, if desired,
the film-forming resin, and other components into the solvent to prepare a bonding sheet formation

material (or aNRjifd Fateraly) appiping HelBaRdimf SReetIdrmtation MateFal ¥pPa Yeéledse-fieated base

member such agaipolyester-shaetor the like,semavingtherselventfram the bonding sheet formation
material at a predetermined temperature, and then drying the same. [0164]In this regard, it is to be

noted that the solvent used at this time may be the same one as described in connection with the
above procespol@663]. [0165fhurtheri adhicknass éan averagle thieknessy ofdried either

naturally or artificially, e.g., by heating the second

semiconductor wafer 220 with a heater or the like.

[0061] A  thickness (an average thickness) o©of the
bonding layer 60 is not particularly limited to a specific
value, but may be preferably in the range of about 5 to 300

um, and more preferably in the range of about 10 to 200 um.

[006&2] Further, 1f necessary, the bonding layer 60 may
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the bonding sheet 65 is not particularly limited to a specific value, but may be preferably in the range of
about 5 to 300 pm, and more preferably in the range of about 10 to 200 pm. [0166][1B-3] Next, the first
and second semiconductor wafers 210 and 220 are positioned together so that the ends of the
connector portions 212 located on the side of the functional surface 211 correspond to the solder
bumps 224 Igcated ondhe side.of the rearsytface 223.As shewn dr kG 4C, the fisstandsecond
semiconductor wafers 210 and 220 are brought into contact with each other through the bonding layer
60 (or the bohHingCsHEE? 68), tRergBy bibdutingaRemicohdBetoP vafdt St Red BBty 236 which the
first and secend semiconguetor wafers 210 and 220 are stacked together (second process).
[0167][1B-4] Next, in the same manner as in the above process [1A-4], the semiconductor wafer
stacked body 230 is compressed in a thickness direction thereof while heating the same. This
produces a sppueanductor waferdygnded:-hodyi 248ras, shawer in BdGd4Bg [0168]sT higlMethod for
Bonding Semiconductar Wafers> xt, description will be ma n the method for producing the
semiconductBFWéféjrebgon &t L}fod)? 54(.!)\1%%?% %%atﬁird%g od for %%)dinogfserﬁ%nda%%nv%afers.
[0169][IC-1] Biesti adinshsemiconducterwafe? 210 andZal secormitsemitpndudtbe waferz20ngach having
a plurality of each circuit partions n st% | %@ rayi are prepared. (fi 0 70]In this
embodiment,fgg Sﬁo{v%/ljm iri% @IégabyA,Beéac qrové%%t#éj irst%ﬁ%\gggggng fém%ﬁ%ﬁ%ﬁ%a%@%g %nd 220
includes a pléfalitywf eleiodest(@bt stowDqarovidedon'thé fohcldial strfade ZAatér 221 &hereof and

connected to.the each circuit portions<and a plwality.of copnectos. paryens, farcongigtive, gosts) 212

or tzz provided so as to extend through each of the first and second semiconductor wafers 210 and

220 in a thicKressTdieetién BieredPand efectridaly fcdnie clet® the EeGrRBE FeE7 1{A6R3] Next, as

shown in FIG; £8, a liquidmaterial 61 septaining adlux-active £yring agert, a setingstesiniand solder
powder as constituent materials thereof is applied on the rear surface 223 of the second

semiconductSr{vafer9 56 oherdtiFormingH Bondit Gty S 60 F6 £ F2] THE S5hie method atdescribed
in connectiorpwith éhe-ahovenprocess: [1heRHdanybe aged incapplying thevliqisid material<tlodn the rear

surface 223.[_r 173]In this regard, it is 1 ?e noted that the baonding layer 6Q is for by lying the
liquid materia 1 o%etﬁé reSaLgf ?uar%%e %g : é?r?cé ti%%?er%%ﬁ%%laogo \H/en?ucro% aine %Ethe |?§l§d material
61, namely diyirg thehiguidwmateriaf 620174 The digdigbrivateriak 6 Eniayrise deied: éitberinaturally or

artically, & g;.by, hegting the £ecapd semicondyctor waler 220t arheptarrdh e 4ng

[0175]Further, if necessary, the bonding layer 60 may be subjected to a temporary curing treatment.
This makes ig6ssiisle £ el keas ashapersithe boRtFRAapers0 tus RFREEC I 76} this
embodiment, the bopdinglayer8Qis +he bonding layers 60 are formed on both

the rear surface 223 and the functional surface 211.

[0064] The flux-active curing agent serves to reduce
surfaces of the solder bumps 224 when heating and
compressing a semiconductor wafer stacked body 230 in a
process [1A-4] which will be described below. This makes
it possible to increase wettability of a solder component
constituting the solder bumps 224, and to enhance
agglutinability of molten solder bumps 224 between the
connector portions 212 and 222 which will be described
below. As a result, the connector portions 212 and 222 can
be connected through the joint portions 225 formed from

solidified products of the molten solder bumps 224, which
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provided only on the rear surface 223 of the second semiconductor wafer 220. Alternatively, the
bonding layer(s) 60 may be provided only on the functional surface 211 of the first semiconductor
wafer 210 or on both the rear surface 223 of the second semiconductor wafer 220 and the functional
surface 211 of the first semiconductor wafer From the viewpoint of simplifying the processes in

the method fak harding segycanducterwaters Jbis,prefareechthad the bendingdayerfa is:provided on
one of the rear surface 223 and the functional surface 211. On the other hand, from the standpoint of

enhancing adegi6s betwaenthe Thst amtlse’BAd $ermicbRBBtRr waiérs 226MHnd20 hAHe
semiconductpp wafer bonded body 240 produced, it is preferred that the bonding layers 60 are formed
on both the rear surface 223 and the functional surface 211. [0177]The flux-active curing agent serves
to reduce surfaces of solder particles of the solder powder when heating and compressing a
semiconductpoasidr stackerhhadye230 ina prosese OEdrwhith wilkhe desetibed befowsxFhis makes
it possible to iré%rleage ngﬁlgi”tyaOfe% §°|ﬁi§r c%mggner){.ccgrrgasiitutiglg 1}he sglrggr é/zvdgcar, %rgjeto promote
self—organiza%on of olten so?dergpowder. As% resGIE he conngctor%or Ions 212 and 222 can be
connected thtbgghmtirsjoint portioas 225 forfed $rontéatidified:predudtsof themmolieressldér powder,
which makesiL possible g reliably gbtain, condiclion bepugen (ie.connadior partions 212 and 222
through the joint portions 225. [0178]Further, itis preferred that the flux-active curing agent has a
functional grédis BBAGEBIE 16 the ¥erRoséttiAg résin. dhidethe flax-active Elriigragéentserdes as a
curing agent whefythermally curing-the therrrosetting resin,and js bonded t@ﬁ@%&%ﬂ@é@ﬁ' g resin.
As a result, it is possible to appropriately suppress occurrence of ion migration which would be caused
by flux comp8HERERSRIUES T HEB6RdIAG 1ayer 60LGITRE SRMidSHdIttSANafer BBndedpsey 240

prodt:jced- Flli%hefmfke,é%@@ﬂdmquéh@cﬂusélicﬁivxe g/u@wga@}g@ah@ the faermasettig ﬁs?ﬁaw) alfso
provides an effect of increasing an elastic modulus and/ar a glass transition temperature (Tg) of a.
Cured produdt BF 1 BiMROSRING TSI TOTAAT PkiNg 0 aBUS RIS Into SEEBE TS referred
that a curing aigent haxikg acarlaxyl greup aidiara phenelic bydroxyl graypns used as the:flux-active
curing agent, 'an% s%rggt@{igg agent as d s%ribeg(i)@ ggnrslecatlion é"’é@e@% abgve grorceeésg,[}lA-Z] can be
used as the fFux- ctive curing agen?.l[al i this regarcf it iS to Be noted that the flux-active curing
agent having=a:catbea/t groupahdiosa phehalic hydroxXyd grouprisithrcei dimensiopaliy introduced into
the cured progﬂﬂ og@eathgm]g%etggg&ggg sgjlfh@éhg@&ggg@i@iq{gthgéiggrpy reaction therewith.
[0181]From the viewpoint of promoting formation of three-dimensional networks of the cured product of
the epoxy resin, it is preferred that the flux-active curing agent contains, in one molecule thereof, at
least two phepgdig frydroxyl groupsyvhichcanipge banded te the epexy resinand:at least ong carboxyl
group which is directly bonded to an aromatic ring showin%*aaﬂux action (or a reducing action) with

respect to th& §6eF pEidet '8 AExGHpIEof SFGTE fILBEHCRE chring ARREMtIudEBEhzoic acid
derivatives sueltias 2,3x dilnydroxyhenzpic-asid] 2 #rdiipdroxybeszois acithgentistic agigh ve
(2,5-dihydroxgbenzoic acid), 2,6-dihydroxybenzoic acid, 3,4-dihydroxybenzoic acid and gallic acid
(3,4,5- trihytho?(%élﬁzoal‘ggci%); naphthoic acid derivatives such as 1,4-dahydroxy-2-naphthoic acid,
3,5-dihydroxy-2-naphthoic acid and 3,7-dihydroxy-2-nannthoic acid; phenol phthalin; diphenolic acid;
and the like, w%gg ore of M]icl%m%y bge s indg&enq%ntlyé?r igecorﬂgi{ug 'ontéoa]t83] ,Hgther, an
amount of the flux-active curing agent contained in the bonding Tayer 60 Is preferably in the range of
about 1 to 305M19%,-arv- iroee preférablyainahé rargeloitabouts 1 08Wtos) traged @ndd totalaamount of
the constituegtmateyinls ef e dapding guer 60 exaudingdbe soldes RONRIaThiS makest possible
to enhance the flux activityin the bonding layer 60, and to prevent the fluxaotive curing agent from
remaining unféEctdd withi the thei$etfing regirtiithe-BortlingUayerd6 02 8fiHe sBAiiéauétor wafer
bonded body240, thereby apprepriately/iphibiting geelirance ohigaryigration whigh wauyld be caused
by the residual flux-active curing agent. Furthermore, the flux-active curing agent may exist
outside the sBfIeFpErtEleS T IRE SolderrBGNder irf tHEbaTding Tayer 607 FoPERamp® theSolder
particles of thiensaleler gyveercnd thei ue-actise euringragent may be dispersed into the thermosetting
resin. Pilternatively, the flux-active curing agent may adhere to the surfaces of the solder particles of
the solder powder dispersed in the thermosetting resin.Since the flux-active curing agent exists outside
the solder pafticlesBdf the solderpoieder oif cam effiCienty anovertoward intgrfages betvweemthe solder
particles of the solder powder and surfaces of connector portions 212 and 222 to bring them into direct
contact with each other in a process [1C-4] which will be described below.As a result, it is possible to
enhance connection reliability between the connector portions 212 and 222 and the joint portions 225.
[0184]In the semiconductor wafer bonded body 240.gbtained in the subsequent process [10-4], the
thermosetting resin serves to insulate the adjacent joint portions 225 by an insulating portion 226
composed from the cured product of the thermosetting resin, and to fix (or bond) the first and second
semiconductor wafers 210 and 220 together.




[0185]The same thermosetting resin as described in connection with the above process [1A-2] can be
used as the thermosetting resin. [0186]Further, an amount of the thermosetting resin contained in the
bonding layer 60 is preferably in the range of about 23 to 90 wt%, and more preferably in the range of
about 35 to 80 wt%, based on the total amount of the constituent materials of the bonding layer 60
excluding the,salderpawder (This gnakgs it pessible t90bigin:supeden curabjlityaf the thegmosetting
resin when curing it, and to design good melting behavior of the bonding layer 60. [0 87]In addition, it
is also prefeﬁé&ﬂ%]al&riﬁﬁJdﬁeﬁf’é’tﬁ@?ﬂf&?vthéﬁuﬁé@éﬂ?eté&in@%ggnla&%ygﬁéﬁ@n sifply referred
to as "curing ageph’ isiadded-i-therthermesetfingriesinohhisimakas pogsile to-fusthes gnhance the
curability of the thermosetting resin. [0188]Thesamecuringagentasdescribed connection with the
above proceg‘ﬁﬁ&ﬂ(@an be used as the curing- agent. [0189]Further, other constituent materials
than the flux-active curing agent and the thermosetting resin may be appropriately added to the
bonding layer, amples_of which include a coupling agent, a flux activator for increasing the
activity of thetﬁugx'a-g)étive cur}:‘gﬁagggnetsand (\Jlgrioug&glnds %fé%%ﬁ?%% forallr%%)(r%vinﬁ%ﬁ%’er@%@%roperties
such as resinicampdtibititys stability anddvenkapitityl §@19¢]useanf Sath aacduplingragent drakes it
possible to f ;:b%rﬁ C t%e hesion of bonding layer 60 to the first an ond semiconductor
wafers 210 ;%d éOQT/[ 1%?%T 8 %%rr%esh gguﬁi%%%égégr%%%sgés%% edin %%n%éc%ﬁ’c%q%\fgv(i%tﬁ thé above
process [1A-2h¢an b&@sed as the coupling agent. [0192]An amount of the coupling agent contained in
the bonding layer 60 is preferably in the range of about 0.01 to 5 wt%, based on the total amount of
the constituent materials of the bonding layer 60 excluding the solder powder. [0193]The solder

particles of thePSol8ér powdé&raremefed When Heting and €ofipréssimfiie sefcoidtttsr wafer
- stacked bodyi 230 ithe sdbssauertpresass Ak andithe meltgn selderpaticles are-aggregated
between the connector portions 212 and 222 in the bonding layer 60. Sqlidified products of the molten

solder particl8§ TS tHe it Fottidhs 22810 eleRHEAN tohnect iR Bdinectdt Poftiong 819 and 222

together. [0194fitta-preferred thatieesonsiitireiirmateriatof the salderpowder israyalloydegntaining
two or more metals selected from the group comprising tin (Sn), silver Ad), bismuth (Si), indium (In),
zinc (Zn), Iea%e( ﬁ?%ﬁ ré%%qﬁiég%éﬁ)? In termsao?%dmelting t%rrﬁ)f;é(#é‘tﬁ?g and mech%ﬁ(ijt%%r%ygperties of
the solder poeeratigjpartiotilady preferablelto usetraySnictmtaining @iy suctyas. aiSn«Phealloy, a
Sn-Si alloy, ﬁg—é%gugyl PCSQ'&QEC%@!&%%&S@E C@I@Me[oll%%An average particle size of
thesolder particles of the solder powder may be suitably set depending on surface areas of the first
and second semiconductor wafers 210 and 220 and a spaced-apart distance therebetween (namely, a
thickness of thgdpnging layex §0), Tdle average partislessize of the;sqlder partigles of the, slder
powder is preferably in the range of about 1 to 100 pm, more preferably in the range of about 5 to 100

pm, and evePfidté bt&ferabfiiin théFangEofsoout 18518:SblpmhIBy séfting theraleidgéJrarticle size
of the solder pattisies ofithesolderipanderiodall wathinsuchhgrangedt iscpassibie ke xelially gather
(aggregate) the molten particles (solder components) of the solder powder on the surfaces of the
connector poftiona Ziﬁ%ﬁ%rﬁf in Sﬁe@i%ﬁﬁ? is%%‘é%fbjre @%Eﬁéﬁe&%%cﬁﬁ@ént 8oNTECt8rportions
212 and 222 froirsbeihgdiridgesit(©y candected),laric:to prevent the adjacent connector portions 212
and 222 from being short-circuited. [0196]The average particle size of the solder [0197]In general, a
melting point of the solder powder is preferably in the range of about 100 to 250C, and more preferably
in the range dftdbtRit 130 to 28a@p This makes it pessibié tgpsafficiently sebwreyflovwability: ofithe

thermosetting fesin, gad the @&%ﬁ%&@g‘e?_&ﬁées'%%%g 'ﬁé}eré?ebe{%;ﬁboﬁiﬂ%é“r%%g%r}:dﬁ? reliably

prevent thermal degradation of the each cirCuit portions formed on the first and Second semiconductor

wafers 210 af@peela (1), formic acid, acetic acid, propionic acid,
butyric acid, valeric acid, pivalic acid, caproic acid,
caprylic acid, lauric acid, myristic acid, palmitic acid,
stearic acid, acrylic acid, methacrylic acid, crotonic acid,

oleic acid, fumaric acid, maleic acid, oxalic acid, malonic

acid, succinic acid, and the like.
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[0198]Further, it is preferred that the constituent material of the solder powder has a melting
temperature lower than a curing temperature of the thermosetting resin. This makes it possible for the
molten solder partings of the solder powder to reliably be aggregated on the surfaces of the connector
portions 212 and 222. [0199]In this regard, it is to be noted that the melting point of the solder powder
is defined by an endothermic peak temperature thereof measured using, a DSC (Differential Scanning
Calorimetry) method, at a temperature increasing rate of 10C/min. [0ato]An amount of the solder
powder contal®&d thl bonding ¥8yer 661is préferibly In thelrange of about 20 to 250 parts by weight,
more preferably in the jiange,of about 4Q tQ 230 Darts.hy, weight,,and even, more preferably in the range
of about 50 to 160 parts by weight, based on 100 parts by weight of the total amount of the constituent
materials of thé b dﬂng layer 60 excluding the solder powder. By setting the amount of the solder
powder to fall within such a range, it is possible to reliably form the joint portions 225 from the
solidified products of the molten solder particles of the solder powder. As a result, the connector
portions 212 414 %% can bé&BREGEly céjrﬁwectté}aetoge?ﬁé)rn“tﬁ;dlfgh tH& o PortiGns 225 a reliable
manner. In additomdbe ipsulating portian 22648 formed frome the, curedqproduetiaftheabermosetting
resin, which makes it possible to reliably insulate_the adjacent joint portions.225. [0201]Further, the
same soIvenrt‘gaesr(ﬁgshcgrllrbaedl in cgncnlecgtionhﬁﬁhl%eelgﬂig\}é prc‘?tcceis%ls’[1ATQ:?)Z]lénaenlzt‘%éL Eégd a‘{i;c tlf%’solvent
contained in thedigeid materal 61, [02023An apiount ©f theasaldent coptahed inithe licguid material 61
is preferably %ﬁif%ﬁé‘f'ﬂ&&a{‘%é%ﬁ an.amount of § !addCO”BB?bf&q_@S 5%?8;%2%‘11 the solvent
(namely, the total amounts of the constituént materials of the above described bon mg?ayer 60)
becomes equatttcabsudCl G t0L60 Withs 0203 nithisiregard, Bris préferredihacthe bordingtiayer 60
formed on the reay sudace 223 using;the liquid material §l-¢entaining thedlsactiyecuring.agent, the
thermosetting resin, and the like has the following properties. [0204]More specifically,in the case whe
bonding layer?60 formed ot e reaF StiREE 223 has Athitkne SEHAEGD-Fm, & Fih viscosty at 138C

thereof may heipreferabintheirange ©f abput 0.04-10:16,000 Rassrinere-preferably intherange of
about 0.1 to 3,000 Pa-s, and even more preferably in the range of gpout,%S fo 1,0%0 Pars. By setting
the melt visco%ﬁﬁ%?‘tﬁéi%ﬁaﬁ‘l%llﬁy&céﬁl to AT Witinuch a' range” itiS poSSibE 6 5re08A A
reduction in cannégtiomeghiabhity which wiould occuras e bonding: kyer, 60 i3 biedkfsem1ionded
objects, i.e., tgg fikr1 tr%n.dcsegon% sgrrp(iico?dgc_tgr }/lva(g%rgxm_ozgrﬁ% 220 c(j)l:JLlr(i:ng|aaLC ;_1 atinﬁno?%eori\tion, and
to restrain the bon ing JI'ayer%i) rom contdminatin neighboring Fﬁemhbers. In addition, it IS possible to
prevent genetationaofiair bdbbles e thechendiflg layest 60:and bseurrence of defects such as
insufficient filling of the cured product of the thermosetting resin in the gap between the first and
second semiconductor wafers 210 and 220. Moreover, it is possible to prevent the molten solder
particles of thé &®¥dar powderyer Soldérsyfrom Béing eXceddhrely #aP sgreallowhiéhsvould fead to a
problem of sheggirauiting:the adiagant gomnectar Porions21gamnh222. fds-alsopossipleite avoid
occurrence of defective bonding between the connector portions 212 and 222, because the
thermosettingTESfiTand tH& SBldRr POWIRF &ré frelTited rofffehfaihing intRE iRt PortibhE 225 and
the insulating poticr 226 vkespectively ayber metallisaly: hondingdhe gapsector pertians:212 and 222
through the jqki)nt portions 25dforrged from the sojg%ifiedcgroducts gtcthe molten.solderé)(?rticles of the
solder powder.ﬁoﬁ)esrﬁﬁ his regwar‘a,nit iS16 béThoted that the meft V|slcl%%ityr(€)afS the’bonc ng EI:l('];[ijyer 60 is
measured by e fallbwinganeasurencent metrod. Inmethed words, theroadiigilayer €0 haviag a
thickness of 100 pm is measured using a-viscoelasticity me ing instrument (produc JASCO
International %STP({E%% atfg%%gnpégturgafmcs%aesinssgér%a:f)éogf%%géﬁngm gégl %ﬁre%%?é%%é o] f Hz under a
strain-constant &tressiéensing-edreditdn. yihe' méltivisddsityadfehie boadingdaydioatiean beldbtained by
measuring a iscosity therept gt.an atmogpheric fempergjure of 223C,which is @ meltingpaint of a
96.5Sn/3.5Ag alloy. [0206]The thickness of the bonding layer 60 is not particularly limited to a specific
value, but maj beSprefsiapfy itlthétah§e o abdutts to 300 Prt cmiBFs!Breferably intheTakge of about
10 to 200 pmangigwen mgre preferably intherange;ofabout 13 0 150-urer By seffing the thickness
of the bonding layer 60 to fall within such a range, it is possible for the insulating portion 226 to have a
great enough IRIERAEECHRE 16 haVié itfeadstingEhamealstrength. [0267-3] Next, EESRwN in FIG.
50, the first semicepduetonvales 210 and theisecandsemticonductor water 220:having thenbonding
layer 60 formed on the rear surface 223 thereof are put in a face-to-face relationship with each other
so that the functional surface 211 can be opposed to the rear surface 223. That is to say, the first and
second semiconductor wafers 210 and 220 are brought into a face-to-face relationship in a state that
the bonding layer 60 lies between the functional surfzafe 211 and the rear surface 223. [0208]The first
and second semiconductor wafers 210




and 220 are positioned together so that the ends of the connector portions 212 located on the side of
the functional surface 211 correspond to the ends of the connector portions 222 located on the side of
the rear surface 223.Thereafter, as shown in FIG. 5D, the first and second semiconductor wafers 210
and 220 are brought into contact with each other through the bonding layer. 60, thereby producing a
semiconductqr wafer stacked bady 230 ] h'c%m the first %RF?& ' to fers,210 and
220 are stacl%eeof t%ée%e%} l(%s(:}éf::'on E%OLE:e%sr}ls\sl}., [é 09 gca?ﬁll%?(ctt?a%ss ow%%mmligléggg%hg y:s@mgl%:lt(ajnductor
wafer stacked body 230 is compressed in a thickness direction thereof while heating the same (third
process). [0210]At this time, it is preferred that the heating is carried out slowly so that the
thermosetting resin can be completely cured subsequent to melting of the solder powder. [0211]More
specifically, alR€dtflg températite € prefefably'iff the PARIE B absGPITTRI250C, aid mofe

preferably in the range-ef-ahout 43010 1230C; altheugh it:may slightlyvary with the kinds @fithe
constituent materials of the solder powder and the bonding layer 60.%0212]This Takes it possible for
the flux-activd thfifg Hgentd6¥8ducé the SoffacesGtthd gﬁl?dér" baidles of ffE-8difer gowder, and to
melt the soldereomponenicaf-thesoldecpowder.Asna resul i motten-splderquarticles of the solder
powder move self-aligningly toward the syrfaces of the connector portions 212 and 222 in the bonding
layer 60. The?é%%,’thg ?‘%%f:e Csoﬁi&elrgpaﬁiaeg%f tHe's6 aéF%aWd‘eCr%aE%é )s’elfﬁa(?é%édgc Hggregated
between the coanectOngertions 24 2carch222 iKaereafter, the molten particles aggregated are
solidified to form the joint portions 225 through which the connector portions 212 and 222 can be
electrically connected together. [0213]Further, since the curing of the thermosetting resin occurs after
the solder poW@e? hhs beenFnaltéd: the insulatingportioh 226 composed fronithe curediproduct of the

thermoset“”%%%} Car‘l‘a'%ﬁ%m%d iptegianbetwaen . 1 St and second semicondyctarwaters 210

and 220 other than regions where the molten solder particles of the solder powder are aggregated.
This makes itRessitlé $6 blettricaifindGiatethetad a bR }SIRE pdRiGhI 2 TR RiBbIAt@hner, and
to reliably bong, {ar-fix) he fiest and segond sepiconductor walersz210,ar6, 220 tegether J0214]In the
manner described above, the molten solder particles of the solder powder are aggregated and then
solidified while’QirRg tRBthermdSettiig fesin. A% & TESIE the fSEARY Sec&E Emicondudtor wafers
210 and 220 arg fixed togetenthieughl therbending layes 60 Thus3itis pessible tagproduce a
semiconductoy gferPondEd bod#gﬂo in which the c,onneecégfr parfions 212 and, 222 are electrically
connected toget e>r<¥hr%rl}8 the joint p%ﬁlolnasré( cgrﬁpos oM the solidified” pr%JdUcts of the molten
solder particlesof-thrersalder powdeno[D2 15j¢rs this regard, itisdo belnotédttiat thecsgmigonductor
wafer stacked,porly 230 a0 hehealed. at 4 puadielgmingd sipgle Jempsyatie. Alepalively, it may be
possible to pérform a'stepwiSe curing process in which the semiconductor wafer stacked body 230 is

heated at 1506 #6100 sédsiiissaritl theh hedtéd bt 200CHdERDOeEONdS or BXpESEHApression

curing procesgdn yhich ﬁ%ri‘i,conHHEIr%l‘NafﬁB%@fgﬁd bpdy 230 is mgg-g_ggpre%%]@oc for 10
seconds and then cured at 200C for 10 minutes within an oven. Thus, the joint portions 225 and the

connector poftifs 1 P23 Ate BIEATEAR corftied HYBRIETTA b rRIIBBEThESNEEEY Tetallic
bond between the selder padicles of the solder powder and the connector portions 212 and 222. This
makes it possible to form joint portions 225 with reduced connection resistance and enhanced
connection reliability. [0216]Further, by compressing the semiconductor wafer stacked body 230 in the
thickness direptionghereof wiile heatingdhedzame, iibisjpossible-far-thevamolten:solder pakictes of the
solder powdeggo flow under ressure, and to effigi)eon}lyam%\ﬁ% gnc\)/ﬁrg tp}s/ é?ygfg}g?s g; 5@% cggnector

portions 212 and 229, [:(L)Z(i 8?<eyspgclfﬁélatfly?3 pressurein compressi

three-dimensionally introduced into the cured product of
the thermosetting resin such as epoxy resin or the like by

reaction therewith.

[0079] From the viewpoint of promoting formation of

three-dimensional networks of the cured product of <the




the semiconductor wafer stacked body 230 is preferably in the range of about 0 to 20 MPa, and more
preferably in the range of about 1 to 10 MPa. By setting the pressure to fall within such a range, it is
possible for the molten solder particles of the solder powder to be reliably aggregated between the
connector portions 212 and 222 [0218]In this regard, it is to be noted that even if the pressure
artificially applied:{o the semicopductar Vdf@f@f&@%@d ady 230,is 0AYIRR- adredetermipedpressure
may be applied to the bonding layer 60 due to a weight of the second semiconductor wafer 220 itself.
[0219]Here, #tRlthe Fre8&itiRventid theonddtsr Pbtfons 23584y 223 Gre'diédfically Connected
together thropighrsslidified prodiicks sueh ag theointPotions 225 st tike: d hanks tepthis;feature, it
is possible to reliably prevent breakage of the elect%ical onnection between the ¢ nnecto&ortions
212 and 222°€EHWHBA @ nsUIRANG portion 526 B3RO e &6ied broduct SFth
thermosetting sesiadretexpandesidynbeatgeneratedsram the semiddnductar chip(s) 20rduang
operation of '%hega d%ergicondlé t&r} rql VL?J?t]hO \J/:vgichevgijcl bteodeisé:ribgg%%gtwbﬁhissm%%s it possible to
obtain stable conduction between the connector portions 5 and IR other words, it becomes
possible to electrically connect the connector portions 212 and 222 together in excellent connection
reliability. [02 thicknes é joint pQrtian 225, i.ey, a thickn.ess ( rage thickness) of
the bonding Iéﬁ%@ 8 "in the %%Sran% c?tr%]l‘:%;ctgrr%t wa%eé%%nc%gd bfgclil?{ 2%%1% g%t pg:%i%%%ﬁy %r%%gg]to a
specific valuésutiaay he prsferably in thedafige ofl@béitad #07860 pre & morsSprefetably in the
range of aboyt § {0 15Q P By, feduging;a spacedsapars di beween dhe firstand:second
semiconductor wafers 210 and 220 in this manner, it is possible to reduce thicknesses of the
semiconductdF éRlips 20 tamBaIRFdie AR Seftidtnductowafer BORIREEHP 2403A8 % result, it
becomes possjhledo feduca:an ovetallthickaess of thensemicgaduster deyisedlO proyjdedwith the
semiconductor ¢hip(s) 20, and to make the semiconductor. device 10 lightweight. integration density
of the semicondUISH S SH FtTdEF iFa SinyT® ggﬁ\?@oﬁd‘ﬁ% ?/F&v(}otf‘]a%&ﬁglﬁus%?n%%nductor
package) 10,1and-thi tegdeeap-Qveralh sizecafdhe semigondiucterddewer 28 yFarthen sticeia
spaced-apart distance hetween the electrodes provi on the respective functignal surfaces 211 and
221 can be ma eC?srr?é\ﬁ it\léé gaésllgl% 5%&@%5%1 %%ga%rﬁgﬁr?t o‘?Fnlfg?’ma?\l%ﬁns%c?regr}%%%ﬁﬁ%le
semiconductdr gévice 10c[0222ikFaurthMdthodfbkBondingSemicondactof Wafers> may Next,
description wilLhe, @%e%%ﬁ&%ﬂﬁ@%@rig{og%iﬂgﬁg% semiconductor wafer bonded body 240 using
the fourth method for bonding semiconductor wafers. [0223][1D-1] First, as shown in FIG. 6A, a first
semiconductor wafer 210 and a second semiconductor wafer 220 are prepared in the same manner as

in the above prasess [10-1] geserined abgye (first pracess). [@224][ED2l Nexts a bonding sheet 65

containing a flux-active curing agent, a thermosetting resin and solder powder as constituent materials
thereof is prepafét: Tﬁ@i‘b%tb‘??gs sHowrtif FRET65,tHe hawGihg SHedtB5RS FteRistd bbtween the
first semiconduetor-wates 248 ansbifre secend semiconduatol wafere220apanged soithat:the functional
surface 211 and the regr s#face 23C can E)e Oppos dto gach other. [QZ%SQ’Hbeusacme attgrials as
described in E6AIFSESA WA the abova proc&s"[lAgﬂsé%n 56 'used &s the ConstitueRt matérials such
as the flux-active cuiihgagent;dhe therhyoseftinghresincarniithe dolgenrpavider chinfained kethe bonding
sheet 05. [02¢61Furibet Juis prefersd Inatine honding sneet: sGa ther egniains 3 imulaining resin
as the constituent materials thereof in addition to the flux-active curing agent, the thermosetting resin
and the soldergpoader.0Jse bilthedilmrforming rekim rhakes i possblectordaliablderh the ponding
sheet 65 into,a.film; shape. EA222JThe sameyesin as descrbgd n conpection with the, abgye process

[13-21 can be used as the film-forming resin_ [02281Further, the film-forming resin may be

commerciallycaBle oha&ddites saéh 4 Fariot8 karicsriasticiete fa stabfising ‘agent, an

inorgan. fillerpam antistaticagent pigraertipayihgmixad with thehonding shegt 65itgran extent
that does not mar effects provided by the present invention. . ,
migration which would be caused by the residual flux-active

curing agent.

100827 In the semiconductor wafer bonded body 240

24




[0229]An amount of the film-forming resin contained in the bonding sheet 65 is preferably in the range
of about 5 to 50 wt%, based on a total amount of the constituent materials of the bonding sheet 65
excluding the solder powder. By setting: the amount of the film-forming resin to fall within such a
range, it is possible to suppress an increase in an elastic modulus of the insulating 226 while inhibiting

a decrease ipgdilmforma property.gfthe bopding, 65. Thisdsnakes it pegsible to further improve
the adhesion between the bonding layer 60' and the first and second semiconductor wafers 210 and

220, and to StPPFESET InkPSastsf Bmer vigessifyof e BéAdifg Shget®h] 362301SdeR Atbonding
sheet 65 candeg-prasiueed by, 819 adissalvinosthefluxctivesurngagentshedhermesetting resin, the
solder powder, if desired, the film-forming resin, and other components into a solvent to prepare a
bonding she&FbfatdnMaEriallor & tiquitHialan “app¥ing ©%e BondiRg stiéet formalidh material
on a releaseikeated base memhensuthsas apolyestarcshest ot the ikegemaying theisalgent from the
bonding she%tgoréq%gté%n material at a predetermined temperature, and then drying the same. [0231]In
this regard, it 1896 beéToted that the solvent used at this time may be the same one as described in
connection with the above process [1A-2]. [0232]Further, a thickness (an average thickness) of the
bonding she is not partj limited-to cific v, y. be preferably. in t nge of
about 5 to 30 O%E?gmd morg%%?é{%%aggly ?%thsewgqﬁgg 0 al'té%lljt%%11§0(!;T§Cc5it 58% pr%?%%%é]ﬁ%fg%%lext, the
first and secdhittsemicondictaravafe s 280 arid 220 e posiionaPrgethes Sorthatthetends of the
connector poftions; 212 }[95@&@91% theside of thefunetiona) sudace ¢11,correspand g the.gnds of the
0

connector portions 222 located on the side of the rear surface 223. As shown in FIG. 60, the first and

second semiEGHARIGAKafERS 210 afd 22bvdre DRGEGHIAHD coRtact with £aéR bifertfifodgh the
bonding layeg 8@ (arthe bording sheei:6p).thereby predusingkd semiconduetorwaterstagked body
230 in which the first and second semiconductor wafers 210 and 220 are stacked together (second
process). [0233f1D-4] N&kt, AthERameRENnersS M tHe abdvet froceds PREA Hfe émitonductor
wafer stacked body 230 isicompressedin athickagsssdiraciign theteafwhiteyheating éhesame. This
produces a sg&if%o ducrtgr wafer bC ndeéjol%od){ 3240easc§%CiV¥% in FIG. GhD As geg ribed above, the
semiconductor wafer l?onudedcbody. 40 Can be prodﬁce using the firs e%81i‘ou"r[i Methods For bonding
semiconductoowafers 0285 2jtdexte agidratityeofisemicorductorthips 20 is obtained by dicing the
semiconductor wafer bonded body 240 in a corresponding relationship with the each circuit portions
formed on the respective first and second semiconductor wafers 210 and 220. [0236]By dicing the
semiconductdOf8fel bondedbody24Gprotiucéd Bisihg the medibdTer erfdiag semicondaétor

of the present inveption, infe a plurglity;of semiconducter chips {sermicondyctorehip stacked bodies) 20
at one time, it is possible to reduce the number of manufacturing processes and to improve

productivity i3 SERMEINARISFdAET 10 As omipgitdéd tetiRtahdte dQTRbEETRRTF AFtFRthod in
which semicanduetorghip stacked bedies.are mass:prasyiced by ingividuadly wtacking ,andikonding a
plurality of sa}miconductor chips together. [OZB?HS Next, an ir%%er oser (or.a substrate) 30 having a
wiring patterr 20 BF&Uide® 8R HH tpper Surf. tAThERSST and bURTE 96 provided OFF4 werSurface
thereof is preparedyanodthesemicondisttarndhips (Semiconduetonetementsy 20«arermounted on the
interposer 30 through the wiring pattern 40. A semiconductor device 10 can be manufactured by

way of the processes described above. [0238]According to the semiconductor device 10
[0085] Examples of the epoxy resin kept in a solid

state at room temperature include, but are not particularly
limited to, bisphenol A type epoxy resin, bisphenol S type
epoxy resin, phenol novolak type epoxy resin, cresol
novelak type epoxy resin, glycidyl amine type epoxy resin,
glycidyl ester type epoxy resin, three functional epoxy
resin, four functional epoxy resin and the like, more

specifically, a mixture of solid three functional epoxy
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manufactured in this manner, it is possible to increase an integration density of the semiconductor
chips 20 provided in a single package. This makes it possible to meet a demand for high functionality
and size reduction of electronic devices. [0239]In this regard, it is to be noted that the semiconductor
device 10 manufactured by the method for manufacturing a semiconductor device of the present

invention canr-be extensively-used in, b1 eallularhoagsxdigital cameras,.evideo gamerass car
navigations, personal computers, game machines, liquid crystal TV sets, liquid crystal displays,
organic EL di&plays, Prtéls, 4G the IkER62460Hile the Bt ol ot Bohdffy semiconductor wafers
and the method for manufacturing a semiconductor device of the present invention have been
described hegeéi%gg?dve, the pre ennt invg tion ﬁhalénot be Iim'&;ed theéetg e£0241 For qxamgle,
although the ve ‘descrip iOn is direRte a Ga5¢ in WHiCH eS,Slng(? firs}t1 erficonductor wafer 210
and a single Bepand semiddnduciorswafes 220 aredondediegether,chérméthde, fobbonding
semiconductgr wafers .of the present invention js not limited theretg. As an alternative example, two or
more second8 ggmi%%ﬁéﬁ%%i%ﬁf@rs%ﬁ?ﬁ% b]%os’tac Ch G\cf)lr? rzilosilng%e Tt semiconductor wafer 210,
and then theSitstrarghseécdhd semmicondustor wafars 2100aridr220 s, beobended toyetherfat one time
As another alfgrmaive exagplea single st ssmieandugtor wafer, 210-and g single second
semiconductor wafer 220 may be bonded together to" produce a semiconductor wafer bonded body
240, and then an additional second semiconductor wafer 220 may be bonded to the semiconductor
wafer bondeq bggy £40 thug,preguiced. [Qgézl}a@Qgﬂioaff%@éa@p@xfn%@é foreagbitrary

processes may be added to the method for bonding semiconductor wafers and the method for
manufacturing a’setHitdndidbfdedice BPHR préZéitiaverition EXAVPLES 094 3iNext Yescription
will be made pareestain specificexanplesmot-thepresentinvention.the raRepdustionad Bonding Sheet

and Preparatijon Bonding Layer Formation Materj . In this regard, it is to be noted sample
mumbere Toribe (10w S RsBONE T BRLOFE i ES (GO, dRUIy I whioh
bonding sheéts 0 boadiry 1ayepdarmation matepatsveiithe rbspentive sampld untimbets e used.
Further, Sample No. 18: corresponds to Com argtive ExamRIe M. 924@1- . Pr%dﬁuctigpnof Bonding
Sheet [Samp ROLTR S B4 o Bond ngancuts b bariile NSS. T8 1o 344 wero brsdbed by

dissolving vareuseohisohents (Benstituene matdrials} in migingoasiosshewrtin TablesakAvto 1-C into
an aromatic gearbonhased.solvent suchas tolygne.or xylene,an egier based Praanigsolvent

such as ethyl acetate or butyl acetate, or a ketone based organic solvent such as acetone or methyl
ethyl ketone fPprepate BvVaNERSa oA SkdtFomhalidr midteHair tpslyiRg Tthe Prepared varnish

on polyestgrsheet, and thendrying the ¥amish af atemperature which-is\suitably, setto yolatilize
the solvent. Further, an amount of each component shown in Tables 1-A. to 1-C is indicated by a
percent by wEiGhY bBsES oF S5 tdtal amount of the components. 245][Sample Nos. 18 to 21B and
Sample No. 113'1  Bonding sheets of Sample Nos. 1B to 218 and Sample No 18! were produced by

dissolving var'%ﬁ% g;mpone%sl&cgn%titu%r}]t mé"}%%r&a@ i% g]ixén% raggse %QOVSV”QQ j.:l'nable:geﬁsxi E‘Qd 3-B into
an aromatic h(/ carbon based soivent Stich 35 t6luené or xykfene, an es?erebasedgorganlc solvent
such as ethykagetaterarcbutyl acdtate korradketonelbased osfanicsoivent suek hg acetoriener methyl

ethyl ketone ggaﬁéeeoag%a v]%rﬂjgh @Sbo&ging 5sh%%t%forrg%t&onn[g%eri I}, %%Q'J)éigg hq prepared varnish
on a polyester sheet, and ﬁ'\en rying the varnish at a temperature which is suitably set to 'vplatilize the
solvent. Faitlier, an aanourtt of eadly campoiient shafgrinorabldse3-Poded 3 sinticated by a

percent by weight baged-qn adotal amount ghthe cempERensnging layer 60. This

makes it possible to obtain superior curability of the
thermosetting resin when curing it, and to design good

melting behavior of the bonding layer 60.

[0089] In addition, it 1s also preferred that a curing

agent other than the flux-active curing agent (hereinafter
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[0246]1-2. Preparation of Bonding Layer Formation Material [Sample Nos. 35A to 45A] Bonding
layer formation materials (liquid materials) of Sample. Nos. 35A to 45A were prepared by kneading
various components (constituent materials) in mixing ratios shown in Tables 2-A and 2-B using a
three-roll kneader, and then subjecting the same to a vacuum defoaming treatment. (024712.
Manufacture of emjcopduclp Deviee, Twenty seaiconducior deyicesyveryaquiggiureddn of -
Examples and Comparative Examples described below. (0248j[Exam1A] -1A(- First, as shown in
FIGs. 7A andt?6 tiessilico@afersHamely T 8-ekaést Wafers eaék havitg a tHickness of 60 pm)
were prepareg, Qnheach atthe silicom wafers rfifby eireuits 3L eagh havingsp size of 20 mm 20 mm
and a plurality of penetrating metal (copper.) electrodes Through silicon via 311 were formed. [0249]In
this regard, it is to be noted that FIG. 7A id a plan view showing one of the circuits 310 formed on the
silicon wafer. Fg6o @8 is a settignyiew taken along dine AA iaddt: 7AnO2588 s gam-besseen in FIG.
7R, 28 x 28 penetrating metal electrodes 311 were provided.in each of the regions A tp D of the circuit
310 so as to Extend ﬁﬁgbbﬁﬁjtﬁé Hicor Wat&in B%hicRASSE difectidR th&of, @ G%%Se of
evaluating commneatiorn: bendudtivity ancriaselatipn grapenty; 4n the regiend\ firstrio thied terminals and
twenty secon% tg twentg e;‘ouerth term}rgaasli were pﬁ)é/é(:(lfd SO %%tQO bc%%%?nn%cé%% to some 89312 It}he
penetrating mek%alreele&rodesp’opﬁypresen{lin]this region A through wmngcfines. m the region B, fourth to
ninth terminalBhaererprowitled so ms¢e beleconhected te someiofdherpendtrating sistal efectfodes 311
present in this. g%gjggﬁg‘go%gﬁa/iriggéin%% Ag§her@591%n gnte@w@togigtggg%termi als were provided
SO as to be connected to some of the penetrating metal electrodes 311 present in this region C
through wiring ik&&.sRueHer; ircthesSregiviiDe Sixtdatth ¥ fwemgirstefriihaleierd Prsvidéd so as to
be connectedttgesqgg%g){%e penetrating melalalectrades 3L presantin this tegien B,threugh wiring
lines. In this regard, it is to be noted that an interval (a pitch) between the adjacent penetrating

metal electrod@$3 PR HESR EGEEFHD P3P pma f0253 jRurtier ROSHIW s . P3 eRsttiidat s

conductors 312 foy conrectingssome-gfitheadiacent penedading meetalsiaciredess311avareprovided
on a rear surface 314 of the silicon wafer. [0252]-2A- Next, using a flip chip bonder, lead-free solders
(having a compSsifioh oPENPEBAGSE melting point of 221C and a thermal expansion coefficient of 22
ppmPC) were placed on a functional surface 315 of each of the silicon wafers in such positions as to

make contact |H%me penetrating metal electrodes 311. The lead-free solders were tempararily
bonded to eaﬁlvr%S of the siliconléa%ra%%:%{nd thgcr%@&%jle%ed to § Feflow rggﬁr%esnt (bf} “f)gssing1 ?ﬁ:e same

through an IRc@floivamaehike fari80. seconds atpanakintunt rkIaperatureb260C @mmm’iﬁmum
temperature of 183¢) By, doing sq, (e leadsfree; solders yere honded 1o, the R:ef‘e%%%c!:?}ﬁim

electrodes 311 to form solder bumps. A diameter of each solder bump was 40 pm. [0253]-3A- Next,
the bonding seéhof & pie Nev1 A RasattaehetSRth S imkeisARLSUrface 815 offedthoof Hie silicon

wafers with thessolder burpps usinga¥aqum il laminater (JWYEPr8Q0/6@0-2A" predusec by Meiki
Co., Ltd.), [0254]In this regard, it is to be noted that the attachment of the bonding sheet to each of the
silicon wafersifeig e Fac it iR I&hiRorRas PetformedUnder th& treatmBRCSSHHdtiGHS of 100C,

0.8 MPa and 38seepnéls; (0285} urthet ha thiekiagssoofithedoneling sheet of Sample No, IA attached

to each of the silicon wafers was 40 pm. [0256]-4A- Next, two silicon wafers with the bonding
[00S2] Examples of such phenols, specifically, include
bisphenol A, tetramethyl bisphenol A, diallyl bisphenol A,
biphenol, bisphenol F, diallyl bisphenol F, trisphenol,
tetrakisphencl, phenol novolaks, crescl novolaks, and the
like. Among them, the phenol novolaks and the cresol
novolaks are preferably used. This makes it possible to
preferably adjust a melt viscosity of the bonding layer 60.

As a result, it i1s possible for the curing agent to show
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sheets obtained in the above process -3A- were positioned together, and then temporarily laminated
themselves with alignment using a press machine ("VH1-1758"), thereby producing a silicon wafer
stacked body. In this regard, it is to be noted that the temporarily lamination of the silicon wafers
with the bonding sheets was performed under the treatment conditions of 150C and 1.0 MPa.
[0257]-5A- Ngxb, dhe-silieqn wafer |@'1‘mﬁt%@190®b9§?i”§Q§@ﬁheiﬁb%pr96%%§tr@' wascheated to a
temperature of 250C while keeping the state of the above process -4A- unchanged and gradually
releasing theXressurB4s BEEH™ 0.1 Mibd or IB&S therbby REFME Afetat Bondsetviebrfthe
penetrating rpetadglectrodes 8Ll prasent indberespsctive fegions Atad efdhe cirguit 33@.and
solidified products 313 of molten solder bumps as shown in FIG. B. Thereafter, the silicon wafer
laminated bof§) was Fehdt88 ati®BE fo BT mtites, thBXby FrbduRing s sicsi wafer Bonded body
including a citeuit-handed:body 3204n avhich twe titeuwitsraHd ateaeleetrically connected together
through the solidified products 313. [0256]As described above, in each of the silicon wafers, one of the
penetrating metal electrodes 311 is connected to another adjacent penetrating metal electrode 311
through the el@&@f84l conduEtort3i2r Thereforeebycearmeuting thetenetrating netalwiecttedes 311

provided in one silj ter t res ing etrafi tal tr 1 ided in the
other silicon \(/avg erdt;l%c])%%g tﬁg%oﬁgfﬁgéirggggtg '3%? aé@%%%vﬁn%%%ﬁ% ggp‘ﬁzégllltya%g v%i?ing lines
316 each corfiprised frofh the peretrathag fhistal efeztrodes@11 ithe BReifcadedliduttorst3E2 and the
solcified producie 313 gould e Jormeddn the cijeul bonded et 3240258 fisiExample, as
shown in FIG. 9, the circuits 310 were formed on each of the silicon wafers so that the first terminal of
one of the ciré@fig310 hndme twertty fsurtittelthinal BERBDURY cietit 32B%cbuRtibe Riecttcally

connected toggtherthwaugh the, wirgdive:3h6inglading thecfh ¥ 28 pengirating metal electrodes 311
in the region A of the circuit bonded body 320. Further, the circuits 310 were formed on each of the
silicon waferd'é5 &iat e RRUFHRHRINGT of fre Gl dirdtlitS10°4%d tHESHRI Al b the dther circuit
310 could bein teallyonnesteditagethesthrough theawising line 816umdluding ¢lea 28 xr28n
penetrating metal electrodes 311 in the regiqon B of the circuit bonded body 320. Furthermore, the
circuits 310 were tormed on'each 6 ﬁ18e s}'ﬁ(l:%ﬁ wg}éers s%ht%]gtn See%v?/cejlﬁﬁ terminal of the r(;ériﬁeecircuit 310
and the thirteentiritenmineg pé thedother einclitt31 Cecmuid beislsettivallyreoraiectertogetserdhrough the
wiring line 316 includin .tll% X 28 penetrati tal el 14 in.the reqi f ircuit
bonded bodygsﬁzoq.dlirﬁi1 agtﬁ Ef%ﬁﬁ%%cirgggsg%lg?%e% %!reﬁ]:cgé%?rfi %gf#%f ?ﬁgeg siﬁ%%]n9 \E}vggfgt%%ttchat the
seventeenth feviiridl of tE eré€iliied10 and the nineteenth terminal of the other circuit 310 could be
electrically connected together through the including the 28 x 14 penetrating metal electrodes 311,
while the eighteenth terminal of the one circuit 310 and the twentieth terminal of the other circuit 310
could be elediA@8R4 connectéd tbgethef BFdhGN thetwirifg fe Bfe Maltfhgthe 28 %14 58netrating
metal electrodes;31]umthe:region Dpbthe cireuit bonted hedy 326 [A260]-6Ae Nextastshawn in FIG.
10, the circuit bonded b{}gg 320 incIud;% in the silicon wafer borlq%{d bodc}/ was di%edisﬁo asto be
divided into tHe fedpectiveredibne (eadtt citétiit forions) AR5, therely producing a plurality of diced
test chips 33 fotcondudtioreevaltationyvedsh hawinghasizeyof 40 nemud 18 hemtsquatel §0261]-7A-
Next, using aglripechilgokgiondreer,slfgd-free solders. haying a composition of Sn/3.5Ag, a melting point of
221C and a thermal expgnsion coefficient of 22 ppmPC) were placed on portions corresponding to the
terminals of the test chip 330 and temporarily bonded thereto. Thereafter, the lead-free solders were
subjected to g fgflayy treatment (by passing fhe, same through an IR-reflow machine for 60;seconds at
a maximum temperature of 260C and a minimum temperature of 163'C) in a state that the test chip
330 was mouRtsner a PrtEP&Rcuit Dodrde BYRIDRIY So° tHe tefrRinRIS0TIRE Rest chip 380%vas boded
to the printed cirguit bgard.throughpthe lead-freg salders, therehy-manyfacturing.a testpackage (or a
semiconductor device) of Example 1A. In this regard, it is to be noted that when the of the test chip
330 were boréfedts the Briﬁ@diir%uit%%rdi‘fﬁé‘ MRAGSIPSFICSe Y mitald IMRIVERAGR the test chip
330 were alsg;glegtrically cennegtedtogether J0263d&urther, pothis Example, pwertycsemiaenductor
devices provided with the test chips 330 were manufactured in this process -7A- using four groups of
five test chipsS33t5 €athrotp Of which g\éﬁfh%teasbf?éfr% the respective regions A to D.
[0264][Examples 2A to 34A] In each of Examples 2A to 34A, twenty semiconductor devices were
manufactured in the same manner as in Example 1A, except that each of the bonding sheets of
Sample Nos. 2A to 34A was used in place of the bonding sheet of Sample No. TA in the above
process -3A-. [0265][Example 35A]
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In Example 35A, twenty semiconductor devices were manufactured in the same manner as in
Example 1A, except that the above process -3A- was changed to the following process. - [0266]-3B-
Next, the bonding layer formation material of Sample No. 35 was applied on the functional surface 315
of the wafer with the solder bumps using a spin coat method, thereby forming a bonding layer on the
functional suriggg&ilS. In this tegard.qibis t@ benoted that ag average ticknessof the,hoading layer
was 40 pm. [0267][Examples 36A to 40A] In each of Examples 36A to 40A, twenty semiconductor
devices were maf@fctied RPthelddifie hanne? as inExamplé35ALTBYERBPtHAt S48FOMIRE bonding

layer formatign vnaterialsof Sample Nosn36A:to 408owas usediptace of thesbandiag layer formation
material of Sample No. 35A in the above process -35-. [0268][Examples 41A to 45A] In each of
Examples 4 0RFABASwWERE sERfcoRBdEBR detidelher8 Hidsufactired n the 'Sk ¥ahfier as in
Example 35A.gyceph that epeh wé the honrdinglayer farmationmatesialsiof Sardpledgs. AdA to 45A
was used in gfce of the bonding%lage%%) mation m%(‘erial of Sample No. S?A in theﬁgove ﬁrocess
-3B-, and that 1€ bk '?18 Idy%r 28% j{eecteaot% a-heat Teatmentat UC for 00 mifittes after the
above proceg® 23%csdothat it evasraltoned/tocreach atB-<tageyeties(or Bhitempgratilyscuye)itotthereby
keep a shape of the bonding.layer. [0269][Comparative Examples |A and 2 In_each,of
Comparativeplfférﬁgl%ss IAHgg%d Z%,It\%%%ty%%cg’%%ﬁctgro échl%e%sL \?v%ereprﬁgﬁlljf%%fureo in %ﬁlee same
manner as irmexaeplestAdexcepttiat id e tase of EbhfjakativeaExample 1A1 an anisotropic
conductive film (".AC-200" produced by Hitachi Chemical Co., Ltd.) was used in place of the bonding
sheet of Sample No. IA in the above process -3A-, while in the case of Comparative Example 2A, an

anisotrople cbRA8dtve film ERPPBRIER" ppdducdd By SHHyCRErfcall DY Iths B3&d ¥ pldce of the
bonding shegtofSample N9; I in therabove; pracesss3A-, angdhat theaheye pracasganyas omitted.
[0270][Example 12] ~ -10- First, two silicon wafers (namely, two 8-inch test wafers each having a
thickness of 60 PR dELRIiBd it fhel abS\VE FrocesTetAYibere PYEFAEEL THEATLEE NexP Hie bonding
sheet of Sampie Npi 8 wasrattachesd te e functional isuirface 134 5raf wachmidhe siticapweafers using
a vacuum film laminat%r(g VLP50§)[600-2k", rodugec%g MeirkidCo.,lLtd.g. OZ?ZHgthis reggrd, itis to
be noted that th&'atta&hniaht Jf the 68%#‘?8]3 sePlo &4th 6ftheXfiicon wa rglﬁsmglt%envatuum film
laminator was @etforméed tinger thenfreatinenbcorditiens: oft L0000, & 8 udRPa and-30se2gonds.

[0273]Further, a thicknes the bonding s f Sampl N t of the sjlicon
wafers was 4%p rﬁof@l?ﬁ%y Nse%t(8 tgivgg& }tg%%%v%age%s \%it tk?g %%%%@%%%%?aiégd ?nﬁt e above

process -20- vt positibaed togéther, and then laminated together using a compression machine
("280AS3-M001" produced by Tsukuba Mechanics Co., Ltd.), thereby producing a silicon wafer
laminated body. In this regard, it is to be noted that the lamination of the silicon wafers with the

bonding sheet8 928! performedl dritier 856 fre#thfeift cORGTORS of T66E ZMtF2. 0MMPEU 2 757-40- Next,

the silicon wafgelaminated,body, phtaiged:inthe abave praeess -30r was kephin the state-atthe above
process -30- for 10 minutes, thereby oroducing a silicon w%fer bhonded b d}i(ﬁ%gﬁvided with a circuit
bonded body 3t WiRich thb cirBbits X1BWER etettifcally @onﬁécté’df%%% fhrotigh $8ifdified

products 313:ofmgeltentparticles of solder powder as showndn kEe8.preferably in the
range of about 0.01 to 5 wt%, based on the total amount of
the constituent materials of the bonding layer 60. This
makes it possible for the curing agent to effectively
perform its function as a catalyst for curing the
thermosetting resin, and to improve the curability of the
thermosetting resin in the bonding layer 60’. 1In addition,
this also makes it possible to obtain good joint portions
225 in the Dbonding layer 60 without allowing a melt

viscosity of the thermosetting resin to be unduly increased
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In the silicon wafer bonded body thus produced, the circuits 310 were electrically connected together
in the same manner as described in Example 1A. Specifically, as shown in FIG. 9, the circuits 310 were
formed on each of the silicon wafers so that the first terminal of one of the circuits 310 and the twenty
fourth terminal of the other circuit 310 could be electrically connected together through the wiring line
316 including the. 28 x28 pengtrating metal electiades 31 L imthe regionA opthe circuit bonded body
320. Further, the circuits 310 were formed on each of the silicon wafers so that the fourth terminal of
the one circuit 310 and the fifth terminal of the other circuit 310 could be electrically connected
together throp@higbe wiring fine 3%6iincluding thg 28ix 28ipenetsating metat etectredes 3dddn the
region B of the circuit bonded body 320Q. Furthermore, the circuits 310 were formed on each of the
silicon waferS'§6 thdt theHefth ERTEP SR SNE ot 10 A the it EEMHA teHmiNal’df the other
circuit 310 cauld bereleatsicallysconnected together through the wiring line 316 including the 28 x 26
penetrating metal electrodes 311 in the region of the circuit bonded body 320. In addition, the circuits
310 were formed on each of the silicon wafers so that the seventeenth terminal of the circuit 310 and
the nineteentfe®Minal of tHeuathiee circuit 3Orcouldrse: electricvallyreommettedstogéther thigugh the
wiring line 316 including the 28 x.14 penetrating me legtr ' ' e erminal of the
one circuit 3 %%d%ﬁg%v%gnt?gﬁ%gﬁg% Ietg?éthgncr?thgr}ll §r§tﬁt%%%8csgﬂ %%%ilgck:%}{c%ll%{%gnggcted
together throtighithe widhg lie 3T6 &tIUbIMg the 28 XItipenetating metal efcetrtles3121in the
region D of the girguit bopded body 320, [02761:50-Nextr as showpnin,FIG, 10; the gircuithonded body
320 included in the silicon wafer bonded body was diced so as to be divided into the respective
regions (eacheHEGR PORMDSIA I heFeby drotRigingla PRty 6F dicet st BRipt B3t or

conduction eyaliation eagh hawng a size 9540 s 10 mer squake {821 A560-dNexteusing a flip chip
bonder, lead-free solders (having a composition of Sn/3.5Ag, a melting point of 22,100 and a thermal

expansion cGEREEAEGES pFHTBC) Here PREERY off BBRDNS Thiresponding 1o the térmiRafs of the test
chip 330 andiempararilybpnded thereto. Thereafter, the lead-free solders were subjected to a reflow
treatment (by passing the same through an IR reflow machine for 60 seconds at a maximum
temperature of 260C and a minimum temperature of 183C) in a state that the test chip 330 was
mounted on d@tidied circuitlsmard.Bysdaihg so,aherérminalsastiite teskehip 330rwas boaded to the
printed cireult Bogiet Prauoh inedeaddres soldegs, (s maputacluing, A ey Ragyagedor 2,
semiconductor device) of Example IB. [0278)In this regard, it is to be noted that terminals of the test
chip 330 werklbontied a6 tha prifieelsifuRibpantHechatudly opposéd temiinalsificluded in the test
chip 330 were also electrically connected together, [0279]Further, in this Example, twenty
semiconductor devices provided with the test chips 330 were manufactured in this process -60- using
four groups of#8%dst chip£L48TRaH gffup Tt vhichiBHgiRGte SHER the RESpE GivePreidhis A to D.
[0280][ExamplesZBito?1Rjent &1 eachobkxamples2d/tos2liatwenty gamicondyetor deviges were
manufactured in the same manner as in Example 13, except that each of the bondin ghgets of
Sample Nos. 333 2T Whs (S84R Piado %nﬁor?d}rrrga%ﬁegtoéjf ample™N6. 18 it ﬁwe 5BSve process
-20-. [0281][Carnparatine Exampled3pf whniCompanative Exadplerks; perdgnsdmiconductor devices
were manufagt%rjgggln Ichfo%ame manner as in Example 18, except that the bonding sheet of Sample
No. 13" was use m'p?ace of the bonding sheet of Sample No. 1B in the above process -20-.
[0282][Comparative Examples 23 and 33] In each of Comparative Examples 23 and 3E, twenty
semiconductepdepees were, manufacired in the,same manneras A%Q@mg@njt%,iq&gptitgat in the

case of Comparativé Example 23, an anisotropic conductive film ("AC-200" produced by Hitachi
Chemical Coth&d. pwadised iiEee 6Pthé DoRdmEcsHet Bf SAmPIRNG: LR thé a@g\?‘é%rocess
-20-, while inghe ¢ase of Compargtive Example,3E¢ an sanisatsopic conduglive-film {'HR251AK"
produced by Sony Chemicals Corp.) was used in place of the bonding sheet of Sample No. 13 in the
above proce§$ 21 fob23tE EvaiudiHC i nIrnehifal cflle tests were conducted one hundred cycle
times. In each cycle time, every twenty semiconductor devices obtained in the respective Examples
and the respective Comparative Examples were maintained at -55C for 30 minytes and at,125C for 30
minutes in an-tétAting manher 16284  TherdsHerRith réSHE& 18 Tite sél%ico%ct r'd&Vices of the
respective Examples and the espective € omparatiies Exampleswhich have wndargane thecthermal
cycle tests, conduction of the test chips 330 was checked by applying a voltage of 5V between the
terminals of the test chips 330 using a conduction tester. [0285]In this regard, the conduction between
the first and twenty fourth terminals was checked in respect of the semiconductor devices provided
with the test chips 330 originating from the region A gf the circuit bonded body 320. The conduction
between the fourth and fifth terminals was checked in respect of the semiconductor devices provided
with the test chips 330 originating from the region B of the circuit bonded body 320. The conduction
between the twelfth and thirteenth terminals was checked in respect of the semiconductor devices
provided with the test chips 330 originating from the region C of the circuit bonded. body 320. The
conduction between the seventeenth




and nineteenth terminals and the conduction between the sixteenth and twentieth terminals were
checked in respect of the semiconductor devices provided with the test chips 330 originating from the
region D of the circuit bonded body 320. [0286]In each of Examples and each of Comparative
Examples, the semiconductor devices were determined to be in good quality (A) if all of the twenty

semiconductgr dgyices were eapsliictegh khe semigondpstendeyicesiwere getermined te e in poor
quality (B) if only one of the twenty semiconductor devices was not conductegl\9 [0287]iIn this regard, it

is to be noteG S ThE 1eMmt "cBAGSGA™ Gsed heretmearidhafa re&iktinceValutHetweth the

terminals is smalerdhaa 86-Q.axhike the term "not conducted” means that the resistance value
between the terminals is equal to or greater than 80 Q. [02In addition, with respect to the
semiconductor devices provided with the test chips 330 originating from the region. D of the circuit
bonded body[82@dnsulatiom ketwderstheoddjasenhwirng finésevas chieckeddssing klee coaduction

tester. That i% &% gay, insulaéiggobetweeIQ et}eg \ﬁiringgiﬂ?lSlq{g(E%%eﬁc’tin%gg enies%gﬂﬂpp

nineteenth termlnals?gget%er and the erlngﬁﬁne 316 cdonnecting the sixteenth and twentieth terminals
together wasketecked MBI@Epeciicatbpinstlatiorkbéwee the sixiacartr aparsevenitéentifferminals

was checked by applying.a g?@%@@ of 5V therebetween, Fusther, insulationbetwesp,the nineteenth

and twentieth terminals was checked in the same manner. [0290]In each of Examples and each of

Comparative:EXemglesthe sehviesrductdrddiéss werd determmiedts melingotr gty tA) if all of
the five semigandygtar deviegs-wete insulated Thesemicendyatondeviees were detesmined to be in
poor quality (B) if only one of the five semiconductor devices was not insulatedi.%i)zm In this regard, it
is to be notedP#Ek the ferHFIASUIBHST (R ddreimEand Ia s Fesitahdd VAR Sathesh the
terminals is egial /1o or gegatesthanel,.0 X 1eg By WhilecHel tesall vaot insutated’sysed bersin meanc
that the resistance value between the terminals is. smaller than.x 1090Q. Results of th
evaluations ar& ShERA-ik the folloiry TaB égsAl-Zkfg]iYg 29&?598‘:‘,%%3, 3 Snéae?ozg able 1-A]
Vil I 'xa czlf (N-methyl-2-pyrolidone) ; THE (tetrahydrofuran) ; DMF
(dimethyl formamide); DBE (dibasic acid ester); EEP (ethyl

3-ethoxypropionate); DMC (dimethyl carbonate); and the like.

[0106] Further, an amount of the solvent contained in
the liguid material 61 is preferably set in such a range
that an amount of solid components to be mixed in the
solvent (namely, the total amount of <the constituent
materials of the above described bonding layer 60) becomes

equal to about 10 to 60 wt%.

[0107] In this regard, 1t 1s preferred that the
bonding layer 60 formed on the rear surface 223 using the
liquid material 61 containing the flux-active curing agent,
the thermosetting resin, and the like has the following

properties.

[G108] First, the bonding layer 60 formed on the rear

surface 223 has such a property that it can reduce an
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oxidation~treated copper plate at a predetermined copper
oxide reduction rate. In this embodiment, the copper oxide
reduction rate can be calculated as follows. Namely, after
the bonding layer 60 1is attached to a surface of the
oxidation-treated copper plate, and then is subjected toc a
reduction treatment at 230°C for one minute in the
atmosphere, the copper oxide reduction rate 1is calculated

by the following equation (I):

[0109] copper oxide reduction rate (%) = {1 - (oxygen
atom concentration after reduction treatment) / (oxygen
atom concentration after oxidation treatment)} x 100

(I).

[0110] In this regard, the flux-active curing agent
serves to reduce oxide films covering the surfaces of the
solder bumps 224, and therefore has a reduction power for
removal of the oxide £films. The above copper oxide
reduction rate (%) 1s used as an index indicating the
reduction power for removal of the oxide films. The copper
oxide reduction rate great enough to remove the oxide films
is preferably 70% or more, more preferably 75% or more, and
even more preferably 80% or more. This makes it possible
to increase a removal rate of the oxide films formed on the
surfaces of the solder bumps 224, and to enhance bonding
reliability between the connector portions 212 and 222
through the joint portions 225 under different post-bonding

environments.
[0111] Measurement conditions of the copper oxide

reduction rate (%) are adjusted such that the reduction

treatment 1is performed for one minute at 230°C in the
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atmosphere.

[0112] More specifically, the copper oxide (Cu0)
reduction rate is calculated using, e.g., the following

measurement method.

(1A) A copper plate having a thickness of 70 um
("3EC-3” produced by Mitsui Mining and Smelting Co., Ltd.)
1s softly etched using a commercially available etching
solution to cut away a surface thereof by a thickness of 2

to 3 um.

[0113] (2A) Using an oven, the softly etched copper
plate is subjected to an oxidation treatment for thirty

minutes at 220°C in the atmosphere.

[0114] (3A) A bonding layer 60 having a thickness of 25
um is attached to a surface of the oxidation-treated copper
plate and 1is subjected to a reduction treatment for one

minute at 230°C in the atmosphere.

[0115] (4n) Within one minute after the reduction
treatment performed in the above process (3A), a component
(a resin component) of the bonding layer 60 remaining on
the surface of the reduction-treated copper plate 1is

removed with acetone.

{0116] (5A) The copper plate from which the resin
component has been removed 1s rapidly transferred to a
vacuum desiccator, and then 1s dried under vacuum.
Thereafter, the copper plate 1s stored in a vacuum

atmosphere until ESCA measurement is performed.

w
w
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[0117] (6A) The surface of the copper plate subjected
to only the oxidation treatment and the surface of the
copper plate subjected to the reduction treatment are cut
away by a thickness of 40 A using a plasma treatment. Then,
concentrations of Cu and O atoms are measured with an ESCA
(produced by ULVAC-PHI, Inc.). The plasma treatment and
the ESCA measurement are performed in a vacuum atmosphere.
The purpose of cutting away the surfaces of the copper
plates by a thickness of 40 A using the plasma treatment is
to eliminate influence of surface oxidation possibly
occurring in handling the copper ©plates during the

measurement.

{0118] In this regard, it is to be noted that the ESCA
measurement is performed under the conditions: (1) a
photoelectron escape angle of 45 degrees; (ii) an X-ray
source of Alka rays (monochrome); and (iii) an analysis

range of 0.8 mmd.

[0119] (7TR) The copper oxide reduction rate is
calculated by the following equation (I):

copper oxide reduction rate (%) = {1 - (oxygen atom
concentration after reduction treatment) / (oxygen atom

concentration after oxidation treatment)} x 100 .-+ (I).

[0120] Second, the bonding layer 60 formed on the rear
surface 223 has such a property that solder balls placed
thereon are wet spread at a predetermined solder wet spread
rate. In this embodiment, the solder wet spread rate can

be calculated as follows. Namely, after tin-containing
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solder balls each having a diameter of 500 pm are placed on
the bonding layer 60, and then are heated for twenty
seconds at a temperature 30°C higher than a melting pecint
of the solder balls, this solder wet spread rate is

calculated by the following equation (II):

[0121] solder wet spread rate (%) = [{(solder ball
diameter) - (solder thickness after wet spread)} / (solder
ball diameter)] x 100 --- (II).

[0122] In this regard, in the case where the connector

portions 212 and 222 are metallically bonded by the
solidified products of the molten solder bumps 224, bonding
strength therebetween tends to increase by promoting
intermetallic bonding as the solder wet spread rate becomes
greater. The solder wet spread rate great enough to
prevent occurrence of defective bonding is preferably 40%
or more, more preferably 45% or more, and even more
preferably 50% or more. This makes it possible to increase
bonding probability between the connector portions 212 and
222, and to enhance Dbonding reliability between the
connector portions 212 and 222 through the joint portions

225 under different post-bonding environments.

[0123] If it is desired that the solder wet spread
rate of the bonding layer 60 is set to a value of 60% or
more, it is preferable to use the flux-active curing agent
containing the aliphatic dicarboxylic acid. By using such
an aliphatic dicarboxylic acid with high flux activity, it
is possible to impart high solder wet spread rate of 60% or
more together with strong reduction power to the bonding

layer 60. As a result, the agglutinability of the molten

w
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solder bumps 224 can be increased in the bonding layer 60,
thereby securing electrical connection reliability between

the connector portions 212 and 222.

[0124] On the other hand, 1if it 1is desired that the
solder wet spread rate of the bonding layer 60 is set to a
value of 40 to 60%, it is preferable to use the flux-active
curing agent containing the compound having a carboxyl
group and a phenolic hydroxyl group. By using such a
compound, 1t is possible to reliably set the solder wet
spread rate of the bonding layer 60 to fall within the
above range, and to impart slightly strong reduction power
to the bonding layer 60. Further, since the above compound
is one having high reactivity with the curable resin (e.g.,
the epoxy resin), it 1s possible to effectively suppress

occurrence of ion migration which would be caused by flux

residues.
[0125] The solder wet spread rate 1s measured in the
following conditions. For example, the solder balls are

heated at the temperature 30°C higher than the melting
point thereof in order to reduce variations in a degree of
wet spread of the solder balls. A heating time is set
equal to twenty seconds by taking into account a time
required until the flux-active curing agent is melted and
moved onto surfaces of the solder balls to thereby wet
spread the solder balls, and the variations in the degree

of wet spread of the solder balls.
[0l26] More specifically, the solder wet spread rate

can be calculated using, e.g., the following measurement

method.
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(1B) Bonding layers 60 each having a thickness of 15
um is attached to bare copper plates (produced by Hirai

Seimitsu Kogyo Corp.), respectively.

[0127] (2B) The following solder balls (i) and (ii)
each having a diameter of 500 um are placed on the bonding

layers 60, respectively to obtain two samples.

(i) “M31” (a Sn/Ag/Cu alloy having a melting point of
217°C produced by Senju Metal Industry Co., Ltd.)

(ii) “L20” (a Sn/Bi alloy having a melting point of
138°C produced by Seniju Metal Industry Co., Ltd.).

[0128] (3B) According to ASTM B 545, a hot plate is
heated to a temperature 30°C higher than a melting point of
each solder ball. Each of the samples described just above

is heated on the hot plate for twenty seconds.

(4B) A height of each solder ball wet spread over the

bonding layer 60 is measured.

[0129] (5B) The solder wet spread rate 1s calculated
by the following equation (II):

solder wet spread rate (%) = [{(solder ball diameter)
- (solder thickness after wet spread)} / (solder ball
diameter)}l x 100 --«- (II).
[0130] Further, in this embodiment, when the bonding

layer 60 formed on the rear surface 223 has a thickness of
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100 pm, a melt viscosity at 223°C thereof may be preferably

in the range of about 10 to 10,000 Pa:s, more preferably in

the

range of about 50 to 5,000 Pa:s, and even more

preferably in the range of about 300 to 1,500 Pa-rs. By

setting the melt viscosity of the bonding layer 60 to fall

within such a range, 1t is possible to prevent a reduction

in connection reliability which would occur as the bonding

layer 60 is bled from bonded objects, i.e., the first and

second semiconductor wafers 210 and 220, during a heating

operation, and to restrain the bonding layer 60 from

contaminating neighboring members. In addition, it is

possible to prevent generation of air Dbubbles in the

bonding

layer 60 and occurrence of defects such as

insufficient filling of the cured product of the

thermosetting resin in the gap between the first and second

semiconductor wafers 210 and 220. Moreover, it is possible

to prevent the molten solder bumps 224 (or molten solders)

from being excessively wet spread, which would lead to a

problem of short-circuiting the adjacent connector portions

212 and 222. It is also possible to avoid occurrence of

defective bonding between the connector portions 212 and

222,

because the thermosetting resin present between the

solder bumps 224 and the connector portions 212 is removed

when metallically bonding the connector portions 212 and

222

through the Joint portions 225 formed <from the

solidified products of the solder bumps 224.

[0131]

In this regard, it is to be noted that the melt

viscosity of the bonding layer 60 is measured using the

following measurement method. In other words, the bonding

layer 60 having a thickness of 100 pym is measured using a

viscoelasticity measuring instrument (produced by JASCO
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P* 7 result-iffie number of samples [ces) with no-problem were counted) | Conduction test
determination Insulation test result (the number of samples , (semiconductor devices) with insulation
were counted) 1 queuodmoD ul.soa Axowaild quP4sTs6a: -4E014 33:6Th Epoxy resin ItaTOAQU
Ton-6ga 1 0,0-bisphenol F Benzophenone tetracarboxylic acid anhvdrate Phthalic acid Sebacic acid

International Co., Ltd.) at a temperature increasing rate
of 30°C/min and a frequency of 1.0 Hz under a strain-
constant stress sensing condition. The melt viscosity of
the bonding layer 60 can be obtained by measuring a
viscosity thereof at an atmospheric temperature of 223°C,

which is a melting point of a 96.53n/3.5Ag alloy.

[0132] [IA-3] Next, as shown in FIG. 3C, the first
semiconductor wafer 210 and the second semiconductor wafer
220 having the bonding layer 60 formed on the rear surface
223 thereof are put in a face-to-face relationship with
each other so that the functional surface 211 can be
opposed to the rear surface 223. That is to say, the first
and second semiconductor wafers 210 and 220 are brought
into a face-to-face relationship in a state that the
bonding layer 60 lies between the functional surface 211

and the rear surface 223.

[0133] The first and second semiconductor wafers 210
and 220 are positioned together so that the ends of the
connector portions 212 located on the side of the
functional surface 211 correspond to the solder bumps 224
located on the side of the rear surface 223. Thereafter,
as shown in FIG. 3D, the first and second semiconductor
wafers 210 and 220 are brought into contact with each other
through the Dbonding layer 60, thereby producing a
semiconductor wafer stacked body 230 in which the first and
second semiconductor wafers 210 and 220 are stacked

together (second process).

[0134] [1A-4] Next, as shown in FIG. 3D, the

semiconductor wafer stacked body 230 is compressed in a




Flux-active curing agent huTlasO -omioqi *1: "YL-6954" is produced by Japan Epoxy
resins Co., Ltd. *2: "Epiclon840S" is a liquid his A type epoxy resin having an epoxy equivalent of
180 and produced by Dalniopon ink and chemicals, Incorporated.

thickness direction thereof while heating the same (third

process).

[0135] At this time, it 1s preferred that the heating
is carried out so that the thermosetting resin can be

completely cured subsequent to melting of the solder bumps
224.

[0136] More specifically, a heating temperature 1is
preferably in the range of about 100 to 250°C, and more
preferably in the range of about 130 to 230°C, although it
may slightly wvary with the kinds of the constituent
materials of the solder bumps 224 and the bonding layer 60.

[0137] This makes it possible for the flux-active
curing agent to reduce the surfaces of the solder bumps 224,
and to melt the solder component constituting the solder
bumps 224. As a result, the molten solder bumps 224 are
aggregated between the connector portions 212 and 222 in
the bonding layer 60. Thereafter, the molten solder bumps
224 are solidified. As a result, the connector portions
212 and 222 can be electrically connected together though
the joint portions 225 formed from the solidified products

of the molten solder bumps 224.

[0138] Further, since the curing of the thermosetting
resin 1s completed after the solder bumps 224 have been
melted, the insulating portion 226 composed from the cured
product of the thermosetting resin can be formed in a
region between the first and second semiconductor wafers
210 and 220 other than regions where the molten solder

bumps 224 are aggregated. This makes 1t possible to
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*3: "PR-53647" is a resin having a softening point of 95C and an OH equivalent of 104 and produced
by Sumitomo Bakelite Co., Ltd. *4 and *5: "Sebacic acid" and "Phenol phthali& are produced by
Tokyo Chemical Industry Co., Ltd. [0293][Table 1-B] %C1 PINION0:2.0InNINi 0InCIL"-KN '0CE
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electrically insulate the adjacent joint portions 225 in a
reliable manner, and to reliably bond (or fix) the first

and second semiconductor wafers 210 and 220 together.

[0139] In the manner described above, the solder bumps
224 are melted and solidified, and the thermosetting resin
is cured. As a result, the first and second semiconductor
wafers 210 and 220 are fixed together through the bonding
layer 60’. Thus, it 1s possible to produce a semiconductor
wafer bonded body 240 in which the connector portions 212
and 222 are electrically connected together through the
joint portions 225 composed from the solidified products of

the molten solder bumps 224.

[0140] Here, with the present invention, the connector
portions 212 and 222 are electrically connected together
through solidified products such as the joint portions 225
or the like. Thanks to this feature, it 1s possible to
reliably prevent breakage of the electrical connection
between the connector portions 212 and 222 even when the
insulating portion 226 composed from the cured product of
the thermosetting resin are expanded by heat generated from
the semiconductor <chip(s) 20 during operation of the
semiconductor device 10 which will be described below.
This makes it possible to obtain stable conduction between
the connector portions 212 and 222. In other words, it
becomes possible to electrically connect the connector
portions 212 and 222 together in excellent connection

reliability.

[0141] A thicknesses of each joint portion 225, i.e.,

a thickness (an average thickness) of the bonding layer 60’
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in the semiconductor wafer Dbonded body 240 is not
particularly limited to a specific wvalue, but may be
preferably in the range of about 3 to 200 um, and more
preferably in the range of about 5 to 150 um. By reducing
a spaced-apart distance Dbetween the first and second
semiconductor wafers 210 and 220 in this manner, it is
possible to reduce thicknesses of the semiconductor chips
20 obtained by dicing the semiconductor wafer bonded body
240. As a result, it becomes possible to reduce an overall
thickness of the semiconductor device 10 provided with the
semiconductor chip(s) 20, and to make the semiconductor

device 10 lightweight.

[0142] In other words/ it 1is possible to increase an
integration density of the semiconductor chips 20 included
in a single semiconductor device (or a single semiconductor
package) 10, and to reduce an overall size of the
semiconductor device 10. Further, since a spaced-~apart
distance between the electrodes provided on the respective
functional surfaces 211 and 221 can be made small, it is
possible to increase an amount of information stored in a

single semiconductor device 10.

{0143} <Second Method for Bonding Semiconductor

Wafers>

Next, description will be made on the method for
producing the semiconductor wafer bonded body 240 using the
second method for bonding semiconductor wafers.
[0144] [1B-1] First, —as shown in FIG. 4A, a first

semiconductor wafer 210 and a second semiconductor wafer
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220 are prepared in the same manner as in the above process

[1A-1] described above (first process).

[0145] [1B-2] Next, a bonding sheet 65 containing a
flux-active curing agent and a thermosetting resin as
constituent materials thereof is prepared. Thereafter, as
shown in FIG. 4B, the bonding sheet 65 1is interposed
between the first semiconductor wafer 210 and the second-
semiconductor wafer 220 arranged so that the functional

surface 211 and the rear surface 223 can be opposed to each

other.
[0148] The same materials as described in connection
with the above process [1A-2] can be used as the

constituent materials such as the flux-active curing agent
and the thermosetting resin contained in the bonding sheet
65.

[01471] Further, it is preferred that the bonding sheet
65 further contains a film-forming resin as the constituent
materials thereof in addition to the flux-active curing
agent and the thermosetting resin. Use of the film-forming
resin makes it possible to reliably form the bonding sheet

65 into a film shape.

[0148] Examples of the film-forming resin include
(meth)acrylic resin, phenoxy resin, polyester resin,
polyurethane resin, polyimide resin, cyclohexane-modified

polyimide resin, polybutadiene, polypropylene, styrene -

butadiene -~ styrene copolymer, styrene -~ ethylene -
butylene - styrene copolymer, polyacetal resin, polyvinyl
butyral resin, polyvinyl acetal resin, butyl rubber,
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chloroprene rubber, ©polyamide resin, acrylonitrile -
butadiene copolymer, acrylonitrile - butadiene - acrylic
acid copolymer, acrylonitrile - butadiene - styrene
copolymer, polyvinyl acetate, nylon, and the like, one or

more of which may be used independently or in combination.

[0149] The term “(meth)acrylic resin” used herein
refers to a polymer of (meth)acrylic acids and derivatives
thereof, or a copolymer of (meth)acrylic acids, derivative
thereof and other monomers. In this regard, the expression
“(meth)acrylic acid or the 1like” wused herein denotes

acrylic acid or methacrylic acid.

[0150] Specifically, examples of the (meth)acrylic
resin 1include polyacrylic acid, polymethacrylic acid,
polyacrylic esters such as polymethyl acrylate, polyethyl
acrylate, polybutyl acrylate and ©poly-2-ethyl hexyl
acrylate, polymethacrylates such as polymethyl methacrylate,
polyethyl methacrylate and polybutyl methacrylate,
polyacrylonitrile, polymethacrylonitrile, polyacrylamide,
butyl acrylate - ethyl acrylate - acrylonitrile copolymer,
acrylonitrile - butadiene copolymer, acrylonitrile -
butadiene -~ acrylic acid copolymer, acrylonitrile -
butadiene -~ styrene copolymer, acrylonitrile - styrene
copolymer, methyl methacrylate - styrene copolymer, methyl
methacrylate - acrylonitrile copolymer, methyl methacrylate
- wo-methyl styrene copolymer, butyl acrylate - ethyl
acrylate - acrylonitrile - 2-hydroxyethyl methacrylate -
methacrylic acid copolymer, butyl acrylate - ethyl acrylate
— acrylonitrile - 2-hydroxyethyl methacrylate - acrylic
acid copolymer, butyl acrylate - acrylonitrile - 2~

hydroxyethyl methacrylate copolymer, butyl acrylate -
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acrylonitrile - acrylic acid copolymer, butyl acrylate -
ethyl acrylate - acrylonitrile copolymer, ethyl acrylate -
acrylonitrile - N,N-dimethyl acrylamide copolymer, and the
like. Among them, the butyl acrylate - ethyl acrylate -
acrylonitrile copolymer and the ethyl acrylate -
acrylonitrile - N,N-dimethyl acrylamide copolymer are

preferably used.

[01B1] Use of the (meth)acrylic resin obtained by
copolymerizing monomers having a functional group such as a
nitrile group, an epoxy group, a hydroxyl group or a
carboxyl group makes 1t possible to improve the adhesion
between the bonding sheet 65 (or the bonding layer 60) and
the first and second semiconductor wafers 210 and 220, and
to enhance compatibility thereof with the thermosetting
resin or the like. An amount of the monomers used in the
(meth)acrylic resin 1s not particularly limited to a
specific value, but may be preferably in the range of about
0.1 to 50 mel%, more preferably in the range of about 0.5
to 45 mol%, and even more preferably in the range of about
1 to 40 mol%, based on a total amount of the (meth)acrylic
resin. By setting the amount of the monomers to fall
within such a range, it i1s possible to improve the adhesion
of the bonding sheet 65 (or the bonding layer 60) to the
first and second semiconductor wafers 210 and 220, and to
reliably prevent an adhesive force of the bonding sheet 65
from Dbecoming too great, which assists in enhancing

workability of the bonding sheet 65.
. [0152] A weight average molecular weilght of the

(meth)acrylic resin 1s not particularly limited to a

specific value, but may be preferably 100,000 or more, more
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preferably in the range of about 150,000 to 1,000,000, and
even more preferably in the range of about 250,000 to
900,000. By setting the weight average molecular weight of
the (meth)acrylic resin to fall within the above range, it
is possible to improve a film formation property of the

bonding sheet 65.

[0153] In the case where the phenoxy resin is used as
the film~forming resin, a number average molecular weight
thereof is preferably in the range of about 5,000 to 15,000.
Use of the phenoxy resin having such a number average
molecular weight makes it possible to reduce flowability of
the bonding layer 60, and to keep the thickness of the

bonding layer 60 uniform.

[0154] Examples of a chemical structure of the phenoxy
resin include, but are not particularly limited to, a
bisphenol A type chemical structure, a bisphenol F type
chemical structure and a biphenyl type chemical structure.
Among them, it is preferable to use a phenoxy resin having
a saturated absorption rate of 1% or less. This makes it
possible to suppress occurrence of foaming or peeling
attributable to the bonding layer 60, even though the
phenoxy resin 1s exposed to a high temperature condition
when producing the semiconductor wafer bonded body 240 or

mounting the semiconductor chip(s) 20 onto the interposer
30.

[0155] In this regard, it 1is to be noted that the
saturated absorption rate 1s calculated by forming the
phenoxy resin into a film having a thickness of 25 um,

drying the film (into an absolutely dried state) for one
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hour in an atmosphere of 100°C, leaving the film alone in a
constant-temperature high~humidity reservoir kept in an
atmosphere of 40°C and 90%RH, measuring change in weight
every 24 hour, and finding the weight at the time when the
change in weight is saturated. Using the weight at the
saturated time, the saturated absorption rate can be

calculated by the following equation (III):

[0156] saturated absorption rate (%) = {(weight at
saturated time) - (weight at absolutely dried time)} /
(weight at absolutely dried time) x 100 ---(III).

[0157] Further, in the case where the polyimide resin

is used as the film-forming resin, it is preferable for the
polyimide resin to have an imide bond in one repeating unit

thereof.

[0158] Examples of such a polyimide resin include a
polymer obtained by reacting diamine and acid dianhydride
with each other to synthesize polyamide acid, and then
heating the polyamide acid to dehydrate and ring-close it.
Examples of the diamine include: aromatic diamines such as
3,3’ =dimethyl-4,4’ -diamino diphenyl, 4,6~dimethyl-m-
phenylenediamine, 2,5-dimethyl-p-phenylenediamine;
siloxanediamines such as 1,3-bis(3-aminopropyl)-1,1,3,3-
tetramethyl disiloxane; and the like, one or more of which

may be used independently or in combination.

[0159] Further, examples of the acid dianhydride
include 3,3,4,4" ~biphenyl tetracarboxylic acid,
pyromellitic acid dianhydrate, 4,4’-oxydiphthalic acid
dianhydrate, and the like.
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*1: "YL-6954" is produced by Japan Epoxy resins Co., Ltd. *2: "Epiclon840S" is a liquid bis A type
epoxy resin having an epoxy equivalent of 180 and produced by Dainippon ink and chemicals,
Incorporated. *3: "NC6000" is a solid three functional epoxy resin having a softening point of 60C
and produced by Nippon Kavaku Co., Ltd. *A: "PR-53647" is a resin having a softening point of
95C and an OH equivalent of 104 and produced by Sumitomo Bakelite Co., Ltd.
"2PHZ-PW"is2-phenyl-4,5-dihydroxymethyl imidazole and produced by Shikoku Chemicals
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phthalin” is produced by Tokyo Chemic ' Industry Co., Ltd. £0294][Table 1-C] VDE -xE inRD NI'N
solvent "'which will be described below, "although the soluble

one 1is preferred. The polyimide resin soluble to the
solvent shows increased mutual solubility with respect to
the constituent materials contained in the liquid material
61, which makes 1t easy to handle the polyimide resin. 1In
particular, it is preferable to use a siloxane-modified

polyimide resin which can be dissolved in many different

solvents.
[0161] Further, the film-forming resin may be a
commercially available one. Additives such as wvarious

kinds of plasticizers, a stabilizing agent, an inocrganic
filler, an antistatic agent and a pigment may be mixed with
the bonding sheet 65 to an extent that does not mar effects

provided by the present invention.

[0162] An amount of the film-forming resin contained
in the bonding sheet 65 is preferably in the range of about
5 to 45 wt%, based on the total amount of the constituent
materials of the bonding sheet 65. By setting the amount
of the film-forming resin to fall within such a range, it
is possible to suppress an increase in an elastic modulus
of the insulating portion 226 while inhibiting a decrease
in the film formation property of the bonding sheet 65.
This makes 1t possible to further improve the adhesion
between the bonding layer 60’ and the first and second
semiconductor wafers 210 and 220, and to suppress an

increase in a melt viscosity of the bonding sheet 65.
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[0163] Such a bonding sheet 65 can be produced by,
e.g., dissolving the flux-active curing agent, the
thermosetting resin, i1f desired, the film-forming resin,
and other components into the solvent to prepare a bonding
sheet formation material (or a liquid material), applying
the bonding sheet formation material on a release-treated
base member such as a polyester sheet or the like, removing
the solvent from the bonding sheet formation material at a

predetermined temperature, and then drying the same.

[0164] In this regard, it 1s to be noted that the
solvent used at this time may be the same one as described

in connection with the above process [1A-2].

[0165] Further, a thickness (an average thickness) of
the bonding sheet 65 is not particularly limited to a
specific value, but may be preferably in the range of about
5 to 300 um, and more preferably in the range of about 10
to 200 um.

[0l66] [1B-3] Next, the first and second semiconductor
wafers 210 and 220 are positioned together so that the ends
of the connector portions 212 located on the side of the
functional surface 211 correspond to the solder bumps 224
located on the side of the rear surface 223. As shown 1in
FIG. 4C, the first and second semiconductor wafers 210 and
220 are brought into contact with each other through the
bonding layer 60 (or the bonding sheet 65), thereby
producing a semiconductor wafer stacked body 230 in which
the first and second semiconductor(wafers 210 and 220 are

stacked together (second process).
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[0167] [IR-4] Next, in the same manner as in the above
process [1A-4], the semiconductor wafer stacked body 230 is
compressed in a thickness direction thereof while heating
the same. This produces a semiconductor wafer bonded body

240 as shown in FIG. 4D.

[0168] <Third Method for Bonding Semiconductor Wafers>

Next, description will be made on the method for
producing the semiconductor wafer bonded body 240 using the

third method for bonding semiconductor wafers.

[0169] [1C-1] First, a first semiconductor wafer 210
and a second semiconductor wafer 220 each having a
plurality of each «circuit portions not shown in the

drawings are prepared (first process).

[0170] In this embodiment, as shown in FIG. bHA, each
of the first and second semiconductor wafers 210 and 220
includes a plurality of electrodes (not shown) provided on
the functional surface 211 or 221 thereof and connected to
the each circuit portions, and a plurality of connector
portions (or conductive posts) 212 or 222 provided so as to
extend through each of the first and second semiconductor
wafers 210 and 220 in a thickness direction thereof and

electrically connected to the electrodes.

[0171] [1C-2] ©Next, as shown in FIG. 5B, a liguid
material 61 containing a flux-active curing agent, a
thermosetting resin and solder powder as constituent
materials thereof is applied on the rear surface 223 of the

second semiconductor wafer 220, thereby forming a bonding
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layer 60.

[0172] The same method as described in connection with
the above process [1A~2] can be used in applying the liquid

material 61 on the rear surface 223.

[0173] In this regard, it 1is to be noted that the
bonding layer 60 is formed by applying the liquid material
61 on the rear surface 223, and then removing a solvent
contained 1in the ligquid material 61, namely drying the

ligquid material 61.

[0174] The liguid material 61 may be dried either
naturally or artificially, e.g., by heating the second

semiconductor wafer 220 with a heater or the like.

[01758] Further, 1f necessary, the bonding layer 60 may
be subjected to a temporary curing treatment. This makes
it possible to reliably keep a shape of the bonding layer
60 thus formed.

[0176] In this embodiment, the bonding layer 60 is
provided only on the rear surface 223 of the second
semiconductor wafer 220. Alternatively, the Dbonding
layer(s) 60 may be provided only on the functional surface
211 of the first semiconductor wafer 210 or on both the
rear surface 223 of the second semiconductor wafer 220 and
the functional surface 211 of the first semiconductor wafer
210. From the viewpoint of simplifying the processes in
the method for Dbonding semiconductor wafers, it  is
preferred that the bonding layer 60 is provided on one of

the rear surface 223 and the functional surface 211. On
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the other hand, from the standpoint of enhancing adhesion
between the first and second semiconductor wafers 210 and
220 in the semiconductor wafer bonded body 240 produced, it
is preferred that the bonding layers 60 are formed on both

the rear surface 223 and the functional surface 211.

[0177] The flux-active curing agent serves to reduce
surfaces of solder particles of the solder powder when
heating and compressing a semiconductor wafer stacked body
230 in a process [1C-4] which will be described below.
This makes it possible to increase wettability of a solder
component constituting the solder powder, and to promote
self-organization of molten solder powder. As a result,
the connector portions 212 and 222 can be connected through
the Joint portions 225 formed from solidified products of
the molten solder powder, which makes it possible to
reliably obtain conduction between the connector portions

212 and 222 through the joint portions 225.

[0178] Further, it 1is preferred that the flux-active
curing agent has a functional group bondable to the
thermosetting resin. Thus, the flux-active curing agent
serves as a curing agent when thermally curing the
thermosetting resin and is Dbonded to the thermosetting
resin. As a result, it 1s possible to appropriately
suppress occurrence of ilon migration which would be caused
by flux component residues in the bonding layer 60’ of the
semiconductor wafer bonded body 240 produced. Furthermore,
the bonding of the flux-active curing agent to the
thermosetting resin also provides an effect of increasing
an elastic modulus and/or a glass transition temperature

(Tg) of a cured product of the thermosetting resin.
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[0179] Taking the above facts into account, it is
preferred that a curing agent having a carboxyl group
and/or a phenolic hydroxyl group is used as the flux-active
curing agent. The same curing agent as described in
connection with the above process [1lA-2] can be used as the

flux-active curing agent.

[0180] In this regard, it 1s to be noted that the
flux-active curing agent having a carboxyl group and/or a
phenolic hydroxyl group is three-dimensionally introduced
into the cured product of the thermosetting resin such as

the epoxy resin or the like by reaction therewith.

[0181] From the viewpoint of promoting formation of
three~dimensional networks of the cured product of the
epoxy resin, it is preferred that the flux-active curing
agent contains, in one molecule thereof, at least two
phenolic hydroxyl groups which can be bonded to the epoxy
resin and at least one carboxyl group which is directly
bonded to an aromatic ring showing a flux action (or a

reducing action) with respect to the solder powder.

[0o182] Examples of such a flux-active curing agent
include: benzoic acid derivatives such as 2,3=
dihydroxybenzoic acid, 2,4-dihydroxybenzoic acid, gentistic
acid (2,5~dihydroxybenzoic acid), 2,6-dihydroxybenzoic acid,
3,4-dihydroxybenzocic acid and gallic acid (3,4,5-
trihydroxybenzoic acid); naphthoic acid derivatives such as
1, 4~dihydroxy-2-naphthoic acid, 3,5-dihydroxy-2-naphthoic
acid and 3,7-dihydroxy-2-naphthoic acid; phenol phthalin;

diphenolic acid; and the like, one or more of which may be
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used independently or in combination.

[0183] Further, an amount of the flux-active curing
agent contained in the bonding layer 60 1is preferably in
the range of about 1 to 30 wt%, and more preferably in the
range of about 3 to 25 wt%, based on a total amount of the
constituent materials of the bonding layer 60 excluding the
solder powder. This makes it possible to enhance the flux
activity in the bonding layer 60, and to prevent the flux-
active curing agent from remaining unreacted with the
thermosetting resin in the Dbonding layer 60’ of the
gsemiconductor wafer bonded body 240, thereby appropriately
inhibiting occurrence of dion migration which would be

caused by the residual flux-active curing agent.

Furthermore, the flux-active curing agent may exist
outside the solder particles of the solder powder in the
bonding layer 60. For example, the solder particles of the
solder powder and the flux-active curing agent may be
dispersed into the thermosetting resin. Alternatively, the
filux-active curing agent may adhere to the surfaces of the
solder particles of the solder powder dispersed in the
thermosetting resin. Since the flux-active curing agent
exists outside the solder particles of the solder powder,
it can efficiently move toward interfaces Dbetween the
solder particles of the solder powder and surfaces of the
connector portions 212 and 222 to bring them into direct
contact with each other in a process [1C-4] which will be
described below. As a result, it is possible to enhance
connection reliability between the connector portions 212

and 222 and the joint portions 225.
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[0184] In the semiconductor wafer bonded body 240
obtained in the subsequent process [1C~47, the
thermosetting resin serves to insulate the adjacent joint
portions 225 by an insulating portion 226 composed from the
cured product of the thermosetting resin, and to fix (or
bond) the first and second semiconductor wafers 210 and 220

together.

[0185] The same thermosetting resin as described in
connection with the above process [lA-2] can be used as the

thermosetting resin.

[0186] Further, an amount of the thermosetting resin
contained in the bonding layer 60 is preferably in the
range of about 25 to 90 wt%, and more preferably in the
range of about 35 to 80 wt%, based on the total amount of
the constituent materials of the bonding layer 60 excluding
the solder powder. This makes it possible to obtain
superior curability of the thermosetting resin when curing
it, and to design good melting behavior of the bonding

layer 60.

[01871 In addition, it 1s also preferred that a curing
agent other than the flux-active curing agent (hereinafter
simply referred to as “curing agent”) is added to the
thermosetting resin. This makes 1t possible to further

enhance the curability of the thermosetting resin.
[0188] The same curing agent as described in

connection with the above process [lA~2] can be used as the

curing agent.
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[0189] Further, other constituent materials than the
flux-active curing agent and the thermosetting resin may be
appropriately added to the bonding layer 60, examples of
which include a coupling agent, a flux activator for
increasing the activity of the flux-active curing agent and
various kinds of additives for improving different
properties such as resin compatibility, stability and

workability.

[0190] Use of such a coupling agent makes it possible
to further increase the adhesion of the bonding layer 60 to

the first and second semiconductor wafers 210 and 220.

[0191] The same coupling agent as described 1in
connection with the above process [lA-2] can be used as the

coupling agent.

[0182] An amount of the coupling agent contained in
the bonding layer 60 is preferably in the range of about
0.01 to 5 wt%, based on the total amount of the constituent
materials of the bonding layer 60 excluding the solder

powder.

[01¢e3] The solder particles of the solder powder are
melted when heating and compressing the semiconductor wafer
stacked body 230 in the subsequent process [1C-4], and the
molten solder 9particles are aggregated between the
connector portions 212 and 222 in the bonding layer 60.
Solidified products of the molten solder particles form the
joint portions 225 to electrically connect the connector

portions 212 and 222 together.
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[0194] It i1s preferred that a constituent material of
the solder powder is an alloy containing two or more metals
selected from the group comprising tin (Sn), silver (Ag),
bismuth (Bi), indium (In), zinc (Zn), lead (Pb) and copper
(Cu) . In terms of a melting temperature and mechanical
properties of the solder powder, it 1is particularly
preferable to use a Sn-containing alloy such as a Sn~Pb
alloy, a Sn-Bi alloy, a Sn—-Ag alloy, a Sn-Ag-Cu alloy or a
Sn-In alloy.

[0195] An average particle size of the solder
particles of the solder powder may be suitably set
depending on surface areas of the first and second
semiconductor wafers 210 and 220 and a spaced-apart
distance therebetween (namely, a thickness of the bonding
layer 60}. The average particle size of the solder
particles of the solder powder is preferably in the range
of about 1 to 100 um, more preferably in the range of about
5 to 100 um, and even more preferably in the range of about
10 to 50 um. By setting the average particle size of the
solder particles of the solder powder to fall within such a
range, 1t 1is possible to reliably gather (aggregate) the
molten particles (solder components) of the solder powder
on the surfaces of the connector portions 212 and 222. In
addition, it is possible to restrain the adjacent connector
portions 212 and 222 from being bridged (or connected), and
to prevent the adjacent connector portions 212 and 222 from

being short-circuited.

[01986] The average particle size of the solder
particles of the solder powder can be measured using, &.9.,

a laser diffraction scattering method.




[0197] In general, a melting point of the solder
powder is preferably in the range of about 100 to 250°C,
and more preferably in the range of about 130 to 230°C.
This makes it possible to sufficiently secure flowability
of the thermosetting resin and the like contained in the
bonding layer 60 Dbefore being cured, and to reliably
prevent thermal degradation of the each circuit portions
formed on the first and second semiconductor wafers 210 and

220.

{0198] Further, it is preferred that the constituent
material of the solder powder has a melting temperature
lower than a curing temperature of the thermosetting resin.
This makes it possible for the molten sclder particles of
the solder powder to reliably be aggregated on the surfaces

of the connector portions 212 and 222.

[0198] In this regard, 1t 1s to be noted that the
melting point of the solder powder 1s defined by an
endothermic peak temperature thereof measured using, €.g.,
a DSC (Differential Scanning Calorimetry) method, at a

temperature increasing rate of 10°C/min.

[0200] An amount of the solder powder contained in the
bonding layer 60 is preferably in the range of about 20 to
250 parts by weight, more preferably in the range of about
40 to 230 parts by weight, and even more preferably in the
range of about 50 to 160 parts by weight, based on 100
parts by weight of the total amount of the constituent
materials of the bonding layer 60 excluding the sclder

powder. By setting the amount of the solder powder to fall
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which makes it possible to reliably insulate the adjacent

joint portions 225.

[0201] Further, the same solvent as described 1in
connection with the above process [lA-2] can be used as the

solvent contained in the ligquid material 61.

[0202] An amount of the solvent contained in the
liguid material 61 is preferably set in such a range that
an amount of solid components to be mixed in the solvent
(namely, the total amounts of the constituent materials of
the above described bonding layer 60) Dbecomes equal to

about 10 to 60 wt%.

[0203] In this regard, it 1s ©preferred that the
bonding layer 60 formed on the rear surface 223 using the
liguid material 61 containing the flux-active curing agent,
the thermosetting resin, and the 1like has the following

properties.

[0204] More specifically, in the <case wherse the
bonding layer 60 formed on the rear surface 223 has a
thickness of 100 um, a melt viscosity at 138°C thereof may
be preferably in the range of about 0.01 to 10,000 Pa-s,

more preferably in the range of about 0.1 to 3,000 Pa-s,
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and even more preferably in the range of about 0.3 to 1,000
Pa-s. By setting the melt viscosity of the bonding layer
60 to fall within such a range, it is possible to prevent a
reduction in connection reliability which would occur as
the bonding layer 60 is bled from bonded objects, i.e., the
first and second semiconductor wafers 210 and 220, during a
heating operation, and to restrain the bonding layer 60
from contaminating neighboring members. In addition, it is
possible to prevent generation of air Dbubbles in the
bonding layer 60 and occurrence of defects such as
insufficient £filling of the cured product of the
thermosetting resin in the gap between the first and second
semiconductor wafers 210 and 220. Moreover, it is possible
to prevent the molten solder particles of the solder powder
(or solders) from being excessively wet spread, which would
lead to a problem of short-circuiting the adjacent
connector portions 212 and 222. It is also possible to
avoid occurrence of defective bonding between the connector
portions 212 and 222, because the thermosetting resin and
the solder powder are prevented from remaining in the joint
portions 225 and the insulating portion 226, respectively,
when metallically bonding the connector portions 212 and
222 through the joint portions 225 formed from the
solidified products of the molten solder particles of the

solder powder.

[0205] In this regard, it is to be noted that the melt
viscosity of the bonding layer 60 1s measured by the
following measurement method. In other words, the bonding
layer 60 having a thickness of 100 um is measured using a
viscoelasticity measuring instrument (produced by JASCO

International Co., Ltd.) at a temperature increasing rate
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of 30°C/min and a frequency of 1.0 Hz under a strain-
constant stress sensing condition. The melt viscosity of
the bonding layer 60 can be obtained by measuring a
viscosity thereof at an atmospheric temperature of 223°C,

which is a melting point of a 96.535n/3.5Ag alloy.

[0206] The thickness of the bonding layer 60 is not
particularly limited to a specific wvalue, but may be
preferably in the range of about 3 to 300 pm, more
preferably in the range of about 10 to 200 um, and even
more preferably in the range of about 15 to 150 um. By
setting the thickness of the bonding layer 60 to fall
within such a range, 1t 1is possible for the insulating
portion 226 to have a great enough thickness and to have

increased mechanical strength.

[0207] [1C-3] Next, as shown in FIG. 5C, the first
semiconductor wafer 210 and the second semiconductor wafer
220 having the bonding layer 60 formed on the rear surface
223 thereof are put in a face-to-face relationship with
each other so that the functional surface 211 can be
opposed to the rear surface 223. That is to say, the first
and second semiconductor wafers 210 and 220 are brought
into a face~to-face relationship in a state that the
bonding layer 60 lies between the functional surface 211

and the rear surface 223.

[0208] The first and second semiconductor wafers 210
and 220 are positioned together so that the ends of the
connector portions 212 located on the side of the
functional surface 211 correspond to the ends of the

connector portions 222 located on the side of the rear
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surface 223. Thereafter, as shown in FIG. 5D, the first
and second semiconductor wafers 210 and 220 are brought
into contact with each other through the bonding layer 60,
thereby producing a semiconductor wafer stacked body 230 in
which the first and second semiconductor wafers 210 and 220

are stacked together (second process).

[0209] [1C-4] Next, as shown in FIG. 5D, the
semiconductor wafer stacked body 230 1is compressed in a
thickness direction thereof while heating the same (third

process) .

[0210] At this time, it is preferred that the heating
is carried out slowly so that the thermosetting resin can
be completely cured subsequent to melting of the solder

powder.

[0211] More specifically, a heating temperature 1is
preferably in the range of about 100 to 250°C, and more
preferably in the range of about 130 to 230°C, although it
may slightly wvary with the kinds of the constituent

materials of the solder powder and the bonding layer 60.

[0212] This makes it possible for the flux-active
curing agent tc reduce the surfaces of the solder particles
of the solder powder, and to melt the solder component of
the solder powder. As a result, the molten solder
particles of the solder powder move self-aligningly toward
the surfaces of the connector portions 212 and 222 in the
bonding layer 60. Therefore, the molten solder particles
of the solder powder are self-aligned and aggregated

between the connector portions 212 and 222. Thereafter,
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the molten particles aggregated are solidified to form the
joint portions 225 through which the connector portions 212

and 222 can be electrically connected together.

[0213] Further, since the curing of the thermosetting
resin occurs after the solder powder has been melted, the
insulating portion 226 composed from the cured product of
the thermosetting resin can be formed in a region between
the first and second semiconductor wafers 210 and 220 other
than regions where the molten solder particles of the
solder powder.are aggregated. This makes 1t possible to
electrically insulate the adjacent joint portions 225 in a
reliable manner, and to reliably bond (or fix) the first

and second semiconductor wafers 210 and 220 together.

[0214] In the manner described above, the molten
solder particles of the solder powder are aggregated and
then solidified while curing the thermosetting resin. As a
result, the first and second semiconductor wafers 210 and
220 are fixed together through the bonding layer 60’. Thus,
it is possible to produce a semiconductor wafer bonded body
240 in which the connector portions 212 and 222 are
electrically connected together through the joint portions
225 composed from the solidified products of the molten

solder particles of the solder powder.

[6215] In this regard, it 1s to be noted that the
semiconductor wafer stacked body 230 can be heated at a
predetermined single temperature. Alternatively, it may be
possible to perform a stepwise curing process in which the
semiconductor wafer stacked body 230 is heated at 150°C for

100 seconds and then heated at 200°C for 100 seconds or a
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*1: "EXA-830LVP" is a resin having an epoxy equivalent of 165 and produced by Dainippon ink and
chemicals, Incorporated. *2: "NC3000" is a solid epoxy resin having an epoxy equivalent of 272
and produced by Nippon Kayalcu Co., Ltd. "PR-HF-3" is a resin having a softening point of
8000 and an OH equivalent of 105 and produced by Sumitomo Bakelite Cc., Ltd. *4:"2P4M1"is
proguceg By%@%ﬁﬂ%@?&fowaw.pro&@@dm: Behacictacid"sand Rhenot phthalinn are
produced by Tokyo Chemical Industry Co., Ltd. *6: "Gentistio acid" i produ idori aku Co.,
Ltd. *8: "CTER1668SP2 = 50d085Y b§ %%e tfid ?ﬁ&sfi?ﬁpﬁ\ﬁ?%g§t is%agrﬁg fpé)(o%%lair?ggnd

produced by Shirizisu @hemidad Cogiltdd at*100KBMEY8" istandrontatie secahdary aminosilane
andFHOduceg$%§§h"FE$ﬂﬁg%“”@ﬁglC%éi%%L portions 225 and the connector
portions 212 and 222 are electrically connected together in
a reliable manner by metallic bond between the solder
particles of the solder powder and the connector portions
212 and 222. This makes it possible to form joint portions
225 with reduced connection resistance and enhanced

connection reliability.

[0216] Further, by compressing the semiconductor wafer
stacked body 230 in the thickness direction thereof while
heating the same, it 1s possible for the molten solder
particles of the solder powder to flow under pressure, and
to efficiently move toward the surfaces of the connector

portions 212 and 222.

[0217] More specifically, a pressure 1in compressing
the semiconductor wafer stacked body 230 is preferably in
the range of about 0 to 20 MPa, and more preferably in the
range of about 1 to 10 MPa. By setting the pressure to
fall within such a range, it 1s possible for the molten
solder particles of the solder powder to be reliably

aggregated between the connector portions 212 and 22Z.

[0218] In this regard, it is to be noted that even if
the pressure artificially applied to the semiconductor
wafer stacked body 230 is 0 MPa, a predetermined pressure
may be applied to the bonding layer 60 due to a weight of

the second semiconductor wafer 220 itself.
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[0219] Here, with the present invention, the connector
portions 212 and 222 are electrically connected together
through solidified products such as the joint portions 225
or the like. Thanks to this feature, it is possible to
reliably prevent breakage of the electrical connection
between the connector portions 212 and 222 even when the
insulating portion 226 composed from the cured product of
the thermosetting resin are expanded by heat generated from
the semiconductor chip(s) 20 during operation of the
semiconductor device 10 which will be described below.
This makes it possible to obtain stable conduction between
the connector portions 212 and 222. In other words, it
becomes poessible to electrically connect the connector
portions 212 and 222 together in excellent connection

reliability.

[0220] A thicknesses of each joint portion 225, i.e.,
a thickness (an average thickness) of the bonding layer 60’
in the semiconductor wafer Dbonded Dbody 240 is not
particularly limited to a specific wvalue, but may be
preferably in the range of about 3 to 300 um, and more
preferably in the range of about 5 to 150 um. By reducing
a spaced-apart distance Dbetween the first and second
semiconductor wafers 210 and 220 in this manner, it 1is
possible to reduce thicknesses of the semiconductor chips
20 obtained by dicing the semiconductor wafer bonded body
240. As a result, it becomes possible to reduce an overall
thickness of the semiconductor device 10 provided with the
semiconductor chip(s) 20, and to make the semiconductor

device 10 lightweight.

[0221] In other words, it is possible to increase an
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integration density of the semiconductor chips 20 included

in a single semiconductor device (or a single semiconductor

package) 10, and to reduce an overall size

cf the

semiconductor device 10. Further, since a spaced-apart

distance between the electrodes provided on the respective

functional surfaces 211 and 221 can be made small,

it is

possible to increase an amount of information stored in a

single semiconductor device 10.

[0222] <Fourth Method for Bonding Semiconductor

Wafers>

Next, description will be made on the method for

producing the semiconductor wafer bonded body 240 using the

fourth method for bonding semiconductor wafers.

[0223] [1D-1] First, as shown in FIG. 6A,

a first

semiconductor wafer 210 and a second semiconductor wafer

220 are prepared in the same manner as 1in the above process

[1C-1] described above (first process).

[0224] [1D-2] Next, a bonding sheet 65 containing a

flux-active curing agent, a thermosetting resin and solder

powder as constituent materials thereof 1s prepared.

Thereafter, as shown in FIG. 6B, the bonding sheet 65 is

interposed between the first semiconductor wafer 210 and

the second semiconductor wafer 220 arranged so that the

functional surface 211 and the rear surface 223 can be

opposed to each other.

[0225] The same materials as described in connection

with the above process [1A-2] can be used
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constituent materials such as the flux-active curing agent,
the thermosetting resin and the solder powder contained in

the bonding sheet 65.

[0226] Further, 1t is preferred that the bonding sheet
65 further contains a film-forming resin as the constituent
materials thereof in addition to the flux-active curing
agent, the thermosetting resin and the solder powder. Use
of the film-forming resin makes it possible to reliably

form the bonding sheet 65 into a film shape.

[0227] The same resin as described in connection with

the above process [1B-2] can be used as the film-forming

resin.
[0228] Further, the film-forming resin may be a
commercially availlable one. Additives such as various

kinds of plasticizers, a stabilizing agent, an inorganic
filler, an antistatic agent and a pigment may be mixed with
the bonding sheet 65 to an extent that does not mar effects

provided by the present invention.

[0229] An amount of the film-forming resin contained
in the bonding sheet 65 is preferably in the range of about
5 to 50 wt%, based on a total amount of the constituent
materials of the bonding sheet 65 excluding the solder
powder. By setting the amount of the film-forming resin to
fall within such a range, it is possible to suppress an
increase in an elastic modulus of the insulating portion
226 while inhibiting a decrease in a film formation
property of the bonding sheet 65. This makes 1t possible

to further improve the adhesion between the bonding layer
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60’ and the first and second semiconductor wafers 210 and
220, and to suppress an increase in a melt viscosity of the

bonding sheet 65.

[0230] Such a bonding sheet 65 can be produced by,
e.9., dissolving the flux-active curing agent, the
thermosetting resin, the solder powder, 1f desired, the
film-forming resin, and other components into a solvent to
prepare a bonding sheet formation material (or a liguid
material), applying the bonding sheet formation material on
a release-treated base member such as a polyester sheet or
the like, removing the solvent from the bonding sheet
formation material at a predetermined temperature, and then

drying the same.

[0231] In this regard, it 1s to be noted that the
solvent used at this time may be the same one as described

in connection with the above process [1lA-2].

[0232] Further, a thickness (an average thickness) of
the bonding sheet 65 1s not particularly limited to a
specific value, but may be preferably in the range of about
5 to 300 um, and more preferably in the range of about 10
to 200 pm.

[0233] [1D-3] Next, the first and second semiconductor
wafers 210 and 220 are positioned together so that the ends
of the connector portions 212 located on the side of the
functional surface 211 correspond to the ends of the
connector portions 222 located on the side of the rear
surface 223. As shown in FIG. 6C, the first and second

semiconductor wafers 210 and 220 are brought into contact
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with each other through the bonding layer 60 (or the
bonding sheet 65), thereby producing a semiconductor wafer
stacked body 230 in which the first and second
semiconductor wafers 210 and 220 are stacked together

{second process).

[0234] [1D-4] Next, in the same manner as in the above
process [1C-4], the semiconductor wafer stacked body 230 is
compressed in a thickness direction thereof while heating
the same. This produces a semiconductor wafer bonded body

240 as shown in FIG. 6D.

As described above, the semiconductor wafer bonded
body 240 can be produced using the first to fourth methods

for bonding semiconductor wafers.

[0235] [2] Next, a plurality of semiconductor chips 20
is obtained by dicing the semiconductor wafer bonded body
240 in a corresponding relationship with the each circuit
portions formed on the respective <first and second

semiconductor wafers 210 and 220.

[0236] By dicing the semiconductor wafer bonded body
240 produced using the method for bonding semiconductor
wafers of the present invention into a plurality of
semiconductor chips (semiconductor chip stacked bodies) 20
at one time, it 1s possible to reduce the number of
manufacturing processes and to improve productivity of a
semiconductor device 10 as compared to the above described
prior art method in which semiconductor chip stacked bodies
are mass-produced by individually stacking and bonding a

plurality of semiconductor chips together.
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*1: "EXA-830LVP" is a resin having an epoxy equivalent of 165 and produced by Dainippon ink and
chemicals, Incorporated. *2: "NC3000" is a solid epoxy resin having an epoxy equivalent of 272
and produced by Nippon Kayaku Co., Ltd. *3: "2P4MZ"is produced by Shikoku Chemicals
Corporation. *4: "Gentistic acid" is produced by Midori Kagaku Co., Ltd. *5: "Phenol phthalin®
is produced by Tokyo Chemical Industry Co., Ltd. *6: "CTBN1008SP" is produced by Ube

Industries, Ltd. *7: "KBM-4035" is an epoxy silane and produced by Shin-Etsu Chemical Co., Ltd.
*g: "KBM-5739% 3N aromatitdecdliddry arfimosiahe BRatoduéed by shitetdrehémicalco., Ltd.
*9: "BCSA" imbutyheellesalve agetaigancproduceddyohakiedChamical Ingustry Couidtdce
[0297][Table 3-A]r , .
thereof and bumps 70 provided on a lower surface thereof is
prepared, and the semiconductor chips (semiconductor
elements) 20 are mounted on the interposer 30 through the

wiring pattern 40.

A semiconductor device 10 can be manufactured by way

of the processes described above.

[0238] According to  the semiconductor device 10
manufactured in this manner, it is possible to increase an
integration density of the semiconductor chips 20 provided
in a single package. This makes 1t possible to meet a
demand for high functionality and size reduction of

electronic devices.

[0239] In this regard, it is to be noted that the
semiconductor device 10 manufactured by the method for
manufacturing a semiconductor device of the present
invention can be extensively used in, e.g., cellular phones,
digital cameras, video cameras, car navigations, personal
computers, game machines, liquid crystal TV sets, liquid
crystal displays, organic EL displays, printers, and the

like.

[0240] While the method for bonding semiconductor
wafers and the method for manufacturing a semiconductor
device of the present invention have been described
hereinabove, the present invention shall not be limited

thereto.
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[0241] For example, although the above description is
directed to a case in which a single first semiconductor
wafer 210 and a single second semiconductor wafer 220 are
bonded together, the method for bonding semiconductor
wafers of the present invention is not limited thereto. As
an alternative example, two or more second semiconductor
wafers 220 may be stacked on a single first semiconductor
wafer 210, and then the first and second semiconductor
wafers 210 and 220 may be bonded together at one time. As
another alternative example, a single first semiconductor
wafer 210 and a single second semiconductor wafer 220 may
be bonded together to produce a semiconductor wafer bonded
body 240, and then an additional second semiconductor wafer
220 may be bonded to the semiconductor wafer bonded body
240 thus produced.

[0242] In addition, for example, one or more arbitrary
processes may be added to the method for bonding
semiconductor wafers and the method for manufacturing a

semiconductor device of the present invention.

EXAMPLES
[0243] Next, description will be made on certain

specific examples of the present invention.

1. Producticn of Bonding Sheet and Preparation of

Bonding Layer Formation Material
In this regard, it is to be noted that sample numbers

identified below correspond to numbers of Examples (or

semiconductor devices) in which bonding sheets or bonding
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layer formation materials of the respective sample numbers
are used. Further, Sample No. 1B’ corresponds to

Comparative Example 1B.
[0244] 1-1. Production of Bonding Sheet
[Sample Nos. 1A to 34A]

Bonding sheets of Sample Nos. 1A to 34A were produced
by dissolving various components (constituent materials) in
mixing ratios shown in Tables 1-A to 1-C into an aromatic
hydrocarbon based solvent such as toluene or xylene, an
ester based organic solvent such as ethyl acetate or butyl
acetate, or a ketone based organic solvent such as acetone
or methyl ethyl ketone to prepare a varnish (a bonding
sheet formation material), applying the prepared varnish on
a polyester sheet, and then drying the wvarnish at a

temperature which is suitably set to volatilize the solvent.

Further, an amount of each component shown in Tables
1-A to 1-C is indicated by a percent by weilght based on a

total amount of the components.
[0245] [Sample Nos. 1B to 21B and Sample No. 1B']

Bonding sheets of Sample Nos. 1B to 21B and Sample No.
1Bf were produced by dissolving various components
(constituent materials) in mixing ratios shown in Tables 3-
A and 3-B into an aromatic hydrocarbon based solvent such
as toluene or xylene, an ester based organic solvent such
as ethyl acetate or butyl acetate, or a ketone based

organic solvent such as acetone or methyl ethyl ketone to
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prepare a varnish (a bonding sheet formation material),
applying the prepared varnish on a polyester sheet, and
then drying the varnish at a temperature which 1s suitably

set to volatilize the solvent.

Further, an amount of each component shown in Tables
3-A and 3-B is indicated by a percent by weight based on a

total amount of the components.

[0246] 1-2. Preparation of Bonding Layer Formation

Material

[Sample Nos. 35A to 45A]

Bonding layer formation materials (liquid materials)
of Sample Nos. 35A to 45A were prepared by kneading various
components (constituent materials) in mixing ratios shown
in Tables 2-A and 2-B using a three-roll kneader, and then

subjecting the same to a vacuum defoaming treatment.

[0247] 2. Manufacture of Semiconductor Device

Twenty semiconductor devices were manufactured in

each of Examples and Comparative Examples described below.

{0248] [Example 1A]

-1A- First, as shown in FIGs. 7A and 7B, two silicon
wafers (namely, two 8-inch test wafers each having a
thickness of 60 um) were prepared. On each of the silicon
wafers, fifty circuits 310 each having a size of 20 mm x 20

mr and a plurality of penetrating metal (copper) electrodes
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Through silicon via 311 were formed.

[0249] In this regard, it is to be noted that FIG. 7A
is a plan view showing one of the circuits 310 formed on
the silicon wafer. FIG. 7B is a section view taken along

line A-A in FIG. 7TA.

[0250] As can be seen in FIG. 7A, 28 x 28 penetrating
metal electrodes 311 were provided in each of the regions A
to D of the circuit 310 so as to extend through the silicon
wafer in a thickness direction thereof. For the purpose of
evaluating connection conductivity and insulation property,
in the region A, first to third terminals and twenty second
to twenty fourth terminals were provided so as to be
connected to some of the penetrating metal electrodes 311
present in this region A through wiring lines. In the
region B, fourth to ninth terminals were provided so as to
be connected to some of the penetrating metal electrodes
311 present in this region B through wiring lines. In the
region C, tenth to fifteenth terminals were provided so as
to be connected to some of the penetrating metal electrodes
311 present in this region C through wiring lines. Further,
in the region D, sixteenth to twenty first terminals were
provided so as to be connected to some of the penetrating
metal electrodes 311 present in this region D through

wiring lines.
In this regard, it is to be noted that an interval (a
pitch) between the adjacent penetrating metal electrodes

311 was set equal to 150 um.

[0251] Further, as shown -in FIG. 7B, electrical
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conductors 312 for connecting some of the adjacent
penetrating metal electrodes 311 were provided on a rear

surface 314 of the silicon wafer.

[0252] -2A- Next, using a flip chip bonder, lead-free
solders (having a composition of Sn/3.5Ag, a melting point
of 221°C and a thermal expansion coefficient of 22 ppm/°C)
were placed on a functional surface 315 of each of the
silicon wafers in such positions as to make contact with
the penetrating metal electrodes 311. The lead~free
solders were temporarily bonded to each of the silicon
wafers and then subjected to a reflow treatment (by passing
the same through an IR reflow machine for 60 seconds at a
maximum temperature of 260°C and a minimum temperature of
183°C). By doing so, the lead-free solders were bonded to
the penetrating metal electrodes 311 to form solder bumps.

A diameter of each solder bump was 40 um.

[0253] ~3A- Next, the bonding sheet of Sample No. 1A
was attached to the functional surface 315 of each of the
silicon wafers with the solder bumps using a vacuum film

laminator (“MVLP-500/600-2A" produced by Meiki Co., Ltd.).

[0254] In this regard, 1t is to be noted that the
attachment of the bonding sheet to each of the silicon
wafers using the vacuum film laminator was performed under

the treatment conditions of 100°C, 0.8 MPa and 30 seconds.

[0255] Further, a thickness of the bonding sheet of

Sample No. 1A attached to each of the silicon wafers was 40

um.
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[0256] -4A~ Next, two silicon wafers with the bonding
sheets obtained in the above process -3A- were positioned
together, and then temporarily laminated themselves with
alignment wusing a press machine (“WH1-1758"), thereby

producing a silicon wafer stacked body.

In this regard, 1t 1s to be noted that the
temporarily lamination of the silicon wafers with the
bonding sheets was performed under the treatment conditions

of 150°C and 1.0 MPa.

[0257] -5A- Next, the silicon wafer laminated body
obtained in the above process ~4A- was heated to a
temperature of 250°C while keeping the state of the above
process -4A- unchanged and gradually releasing the pressure
(to become 0.1 MPa or less), thereby forming metal bonds
between the penetrating metal electrodes 311 present in the
respective regions A to D of the circuit 310 and solidified
products 313 of molten solder bumps as shown in FIG. 8.
Thereafter, the silicon wafer laminated body was reheated
at 180°C for 60 minutes, thereby producing a silicon wafer
bonded body including a circuit bonded body 320 in which
two circuits 310 are electrically connected together

through the solidified products 313.

[0258] As described above, in each of the silicon
wafers, one of the penetrating metal electrodes 311 is
connected to another adjacent penetrating metal electrode
311 through the electrical conductor 312. Therefore, by
connecting the penetrating metal electrodes 311 provided in
one silicon wafer and the corresponding penetrating metal

electrodes 311 provided in the other silicon wafer through
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the solidified products 313, as shown in FIG. 8, a
plurality of wiring lines 316 each comprised from the
penetrating metal electrodes 311, the electrical conductors
312 and the solidified products 313 could be formed in the
circuit bonded body 320.

[0259] In this Example, as shown in FIG. 9, the
circuits 310 were formed on each of the silicon wafers so
that the first terminal of one of the circuits 310 and the
twenty fourth terminal of the other circuit 310 could be
electrically connected together through the wiring line 316
including the 28 x 28 penetrating metal electrodes 311 in
the region A of the circuit bonded body 320. Further, the
circuits 310 were formed on each of the silicon wafers so
that the fourth terminal of the one circuit 310 and the
fifth terminal of the other circuit 310 could Dbe
electrically connected together through the wiring line 316
including the 28 x 28 penetrating metal electrodes 311 in
the region B of the circuit bonded body 320. Furthermore,
the circuits 310 were formed on each of the silicon wafers
so that the twelfth terminal of the one circuit 310 and the
thirteenth terminal of the other circuit 310 could be
electrically connected together through the wiring line 316
including the 28 x 28 penetrating metal electrodes 311 in
the region C of the circuit bonded body 320. In addition,
the circuits 310 were formed on each of the silicon wafers
so that the seventeenth terminal of the circuit 310 and the
nineteenth terminal of the other circuit 310 could be
electrically connected together through the wiring line 316
including the 28 x 14 penetrating metal electrodes 311,
while the elighteenth terminal of the one circuit 310 and

the twentieth terminal of the other circuit 310 could be
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electrically connected together through the wiring line 316
including the 28 x 14 penetrating metal electrodes 311 in
the region D of the circuit bonded body 320.

[0260] -6A~ Next, as shown in FIG. 10, the circuit
bonded body 320 included in the silicon wafer bonded body
was diced so as to be divided into the respective regions
(each circuit portions) A to D, thereby producing a
plurality of diced test chips 330 for conduction evaluation

each having a size of 10 mm x 10 mm square.

[0261] -7A~ Next, using a flip chip bonder, lead-free
solders (having a composition of Sn/3.5Ag, a melting point
of 221°C and a thermal expansion coefficient of 22 ppm/°C)
were placed on portions corresponding to the terminals of
the test chip 330 and temporarily Dbonded thereto.
Thereafter, the lead-free solders were subjected to a
reflow treatment (by passing the same through an IR reflow
machine for 60 seconds at a maximum temperature of 260°C
and a minimum temperature of 183°C) in a state that the
test chip 330 was mounted on a printed circuit board. By
doing so, the terminals of the test chip 330 was boded to
the printed circuit board through the lead-free scolders,
thereby manufacturing a test package (or a semiconductor

device) of Example 1A.

[0262] In this regard, i1t is to be noted that when the
terminals of the test chip 330 were bonded to the printed
circuit beard, the mutually opposed terminals included in

the test chip 330 were also electrically connected together.

[0263] Further, in this Example, twenty semiconductor
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devices provided with the test chips 330 were manufactured
in this process -7A- using four groups of five test chips
330, each group of which originates from the respective

regions A to D.
[G264] [Examples 2A to 34A]

In each of Examples 2A to 34A, twenty semiconductor
devices were manufactured in the same manner as in Example
17, except that each of the bonding sheets of Sample Nos.
2A to 34A was used in place of the bonding sheet of Sample

No. 1A in the above process -3A-.
[0265] [Example 35A]

In Example 35A, twenty semiconductor devices were
manufactured in the same manner as in Example 1A, except
that the above process -3A- was changed to the following

process ~3B-.

[0266] ~3B- Next, the bonding layer formation material
of Sample No. 35 was applied on the functional surface 315
of the silicon wafer with the solder bumps using a spin
coat method, thereby forming a bonding layer on the
functional surface 315. In this regard, it is to be noted

that an average thickness of the bonding layer was 40 pm.
[C267] [Examples 36A to 40A]
In each of Examples 36A to 40A, twenty semiconductor

devices were manufactured in the same manner as in Example

354, except that each of the bonding layer formation
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materials of Sample Nos. 36A to 40A was used in place of
the bonding layer formation material of Sample No. 35A in

the above process -3B-.

[0268] [Examples 41A to 45A]

In each of Examples 41A to 45A, twenty semiconductor
devices were manufactured in the same manner as in Example
35A, except that each of the bonding layer formation
materials of Sample Nos. 41A to 45A was used in place of
the bonding layer formation material of Sample No. 358 in
the above process =-3B-, and that the bonding layer was
subjected to a heat treatment at 90°C for 20 minutes after
the above process =-3B- so that it was allowed to reach a B-
stage cure (or a temporarily cure) to thereby keep a shape

of the bonding layer.

[0269] [Comparative Examples 1A and 2A]

In each of Comparative Examples 1A and 2A, twenty
semiconductor devices were manufactured in the same manner
as in Example 1A, except that in the case of Comparative
Example 1A, an anisotropic conductive film (“AC-200”
produced by Hitachi Chemical Co., Ltd.) was used in place
of the bonding sheet of Sample No. 1A in the above process
-3A-, while in the case of Comparative Example 2A, an
anisotropic conductive film (“FP2511K” produced by Sony
Chemicals Corp.) was used in place of the bonding sheet of
Sample No. 1A in the above process -3A-, and that the above

process -53~ was omitted.

[0270] [Example 1B]
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-1C~ First, two silicon wafers (namely, two 8-inch
test wafers each having a thickness of 60 um) described in

the above process -1A- were prepared.

[0271] -2C- Next, the bonding sheet of Sample No. 1B
was attached to the functional surface 315 of each of the
silicon wafers wusing a vacuum film laminator (“MVLP~

500/600-2A" produced by Meiki Co., Ltd.).

[0272] In this regard, 1t is to be noted that the
attachment of the bonding sheet to each of the silicon
wafers using the vacuum film laminator was performed under

the treatment conditions of 100°C, 0.8 MPa and 30 seconds.

[0273] Further, a thickness of the bonding sheet of
Sample No. 1B attached to each of the silicon wafers was 40

um.

[0274] -3C~ Next, two silicon wafers with the bonding
sheets obtained in the above process -2C- were positioned
together, and then laminated together using a compression
machine (“280ASB-M001” produced by Tsukuba Mechanics Co.,

Ltd.), thereby producing a silicon wafer laminated body.

In this regard, it is to be noted that the lamination
of the silicon wafers with the bonding sheets was performed

under the treatment conditions of 160°C and 2.0 MPa.
[0275] -4C~ Next, the silicon wafer laminated body

obtained in the above process -3C- was kept in the state of

the above process -3C- for 10 minutes, thereby producing a
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silicon wafer bonded body provided with a circuit bonded

body 320 in which two circuits 310 were electrically
connected together through solidified products 313 of

molten particles of solder powder as shown in FIG. 8.

In the silicon wafer bonded body thus produced, the
circuits 310 were electrically connected together in the
same manner as described in Example 1A. Specifically, as
shown in FIG. 9, the circuits 310 were formed on each of
the silicon wafers so that the first terminal of one of the
circuits 310 and the twenty fourth terminal of the other
circuit 310 could be electrically connected together
through the wiring line 316 including the 28 x 28
penetrating metal electrodes 311 in the region A of the
circulit bonded body 320. Further, the circuits 310 were
formed on each of the silicon wafers so that the fourth
terminal of the one circuit 310 and the fifth terminal of
the other circuit 310 could be electrically connected
together through the wiring line 316 including the 28 x 28
penetrating metal electrodes 311 in the region B of the
circuit bonded body 320. Furthermore, the circuits 310
were formed on each of the silicon wafers so that the
twelfth terminal of the one circuit 310 and the thirteenth
terminal of the other circuit 310 could be electrically
connected together through the wiring line 316 including
the 28 x 28 penetrating metal electrodes 311 in the region
C of the circuit bonded body 320. In addition, the
circuits 310 were formed on each of the silicon wafers so
that the seventeenth terminal of the circuit 310 and the
nineteenth terminal of the other circuit 310 could be
electrically connected together through the wiring line 316

including the 28 x 14 penetrating metal electrodes 311,
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while the eighteenth terminal of the one circuit 310 and
the twentieth terminal of the other circuit 310 could be
electrically connected together through the wiring line 316
including the 28 x 14 penetrating metal electrodes 311 in

the region D of the circuit bonded body 320.

[06276] -5C- Next, as shown 1in FIG. 10, the circuit
bonded body 320 included in the silicon wafer bonded body
was diced so as to be divided into the respective regions
(each circuit portions) A to D, thereby producing a
plurality of diced test chips 330 for conduction evaluation

each having a size of 10 mm x 10 mm square.

[0277] -6C~ Next, using a flip chip bonder, lead-free
solders (having a composition of Sn/3.5Ag, a melting point
of 221°C and a thermal expansion coefficient of 22 ppm/°C)
were placed on portions corresponding to the terminals of
the test chip 330 and temporarily Dbonded thereto.
Thereafter, the lead-free solders were subjected to a
reflow treatment (by passing the same through an IR reflow
machine for 60 seconds at a maximum temperature of 260°C
and a minimum temperature of 183°C) in a state that the
test chip 330 was mounted on a printed circuit board. By
doing sc¢, the terminals of the test chip 330 was bonded to
the printed circuit board through the lead-free sclders,
thus manufacturing a test package (or a semiconductor

device) of Example 1B.

[0278] In this regard, it 1s to be noted that when the
terminals of the test chip 330 were bonded to the printed
circuit board, the mutually opposed terminals included in

the test chip 330 were also electrically connected together.
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[06279] Further, in this Example, twenty semiconductor
devices provided with the test chips 330 were manufactured
in this process =-6C~ using four groups of £five test chips
330, each group of which originates from the respective

regions A to D.

[0280] [Examples 2B to 21B]

In each of Examples 2B to 21B, twenty semiconductor
devices were manufactured in the same manner as in Example
1B, except that each of the bonding sheets of Sample Nos.
2B to 21B was used in place of the bonding sheet of Sample

No. 1B in the above process -2C-.

[0281] [Comparative Example 1B]

In Comparative Example 1B, twenty semiconductor
devices were manufactured in the same manner as in Example
1B, except that the bonding sheet of Sample No. 1B" was
used in place of the bonding sheet of Sample No. 1B in the

above process -2C-.

[0282] [Comparative Examples 2B and 3B]

In each of Comparative Examples 2B and 3B, twenty
semiconductor devices were manufactured in the same manner
as in Example 1B, except that in the case of Comparative
Example 2B, an anisotropic conductive £ilm (“AC-200”
produced by Hitachi Chemical Co., Ltd.) was used in place
of the bonding sheet of Sample No. 1B in the above process

-2C~, while in the case of Comparative Example 3B, an
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anisotropic conductive film (“FP2511K” produced by Sony
Chemicals Corp.) was used in place of the bonding sheet of

Sample No. 1B in the above process -2C-.

[0283] 2. Evaluation

Thermal cycle tests were conducted one hundred cycle
times. In each cycle time, every twenty semiconductor
devices obtained in the respective Examples and the
respective Comparative Examples were maintained at =-55°C
for 30 minutes and at 125°C for 30 minutes in an

alternating manner.

[0284] Thereafter, with respect to the semiconductor
devices of the respective Examples and the respective
Comparative Examples which have undergone the thermal cycle
tests, conduction of the test chips 330 was checked by
applying a voltage of 5V between the terminals of the test

chips 330 using a conduction tester.

[0285] In this regard, the conduction between the
first and twenty fourth terminals was checked in respect of
the semiconductor devices provided with the test chips 330
originating from the region A of the circuilt bonded body
320. The conduction between the fourth and fifth terminals
was checked in respect of the semiconductor devices
provided with the test chips 330 originating from the
region B of the circuit bonded body 320. The conduction
between the twelfth and thirteenth terminals was checked in
respect of the semiconductor devices provided with the test
chips 330 originating from the region C of the circuit

bonded body 320. The conduction between the seventeenth
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and nineteenth terminals and the conduction between the
sixteenth and twentieth terminals were checked in respect
of the semiconductor devices provided with the test chips
330 originating from the region D of the circuit bonded
body 320.

[0286] In each of Examples and each of Comparative
Examples, the semiconductor devices were determined to be
in good quality (A) if all of the twenty semiconductor
devices were conducted. The semiconductor devices were
determined to be in poor quality (B) i1f only one of the

twenty semiconductor devices was not conducted.

[0287] In this regard, it is to be noted that the term
“conducted” used herein means that a resistance value
between the terminals 1s smaller than 80 Q, while the term
“not conducted” means that the resistance value between the

terminals is equal to or greater than 80 Q.

[0288] In addition, with respect to the semiconductor
devices provided with the test chips 330 originating from
the region D of the circuit bonded body 320, insulation
between the adjacent wiring lines was checked using the
conduction tester. That is to say, insulation between the
wiring line 316 connecting the seventeenth and nineteenth
terminals together and the wiring line 316 connecting the

sixteenth and twentieth terminals together was checked

[0289] More specifically, insulation between the
sixteenth and seventeenth terminals was checked by applying
a voltage of 5V therebetween. Further, insulation between

the nineteenth and twentieth terminals was checked in the
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*1: "(Meth)acrylic resin” is a 30 mol% butyl a=ylate - 30 mol% ethyl acrylate - 40 mol% acrvlonitrile
copolymer having a molecular weight of 850,000. "Epoxy resin"isa mi_xture of 2-[4-
epoxypropoxy)pheny1]-2-[4-[1,1-bis14-(2,3- epoxypropoxy)phenyl] ethyl] phenyl] propane and
1,3-bis[4- [1-[4-(2,3-epoxypropoxy)phenyl]-1-[4-[1-[4-(2,3- epoxypropoxy)phenyl]-1-methyl] ethyl]
phenyl] phengxyk2 nprapancl. *3: "Epoxy resin" is a cresol novblak type epoxy resin having a
softening point of 80C. *4: "Epoxy resin" is a liquid bis F type epoxy resin haying an epoxy
equivalent of 170. *5: "Phenol novolak" is a resin having a softening point of 100C and an OH
equivalent offoh0] *6: 'Seldespowdert iscoastituted fromia 4251588f alloyhaying-awrelting point

of 138C and an average patrticle size of 35 pm. *7: "Solder powder" is constituted from a
225n/5551 Ay TR e & nidling BT TR 8t 45 LhePe L oG Sha Tt fm e e Solder
powder" is camstityteshfronua 426n/588¢ alloy/thawving a meltingpoinf o¥ 4 38€=and ancvetage particle

size of 12 um.evice*g: "VSqo!:der g%vgdqg"{se%onstitlg d frorg 8.148§1 /52 n all%y Qavin a r%elting point of
118C and an average par%cfae size of 35 pm. [029 ﬁ‘?ab?e %1%? Fxa - 10-5T v&“050TO 0
0S c determined to be in poor quality (B) if only one of the

five semiconductor devices was not insulated.

{02917 In this regard, it is to be noted that the term
“insulated” used herein means that a resistance value
between the terminals is equal to or greater than 1.0 x 10°
{3, while the term “not insulated” used herein means that

the resistance value between the terminals is smaller than

1.0 x 10° Q.

Results of these evaluations are shown in the

following Tables 1-A to 1-C, 2-A, 2-B, 3-A, 3-B and 4.

[0292] [Table 1-A]
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*1: “YL-6954” is produced by Japan Epoxy resins Co.,
Ltd.

*2: “Epiclon840S” 1s a liguid bis A type epoxy resin
having an epoxy equivalent of 180 and produced by Dainippon
ink and chemicals, Incorporated.

*3: “PR-53647” is a resin having a softening point of
95°C and an OH equivalent of 104 and produced by Sumitomo
Bakelite Co., Ltd.

*4 and *5: “Sebacic acid” and “Phenol phthalin” are

produced by Tokyo Chemical Industry Co., Ltd.

[0283] [Table 1-B]
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*1: “YL-6954” is produced by Japan Epoxy resins Co.,
Ltd.

*2: “EpiclonB840S” is a liquid bis A type epoxy resin
having an epoxy equivalent of 180 and precduced by Dainippon
ink and chemicals, Incorporated.

*3: “NC6000” is a solid three functional epoxy resin
having a softening point of 60°C and produced by Nippon
Kayaku Co., Ltd.

*4; “PR-53647” 1is a resin having a softening point of
85°C and an OH eguivalent of 104 and produced by Sumitomo
Bakelite Co., Ltd.

*5t W2PHZ~PW"” is 2-phenyl-4, 5-dihydroxymethyl
imidazole and produced by Shikoku Chemicals Corporation.

*6: “W2P4MHZ” is 2-phenyl-4-methyl-5-hydroxyimidazole
and produced by Shikoku Chemicals Corporation.

*7: “Gentistic acid” is produced by Midori Kagaku Co.,

Ltd.

*8: “Phenol phthalin” is produced by Tokyo Chemical
Industry Co., Ltd.

[0264] [Table 1-C]
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*1: “Acrylic rubber” is a 30 mol% butyl acrylate - 30
mol% ethyl acrylate - 40 mol% acrylonitrile copolymer having
a molecular welght of 850,000.

*2: “Epiclon840S” 4is a liquid bis A type epoxy resin
having an epoxy equivalent of 180 and produced by Dainippon
ink and chemicals, Incorporated.

*3: “NC6000” is a solid three functional epoxy resin
having a softening point of 60°C and produced by Nippon
Kayaku Co., Ltd.

*4: M“EOCN-1020-80" 1s a «cresol novolak type epoxy
resin having a softening point of 80°C and produced by
Nippon Kayaku Co., Ltd.

*5: “RE-3048” 1is a liquid bis F type epoxy resin
having an epoxy equivalent of 170 and produced by Nippon
Kayaku Co., Ltd.

*G6: “PR~53647" 1is a resin having a softening point of
95°C and an OH equivalent of 104 and produced by Sumitomo
Bakelite Co., Ltd.

*7: “PR=HF-3” 1is a resin having a softening point of
80°C and an OH equivalent of 105 and produced by Sumitomo
Bakelite Co., Ltd.

*8 and *10: “Sebacic acid” and “Phenol phthalin” are
produced by Tokyo Chemical Industry Co., Ltd.

*9: “Gentistic acild” is produced by Midori Kagaku Co.,

*11: “KBM-403E” 1is an epoxy silane and produced by
Shin=Etsu Chemical Co., Ltd.

*12: “KBM=573” 1is an aromatic secondary amincsilane

and produced by Shin-Etsu Chemical Co., Ltd.

[0295] [Table 2-A]
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*1: “EXA-830LVP” is a resin having an epoxy equivalent
of 165 and produced by Dainippon ink and chemicals,
Incorporated.

*2: “NC3000” is a solid epoxy resin having an epoxy
equivalent of 272 and produced by Nippon Kayaku Co., Ltd.

*3: “PR-HF-3” is a resin having a softening point of
80°C and an OH equivalent of 105 and produced by Sumitomo
Bakelite Co., Ltd.

x4 W2P4MZ” is produced by Shikoku Chemicals
Corporation.

*5 and *7: “Sebacic acid” and “Phenol phthalin” are
preduced by Tokyo Chemical Industry Co., Ltd.

*6: “Gentistic acid” is produced by Midori Kagaku Co.,
Ltd.

*8: “CTBN1008SP” is produced by Ube Industries, Ltd.

*9: “KBM-403E” 1is an epoxy silane and produced by
Shin-Etsu Chemical Co., Ltd.

*10: “KBM-573” 1is an aromatic secondary aminosilane

and produced by Shin-Etsu Chemical Co., Ltd.

[0296] [Table 2-B]
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*1: “EXA-830LVP” 1s a resin having an epoxy
equivalent of 165 and produced by Dainippon ink and
chemicals, Incorporated.

*2: “NC3000” is a solid epoxy resin having an epoxy
equivalent of 272 and produced by Nippon Kayaku Co., Ltd.

*3: “2P4MZ” is produced by Shikoku Chemicals
Corporation.

*4: “Gentistic acid” is produced by Midori Kagaku Co.,
Ltd.

*5: “Phenol phthalin” is produced by Tokyo Chemical
Industry Co., Ltd.

*6: “CTBN1008SP” is produced by Ube Industries, Ltd.

*7: “KBM-403E” 1s an epoxy silane and produced by
Shin-Etsu Chemical Co., Ltd.

*8: “KBM-573” is an aromatic secondary aminosilane and
produced by Shin-Etsu Chemical Co., Ltd.

*G: “BCSA” is butyl cellosolve acetate and produced by
Tokyo Chemical Industry Co., Ltd.

[0297] [Table 3-A]
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*1: “(Meth)acrylic resin” 1is a 30 mol% butyl acrylate
= 30 mol% ethyl acrylate - 40 mol% acrylonitrile copolymer
having a molecular weight of 850,000.

*2: “Epoxy resin” is a mixture of 2-[4-(2,3-
epoxypropoxy)phenyl]-2-[{4-[1,1-bisl4~(2, 3~
epoxypropoxy)phenyl] ethyl] phenyl] propane and 1,3-bis[4-
[1-[4-(2, 3~epoxypropoxy)phenyl]-1-[4-[1-[4-(2, 3~
epoxypropoxy)phenyl]-l-methyl] ethyl] phenyl] phenoxy]-2-
propanol.

*3: “Epoxy resin” 1s a cresol novolak type epoxy resin
having a softening point of 80°C.

*4: “Epoxy resin” 1s a liquid bis F type epoxy resin
having an epoxy equivalent of 170.

*5: “Phenol novolak” 1is a resin having a softening
point of 100°C and an OH equivalent of 104.

*6: “Solder powder” 1is constituted from a 42Sn/58Bi
alloy having a melting point of 138°C and an average
particle size of 35 um.

*7: “Solder powder” is constituted from a 42Sn/58Bi
alloy having a melting point of 138°C and an average
particle size of 20 um.

*8: “Solder powder” is constituted from a 42Sn/58Ri
alloy having a melting point of 138°C and an average
particle size of 12 um.

*9: “Solder powder” 1is constituted from a 485Sn/52In
alloy having a melting point of 118°C and an average

particle size of 35 um.

[0298] [Table 3-B]
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*1: "(Meth)acrylic resin” is a 30 mol% butyl acxylate - 30 mol% ethyl acrylate - 40 mol% acrylonitrile

copolymer having a molecular weight of 850,000. *2: "Polyvinyl butyral resin" is a resin having a
polymerization degree of 1,700, an acetylation degree of 3 mol% or less, a butyralation degree of 65
mol% or more, and a flow softening point of 225C. *3: "Phenoxy resin" is a resin having bisphenol

A chemical structures,:and Baiinberguerage erdleculasweight ahS000Butyl &kPhenexyresin” is
a resin having bisphenol F chemical structures, and a weight average molecylar weight of 50,000.

*5: "Phenoxyresi Oﬂsﬁa r%gﬁ?/ﬁiavﬁ*ncgrfmo%ﬁe chequr?l)ca]iné)t!rLu"ctuar(C_=f§:,ya9r?cf1 é%V\}:e%ﬁt a\(;gga%t@%% ecular
weight of 50,080ing &6mEBRexyiesintjsa giixturgof244-(2(85 .
epoxypropoxy)phenyl]-2-[4-[1,1-bis[4-(2,3- epoXypro henyllethyl] phenyl] propane. andJ4-
[1-[4-(2,3-epoxypropol§]<y)phé[r?3;lff¥3[ ﬁ-[%(\é,éf-%eggox%ér(g%%xy)p)%eny]-1-'methyll ethyl]"pﬁ:nyll
phenoxy]-2- propanet. i za titEpexyr resin® is & cridsol nevolalcype-epokytesis ¥avifg &softening
point of 80C.. . *8; \ERGresin’is A Jiuid bis J, e sRQXyJesigaying,an epgxtequiyalent of

170. *9: "Epoxy resin” is a liquid bis A type epoxy résin having an epoxy equivalent of 180.
*10: "Phenol dofékik" 04 kesikihvieg-&sofEnig pdint of 100C and an OH equivalent of 104.

*11: "Solder powder';@zcomgﬂg@&;gow@gg&.B'ﬁ@lloyé hayving a meliag Reintafsk3te and an
average pargﬂgrr?iizc:eagf SSStE):Tét[Sgeg],[Taabrll%qa number average molecular weight
of 30,000.

*4: “Phenoxy resin” 1s a resin having bisphenocl F
chemical structures, and a weight average molecular weight
of 50,000.

*5: “Phenoxy resin” 1s a resin having fluorene
chemical structures, and a weight average molecular weight
of 50,000.

*6: “Epoxy resin” is a mixture of 2-[4-(2,3-
epoxypropoxy)phenyl]-2-[4-[1,1-bis[4- (2,3~
epoxypropoxy)phenyl] ethyl]l phenyl] propane and 1,3-bis[4-
[1~[4-(2,3-epoxypropoxy)phenyl]-1-[4-[1-[4-(2,3-
epoxypropoxy)phenyl]-l-methyl] ethyl] phenyl] phenoxyl-2-
propanol.

*7: “Epoxy resin” is a cresol novolak type epoxy resin
having a softening point of 80°C.

*8: “Epoxy resin” is a liquid bis F type epoxy resin
having an epoxy equivalent of 170.

*9: “Epoxy resin” is a liquid bis A type epoxy resin
having an epoxy equivalent of 180.

*10: “Phenol novolak” 1is a resin having a softening
point of 100°C and an OH equivalent of 104.

*11: “Solder powder” is constituted from a 428n/58Bi

alloy having a melting point of 138°C and an average
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particle size of 35 um.

[0299] [Table 4]
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--, 0 OVEL Chemical structure etc 1* Conduction test determination Insulation test
determination quenodmop (Meth)acrylic resin

*1: “(Meth)acrylic resin” is a 30 mol% butyl acrylate
~ 30 mol% ethyl acrylate - 40 mol% acrylonitrile copolymer
having a molecular weight of 850,000.

*2 “Epoxy resin” is a mixture of 2=[4-(2,3~
epoxypropoxy)phenyl]-2-[4~[1,1-bis[4~-(2,3~ |
epoxypropoxy)phenyl] ethyl] phenyl] propane and 1,3-bis[4-
[1-[4-(2,3-epoxypropoxy)phenyl]-1-[4-[1-[4-(2,3~
epoxypropoxy)phenyl]-1-methyl] ethyl] phenyl] phenoxy]-2Z-
propanol.

*3: “Epoxy resin” is a cresol novolak type epoxy resin
having a softening point of 80°C.

*4: “Epoxy resin” 1is a liquid bis F type epoxy resin
having an epoxy equivalent of 170.

*5: “Phenol novolak” 1s a resin having a softening
point of 100°C and an OH equivalent of 104.

*6: “Solder powder” 1is constituted from a 42Sn/58Bi
alloy having a melting point of 138°C and an average

particle size of 35 um.

[06300] As shown in Tables 1-A to 1-C, 2-A, 2-B, 3-A, 3-B
and 4, good conduction was recognized in all of the
semiconductor devices of the respective Examples. In
contrast, conduction was not recognized in 60% of the
evaluated package samples (semiconductor devices) of
Comparative Examples 1A and 2A. Further, conduction was not
recognized in 100% of the evaluated package samples

(semiconductor devices) of Comparative Examples 1B to 3B.

[0301] In addition, good insulation was ensured between
the adjacent wiring lines 1in all of the semiconductor
devices of the respective Examples. In contrast, insulation

was not ensured between the adjacent wiring lines in 100% of
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Silane counlina acent | Function ---TTIMrferming impartation and I low elastic no impartation
(Film-forming Resin) i |

the evaluated package samples (semiconductor devices) of
Comparative Examples 1A and 2A. Further, insulation was not
ensured between the adjacent wiring lines in 40 to 100% of
the evaluated package samples (semiconductor devices) of

Comparative Examples 1B to 3B.

[0302] This makes it clear that electrical connection
can be stably made between the penetrating metal electrodes
(connector portions) in the semiconductor elements of the

semiconductor devices of the present invention.

INDUSTRIAL APPLICABILITY

[0303] According to the present invention, it is
possible to stably perform electrical connection between
connector portions provided in semiconductor wafers stacked,
thereby producing a semiconductor wafer bonded body in which
the semiconductor wafers are bonded together through a

bonding layer.

Further, 1in the case where constituent materials of
the bonding layer contain solder powder, the connector
portions can be electrically connected together without
having to form solder bumps on the connector portions of the

semiconductor wafers.

[0304] Furthermore, a plurality of semiconductor
elements can be efficiently manufactured by dicing the above

semiconductor wafer bonded body produced.
[0305] In addition, it is possible to manufacture a

semiconductor device provided with  the semiconductor

elements having excellent reliability in the electrical
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*1: "(Meth)acrylic resin" is a 30 mol% butyl acrylate - 30 mol% ethyl acrylate - 40 mol% acrylonitrile
copolymer having a molecular weight of 850,000. *2: "Epoxy resin"isa mixtureof2-[4--(2,3-
epoxypropoxy)pheny1]-2-[4-[1,1-bis[4-(2,3- epoxypropoxy)phenyl] ethyl] phenyl] propane and 1,3-'s 4-
(1-[4-(2,3-epoxypropoxy)phenyl]-1-[4-[1-[4-(2,3- epoxypropoxy)phenyl1l-1-methyl] ethyl] phenyl]
phenoxy]-2- propangl ; on e thReNY fEsin" i a:Eese) Nayglaktype epoxresindkaviag arsoftening
point of 80C. *4: "Epoxy resin" is a liquid bis F type epoxy resin having an epoxy equivalent of
170. +5: tPRe A3l HEVOlak! 1Y 8tediAthaving B dbiteRirfy pdinPEPLOGEARE -an OH equivalent of 104,
*6: "Solder powder" is constituted from a 42Sn/58B1 alloy having a melting point of 138C and an
average particle size of 35 _id pm. [0300]As shown in Tables 1-A to 1-C, 2-A, 2-3, 3-A 3-B and 4, good
conduction was recognized in all of the semiconductor devices of the respective Examples. In contrast,
conduction was not recognized in 60% of the evaluated package samples (semiconductor devices) of
Comparative Examples IA and 2A. Further, conduction was not recognized in 100% of the evaluated
package samples (semiconductor devices) of Comparative Examples 13 to [0 01]In addition, good
insulation was ensured between the adjacent wiring lines in all of the semiconductor devices of the
respective Examples. In contrast, inbulatibn was not ensured between the adjacent wiring lines in
100% of the evaluated package samples (semiconductor devices) of Comparative Examples 1A and
2A. Further, insulation was not ensured between the adjacent wiring lines in 40 to 100% of the
evaluated package samples (semiconductor devices) of Comparative Examples IB to 3B. [0302]This
makes it cleat that electrical connection can be stably made between the penetrating metal electrodes
(connector portions) in the semiconductor elements of the semiconductor devices of the present
invention. INDUSTRIAL APPLICABILITY [0303]According to the present invention, it is possible to
stably perform electrical connection between connector portions provided in semiconductor wafers
stacked, thereby producing a semiconductor wafer bonded body in which the semiconductor wafers
are bonded together through a bonding Myer. Further, in the case where constituent materials of
the bonding layer contain solder powder, the connector portions can be electrically connected together
without having to form solder bumps on the connector portions of the semiconductor wafers.
[0300Furthermore,apluralityofsemiconductor elements can be efficiently manufactured by dicing the
above semiconductor wafer bonded body produced. [0205]In addition, it is possible to manufacture a
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semiconductor device provided with the semiconductor elements having excellent reliability in the
electrical connection between the connector portions. This means that the present invention is
industrially applicable. Mr'SL Lp CLAIMS WHAT IS CLAIMED IS: 1.A method for bondin
semiconductor wafers, comprising: a first process of preparing a first semiconductor\Wafét. P
including a functional surface and a plurality of firggoRpector portions extending through the first
semiconductor wafer in a thickness direction theréof and having functional surface side ends, and a
second semiconductor wafer including a rear surface, a plurality of second connector portions
extending thrgugh the secanghsgmiconductor wafer in a thickness direction thereof and having rear
surface side ends and a plurality of solder bumps connected to the rear surface side ends of the
second connector portions; a second process of interposing a bonding layer containing a
flux-active curing agentanidh adhewoseitiag resis as constituent materials shereohpetieeerythe first
semiconductor wafer an?f the second semiconguct%rewgfgrgnd posi%iggisr‘@ thseépnsecl\é%%&vg qjlignment
so that the functionaf'sufface sid& eRAS of the irspcor?nec%orgporations correspondlto fhe solder bumps
connected tothé ¢ear surface site eadsfofithé Seveld connéstor pertidnsathereby aroducingfa
sem?conduct(%rivg%fer stéelgggg bé)dy in wgg_;:pitg§ Sfirst gg@g%%q%ctor%%ggd thgkﬁgco%q rst
semiconductor wa?er are Stacked toge?her; an a third process of compressing the semiconductor
wafer stacked bodyimauhicknessafectionnthereot WhilkHeating'it s5ethatthe filse s6micorddctor
wafer and thg segond semigonductarwafer are fixed tagether by mglting angysolidifyingtheselder

bumps while curing the thermosetting resin, thereby producing a semiconductor wafer bonded body in
which the first eBAseEREIRE6RIBNS BFRMheSeEBAd tPnAeABR Poribhssi eléctRdalk dorinectéd

together through- salidified, praducts-obtained by melting and splidifying theysoldenbumpscéhd he
method as claimed in claim 1, wherein the bonding |ayer is formed in the secon procegs b
%%h X dln%\%yer

interposing a fiff - SRR bBAdINEShdet dontdining the Curtitunt figteridls of i 68

between the first,semicerductos waferandshesecondssemiconductorwalfed. t 8. The methoe as
claimed in claim 1, wherein the bonding layer is formed in the second pracess by lying a liquid
material con%HW\%Sthg%%%ﬁﬁl%ﬁt %%tgétrlkila%s bFfHie Boric w?gc%y%%(gﬁ a%)?(gasst Cc))nf% %%%Eéé ﬁﬁ%\%}fﬁlal
surface of thecfirshsemiconauetor wvafer and the rear surface of the second semiconductor wafer. 4.
The method as claimed in claim.. 1, wherein the first semiconductor wafer prepared in the first process
further includes a pluafwtalityf3 %?(sjgl%er 5r8ncpesgc§onn%cted_ to thel[}%mctio%,\;l surface endsg]of the%irst
connector portions aherent 52 THe tetliod a8 €laified rdclafeT twhehein WhER AERHTE Rhdn9
compressing the.semicanducior wafer.stacked-hody.in the thisd pracess the curingref thei rst

thermosetting resin is completed after the solder bumps have been melted. 6. The method as claimed

in claim 1, whef&lh ZOPEkAESS oFESBorriirsy 1AV i e 88mit BHAGAR WaFérboRata hod) s in the
range of 3 to 20Q pa. o ihe metheskas elaimedin slaigdnavherein theconstivientimaterals of the
bonding layer further comprise a film-forming resin containing at least one of aémeth acrylic rgsin, a
phenoxy resirt4id aPolyinfide FESHT. %ﬁTﬁg%e‘aﬁBatascc?Qiﬂ?é:at rcIRIAT 1 Rhgrei the Bonding layer
has such a prepertixthas it lcasrredune anaxidationetieated coppercplatesatrs eopperiokidesratiuction
rate of 70% or more, when being formed on a surface of the oxidatign-treated ; te and then
being subjecté) to %k}gducﬁleo%otr?éjatmceon?%?%%ﬁ& fo?%lr% Trinufe in%%%%(%ﬁ%sp%%%ﬁqh%%gpp%r oxide
reduction rateseeing cegresented byathefollowing kgdationody copper oxidectedudtivn rate (9%} =-
(oxygen atom.canceniration afte,feduction ieatinend | (oxygen alom concetiatiop,ater axidation

or

treatment)} x f&?lca? onding semiconductor wafers, comprising: a first process

. 9A metho
of preparing asfirstsemicondatior waférihcluding a functional surface and a plurality of first connector
portions extending thrpugh the first semicongductorwales in adhickessdirectiombersof anddaving
functional surface side ends, and a second semiconductor wafer including a rear surface and a
plurality of secdrRIFeGTheefshpottionts SediRg $Rrotlgh Be s8Borid e&mtontilidtbt wafértin?
thickness diregtion dhereof-and having feayrsudaes sisecandsor wa Seeonghprocess ofsisterpasing a
bonding layer containing a flux-active curing agent, a thermosetting resin and soIqLer.powder as
constituent mé@ﬁé@qﬁgi‘@ﬁ%twg fer are Iixed Together Dy melting an

solidifying the solder bumps while curing the thermosetting
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MCSUT the first semiconductor wafer and the second semiconductor wafer and positioning
themselves with alignment so that the functional surface side ends of the first connectot/jigitiohs
correspond to the rear surface side ends of the second connector portions, thereby producing a
semiconductor wafer stacked body in which the first semiconductor wafer and the second

semiconductex yvafer arg stagkedtegetheranda  sadhird pioeess-ofeorepressing the sermigonductor
wafer stacked body in a thickness direction thereof while heating it so that the first semiconductor

wafer and thé"secBhd Semitoiductdrnifer SPERRST HgetP& By Atfting 85l der ParticRE St tHe solder
powder and selidifying-the rpelten selder paréicles aggragated betweemthedirsticonnegtaripertions and
the second connectar portions while curing the thermosetting resin, thereby producing a
semiconduct%?ﬁ%?gpbonagg Jb%%léji \ng/hicgﬁﬁﬁgﬁ%ﬁ %onncé%né))arlﬁloerﬁons and the %%%51 d comector
portions are etectriciatly xennentedstogether thrapgh solidified products obtained by solidifying the
molten solder particles aggregated. 10. The method as claimed in claim 9, wherein the bonding layer
is formed in the second process by interposing a film- 11. shaped bonding sheet containing the
constituent niaterial§ béthedddndingglay erlisetwvedn e firke s@micondbetos Wafdrrendthedseeond
Semlconduct%g“@{efi <12 Hg-method as claimed in glaim 8, whevein the honding Myetisfprmed in

the second process by applying a liquid material containing the constituent' materials of the bonding
layer on at ledseBAE of el furEtiohalesurfaes ot Hhd figst SBmicsticisr\Rafer BhEtke ¥éar Surface of

the second semicopshusiarwaleye: e mehocas daed uclaim Suubeseinphenheatig and
u

compressing the semiconductor wafer stacked body in the third process, the curing of the
thermosetting 8sifi §§ EBfhphstBd PR titd-8dld¥RpEWder has been melted. 5 13. The method as
claimed in claim 9, wherein a thickness of the bonding layer in the semiconductor wafer bonded body

is in the range of 3 to 300 um. 10 14. The method as claimed in claim 9, Wheregé'han mount of the
solder powder-contairitl fFHE BOndifig Tayer TS the rénge B 20 t0"250 Fafts by welght BaSed on
100 parts by weight of @ tatataawuhhoftthe cepstinentpnatesiats afthe pphdingdayer exgludihg the

solder powder. 15 _15..The method as claimed in claim 9, wherein in.the cas %eregh%%%qging layer
has a thicknénsaé%oefrfo%lpn%?{g]crﬁél 1\l/%%oSL(}yeatcloﬁlsc %h%’rlgé\lg‘% isnllrg %ﬁéﬁ %gngse 6f 0.01 o 1%,0 ) Pa.s. 20
16. The methotyas claimed in ekaih loored afhdrein therfliixiastive cirintpagerthasheat |éastsne of a

carboxyl group. and. & phenalic hysrexyl oroyp: 25 17.11 method for manufagturinga semicepductor

device, comprising the processes of: preparing a semiconductor wafer bonded body produced by the
method defingeFBycEam £ BP D i ati¢h a plurality  of each circuit portions are formed on the
functional 30 surface of the first semiconductor wafer; dicing the semiconductor wafer bonded body in
a corresponding relationship with the each _circuit portions, MCSL{P thereby separating the

semiconduct8r wafer BEndBaBEE iftd a pharalifbf SEmicoAdTctor eldhEAts Riththe ebdh lrcuit
portions; andsemi c speUntingtherdiced semigonductorielerarnats dnrasbsubstratess further

includes a plurality of solder bumps connected to the
functional surface ends of the first connector portions

thereotf.

5. The method as claimed in claim 1, wherein when heating
and compressing the semiconductor wafer stacked body in the
third process, the curing of the thermosetting resin 1is

completed after the solder bumps have been melted.

6. The method as claimed in claim 1, wherein a thickness

of the bonding layer in the semiconductor wafer bonded body
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18. The method as claimed in claim 9, wherein in the third process, the molten solder particles are
aggregated between the first connector portions and the second connector 10 portions by being
self-aligned. 19. The method as claimed in claim 1 or 9, wherein the bonding layer furthiéf €éohfains
another curing agent than the flux-active curing agent for enhancing curability of 15 the thermosetting

resin. 20. Thesmethod.as clajmed i:-claim 19 @\@eﬁg@p the thermosetting resin comprises an epoxy
resin, and another curing agent comprises phenols.

7. The method as claimed in claim 1, wherein the
constituent materials of the bonding layer further comprise
a film-forming resin <containing at least one of a

{meth)acrylic resin, a phenoxy resin and a polyimide resin.

8. The method as claimed in claim 1, wherein the bonding
layer has such a property that it can reduce an oxidation-
treated copper plate at a copper oxide reduction rate of 70%
or more, when being formed on a surface of the oxidation-
treated copper plate and then being subjected to a reduction
treatment at 230°C for one minute in the atmosphere, the
copper oxide reduction rate being represented by the
following equation (I):

copper oxide reduction rate (%) = {1 - (oxygen atom
concentration after reduction treatment) / (oxygen atom

concentration after oxidation treatment)} x 100 -+ (I).

9. A method for bonding semiconductor wafers, comprising:

a first process of preparing a first semiconductor
wafer including a functional surface and a plurality of
first connector ©portions extending through the first
semiconductor wafer in a thickness direction therecf and
having functional surface side ends, and a second
semiconductor wafer including a rear surface and a plurality
of second connector portions extending through the second
semiconductor wafer in a thickness direction thereof and
having rear surface side ends;

a second process of 1nterposing a bonding layer
containing a flux-active curing agent, a thermosetting resin

and solder powder as constituent materials thereof between
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the first semiconductor wafer and the second semiconductor
wafer and positioning themselves with alignment so that the
functional surface side ends of the first connector portions
correspond to the rear surface side ends of the second
connector portions, thereby producing a semiconductor wafer
stacked body in which the first semiconductor wafer and the
second semiconductor wafer are stacked together; and

a third process of compressing the semiconductor wafer
stacked body in a thickness direction thereof while heating
it so that the first semiconductor wafer and the second
semiconductor wafer are fixed together by ﬁelting solder
particles of the solder powder and solidifying the molten
solder particles aggregated between the first connector
portions and the second connector portions while curing the
thermosetting resin, thereby producing a semiconductor wafer
bonded body in which the first connector portions and the
second connector portions are electrically connected
together through solidified products obtained by solidifying

the molten solder particles aggregated.

10. The method as claimed in claim 9, wherein the bonding
layer is formed in the second process by interposing a film-
shaped bonding sheet containing the constituent materials of
the bonding layer between the first semiconductor wafer and

the second semiconductor wafer.

11. The method as claimed in claim 9, wherein the bonding
layer is formed in the second process by applying a liquid
material containing the constituent materials of the bonding
layer on at least one of the functional surface of the first
semiconductor wafer and the rear surface of the second

semiconductor wafer.
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12. The method as claimed in claim 9, wherein when heating
and compressing the semiconductor wafer stacked body in the
third process, the curing of the thermosetting resin is

completed after the solder powder has been melted.

13. The method as claimed in claim 92, wherein a thickness
of the bonding layer in the semiconductor wafer bonded body

is in the range of 3 to 300 um.

14. The method as claimed in claim 9, wherein an amount of
the solder powder contained in the bonding layer is in the
range of 20 to 250 parts by weight, based on 100 parts by
weight of a total amount of the constituent materials of

the bonding layer excluding the solder powder.

15. The method as claimed in claim 9, wherein in the case
where the bonding layer has a thickness of 100 um, a melt
viscosity at 138°C thereof is in the range of 0.01 to
10,000 Pa-s.

16. The method as claimed in claim 1 or 9, wherein the
flux-active curing agent has at least one of a carboxyl

group and a phenolic hydroxyl group.

17. A method for manufacturing a semiconductor device,
comprising the processes of:

preparing a semiconductor wafer bonded body produced
by the method defined by claim 1 or 9 in which a plurality
of each circuit portions are formed on the functional
surface of the first semiconductor wafer;

dicing the semiconductor wafer bonded body in a

corresponding relationship with the each circuit portions,
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thereby separating the semiconductor wafer bonded body into
a plurality of semiconductor elements with the each circuit
portions; and

mounting the diced semiconductor elements on a

substrate.

18. The method as claimed in claim 9, wherein in the third
process, the molten solder particles are aggregated between
the first connector portions and the second connector

portions by being self-aligned.

19. The method as claimed in claim 1 or 9, wherein the
bonding layer further contains another curing agent than
the flux-active curing agent for enhancing curability of

the thermosetting resin.
20. The method as claimed in claim 19, wherein the

thermosetting resin comprises an epoxy resin, and another

curing agent comprises phenols.
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