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SEM CONDUCTOR WAFERS AND METHOD FOR MANUFACTURI NG

SEM CONDUCTOR DEVI CE  TECHNI CAL FI ELD [OOOl]MWMﬁwwmmmmmm

present invention relates to a nethod for

sem conductor wafers and a nmethod for manufact urdings a

sem conduct or devi ce. BACKGROUND ART [0002] In recent

years, techni ques foigppetkagnidory Sen conductor

|ntegrated circuit with nigh density are being

eveloped to neet a denand for versatile and conpact

ﬂﬁéﬁ Ofth & 19@&’ g&? @éTéﬂ(‘cﬁAPﬁﬁga&thMETHOD FOR
ni ques, ere roposed

systen1|n m&m&a&eTwEImg SEMﬁG@@D@@T@ErDUEYCEe of

chi p-on-chip (CoC) type in which sem conductor chips

are stacked and nounted together. This sem conductor
TECHRTICAE @rgwp attention in that it is excellent in

realTzing a thin package (see, e.g., patent docunent
[OofllJapan%§@ mﬂ%ﬁenmppnweatpeﬁ 28 FRiopentNo.a Hegthod for
bon%ln%9§%%1CBQQQ%koWh%%f%EQC%hﬁg S%EE%%%O%%&Oﬁ &Gg%%t%@§ng

above another, use is nade of . y
a Swmﬂehneachors@ﬁwa@ﬁductor chlps severed froma wafer

are bonded together in a stacked state. However, this

met hod, i.e., the nethod for producing a stacked body
BACBGROBNDCARGUCt or  chi ps by bondi ng each seni conduct or
[Ooﬁgips together, suffers froman increase in the

Aber ofiDpr 6EEE8Es %RATFequitERNEIUESt WL t RFCkAMing a

semigbadutebrminytagiitedof cart@ige pwernQfn & %%r are
sem conduct or chips. This poses a problemin that

being-develpped |49 |mgqy 13 demand| for| versatilp~ah@GOCODRECE

electronic devices. As one of such packaging techniques,

there has been proposed a system-in-package (SiP)
semiconductor device of chip-on-chip (CoC) type in which
semiconductor chips are stacked and mounted together. This
semiconductor device draws attention in that it is
excellent in realizing a thin package (see, e.g., patent
document 1: Japanese Patent Application Laid-open No. Hei
11-3969).

{0003] When stacking semiconductor chips one above
another, use 1s made of, e.g., a method by which each
semiconductor chips severed from a wafer are bonded
together in a stacked state. However, this method, i.e.,
the method for producing a stacked body of semiconductor
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
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it i1s inpossible to enhance productivity. [0004] As a
solution to this problem there has been proposed a
nmet hod for manufacturing a systemin-package

sem conduct or device in which sem conductor wafers are
bonded together prior to dicing theminto each

sem conduct or chips This nethod will be descri bed
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chip 560 as shown in FIG 11C nanely a bonded body
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11A can be perfornmed by, e.g., conpressing the first

[0006] Then, the semiconductor wafer bonded body 530
is diced as shown in FIG. 11B. This produces a stacked
semiconductor chip 560 as shown in FIG. 11C, namely a
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 in 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.



sem conduct or wafer 510 and the second sem conduct or

waf er 520 together with an ani sotropi c conductive

film (ACF) interposed therebetween. In this method

for bonding the sem conductor wafers 510 and 520 with

the anisotropic conductive film electrica

connection between the connector portions 511 and 521
[o6espbt ai ngdrby mfdiaboneqniAach £Ofy et gl; .| ?rtégk§éonductor

contained in the anisotropi'c conductive film i1.é.,
wa bt nblPo-g3si ntheoaeaondbetamiarorichect aret wa £ par Bi26) gsn FIG.

00 Lf_t i conduct or device 100 is opera [
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conmectonngedoriomnpor tSldns astl &2d 52% obbbaeakingby mutual
conduct | connector portjons 511 and
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film therefore, there is a problemin that it 1is

metdm i bt el®% obtain stabl e conduction between the
connector portions 511 and 521. DI SCLOSURE OF THE
| NVENTI ON [ 0010] It is an object of the present

[09®Qknt i onIfothpr eeimdecadvettiiod devridontldfgis operated in

enSETLERDUChof URLELE LR Sord SRR TSN
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geé%fg%éﬁe£§gﬁr£ﬁglsggggggéhg o?eg 1Snb%%gg%CE%%y 560 or a
change in an ambient temperature. As a result, distances
between the metal particles are changed. In some cases,
the metal particles moved in a thickness direction of the
anisotropic conductive film come into a non-contact state,
thereby changing a resistance value between the connector
portions 511 and 521 or breaking conduction between the
connector portions 511 and 521. 1In the method for bonding
the semiconductor wafers 510 and 520 with the anisotropic
conductive film, therefore, there is a problem in that it
is 1impossible to obtain stable conduction between the

connector portions 511 and 521.

DISCLOSURE OF THE INVENTION

[0010] It is an object of the present invention to

provide a method for bonding semiconductor wafers which is



portions of the sem conductor wafers stacked together
and capable of efficiently manufacturing a plurality
of sem conductor elenents by dicing the sem conduct or
waf er bonded body thus produced, and a nethod for
manufacturing a sem conductor device with increased
reliability. [0011] In order to achieve the object,

rese ' tion. inc i ng features
e o A e Rt e e P i
whigf ertdie  cemprosidugtca f waferpr oaess bbnpedpatbfgther by
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sur

poexiqgi 6 theoughildnhdudidr wendeonduat@ednaf®fedHe @ and
t hi ckness direction thereof and having functiona
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connector portions extendi ng through the secon
borgtan dortjudthors wafatuded a drid ckmesshali réet imand feceofing a

nd avin ear surface side ends and a plurality of
SeSoT eCtr]uc oursr;’rp({sevclocn e"%:]ttgbl RERAI arrea]sJLﬁk? “%i de ends
of the second connector portions; a second process of

diierposing a bondin% | ayer containing a flux-active
[0Q% 4] ng ag¥ht %40§Ta CRer®o2EEYE ngha e esd cohBei tRiegrent

invererdal i dihgreoft etveen J gy fidstursenm conductof, .
waf er and the second sem conduct or waf er and
positioning thenselves with alignnent so that the

f ungt i on Si e the fi.rst connector
porgﬁgnsq%oﬁﬁgéggﬁd Fggthggggﬁ& r %ﬁﬁ%é“%%ﬁﬁ%ﬁléd WafFers,
compgrel sihg:ear surface side ends of the second connector

porti ons thereby pro ucing a,sem conduct or waf er
st aBkedt ByPFRSSRAI I t RESPRFERIsehi EoRdlct M iRAnGuctor

wafand thelsetngd 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



sem conductor wafer are stacked together; and a third
process of conpressing the sem conductor wafer
stacked body in a thickness direction thereof while
heating it so that the first sem conductor wafer and
the second sem conductor wafer are fixed together by
nmelting and solidifying the solder bunps while curing

e [ esjn, ere roduci ng.a .
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senSAdn@iuiotiord wialte 1S Qlrde s thidies: t[&%]t%]er(;z)arﬂ"'e met hod
according to the above feature 7(1), wherein the
bondi ngN 1 &Y erP¥eCed? nedl: | Far seTom  Procesmnilgonductor
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sem conduct or fer. [[0013] (3)..The nethod according . .
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mat eri al. _containing the constituent materials of
theggRgietd iPdyerrsdinat  Ité&debyne PISIAUHAT urict issmdiconductor

U R[S I il $hh138MERNAYCIQr NafRl-t fhe Jrar
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the first connector portions thereof. [0015] (5) The

met hod according to the above feature (1), wherein
[ooaizgn heat(2ng anHeCaRRHOSS At dE rReM 0BHECHBbve feature

(1), 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.

[0013] (3) The method according to the above feature
(1), 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.

[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



waf er stacked body in the third process, the curing of
the thernosetting resin is conpleted after the sol der
bunps have been nelted. [0016] (6) The nethod
according to the above feature (1), wherein a

t hi ckness of the bonding |layer in the sem conductor
waf er bonded body is in the range of 3 to 200 pm

VARN( The_net hod accoydin o_the ove .feature
con[(n %%é\ﬂﬁer%éi npﬁﬁe %%}h%ll?%aé%t Sﬁg{%?creal s‘?“gﬁs t R& bbARI gt st
corregmror fagdthemscanrdexes .a filmformng resin

containing at least one of a (neth)acrylic resin, a
phenoxy resin and a polyimde resin. [0018] (8) The

[oomsihod acoor di pget %ét@l%cﬁ%&af@?ﬁ?”@o Chr wherRl nedhe; e

bondi ng | ayer has such a property that it can reduce

(Dan vya it olan deadd ncoppet ginneesting ddppereninomtbictor
' f. 70% or : ei ng _fornmed on

waéﬁ?%ée%& %ﬁd%x}%a{%%&ﬁ?%gt é’g‘%?%s%ér tglleatcélralﬁ’éJ {Herthe
thehmiaup Subjectredito i r eduptlicard reataentchat 2308ef0rbumps
ha&?ﬁ: ninutﬁzkg t he at nosphere, the copper oxide

T O st bei ng represented by the foll ow ng

equation (I): copper oxide reduction rate (% = {I -

gpxygen atom concentration after reduction treatnent)
[0018loxygen( @t onTNEoAEEROMata PR IRG B HAGI @pove feature

(L)treahiegatht X 109 cknedd) oF hggggbogghng_nﬁg?gg for the
f a frrst

bondi ng sem conductor wafers, conprisin
sengyaerel s tofr piedisar inegded ibosty siemiigonthectremgeanafferd to 200
pﬂlincluding a functional surface and a plurality of

first connector portions extending through the first
sem conductor wafer in a thickness direction thereof

havi functional surface side ends, and a second

[Oéyyj P% The method according to the above feature
(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.

[0018] (8) The method according to the above feature
(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 (T):

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

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



sem conductor wafer including a rear surface and a
plurality of second connector portions extending
through the second sem conductor wafer in a thickness
direction thereof and having rear surface side ends;
a second process of interposing a bonding |ayer
containing a flux-active curing agent, a thernosetting

j n and oId r onst.i tuent mate
[0({ er eof %t vveg’nn{% ?:{ rfgotSr gbe(%l%or?duc(?l%lrc%cg%%%%dw?%eers’
comgmciggichg sem conduct or waf er and positioning thensel ves

ith lignment so that the functional surface side
ngg &%Jﬁﬂé PEPFEFSe dﬁ%eEFSPaﬁépﬁldhs tdgptesphIRtCeRAuCtor

wafde hgaluaihbace rshdeiends ofutfiecsegpnd &05@%%9 ity of
portions, thereby roduci ng a sem conduct or “waf er

fixttackeIRENCOT n WAFERORRe eKitestiseni chadueor tief erfirst
seﬁHEEﬁJﬁbéﬁFOwaéfnhﬁpngu%kﬂ ferdff§b§£@§k$%§reof and

together; and a third process o conpr essi ng
ha%xmgcoﬂductmonahafenuﬁkamkedsbddy iemda ,t hi zkdlesa  second

directiqn there f whllel Heatln it so that the flrs%
Se@#ﬁﬁ%dﬁ et or” ?Er aRGthé"9%e ndr%%ﬁ108H65898r and a

plwed keityar eff iseatbridgebhaechyrmedd itibnsokdeenpahl ct@Sugh
of the sol der, powder and solidifying the nolten
the o sgEP Hart 0t ¢ A fated Bet der® t RB1Fkpges direction

th&UNEER! PRAFid PN And §he second cappect or portions
while curing the thernosetting resin, 't her eby

produckfAgond senpcenducedr WAt erpbohued dodyonaimdi chayer
t_.c c rtlo $ and_t he secon connect.or
COﬁ{E%Jlég %ﬂ§§ % B2 B8 nneT R t oyet rmosettlng

ar e r | Ca
res!Jht oagh sallicdirf | polwqe od et Scoroﬁ)tﬂlttﬁ\@dt by1a$@|rlldllfsylﬂgareof

the nol ten sol der particle aggregat ed. [0020] (10)
be e ettt |IO ”Fd:qufgu% e W4t ur €nq g)the  Second

semihesred ucttdre bwademg | ayer ipdiarimedngn tHhRe88600Es 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 melting
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



process by interposing a filmshaped bondi ng sheet
containing the constituent materials of the bonding
| ayer between the first sem conductor wafer and the
second sem conductor wafer. [0021] (11) The net hod
according to the above feature (9), wherein the
bonding layer is fornmed in the second process by

j L. qui terial, containing the, constituent
=180PLILINT UL R Rt aser tBRokeR, salicERiteptiRuces
obtanstdondly swdlack Ofiddie thest meaMegoNdslel @& rWabghticles

and the rear surface of the second sem conductor
29G9hFE7 2 0022] (12) The nethod according to the above
feature (9), wherein when heating and conpressing the
sem conductor wafer stacked body in the third
[0028tess, (he)cHiegnethedeacthednpgetttd nthe esbovésfeature

0 af t Q| de owder s _been, el ted.
(9?031%]%&%‘11?) é nk&qhdzlglgac%g%irngl? o%%é“eéf)o%@ fiig ypgcond
pré®¢sswhérei nimtehpokiess af thelhesHaped! ayindihd hesheet

senicondugbor waf er, bonded body is in _the range of 3
CORHARBBNY pIE[ GEIAT IEHAP CTHRA et HHS abfortdiendPerding layer

betboye fe@dureiréD), s¥heeShdudPo2MyRt0f LhE sehdersecong
powder contained in the bonding layer is in the range

sepicopdietos0vpbe¥s by 8 weight, based on 100 parts by
wei ght of a total anpbunt of the constituent materials
of the bonding | ayer excluding the solder powder.
[0p28D25] (15}1Th&heethethet cacdondihg the wahovebdeat Begture
9), erein_in the case ere the honding | ayer has a
(9§hi3ﬁhe§§bet§%O?ﬁﬂ %?Qma?y$Fsdﬁ§i?§r5Fd13§@ t4hér edpcond
prbsessn bpe apppeing Oa0lliguild, ORP-Paisy [O0R6LiA18Y the
The, met hod according to the above feature
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.

[0022] (12) The method according to the above feature
(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.

[0023] (13) The method according to the above feature
(9), wherein a thickness of the bonding layer in the

semiconductor wafer bonded body is in the range of 3 to 300

um.
[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



(1), wherein the flux-active curing agent has at | east
one of a carboxyl group and a phenolic hydroxyl
group. [0027] (17) The nethod according to the above
feature (1), wherein the thernpsetting resin
conprises an epoxy resin. [0028] (18) A nethod for
manuf acturing a sem conductor device, conprising the

es f. _preparing a.seniconductaqr fer .bonded
e PEAECSSES 8T o PLOREILNG. S SETERORYCLYY RS bondethe ot
thehcohsaiphenal ifarofialkacarcitiali bopai hyons e EREMBAing
on %ﬂf functional surface of the first sem conductor
the e rde iR he seni conductor wafer bonded body in a
corresponding relationship with the each circuit
ortions, thereby separating the sem conductor wafer
[o‘g%'-ﬁjed botiyo] ntlde angiihadil #¢gonfiisenicooridectarove feature
| e W th t e ci it ortians,. and, mountin
(9)f'he ig%ééwse%cgﬁgu?fc%sree g‘%@ﬁtstp%% RN, r]a‘:l”é?rgha% a
th BR{s DESCRLPTI G, O e tDRAVE NES1 £ 0029] |1l§8@«fc kH&réof is
. _vertical section view show one exanple of a
lné@ﬁ?dﬁﬂaﬂ%t%ﬁ @é%%&éjﬁﬁﬂﬂﬂggt ¥ using a nethod for
manuf acturi ng a sem conductor device of the present
i nvention. FIGs. 2A to 2C are vertical section views

[0928] expl &1 @l nFhenanatdidtbRr ¢ eprdbnaf A6t (hiengelzove feature
1 SEMEORIUCt Of o deyic h esent__invention FlGs.
( )’?%A to 3E are 6\B/er?lméa ngg%i gﬁgéﬁémgtgfegr% eflLzllxspla‘gllcl MR @ one
of fa rearhmethodgfaup bomndli angorse ion dued oo x waf @rsup . Fl Gs.
4A to 4D are vertical section views for explaining a
second nmethod for bondi ng sem conduct or wafers.

[0027] (17) The method according to the above feature
(1), wherein the thermosetting resin comprises an epoxy
resin.

[0028] (18) 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 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,
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.



FIGs. 5A to 5E are vertical section views for
explaining a third nethod for bondi ng sem conduct or
wafers. FIGs. 6A to 6D are vertical section views for
explaining a fourth nethod for bondi ng sem conduct or
wafers. FIG 7Ais a plan view show ng a
configuration of one of circuits formed on a test
78,1 ' view taken along |ine

BR b '1' : . tion view show ng a
[oa2o1f i gurarien of & £i kewitti daandegbwmaser vi BuwWHItRE one

circuits are bonded together. FIG 9 is a plan view
exXalihG n@t he cOPR RPALFBAT ofde¥ifee creawife howeed Bedpg 2
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meRN e Iroed et aoR e A e Py the
presgiitai nrgpioronvent i onal bondi ng net hod for bondi ng
sem conductor wafers. BEST MODE FOR CARRYI NG QUT THE
I NVENTI ON [ 0030] Hereinafter, a nmethod for bonding

sentdosducier twaf @cs ane a wetdioth f orsd@idacteiéng afor
sem conductor device in accordance with the present
SXRIR/ht i Bn WS | PBERCHestPT hEPNUT AN Bh FEREPepRector

de - aCEOMANY Abs HAW DNdksht 1 P031] First, a
sem conduct or devi ce manufactured wusing the nethod

for manufacturing a sem conductor device of the

pre i nwanti.an wil | descr.i.b prior. tqg .
des?r%i&tgi'ng\é?\het%et \#gd gr‘r?e bg‘ae |ﬂnlgceaglemsceocntdlu% or VW er stOF

exmfainirey pr eSiamdt imvanid ofpr [0 nd-| €emilcdrsdwctver twEhdrs .
section view show ng one exanple of the sem conductor
devi ce manufactured using the nethod for

maneflaet ur i4pg acsempconduct arede e Hedti®dn views for

explaining a second method for bonding semiconductor wafers.

FIGs. 5A to 5E 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.

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. 7A.

FIG. 8 is a section view showing a configuration 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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present invention. In the follow ng description, an

upper side in FIG 1 wll be referred to as "upper"

and a lower side therein as "lower"”. [0033] A

sem conduct or device 10 shown in FIG 1 is a

chi p-on-chip (CoC) type systemin-package (sip) and

i ncl udes a sem conductor chip (or a stacked body of

two sem conductor chips) 20, an interposer (or a

substrate) 30 for supporting the sem conductor chip

20, Facwi ri;gipatd epnanlly Ay f @HRA nlgNt©h@ circuit bonded

redeterm ned pattern and a plurality of conductive

bo%&nﬁ% IS8 mtalls) 70. [0034] The interposer 30 is

an insulating substrate and is nade of, e.g., various

kinds of resin materials such as polyimde resin,

epoXyGresi N1 xcyanat elidsi mrand vbéesal €bmi dedgliAaziing a

i.n. (BT resin). Wen enina | an_view, the
Co#ﬁ é?ﬁ%ggr 363 "% g@ﬁggggly%aﬁad T SHRpeeRAHE O
wafssrs. square shape or a rectangul ar shape. [0035] The
wiring pattern 40 made of, e.g., a conductive
netallic material such as copper, is provided on an

BES!P MUDE WJR CARINNG WU 0R)E Ofmidﬁ erposer 30 in a

&;edetern1nea.snape. [0036] plurality of
[0Q3Q%k (or Hewoughttetesd maphoshdmm ibonichieodrssi NgsndUE or

S en t hrou the interposer 30 in a
waé#ﬁ%ﬁ%ﬁ%ﬁ giréggﬁéﬁ tﬁ%?eo ?HQF%%€9T1%%e ndf L& tor
dewind) oh eactvrefartdee binps tH: pseekfet ri@ddtdion will be

connected tp a .portiqn of _the wiring pattern 40 .
de§GHRRh Seh iR Gt HE VT e FoRD R Het EFPTRRNY gk rd r@ETd)ngs -
t hereof protrudes froma | ower surface (the other
surface) of the interposer 30. [0038] A portion of
[0G34dh oft5ﬁ¥%ﬂmpsa70%ﬁmﬁqqnﬁqﬂfoﬁroﬁevheeinU@npU§€mured
us i3y hase amgensaaleby sehalf £ ushaPes (Qkmiconductor device

of the present invention will be described prior to

describing the method for bonding semiconductor wafers of

the present invention.

[0032] FIG. 1 is a vertical section view showing one
example of the semiconductor device manufactured using the
method for manufacturing a semiconductor device of the
present invention. In the following description, an upper
side in FIG. 1 will be referred to as “upper” and a lower

side therein as “lower”.

[0033] A semiconductor device 10 shown in FIG. 1 is a
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

11



a ball-lIike shape). [0039] The bunps 70 are nainly
conposed of a soldering material such as sol der,
silver sol der, copper solder, phosphor copper sol der.
12 [0040] The wiring pattern 40 is formed on the

i nterposer 30. The sem conductor chip 20 is
electrically connected to the wiring pattern 40

rou h connect or rtions 0041] rther
10 LEPREER ERER AL R ppaéeeaﬂdap e 3 REtFeay of
corw;@mxtéwaoum;sé ngozpattéﬁﬁihélps s7¢illed wth an
encapsul ati on conposed of various ki nds of resin

mat eri al s such as epoxy based resin. An encapsul at ed

odsWer  80ris figrmd,d4am aocured prodyct, gk shhe
[ encgpsulated fé3|n The encapsul ateg %ayerlgg h%%b%Frate
andtﬂﬁnmiﬁﬁcﬂfdn%r@aslV@ﬁl¢m3mk1mﬂstméngehlmem&E@niahﬁ such

se p 20 and the_ interposer or
= i PEETEEE S S00Rang Fbhor Fortbr  Guaventi ngesin and
bi dros Bé gmi dvat ted s zdhenied it egBr aradinf)i | t r sty sédhoin a
t he ag d cribed above. [0042] Such a sem conduct or
pl %%ng% tB&n e e rRafFTactUir BaSad faRNRLLF @adongglar

shafe aglecwearé '&aé?@@ﬁé | byl eys £ OF e cexhh @l i Nehd e,
net hod for acturlng a sem conductor devi Cce.

FIG. 3A to 3E are vertical section views for

Gagﬁ ai ni fir o bondi ng_sen copduct or

er ng?%s g 2&P§E4B?aré3%%rt?gal%§%§ |on90|ewsgfér

coredmﬂalm me tza 1 sier omak enet 6o ds d it mmmesemﬁmi@éd on
vertic section V|em§8fqr

BPSFnﬁﬁﬁgg ifﬁ%?en%?ﬁg@ Cfbr %bo T@lg%ﬁ¥E%%%ﬁ rin a

pr@wéﬁﬁﬁmlﬁa&}shéyblo 6D are vertical section views for
explaining a fourth nethod for bondi ng sem conduct or

wafers. In the foll ow ng
[0036] Further, a plurality of vias (or through-holes)

not shown 1in the drawings are formed so as to extend

through the interposer 30 in a thickness direction thereof.

[0037] One end (an upper end) of each of the bumps 70
is 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-like 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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description, an upper side in FIG. 2Ato 2C, 3Ato

3E, 4A to 4D, 5A to 5E and 6Ato 6D will be referred

to as "upper"” 13 and a |lower side therein as "l ower".

[0043] [1] First, as shown in FIG 2A, a sem conductor

waf er bonded body 240 in which a first sem conduct or

wafer 210 and a second sem conductor wafer 220 are

bonded together through a bonding |ayer 60" is

prepared. [0044] The nethod for bondi ng sem conduct or
[ovabers of Thehe prasent pawveathon 46 used i Re@AUCINT the
._this sem conductor wafer bonded body 240. [0045]
INERFRPRAFt 8P, deble i pERbROMRPFLPE mid® o aisnelkedrfionlly

coHﬁQEé@&tuf5ngthQSiQgriﬁgtEéggegrgor450ngh?8uﬁh { fgnnector

sem conductor wafers o resent rnventro

poserdeendct or waf er bonded body 240 in which the first
sem conduct or wafer 210 and the second sem conduct or
waf er 220 are bonded together through the bonding

[obayer 60' FukBhthi s & egapdbeaedeof thhe Jdidorfibtor chip
second nethods for bondlnghsenycqnductor waf ers which

Z0WRPE bRedeBEPTBEASTbeP ofr i Shai Méeied petaceasdOnher §illed
wi@ﬁn%ﬁﬂtéﬁﬁgpéﬁﬁé%iéﬂSceﬁpogegoqg?n9a£g¥§§ 89,0 B resin

provi ded between the first and second sem conductor
magafepss 239chngs 22poyp hasedoneain. ankn sotdpsupanddr layer

ak S r_b re.provided in__contact .
8Omﬁghﬁggﬁﬁgc %gﬁp%r#?gggzég%gggttﬁg éggoﬁacapsuEaged resin.
The erdromtuctadredvatiaye22080 | mazontr astnc€deh @ff t hecreasing

third nd fourth nmethods for bondi ng sem conduct or
bo f%?sSgﬁFEﬂgHwkﬁFwﬁéndégéﬂqﬁﬂfQQQQHQQQ¥cﬁh%&t%% gpdathe

ingaspo¥ber got he @@@suhkyﬁgtﬁgﬂﬁaﬂﬁﬂ§ooénah%'%HHEE&bn of
| ayer 60 contain the solder powder and where the
PrepeaetRHuFps 2L QAL GRS PFowicded ungst Werwonheéidrrating

inPOr thén§ag2desdfibed above.

[0042] Such a semiconductor device 10 can be

manufactured as follows.

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 SE 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, S5A to 5E and 6A to 6D will be referred to as “upper”



[0046] <First Method for Bondi ng Sem conductor Wafers>
First, description will be nade on the nethod for
produci ng the sem conduct or wafer bonded body 240
using the first method for bondi ng sem conduct or
wafers. [0047] [IA-1] First, the first sem conductor
wafer 210 and the second sem conductor wafer 220 each
avi a | yrality of each,circpit portions not shown

an?natggweﬂrgh#%ggh%¥%l%r%§ar Q"EFirst process). [0048]
In this enbodi nent, as shown in FIG 3A the first

sem conductor wafer 210 includes a plurality of
[O@f3Lt r odeS!{ nBEr8RhonAP SPEWINMEd: g G fifhctd opginiconductor
wa B&E f B684&d Inotipernenf jand aenpected {0 §£ﬁ3§$ﬁgu8£%gu%5fer
gortlons, and a plurality of connector portions (or
21¢onaudt ive pocstsd 2domiprnvidedrsowaseto 2X0endre bonded

h | rst._sem conductor_ wafer 210 in. a

toé%ﬁ@%%e%épﬁ?ééc?i%ﬁp?f%ge FYShd®Ql bt rRERRPFyed-

connected to the el ectrodes. [0049] Further, as shown
Oéﬂ fIG. SAE the second sem conductor wafer 220
[00%%&] udes LBl BRERPEY T Perdipdesemifendyrsws) wafers of
throisdadkmn aihyagtiegnal surfacg 221 jther gof, 4,a0d his

connected to the each circuit portions, a plurallgy o¥
SeRbpPRetOFOhorafonP AR Priovdyedd@o as to extend

t hrough the second sem conductor wafer 220 in a

thi ckness direction thereof and electrically
[0@4%hect edHépethafedect rodesripnilont hei 3Dl des buaps 234 a

onnected to _ends, of .the conpector portions (or .
me%o%%ué%FVem68§?§ftE§2n8n t AR e Betded %GFfa%%ndlng

seR2Somduther seqamd rsem sondyglor £&n2204 n[RARA1nThe the
formati on of the solder bunps 224 on the 15 ends of

SCIRHEORGANERT oM 3F6rt | BABAEIedtY c8dRecir wiorah ofdp first

serZoRdudh®r Sl dee of 21 hehgak neUrdRCR P23 a8 ictor wafer
erformed b many di fferent nmethods. Exanples o SuCh
22$&g¥ﬁxgpm Uegether through the bonding layer 60’.

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 provided between the first and
second semiconductor wafers 210 and 220 do not contain any
solder powder and where solder bumps 224 are provided in
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 is directed to a case where the
constituent materials of the bonding layer 60 contain the
solder powder and where the solder bumps 224 are not

provided in the connector portions 222.
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nmet hod for nounting ball-shaped solders on the ends
(rear surface side ends) of the connector portions
222, a nmethod for printing a solder paste thereon and
a method for grow ng bunps using a plating process.
The sol der bunps 224 thus forned nay be subjected to
areflowtreatnent after their formation. [0051]

oo 707 e Lo R ok 2o The SBboudof iafers>

sem conduct or mafer 220 in FIG 3A it is preferred
that . the sol der, bunps 224 are also forned so as to be
conhe&féd 4%§Qﬁkﬁﬁ%9%né@ﬂdﬂaPesﬂﬁﬁﬁteogldé“%n@§}h@ﬂ- for

pr6&U%fH§"%H§<§émﬂ88ﬁddﬁﬁbﬁfw f% ol acquigf %4? 1&gj%he

on the side of the ftunctio
fingt stetdwd domdustroti ngafsamizihduchiis wekess it possi bl e
for the connector portions 212 and 222 to be
electrically connected through joint portions 225
[oodtilch wi | [1/bel [destrsbedthel awrsn @emaldo@biu%t@n%rf-er 210
C£OO§%% Further, the sol der bunps 224 naé
andyqding ofECPY oFRBA COFIRS TP b@agéﬁne%? d eackndsving a
1d:he 1 1GPNRATCT (I3 JIPT td 10n§, 1412 ' f r
P surfa@g 213 of the ?rtﬁlsft se%kcol%uszt grfoﬁaf%r&%?o lna dthe
dryvuieed &8¢ dFareisd  domrdcteasssands of the connector
portions 222 on the side of the functional surface
221 of the second sem conductor wafer 220. [0053] It
[0Q48]pr ef erTredthhat eankxmjcimfntc,onpenesn‘tomf tthe F®| deRr, the

bunps 224 is, an all oy .cont ai nore netal s
FL i CReBA FIITRE oPBas conpPl SPRG  ERAS( SRy PEHTakEY of
ele(a%g:)odesla rits TBHchvr( Blﬁnodlr&iédﬂar{ lah)surdd thiodZN)sud@ad 211
(Pb) and copper (Cu). In terns of nelting tenperature
P reRManFeAN S ChEBpErt ithe ofadthechordbt bampionsd, and a

plu@mzw | efil abhitecpbef ¢¥ahliRn0 Use SoSAnELIVAI PRYs) 212
all oy such as a Sn-Pb

provided so as to extend through the first semiconductor

wafer 210 in a thickness direction thereof and electrically

connected to the electrodes.

[0049] Further, as shown in FIG. 3A, the second
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
portions (or conductive posts) 222 on the side of a rear

surface 223 of the second semiconductor wafer 220.

[0050] The formation of the solder bumps 224 on the
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alloy, a Sn-Bi alloy, a Sn-Ag alloy, a Sn-Ag-Cu all oy
or a Sn-In alloy. [0054] In general, a nelting point
of the solder bunps 224 is preferably in the range of
about 100 to 250C, and nore preferably in the range
of about 130 to 230C. This nakes it possible to
sufficiently secure flowability of a thernpsetting

d the like contained in the bonding |ayer 60
en%%f%feeg%lﬁﬁgeﬁkégr Qﬁ&tPGHFa9%ﬂﬂ%P%n%R&ﬂﬁCtQ%eQ%ﬁﬁlons

222legn add | HNuOfot henCacdh €14 L POS S 5 0RS, %Qoﬁgfﬁom{?@d by

the first and second sem conductor wafers 210 and 220
manyobe]ferenthinetheRy d, Etanpled o sotkdue baeds hJenclude a

me%&' Yr pf?\'oﬂ*nt‘i&gt ri)%lslms%%r ?@(é%%gf}sl 8n fnl n JD f?rear

endothermc eratu der
suxinﬁﬂ|$lmengndhb sﬁldbe bomp3c254 q&a&ﬂm&& mﬁzu;a method

Di f ial, S Ca| t
Pt BHad T 0 oo (ERPAFal Ve fior Bt SRy 1 &6 of 1BEFRRR, for
grdwad] bSnges u@flntghea spldeinfumre 2tk ar eraet ssHeR At Nalmps

di ameters thereof are preferably in the range of about
224 tHussoPHRTd mBiey phef erdbIaF e t he rangefdpwabotratgnent

aftor 300 pMsoang gyen nore preferably in the range of
about 10 to 200 pm This nmakes it possible to

sufficiently secure electrical connection reliability

t c J.ons 212 d 222 throu
w‘?#e] i glnnti%%}??u%? tcg‘ﬁSp o c%r wWPHPBe “4festffb 8’%%?3 woly
on 17t HH05Add 1AR2] tNext ,resr shawnfdde FIZ23 3B ft hthe second

bondi I 60 formed_by applying . a liquid
Ser?fgqnoéﬁ]‘gq %riységﬁfa: %I ngma Flax- aévi viet clipi @&eéﬁéﬁtedan@at

thea é@ﬂé@sﬁﬁrﬁ%§‘922ﬁe§k8 a%s60Rskkuent, nat erd zac!eS connected
t hereof on the rear surface 223 of the second

to senfeonduttriad er sazdacpocsE8ie Mengisdi fd®r éhe connector
poPRidLat# ORsTREHRLS- €8P PSrtSEHs) 212 on the side of the

functional surface 211 of the first semiconductor wafer 210.
This makes it possible for the connector portions 212 and
222 to be electrically connected through joint portions 225

which will be described below in a reliable manner.

[0052] Further, the solder bumps 224 may be
additionally formed so as to be connected to ends of the
connector portions 212 on the side of a rear surface 213 of
the first semiconductor wafer 210, and formed so as to be
connected to ends of the connector portions 222 on the side
of the functional surface 221 of the second semiconductor

wafer 220.

[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),

le



in applying the liquid material 61 on the rear surface

223. Exanples of the application nethods include a

spin coat nmethod, a casting nmethod, a mcro gravure

coat nmethod, a bar coat nethod, a roll coat nethod, a

dip coat nmethod, a spray coat nethod, a screen

printing nethod, a f1 exographic printing nmet hod, an

of f rintin an. |nkjet prlnt nethod
DI sy hé&r { ket DN ?ﬁ%ée ApPLi & h ) 31d gopper
(Cpossi birg t@eEMﬁP'c\’f”ﬂ%l"dlfﬂéj d r‘a%'ur@l Qﬂd thech &1 cal

surface 223 in an easier matter. 3%0059 The bondi ng
PIORSEFLED o f BRAredbylete. Bumpsy e (J/rngl'fa ¢6l viemtticularly

cont depn [ _ I dryi ng
pE t he %%ﬁl rral%%l él q%il%&%agrﬂlglp llOpt he ¥’I 5;{ g’ Sn-Pb
allm&eraaﬁnﬁaloalthg,reaSnsagfadéx@QSa[Snxﬁg Cﬁualﬂdyumt a
SnnPterigl 61 nmay be dried either naturally or
Tit1ci%11y, e.g., by heating the second

sem conductor wafer 220 with a heater or the |ike.

(%g061] A thickness_(an average thickness) of the
[O%rbi ng | ByePeBOT L/ ndt MBAIFEPGUIPRHNF 19Tmithed 3@lder bumps
22@D§§' gkefeyabw l%uttﬁ@yra{q?g@rsfseéﬁgw hBot R range: of 5ng

about m and nore preferably in the range ‘of
moa%onreﬁﬁr@blzomnpﬁhe [rGo&E] uriaheut EBOneoe§§@ﬁ¢ t hBhis

d 0 ted t t !
ma L RN ERaY, et Rt el by (el BB R e -
théxmmsetﬁhapereélhhanﬂomhdmﬂiEQEEonﬁﬂlhhdS1homﬁﬂibonding

0063 |s enbadi nent, the bonding layer 60 is
la¥shvi %F?anﬁﬁggreSFr§9rfa68d22§gofr?h%ag%%oﬁﬂrevent

thé%ﬁﬁpOBQQEEQétﬂ@ﬁebfzaguaAéé@ﬁ”%ﬁ%@@ib ﬁd?%kgﬂghﬁEbv1ded
| ayer(s) 60 may be provided only on the functional

on sthe JEkrsp1andfseernNgd | syt cemeeheici dfe wafak0 2l 0220.
on both the rear surface 223 of the second

sem conduct or wafer 220 and
[0055] In this regard, it 1s to be noted that the

melting point of the solder bumps 224 is defined by an
endothermic peak temperature of solder powder itself
constituting the solder bumps 224 measured using, e.g., a
DSC (Differential Scanning Calorimetry) method, at a

temperature increasing rate of 10°C/min.

[0056] Sizes of the solder bumps 224 are set such that
diameters thereof are preferably in the range of about 1 to
500 pm, more preferably in the range of about 5 to 300 um,
and even more preferably in the range of about 10 to 200 um.
This makes 1t possible to sufficiently secure electrical
connection reliability between the connector portions 212
and 222 through the Jjoint portions 225 which will be

described below.
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the functional surface 211 of the first sem conductor
waf er 210. Fromthe viewoint of sinplifying the
processes in the nethod for bondi ng sem conductor
wafers, it is preferred that the bonding |layer 60 is
provi ded on one of the rear surface 223 and the
functional surface 211. On the other hand, fromthe

dpoi f dh he f t
103 Cbconi- Sk chRAGet O warePS 3F0 whir 280904 pgonding

laperm cenducs orf ongeer b@nd@@pll@dylgme proguead, mhteri81l 61
greferred that the honding | ayers 60 are forned on
COYARM1IRPedr ddMXsaFFare DB 28RNt uABE GhaFhermesekting

re@ﬂé aéogéﬂktgb§eﬁfu%a€%2 g@sc%%%Q%o%g% VESat Osurface

reduce surfaces of the sol der bunps 224 when heati ng
223Hneif thepseswihogeniserndondoctvrfaaf220 st acked body

230 in a process [|A-4] which will be described

bel ow. This makes it possible to increase wettability
[0@38h sol desngodpofentntcatailtditing tiersoldecaBUmMRSs used

224, and to enhance agglutinability of nolten sol der

0 HRpLY 539, Ht thenatonhrebt ot Portionsedd 2suRRe22223.

Ex b Cois Wiolel  hige dappniibad i ohel AMEnA$s a 1 hegulde $h%p1n coat
connector portions 212 and 222 can be connected

mehe@ugh tq@éql@qgntmefmwoné zwrfmrqmvmr@npogm mmtfho@u a
r t n e 2 [
baP Eggg ﬁe@goﬁrbﬁe tlﬁ_ '%|@eg%$£1n§ é “ﬁ% method a

es it poss ore con
spb@yv\ecemttﬂu@th@bnrmcﬁmemrprMSlﬂj.Zn@tﬂdocQZZatfll@xjcg@raphlc

the oi nt _portions 065]. Further tis , _
Pr et ?réﬁﬂgh(% sich 3%%.5& PGéngur?ﬁBhgaentaﬂasl%$3et
prirummg O i t hgidg U pa @ ndaty eltltket he wiker mesekki NGppESEL:ion

Thus, the flux-active curing agent serves as a curing

%@%%% whentt R FRIRYR ckR i $igPRhe tha kst tnageFial el on

th@ntess HORLece tapd hen theredsedt imgtdesin. As a

result, it is possible to appropriately
[0059] The bonding layer 60 1is formed by, e.g.,
removing a solvent contained in the liquid material 61,
namely drying the liquid material 61, after applying the

liquid material 61 on the rear surface 223.

[0060] The 1ligquid material 61 may be dried 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) 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.

[0062] Further, if necessary, the bonding layer 60 may

18



suppress occurrence of ion mgration which would be
caused by flux conponent residues in the bonding
| ayer 60" of the sem conductor wafer bonded body 240
produced. Furthernore, the bonding of the flux-active
curing agent to the thernosetting resin also provides
an effect of increasing an elastic nodulus and/or a

| ass transition tenperature g%% of a cured product

]

be oF IBRRCEART IGs et TP TERTh. CpB6BE] LTERIMG Ehe abibve makes

1tf§§§§lbﬁé0t§CQQQH%bﬂﬁ Heep PL eEgEpedotthatnd A 1ayer
ent having a carboxyl group and/or a phenolic

60h9 DXEPrREBuUp is used as the flux-active curing

agent. [0067] In this regard, it is to be noted that

the flux-active curing agent having a carboxyl group
[0@63] or a Ipheridls c empdddrghtgr otpe( Hesedivad t drayer 60 is

“fluyx- active curin refers to

bb d t")
g ¥%$ |3£§B%ﬁ§”haJl g & %Car BOXYPC ro%gganaﬁor je second

serph@mam@tcmdr@aférgr oup.in aalmlreedie diner eofhe SUEBn@lng
flux-active curing agent may be in the f'or m of

layeglt o Bma¥obPrdPrpudesy Prawploass téfetﬁenﬂmn@btweface
21PFBE”QﬂﬁQeﬁirQ@V%@%1é§%dﬁd%y¥xwg%e9r9%@ inclygde  any  che

phatic adi d anhydride, an [Tcyclic acid
reanhydr f agkes &ﬁ3apénahecsacp@dammmﬂuqnduqnorzﬂaﬁﬂnﬂ?Zﬂ and

o Y bl eaiirec B Uhet &1 phadT c b EoARRSPF desEer

21®nC|Gd@nsuﬂﬁtnvﬁeapbdnanmﬁdr$ﬂﬁplﬁ©&%@@lph% Qﬁ%?tesses in
anhydr , polyazelalc aci d anhydri de, pol ysebacic .
theci eﬁhﬂgdrSPé 5%&'%9&3I??QQCT@@H@WOExaH§¢§§SOf tfe 1is

préfé£y&d i enaei dnanmudidide 1l .Ndﬁbnﬁghﬁrov1ded on one of
t et rahydr opht hal i ¢ aci d "anhydri de,

thﬁe%ﬁﬁ?dﬁ@ﬁﬁﬁmﬂ|%2%cﬁﬁdaﬁh?dﬁqﬂ¥t%ﬁﬁ&WIShrﬁﬁeeaéﬁd On
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.

[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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anhydri de, hexahydrophthalic acid anhydride,
tetrahydrophthalic acid anhydride, trialkyl
tetrahydrophthalic acid anhydride, methyl cyclohexene
di carboxylic acid anhydride, and the |ike. [0071]
Exanpl es of the aromatic acid anhydride include

pht halic acid anhydride, trinellitic acid anhydride,

[liti i d di anhydri de, benzophenone
mak i He A BORYP [ € CacTe Hhyr BREA LI AYTENEC GPYcRpTieen the

comn&tfdFEpbirtabas Pipcesd ZQE'§BEbGEH'€HgEHOfWP ﬁgﬁtéons
| i ke. [0072] Exanples of the aliphatic carboxylic" aci

2% ncl ude a conmpound represented by the follow ng
general fornula (1), formic acid, acetic acid, _
propionic acid, butyric acid, valeric acid, pivalic

[0@E5H, capfeithacjd,it capr ylprefaainkd | alEtc 86icl, a  flux-

istic.acid | mt cid, , stearic acid, acrylic
U4 e B £0eRe) Db s SLST S A B Co che
thé thwsé €t atd dre@Bhei C @ﬁhg;‘Eﬁﬂi@lﬁﬁLgctﬂaéo@d%iﬁgnggent

succinic acid, and the like. 21 (0073] HOOC (CHZ
SEI&IH 25 (3) FPWRér&i nadggnthe walkave flormmalaly " rPufsnan the

i afq O 0,},4[ 0074] I 0 he i C
Doy 1 acid T nel e bers81 & hord AChalt ¢ Bertk 40
resopht haksi caacresult er eipht hiad | poaciithlehenbnedpptdsriately

j tri it] id, trinmesi.c acid, .rmellaphanic
sugfishe SLIEHILE 881 dup bALTeR 820Gl DN o
by aflui tahpoeenati desxghes aai dhe hemling 861,60’ of the

ityl eni d, hni tyli id, toluic acid,
ST SR G R £ Shl BUgTTE BRq . 550 e myeRoxy HemerToTe,

theacikgbn@irﬁ%di by dr exybenzaic 12¢iide g%ﬂdﬂi%'ﬁc A2  the
di hydr oxybenzoi ¢ aci d), 2, 6-di hydroxybenzoic acid, .
thermosefi tiyHF ok§Btnz Gilecadiapvigiasd i enaeifdect of increasing

an (814sB1Er infWANQRYPEREPLE 2 glass transition temperature

(Tg) of a 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.

[00€7] In this regard, it 1is to be noted that the
flux-active curing agent having a carboxyl group and/or a
phenolic hydroxyl group (hereinafter abbreviated as “flux-
active curing agent”) refers to a curing agent having a
carboxyl group and/or a phenolic hydroxyl group in a
molecule thereof. Such a flux-active curing agent may be

in the form of a liquid or a solid.

[0068] Examples of the flux-active curing agent having

20



aci d), naphthoic acid derivatives such as

1, 4-di hydr oxy- 2- napht hoi ¢ acid and

3, 5-di hydr oxy- 2- napht hoi ¢ aci d, phenol phthalin,

di phenolic acid, and the |ike. [0075] Anmong them it

is preferable to use the conpound represented by the

above general fornmula (1) in order to keep a bal ance
et ween_an activation de ree of the flux-active

a 6%FP%§Y£g@ﬁtoupanl%tﬁﬁ P GiRisds anfehdwemhydnggle, an

aliﬂyﬁﬂﬁﬁegcﬂﬁe%dﬁyaﬁﬂaér“%ﬁh%hﬂﬁé%ﬁU'Ekf@sbﬂhyQQQd@n an
el astic nmodulus or glass transition tenperaturée of the

al ipdvidi iy F8RA%*60C GiCitthe aderd xotatulct ora mederl boraleid, and

+hdd0Y.e 240. More preferably, "n" in the above general
formula (1) is in the range of about 3 to 10. This
mekes it possible to suppress an increase in the

stic dul of t red oduct, of the
[Oﬁggr noset t¥ ufeessl n gr es ef ir"fﬁter atdéni cBRdbct ginhydride
inotafdy sbm’tdl&dlcbcﬂbicﬂ%hy@iﬁd@ 'M%pl@drh%slcprhnhzydrlde,

bet ween the cured product of the thernosetting

POl Al a e FaTstd T s okl Sean o it aimhiedeatse,  and
the2 0 and  220. [0076] Exanpl es of the conpound
represented by the above general formula (1) and
having "n" of 3 to 10 include glutaric acid ("n"=3:

oG (C%Egaﬁﬁﬁl T acrda((jI L aQ*é%&fl%ﬁCHZTC% Cri§$}3¥lde

1nc§&ﬁ&£lmeahyd (tétﬁéhydflﬁhtﬁ &c@d0Hinhytio8e, ( @dnhy1
=10), and the i [ 0077] Further

heﬁéﬁ%ﬂﬁ%ﬁ??ﬂgi*&afPEkdact?W%ygﬁrﬁ%g qgéhy lhavhhgia acid

idld ¢ hydr ayegla i/ HuMd ude phengls;g anhydride,
pecifically, exanples of the phenols include nononers

teﬁ%ﬁﬂydqﬂﬁﬂﬁﬂ?kﬁ¢menol|%Ch@droxylagbadpldeeh as phenigilkyl

R8I pht a6 XY ! mc 0 v
tephenol %?51 &<%en§89&2 %ngﬁgiﬁe nré?ﬁﬂylphéﬁkﬁdhexene

dlczargzqmlgi@mcwbgqrmdrlde, and the like.

[0071] Examples of the aromatic acid anhydride include
phthalic acid anhydride, trimellitic acid anhydride,
pyromellitic acid dianhydride, benzophenone 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 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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3,5-xylenol, p-tertiarybutyl phenol, catechol, p-
tertiaryanyl phenol, resorcinol, p-octyl phenol,

p- phenyl phenol, bisphenol A, bisphenol F, bispheno
AF, biphenol, diallyl bisphenol F, diallyl bispheno
A, trisphenol, tetrakisphenol, phenol novol ak resin,
o-cresol novol ak resin, bisphenol F novol ak resin,
bi sphenol A novol ak resin, and the like. [0078] The
above described flux-active curing agent having a

[ooasipoxyl goeup ( @g?{u&xﬁnphenolmg hydroxyl group is
three-di nensional [y introduced into the cured product

W IZ4

of &WQ?RQkﬂrﬁﬁxﬁh¢r@P@%%|ﬁ0%®%h@as ’Poky fesintegerhef O
to ? reaction therewith. [0079] From the vi ewpoi nt

0 onDtlng formati on of three-dinensional networks

of the cured product of the 23 epoxy resin, it IS

erred_that .the fl ive curi talns .
0B Thne oFSRLPACEnerth  HE | CASITTREC pReHISIiE | scid
inByd&exybe @t OURS adi Lh Qﬂﬂjhﬂjhpnd@ﬁxio h@@ epRexYic acid,

resin and at |east one carboxyl group which is .
tegppBERRYiChoREtd t M RRbEtiE [ 'showitAgld iftigx acid,

tr%ﬁ&b@@ (0544, T edueing Ackiion) VgéfarespﬁféhAPtiée acid,
sol der bunps 224. [ 0080] Exanpl es of suc

ytbmgléctuveacudun@eégemnc|auﬂduM$OIKWQCﬂ¢1®mldyllc acid,
atives such as. 3 d|h d ox benzo aC| .
heﬁei ih Sroxybenzo g@ﬁ&, gen %1 i? dcid, toluic
acia 5<ﬂhh¥dﬁﬁxy@eﬂdplGa&&b@ﬂ;cZaﬁﬂdihyd[@xybﬂpdﬁbﬁybenzoic
ybenzoi c aC|d an allic acid

dr ox
ac% 4 i e d%yr HYBERZRE act TS 'naﬁﬁ?‘ﬁéls&cacﬁfld (2,5~

dlﬂ?HkMﬁ béﬁ§o§HCha@§d)1 4> dishMeR 0¥ ¥oR2yPaRhbhei caaghd, 3,5-
dr oxy-2-napht hoi ¢ acid and

dlBy¢r9%M§enégyczaﬁaﬁhtaéiélaca@ldpﬁénér5phrhavﬁﬁ©xyben2016

ac%pheﬂ%mh@%da&@d dd18 Jdthi&re ONE, Q40T €, 8131, GPoxy-2-
be “used i ndependently or in conbination.
naphth01c acid and 3,5-dihydroxy-2-naphthoic acid, phenol

phthalin, diphenolic acid, and the like.

[0075] Among them, it 1is preferable to use the
compound represented by the 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 the thermosetting resin, and an
elastic modulus or glass transition temperature of the
bonding layer 60’ of the semiconductor wafer bonded body
240. More preferably, “n” in the above general formula (1)
is in the range of about 3 to 10. This makes it possible
to suppress an increase in the elastic modulus of the cured
product of the thermosetting resin present in the

semiconductor wafer bonded body 240, and to improve

adhesion between the cured product of the thermosetting
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[0081] Further, an anount of the flux-active curing
agent contained in the bonding |ayer 60 is preferably
in the range of about 1 to 30 wt% and nore
preferably in the range of about 5 to 25 wt% based
on a total amount of the constituent materials of the
bonding | ayer 60. This nakes it possible to enhance
the flux activation in the bondin | ayer 60, %
regiByveht! the ﬁPE§taéPPvéeeaPpnéeQ@gHPdFFéﬁF WéﬁﬁFﬁu 30 and
oognreacted with the thernosetting resin in the bonding
| ayer 60" of the sem conductor wafer bonded body 240,
thereby appropriately inhibiting occurrence of ion

ation u b a h quelgegpg
[Opbgi actn?gIa gg?ﬁﬁgbggeﬁ?& q%%%%?MFE ?ﬁg en1c§ﬁhug orthe
abwakegebendédfbonyl34Ql) 24ndbhavned "n”t bé §ubseq0emhclude

rocess [1A— 4], the t her t serve
glgﬁgaﬁgtefyﬁb adj‘alent: Joﬁﬁﬁi?pgbﬂgénggég% by H pie  acid
(“hnsyl: aiong-peHL j peaRd capesed: faem t en” <31y egooc- (CH,) -

product of the thernosetting resin, and to fix

COpBne) sekacticr Cighd"TecHid Tl e T ePORAS eH@gngGCHz) 10~
CO@ﬂd (20 1bygegﬁgrthg09§?L_Exanples of such a

ernosetting resin include, but are not particularly
limted to, epoxy resin, oxetane resin, phenol resin,

geth) acr reS|n Junsaturat d .paly ter r .
[oéia IyI %Pﬁgpafé r S&FAP §nale|%1d58res%§ an lvﬁ curing

aglehke.haemmg hhememdﬂelepwrroe@ln gSOppefJefcalhiqe phedols.
because it is

Use _of ﬁne epox esin_is pregerr
SPEGHELFBH LN Eﬁ?éﬁﬁ??thaﬁBesP FB@ SstAbiPAFyRAPIETEhEACh
ha®4hgd apppdnel1 itthefyeifod %ﬁ&ﬁhiayﬁchnageﬁheﬁ8§l866698501

noi sture resi stance and chem cal resistance. [0084]
2, 6h&Y&pBRY r e ¥ iSO lmay M GFEssli-bl €1 gk BRCRPbxy 2 4-
xylesbh, kep-kh18ns0l i f-atale heh82M DEAPQLALHEE, mesitol,

3,5-xylenocl, p-tertiarybutyl phenol, catechol, p-
tertiaryamyl phenol, resorcinol, p-octyl phenol, p-phenyl
phenol, bisphenol A, bisphenol F, bisphenol AF, biphenol,
diallyl Dbisphenol F, diallyl bisphenol A, +trisphenol,
tetrakisphenol, phenol novolak resin, o-cresol novolak
resin, bisphenol F novolak resin, bisphenol A novolak resin,

and the like.

[0078] The above described 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 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
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an epoxy resin kept in aliquid state at room

tenperature, or a mxture thereof. By using such an

epoxy resin, it becones possible to increase a degree

of freedomin designing nelting behavior of the

t hernosetting resin. [0085] Exanples of the epoxy

resin kept in a solid state at roomtenperature

i ncl ude, but, are not particularly |imted to, .
CPHI%pheRoN Ay pes epERYEFESAN, t i s phBR0IT 19¥#sé L vepoxyring
agdrBsi RorRhaRQl, NOKOl Sle t YRE SPPXY N8R €80l 1cast  two

novol ak type epoxy resin, glycidyl am ne type epoxy
phenral it hyliyexyy| gesupfr whpehepoxy bpesbnandelir ée the epoxy

ctiqn e resin,_four functional. epoxy resin
re%l{r‘l}g tghg Iaa!tke?(%r%FeO%é%pe%‘?l }lgéél}é {Ly,gréml% Xt e o sso‘?}ﬁecuy
bortidedetbunmt i apahaepoxyrip seswingnch cresel awvadak (or a
e epoxy, resin, one or nore of which may be used

re QYRR ITAT) dFLtth *astHs Hact OrEng GRBGIC P Gtider

hand, exanples of the epoxy resin kept in a liquid

state at roomtenperature include, but are not
[OQBRY i cul dr¥3mpies t &f t 6uchi sphehblxAacypeeepoxyim@siagent
indiwphenolpdptype epoXyqr ekl 13adkhe 1 kgenone o 5 5

nor e of Ich may be used |néepen ently orin
dilesrdtdromid 00874, AR, épdiyydquikyhkenbiof atdiel,epmytisic

I esj ept, i a. liquid state at. roomtepperature js ,
ac1pcr?e¢%,r5lg—b Jyh}llcpnrciwé)e %é)r%d:e Cles] )50 %’Oé)_ ’yc’%xeyben201c acid,
3, prafteradlyybenddies range of 16t o g250ic andy@men Npseg 5

preferably in the range of 170 to 220. This makes it
LIRS BT T Previsitd vhe airier i ciied dfrintReives such as
1, $-herpeel:ty g dgsithdromhavi ng As -2-naphthoic

contraction percentage. As a result, It is possfﬁfe
aci® pefi ably dipweremy -Phe apérrbededuat od; wahenobongethalin;
difedyn1240 {40 | dye .t q.exi stence of. the
linséf&iing port%@%sg 6 Mg% ’tgﬁ?e Faﬁf%gpggvg%ﬁéh may be
usgekdurtdrandantrleacty Jirt ycanitima iqpol yi mi de resin.

[0081] Further, an amount of the flux-active curing
agent contained in the bonding layer 60 is preferably in
the 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
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[0088] Further, an anount of the thernpsetting resin

contained in the bonding |ayer 60 is preferably in the

range of about 25 to 75 w% and nore preferably in

the range of about 45 to 70 mt % based on the total

amount of the constituent materials of the bonding

| ayer 60. This nmakes it possible to obtain superior

curability of the thernosetting resin when curing it,
ObLaYned dedlgn §bH6d melSaRRdEhaviRFO®$ss he bbhdihg  the

:nd O - jtion, it I r rred. . .

th%%§§§3@gt?%ngégg8eﬁi ot:%rgghéthﬁét?I3§¥gd%$ %C%%?iﬁﬁlnt
poageans (heb ebnaineins@basingl porefienr 246t oomposedr fBgm the

nt") .i.s.added, to e_thernosetting resin. This
Cuﬁ%ﬁekr%9h383§1 |%h?o%ESFFﬁ§Ft enfarce the 80falkiq itix (or
boodl) t hire t her sOSELd | HPcs LS| Bemf 8088hcEXaMLesr8f 2t heang 220
. cug#ng agent include, but are not particularly
°PFhi'ted to, phenols, amines, and thiols. Anmong them
it is preferable to use the phenols in the case where

the epoxy resin is used as the thernosetting resin.
(0883} nakeBxamppesspbl suldr a Hehewmd Fuf Egent révishomclude,

oupoyer 65 meiailne "THFEPElsiPes bk (e Bpoxgretane
resesjn pbabalnedeisnn,t he(nzandixg Jlayer £9semj Oysndaturated

educed change i,n_size during the curing process and
pol S F%E%’?ed%ﬁ%?ia&’“ﬁﬂ@g&% g€y, ghalehetdal resin,
and eshst ance .andaBh§t When, esiisd a@ﬁ@)(%afr'é%rin the SULEDGap1y
e

process. [0091] Further, although t phenol s are not
uspQrti dfeardy FhRei EREXYo IeSedl fie Pypésrradpheceluse it is

SRPOLING 1, hayi-ng 4 Wwe,or re | onal_,gr capahl e
SU%f reactfhg mﬁtﬁ thg e%ggy ?égggg%sQﬁggglgﬁ'feygﬁﬁﬁ. the
cumpd s prskdas-t t thposseifbl st ceskampl baet t He physkcatesistance,

noPSOPEE L85y Leptics MRl 25 FLaNSELALE, T sture
product "0

[0084] As the epoxy resin, it may be possible to use

an epoxy resin kept in a solid state at room temperature,

an epoxy resin kept in a liquid state at room temperature,

or a mixture thereof. By using such an epoxy resin, it

becomes possible to increase a degree of freedom in

designing 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
limited to, bisphenol A type epoxy resin, bisphenol S type
epoxy resin, phenol novolak type epoxy resin, cresol
novolak 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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the epoxy resin in the bonding |ayer 60'. [0092]

Exanpl es of such phenols, specifically, include

bi sphenol A, tetranethyl bisphenol A, diallyl

bi sphenol A, biphenol, bisphenol F, diallyl bispheno
F, trisphenol, tetrakisphenol, phenol novol aks,

cresol novol aks, and the |ike. Anmong them the pheno
novol aks and the cresol novol aks are preferably used.

reﬁ?ﬁsaﬂ%kggePPlp8§¥qﬁﬂ¥tQYP%N%ﬁQ%%bF9SaG}u§PeaQﬁﬂm0re of

wh 15 GRS} te Afsddner endi Nge | @yers 0; éémkgjﬁ , 1L s
%ossiblee?orsthe curing age ?% %%OM/ %ﬁ%&ﬁ'
reactivity with the epoxy resin in the bonding |ayer

Furt , this kes it possible_for the cured .
[Oéﬁé%uct 0 ﬁ?ﬁégeﬁngrrg%?ﬁﬁcd%¥§T%£%Siﬂft%@ebéﬁﬁpﬁ@ resin
keptayir a 60l quid hewverdodte wo@el d @ibe Phyist€al nPI @RS tH@S are

{e. .,_%%fer | _resistance and noi sture resistance).
no o%%%*}l hef, LRI ERE EQsedmenencie fptieiRs SR akesin,
biSpreetSedr asyddiee S84 NYc 898Nt 2 n AN+ ABDYNAL Of fhe O(iu?[lla%l%y of

agent contained in the bonding layer 60'is prefe
WhiGh Ry Jeantfedfingrrandentol 80w g eombimateion.
preferably in the range of about 10 to 25 wm % based
on the total amount of the constituent materials of
[0Q8iE] bondiZiy tpyey €QuiThilentnalfesthid ppssiblrestio kept in
a ﬁeliagly1§q!e tge thernpsetting resin in the bonding
AYer960 "4S pPevemo™ Nt R TAGUEgentS fRBR SFEY nitAg the
rangy eaCtEsh wid Bahe fdwes rmsetdid § esi neid igge bondidig o
| ayer 60', and to appropriately prevent occurrence of
2500204 gPREP OMORRI B1F SEGTEP e ichuserl rangmeofudilig to 220.

Th8H&M ke d PRI HSs Y eact8dp L O0RE] ty flict! Lo f
to be enot ed }?h%t In the pgésgg\ﬁhgbg tcher%é{o Xy dglé:sf_’l r?fi ;the
theegsetstiite rheinosktdn ngaviegi mn t hecameeptl oforitheaction

peRhaiolgdovol gks gonf@é@fg indhe, bondit ayer 60 ,mm
be deﬁ{ned by an equi val e€nt ratio tggggggl!e to rellé&ly
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

polyimide resin.

[0088] Further, an amount of the thermosetting resin
contained in the bonding layer 60 is preferably in the
range of about 25 to 75 wt%, and more preferably in the
range of about 45 to 70 wt%, based on the total amount of
the constituent materials of the bonding 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 is also preferred that a curing

agent other than the flux-active curing agent (hereinafter
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the epoxy resin. [0095] Mre specifically, the

equi valent ratio of the phenol novol aks to the epoxy
resin is preferably in the range of about 0.5 to 1.2,
nore preferably in the range of about 0.6 to 1.1, and
even nore preferably in the range of about 0.7 to

0.98. This nmakes it possible to provi de the sane
. ef ects s se %orth ahove., %00961 In addition to

S éﬁ% Odé%%rlﬁﬁﬂﬂéﬁbv 9enty’) mayS bt F5ki e the

théﬂncb@@t;tﬁn@ re®in.m dazalse corPoUNd Baytng18 M®) tERPther
point of 150C or nore. This nmakes it possible for the

enl’rﬁ%‘ll‘t?%nt%%l HeFapihply 224 the renerapPyebelnagyeeyat ed
bet ween the connector portions 212 and 222, and also
makes it possible for the connector portions 212 and
[009Q] t o beEshmple$cmﬂ3¢m©nne¢ﬁa@taq&ﬂbennthndaghﬁdﬁeare

225 f d f Li.dified
nob b B8 THe LSt Con dBRCBmgs 294 - %l | sbiele-

Amcﬂf&l@nﬂIiem,[ 0097]s Expapé esbDé tHi §sé M Eazehens08POkNEhe case
havi n nmel ting point of 150C or nore include

Wh%r%héﬁﬁﬁepﬁ%@réﬁﬁ%ﬁ de P eSY- BRenyle A hRTgdetting resin.
Thhy dp@xxsmidazol & 5 @ fBPetW'“%uﬁfh%hééeﬁ g%Bdsﬂéw'éood

to be noted that an upper Ilimt of ting
reéﬁtthhtyanﬁboHéKtoﬂ@@mwdreglnoUJlphh@lb@hduhyIhaydnxmo

f I
Fu%é%%ﬂ%?ﬁgl {ﬁlgaéHgmrgyttﬁgg g? O%??%%ate é%?Bﬁlned in

on a bondi ng tenper
thé dyendtly JH0O8] 60 nerhj‘l@ys:aesera\dil@diéd stiednga im fazel €uring

d he t of
eng BB R0 BEaGERE. 2EontondlF 11t e ot i By T ReTsLes
(e pg ef eralinnaln t8eistange ahdabayt sOuPO5 Hee 110 \Mc%: a&l@'ter

nore preferably in the range of about 0.01 to
theQeHl % PHeCedtal anpunt of the constituent
mat eri als of the bonding | ayer 60. This

[0091] Further, although the phenols are not
particularly limited to specific types, a phenol compound
having two or more functional groups capable of reacting
with the epoxy resin is used preferably. This makes 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
bisphenol A, tetramethyl bisphenol A, diallyl bisphenol A,
biphenol, Dbisphenocl F, diallyl bisphenol F, trisphenol,
tetrakisphenol, phenol novolaks, cresol 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 is possible for the curing agent to show
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makes it possible for the curing agent to effectively
performits function as a catalyst for curing the
thernosetting resin, and to inprove the curability of

the thernosetting resin in the bonding layer 60". In
addition, this also nakes it possible to obtain good
joint portions 225 in the bonding |ayer 60 w thout
allowing a nelt viscosity of the thernosetting resin

9009 BEIGRAULYYi Hifdasél® P0PBY ERE1REAN e chped thar dayer

600f tPEreRLERErBUMRS, 1224m4kBQ99] ¢+ | B, Jhis$ 1 egard, 'ﬂﬁ | Sured
to be noted that the curi ng agents descri bed abov

Progychecliséde rmifependessiy gpntamnchmmnnhanboﬁﬁﬂ@@]layer
60Furﬁgerha\% h%{orceon%&lceli(:i ‘h o} Sz%lﬁérltmqgg?PFﬁél?éSI ﬁe g.,

flux-active curing agent and
thanmabereap@tmmceaaﬁdym@ﬁﬁﬁﬂréorébesb@ﬂdéﬁg | ayer 60,

exanpl es of which include a coupling agent, a fl ux

activator for increasing the activity of the

[00b3IX- aCt'F@r@HétnglﬁgQﬂkaa@gsevﬁﬁbggsﬂﬂéughéﬁol ovolaks
additives for inproving different properties sucﬁ

are gded cRRPERT bFRF Y9 ag9ebdii i &y amqunmoeﬁabm¢|¢yrlng agent
co&@épéédLﬁﬁlO%hQUQQHQh%gPagﬁggrag&Ft1ga§§§ gnglbg} the

further increase t sion of "th
ra@mﬁtc@ftahpmtr§t'amd3§eodﬁd sendcamﬁM£tpreﬁaf&bsyZhﬁl the

o0 FR0uHA0%% S s of Ui covnl g daenfel e

th@ouphsngtagent etk r i sar efmatihe- QQchﬂLrﬂj nga@é& N@0. This
si | ane coupl ing agent, and the |ike, one or nore of
maﬁﬁ?chtcaﬂsﬁéb&§eaolﬁ&éﬁéﬁééhFQ%F%wth%1tQﬁﬁﬁﬁ$ﬁﬁ¢¥ﬂ9 resin

in[ @A83LoARiagoURt,Of dde @&u?kb(}g aoent contigy :ad%%r{lc from

the bondi ng Iayer 60 I's preferab in the ra
repdying 0. U0k eRg tedn W4 thasdak omhehmosetahnarrmmetlrof inhethe

bof @S 1 1868 607, and to appropriately prevent occurrence
of ion migration which would be caused if the curing agent

remains unreacted.

[0094] In this regard, it 1s to be noted that in the
case where the epoxy resin is used as the thermosetting
resin, the amount of the phenol novolaks contained in the
bonding layer 60 may be defined by an equivalent ratio to

the epoxy resin.

[0095] More specifically, the equivalent ratio of the
phenol novolaks to the epoxy resin is preferably in the
range of about 0.5 to 1.2, more preferably in the range of
about 0.6 to 1.1, and even more preferably in the range of
about 0.7 to 0.98. This makes it possible to provide the

same effects as set forth above.
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materials of the bonding |ayer 60. [0104] Further, a
sol vent contained in the liquid material 61 described
above is not particularly limted to 30 a specific
type, but is preferably one inert to the constituent
materials of the bonding layer 60 (or the |Iliquid
material 61). [0105] Exanples of such a sol vent

inglude ket ones such as acetone, nethyl ethyl
[OR@Pdne, ABtRPALFdEBULP theet @nem@l BEeftli deshbutipled above,
cketpone} <l ohexanppe (di acetone.alc
! aréﬁgtlg &idrocar ogg suc as 6%w2eﬁ8- l&??%ﬁ%f%n&%mpound
haVéDGe@eH@ﬂtxﬂmlgosuthqﬁ;hﬁohyldﬂcm@ﬂé et?hds makes it

| | -al cohol and n-butyl _al cohol
e g PR Soife “BiSHodBr Dori et REn Fatity RF Gdl | bebiskly be

aggthghteelbesoéyﬁ théubbhn@%hh9§0$aﬁt1@@§h £2°Sh50§95veand
acet ate, ethyl ceIIosoIve acet at e, %

algg| mg Sﬁvéta&é%%ﬁlé) NVE  ERS mmmeczrqoyrmmms 2TPEand
22ft ebrplyd hyl
(di basi ¢ gg%gfg@%%% %ﬁé’% E ¥Og§%5gﬁo§3§PBHBBE§FeFOlnt
PO PVECY 8l r2€t5hyfozcra¢cborfap@) tlaﬁd ddeidikied p@36kts of the
h t t he solyvent_ contained in the
e ?éﬁlggnaggr@&$g%1 ?éjﬁ}é?éF§¥F§ bLgiMAANHCch a range
that an anobunt of solid conponents to be mxed in the

ent ( anel the total amount of the constituent
[oﬁg%trials [ %%SaBHVetBé§chHééaﬁ@ﬁéir@Pmﬁgwwd(M@aving a

mebecoges paaital be aboypod0 19,60 % [ Ln t
regard, it is preferred that fhelm%é%dlgégﬁ%§%r g ~phenyl

hy?%?ﬁ%ﬁ“%%@%?kﬁm%ﬁﬁh%ﬂw¥aﬁﬁnﬁﬂbyh$|hydﬂnxyﬂm1nﬂzble, and
th&Biegbal 61 EQEEaEQgQthhﬁtdugﬁ %f%%%%ﬂ%@réﬂghggean upper

the thernosetting résin
limpt | ofi Hige merbperd imsing (AO8thEi 181 dat e bosdhOGnlaYEl not

pa B0i EQTABA, on fhe fear specific value, but may be

appropriately set depending on a bonding temperature of the

bonding layer 60.

[0098] In the case where such an imidazole compound is
used as the curing agent, an amount of the curing agent
contained in the bonding layer 60 1is preferably in the
range of about 0.005 to 10 wt$%, and more preferably in the
range of about 0.01 to 5 wt$%, 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 bonding layer 60 without allowing a melt

viscosity of the thermosetting resin to be unduly increased
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surface 223 has such a property that it can reduce an
31 oxidation-treated copper plate at a predeterm ned
copper oxide reduction rate. In this enbodi nent, the
copper oxide reduction rate can be cal cul ated as
follows. Nanely, after the bonding |layer 60 is
attached to a surface of the oxidation-treated copper
plate, and then is subjected to a reduction treatnent
ataEh%SU%%?%ﬁg(ﬁﬁ@?ﬁ?ﬁﬁ%??rPfh%hea%%%@%ﬁeb@mp@hé2éopper
oxi de reduction rate is calculated by the follow ng
equatlon (I'): [0109] copper oxide reduction rate
¥y gen Brorhldoncergrati onitaf tisr tedubei Gmtterdsatrmmt)the

t ti f
cutlrfé E8Ey s ThaThEBER) S EBR 18P Y wfAd etpfteengrntly or
inf¢ombiacdti Men curi ng agent serves to reduce oxide filns

covering the surfaces of the solder bunps 224, and
therefore has a reduction power for renoval of the

[oppope filmertdbe, a*&%%rw@@ﬁét%hgﬁt rrﬁé’é’&f PN ratey the

(% is used as an index indicating uction
flirsvatt¥er FuEnoval aofnt ndxie ’¢m¢IIBOSé'hElng)ppe$1n may be

apPXEE LEENFT LARCRALS, OLpal LBRONGN [0 1ErNs LIS BXNdS o

fil'ms 1S "preferabl ffor e,
whxﬂhrnmnglwmm E£vemu@du@gprabemablyaSO?an n@telvgbbﬁ for
1néﬁ% OSSIb|e to |€crea3§¥a renoval rate of the

oxT He r%‘-h © 1 Hrmed oh The P urFHEeRC b Ve heushrgergent and

vabisps 284ndand dP eahaneevbendi figr rekiabikiny hefmesh. ¢
t he connector portions 212 and 222 through the joint

PrORFIT i B hndst di9S6t erfofRatibbhiling stability and
woSonnents. [0111] Measurement conditions of the

copper oOxide reduction rate (% are adjusted such

that the reduction treatnent is perforned for one

[ofdnute atyL30Gri g the 4 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.

[0102] Examples of the coupling agent include silane
coupling agents such as an epoxy silane coupling agent and
an aromatic-containing amino silane coupling agent, and the
like, one or more of which can be used independently or in

combination.

[0103] 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.

[0104] Further, a solvent contained in the liquid

material 61 described above is not particularly limited to
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32 atnosphere. [0112] More specifically, the copper
oxide (CuO reduction rate is calculated using, e.g.,
the followi ng neasurenent nmethod. (1A) A copper plate
having a thickness of 70 pm ("3EC- 3" produced by
Mtsui Mning and Snelting Co., Ltd.) is softly
etched using a commercially avail abl e etching
solution to cut away a surface thereof by a thickness
a &P@flﬁol&stmﬁer[ 0P @PA) PuSitRgakd Yovere t heessftrg the
cod €hatk COPRRIte RIAIEL o S’clﬁbe%@ﬂ%leg%airln J:gat6'00n(or the

treatnment for thirty mnutes at

liguimgpheasial 0d14] (3A) A bonding | ayer 60 having a
thickness of 25 pmis attached to a surface of the
oxi dation-treated copper plate and is subjected to a

[01@3luct i onEtasrepl @®ntof Orsuae anm Bull@eat ZBQé%haeE?ﬁketones
t nosphere. [0115] (4A), Wthin one mnute after the

suql o | Giret tm]gﬁtg:hr)?érrfGFﬁ‘é{& i KeERBSaboBBtRY beessobutyl

ke {3, @1@@:@@&@%0%@&6%&&9@}3,0nw&ltog%ia%%n%ongheg DAA

| ayer 60 remaining on the surface of
(d¥axerictomicen el coppertpt diedfecarkermyesui tds benzene,

xy?é:r?é_ ORCq £Q%&é%e§ 5@1%?18180@8% (’%}ls‘r’ltmeetfhr am a\lwciochholt,heethyl
resin conponent has been renoved 1S raﬁ?dly _ _
aleoltansf ersepropyh aVaohuin desi ecdtuaryl aricbdheny | Selrdesh ve

under vacuum Thereafter, the copper plate is stored
o2 R AT St arel tH (9 ESCO0 Mt s ghiehics sLosoLve,
butper f oroed.os33 f)117het®AL Theesubkaeecof Lbs:§OPPEr cthyl
| ate subjected to only the oxidation treatnent and

ce P Lhire agecbPtene BeohpdPuplat syt el esethse); NMP
(Nrecph i -on gy eat IRsHe Br € CHlyp (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 liquid 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, it is 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.

[0108] First, the bonding layer 60 formed on the rear

surface 223 has such a property that it can reduce an
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away by a thickness of 40 A using a plasnma treatnent.
Then, concentrations of Cu and O atons are neasured
with an ESCA (produced by ULVAC-PH, Inc.). The

pl asma treatnment and the ESCA neasurenent are
performed in a vacuum at nosphere. The purpose of
cutting away the surfaces of the copper plates by a

thi ckness of 40 A using the plasnma treatnment is to
OXbﬁi?Hﬂ%f%r%‘W%eﬁ@é’P&fr sla%%%e xi BatireHpesdiigigd copper

oxP@éUféﬁQQtithPQQé'nglﬁh€h§9p9ﬁﬁoekﬁéﬁ§ dUﬁé”%oﬁESr 8x1de

measurenent. [0118] In this regard,
re@ﬁ@tl@lherwamh%u¢@h@ulatsdpesf6oﬂrbdwandeﬂamhéy, after

th&ork%r?dc}{? §a a68h°t°e'aec°ct oefoes%ape aﬁlffa"ée“%f the

rees an X-r SOUTce ARa ?a
ox{_d@nnﬁhfbn@ate@ndopper)paatal’)abyﬁil Sherange fdibfPedted to a

011 The _copper, oxide reduction rate is
reﬂ%ﬁ?ét ear% Tt offo %E? équatdton M9 : lgPpe? ok dethe
athegueton rcabe c( Woet {éxidé %)éa@eb%ﬁmra%%nfv‘fé“ E81LQPated

after reduction treatnent) (oxygen at om

by coheeh®theV bng agdert by daf | On treatment)} x 100 ..

(I). [0120] Second, the bonding |ayer 60 fornmed on

the rear surface 223 has such a property that sol der
[0bBP] s pl acedpethexédr areslumetispreaik al( a {1 - (oxygen

redet er mi.ne spr.ead, rate. t hi
atg o St HertE - dﬁﬁensofaéé?r fggb%é‘anr at'tléea&i‘??ntﬁe (oxygen
at@rﬁ| eunateed ras ibel | oMser NareUWyt iaht efrdd theG@nt @i Ri NG o

34 solder balls each having a dianeter of 500 pmare
(Ibtaced on the bondi ng | ayer 60, and then are heated

for twenty seconds at a tenperature 30C hi gher than a

melting point of the solder balls, this solder wet
[0L}PPkad rale ihigalregkated bhet hféllfmidquwg equahigonagent

sekvddi 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
oxXide 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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[0121] solder wet spread rate (% _ [{(sol der bal
di ameter) - (solder thickness after wet spread) /
(solder ball diameter)] x 100 (I1l1). [0122] In this
regard, in the case where the connector portions 212
and 222 are netallically bonded by the solidified
products of the nolten sol der bunps 224, bonding
strength therebetween tends to increase by pronoting
atpaRi®Etal | i c bonding as the sol der wet spread rate
beconmes greater. The sol der wet spread rate great
enough to prevent occurrence of defective bonding is
[Obl%IerabI¥04@@6S@ﬁCﬁdﬁ@aldnhe ptlet er abbpes5%mrider e {Cu0)
nd. e %aar. nore. This _nakes i
re§%§%1% e to |ncrease tﬂg&,CQ g 5+88abi T19y bé%ﬁkeﬁ #L%Wlng
negoNnNece vt MPOticdNs 212 and 222 and to enhance
bonding reliability between the connector portions
212 and 222 through the joint portions 225 under
di f framgnt ApostpheAdigit @NVin-QARRNt §. &r@ﬂ@@deéé IothSzo jm
desired that the sol der wet spread rate of
“%%3 ngpr%@WembySM@,étSU@oMam@lgu@rxﬁ Wfbtolrng rﬁmae,, ptd.)

[ r 0 he f ur| t
o SRt ng rhe el o 1 RS ae BT spehing
sosuthonaMOatuphaWay dlsamﬁapﬂluhanadf\Mﬁlnlmmﬂtﬁdese of 2
o tivity, it is possible to inpart high sol der wet
gr%%d rate of 60%or nore together with strong
reductlon power to the bonding Ilayer 60. As a result,
agglutinability of the nolten 35 solder bunps 224

[0%%131] be i néFRaséPIY t RB ORI ng thayetoBBlY efehery copper

18€£URINds &b eet¥dgal Lonpectd tueen
P ennatt o portltonsg21%t J%tzzz a@%%%r]}{er&@ fhe thirty

migghes 4BNd207¢ in tkedesheephehat the sol der vvet

spread rate of the bonding layer 60 is set to a value

of 40 to 60% it is preferable to use the flux-active
[0114] (3A) A bonding layer 60 having a thickness of 25

pm is attached to a surface of the oxidation-treated copper
plate and is subjected to a reduction treatment for one

minute at 230°C in the atmosphere.

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

removed with acetone.

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

atmosphere until ESCA measurement is performed.
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curing agent containing the conpound having a carboxyl
group and a phenolic hydroxyl group. By using such a
compound, it is possible to reliably set the sol der
wet spread rate of the bonding |ayer 60 to fal

within the above range, and to inpart slightly strong
reduction power to the bonding |ayer 60. Further,
since the above conmpound is one having high
reactivity with the curable resin (e.g., the epoxy

[01£%] N), '(6A55 RASSINI & LR effeg %hveé%ﬁ%éjxgprg%u%eauBQected

occurrence of ion mgration Whi
tof lapdy r%@ﬁcﬂﬂx;dqdlpZS]tfhetswhderamet1ﬂngeadrfate IS the

ur |n t fallow ng conditions. For exanple,
coﬁﬁ 8? &F Pechg %ﬁbégga &GS L8Pt et e orre  cut
awhthprat&E&bkﬁ@S§ﬁ%£|4@‘Apﬂ$ﬂhgtEebﬁggmbntQEggﬁeBQ Then,

reduce variations in a degree of wet spread of
CORGFIerabES. OA healPAgOt PeNISs a%g merwared OWIW@naly ESCA

(p5689Eds By takimg gyt o agcoynt uired until
pthe flux- gctlve curing agenr |saﬁ%%t &a§%1 nnvéze%ﬂioand
th%uE$@%e@e@$urh@esblaee DaEEQHMBdfmmebyvaetumsatﬁadphere.

h r nd the varij.ations in the degree

et r‘%%d % tCtS%ltt%nIgde RENTESE [ﬁi’fefj]acme o9 cSbper

plSDQSIEyoa]ﬁbickﬁ@s§0iﬂe40Wktu§pﬁ@aﬁhéab§asﬁéntPgatment is
calﬁulated usi.n the foll owi ng nmeasur enent

BBINSEe (1B LBURACRY PlyerS WA SOOI Hipl | DosSibly

oc&dﬂrﬁi(rli@sslﬁf handiimigs atHeached b@rbaﬁa%%oerdﬂl‘ﬂges the
(produced by Hirai ei mtsu Kogyo

nefgdp¥ttivel y. [0127] (2B) The fO||0MAng solder bal | s
(i) and (ii) each having a diameter of 500 pm are
pl aced on the bonding |ayers 60, respectively to
[OBLBhiI n t wbnstnpseseghicd, " MB1'i s( & SHAgiGtedl $10yt hewd ngsca

me@s MBLLLNY PO ntpé’:ﬁformed under the conditions: (i) 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] (74) The copper oxide reduction rate is
calculated by the following equation (I):

copper oxide reduction rate (%) = {1 - (oxygen atom
concentrationn 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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217C produced by Senju Metal Industry Co., Ltd.) (ii)
"L20" (a Sn/Bi alloy having a nelting point of 138C
produced by Senju Metal Industry Co., Ltd.). [0128]

(3B) According to ASTM B 545, a hot plate is heated

to a tenperature 30C higher than a nelting point of

each solder ball. Each of the sanples described just
above s heated on the hot plate for twenty seconds.
50%3%15 ek oPRClof DaRke bl Hermpher Bt S8Premdaveeplaned on

| i 129]_ (5B)..T | de
thﬁg?ﬁgg%éggyggg%Qi;%ggfgﬁﬁg?g%héﬁy%ﬁ%% ?g%ﬁé&fnégr twenty
seeedt i oh @l Ihempsoladerrensi0 Wpr badheat €ng¥) = fidlshglepoint

b di er) .- -(solder. thickness after wet spread) .
of/ atl(ﬂseol dsgorrﬁ.ec{)earl I bac}ilSasrfet g?lﬁs X Sf er (lee)t_ F_@f%]j rate 1is
caFouldiesd by thé sfebodimerdquakesnt herponding | ayer

60 fornmed on the rear surface 223 has a thi ckness of
37 100 pm a nelt viscosity at 223C thereof may be

ropzef er abl yo148rt Rt aBgecaly abgyt 1050 40’[99go§§§r ball

nmore preferably in the range of about 50 to
digmekeriand évendadr ehipkeeesablfjeim wete smmgel)of Abosblder

0} Pa- By..s ing the nmelt viscosity of
ba]?ﬁed%%étesro) -0 &aﬁ )

onding 1ayer 60 to within such a range, it
is possible to prevent a reduction in connection

jabili ich uld occur as the bonding [|ayer 60
o170 LY ML teuld oceur oS Lhe banding | aver 80, .
posecams SEM cofuctore wai e s rdQs Bnd- 220y dANIE @ by  the

heating operation, and to restrain the bonding | ayer

SOBE Tt RIGHISHT hat§ rig héiyhbonr | gl dewblewsps | 224, bonding
st 'iﬂonthé£e$§tw@@§5ipéﬁdéo E%evqﬂﬁngﬁﬂﬁgaﬁg n O%oﬁ%{ing

bubbles in the bonding I'ayer 60 and occurrence
intgaestal siebhawingsadf fihd emldet |weay sfrédd caredecomes

gréHéEWPt o&hghesolder wet spread rate great enough to
prevent occurrence of defective bonding is preferably 40%
cr 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 bonding 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
1s 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
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thernosetting resin in the gap between the first and
second sem conductor wafers 210 and 220. Moreover, it
is possible to prevent the nolten sol der bunps 224
(or nmolten 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
SoHdeecPIURShEAAI RN bEEWEES NSRS Coriecthsr pandinmmslager 60,
2 u : r g resin. present
O et he T 0T der Burme 237 it e OnHASEoEty between
theorenpast o 20st ¥empvat2 ahdn2@Rtal lically bonding the
connector portions 212 and 222 through the joint
portions 225 fornmed fromthe solidified products of
[0124] sol deOnbuies @24er [ BE3H, | Dft AkS FeLgabdirkl 1thdO the
Q% noted that the nmelt _viscosity of the bonding |ayer
SOEEET sWRkasShFeadusPhg Phe thRolNWing teaqr érfents set to a
val®é hodl. 4d Ot L, Wor dss Hherbendi 89, | g¥er+£Q BRYL NG i ve
t hi ckness of 100 pmis neasured using a
CuyiRg oI cicoptmeadngi nghenstonpemd ( preoduced abycarboxyl
8.1 ti on w,Ltd. ) at a pLenperature
gr%@??gggfna ﬁaﬁﬁo%gsg@%%ﬁiyalndgﬁgw 'eque%gy Biing sugp a
compoiend a sttr ais- poepsbapt tsbresdisbbgi ngtcopHet isyl.dekheyet
nelt viscosity.of the bonding |ayer 60 can be .
Sp%%?%i Aé ebyoﬁeﬁg‘ﬁri%n%l“% &@g’ﬁrt yoP héreofaht arithin the
ab@at @DERNEE | Cah@MREr akipae t0fs 12236, 1 v Wi xdhd Srda®t 16M9%ower
poi nt. of a 96.5Sn/ 3. 5Ag allox. [6&32] [ TA- 3] Next, as
Lo sHAGWPPRAFIG 1 BT t - fi Fartheen sbnerictlr sades @agpound
; t ] r e 2 I n he
S e TS ar ) T ea br t ot eone sarrares Sl (e,
the hepesly aresigut, |t aifsaceeswilfbeetpeledticansihidql ywi $lippress
eL¢S hat. functi onal surface 211 c be
o zad 1 of 1 ery aara b3 Rl 68, S vl Tru
regidwes. and second sem conductor wafers 210 and 220 are
br ought

[0125] The solder wet spread rate is 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.
[0126] More specifically, the solder wet spread rate

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

method.
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into a face-to-face relationship in a state that the

bondi ng | ayer 60 |ies between the functional surface

211 and the rear surface 223. [0133] The first and

second sem conductor wafers 210 and 220 are

positioned together so that the ends of the connector

portions 212 |located on the side of the functiona

surface 211 correspond to the sol der bunps 224

| ocated on the side of the rear surface 223.

Ther ft hQWQr d ng D} [ and, Q

senlg§%d3%¥%¥§§g %ers 21%€a§§c§28ag?§ bfﬁﬁgh |n€§%§&p 15
Hm cast aTttaditdd efioh ketteer copheoughl dties bopdpdycedydry 68jrai

thereby r od sem conduct or waf er stacked body
SeLRHEEY §§§%%%§ |rs¥e%ﬁﬁFt§e% d seni conduct or

waf ers 210 and 220 are stacked together (second
rocess). £0134 [ 1A- L Next, as  shown in FIG 3D,
[0L2H condubt®t r TeL AERERIhoRL 35 |b§l<,l§n‘pf3e)ssél@dl n (i)

eaéh l%gvhtﬂdg Cgn8§§mgté§ch'fo@O"Oh‘?fn?%fré"’%laec&fa&rﬁ Ngnd MSonding

sane (third process). [0135] At this tinme, it iIs
laypees e@@edﬂ%%h‘eﬂma@ nepPtasn cwe i saplesso that the
thernosetting resin can be conpletely cured
subsequent to nelting of the solder bunps 224. [0136]
Mor e(igpeeidfli‘cald yn/ddyveat iaiglderperiatgir® melting point of
fera t he range of abo t 100 to 250C, and nore
215 E G EBILed 1Y neet Angie b1 abotits 190 $6- 5306 Bl s hough
it my slightly vary wwth the kinds of the
constituent materials of the solder bunps 224 and the

bondildg |'ay4&t” 602 SpgB37elifiy heakEgi e peddilbide gont of

) L n t faces
l3%f@t%eg§% deryguiggjggﬁe@ggn%négs{ ?@ghehg% d{

conponent constituting the sol der
[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 is calculated
by the following equation (II):

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

layer 60 formed on the rear surface 223 has a thickness of
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bunps 224. As a result, the nolten sol der bunps 224

are aggregated between the connector portions 212 and

222 in the bonding | ayer 60. Thereafter, the nolten

sol der bunps 224 are solidified. As a result, the

connector portions 212 and 222 can be electrically

connected together though the joint portions 225

formed fromthe solidified products of the nolten
10Qop@era Hipp's ?Q%COFBRESTtF%E@ﬁ@rth§rﬁ@é nA# barpbngfefably
1nt9§et9§ﬁ@@38£téggutrf@' 'fOF@ﬁBlﬁgeg afLer %PgFégggfy in

bunps 224 have been ted, "the insulfating

the2eramgposed fatmmit héiOcurted prodductpeofs,t hend even more

tting.resin_can or med i regj bet ween
pr%ﬁg£$gf§ &I nd Kech Hggeﬁlcdﬂﬂ%%?oﬁo@agﬁ?s? éqg afdsS220 BY
sebt heg thanméegl onscebery bire vl tk@éh&@fh@elay@ﬂnp§ 284£al11
re aggregated. This makes it possible to 40
ngbé%tggﬁglﬁyr?ﬁgﬁkaﬂé e PR HERR F9i PESYRRE | @nsegastion

n'ﬁoﬁneé?ibﬁbkglﬂgﬁﬂﬁﬁt yape 1 t@ w%dfﬂﬂé§55md go{hélg%aglng

first and second 5em conductor wafers 210 and
layegebheds Fﬂi@@]fnqmth@nﬁﬂﬁnebjdesgnlbe@ .aboves fihest and

seé AgeEeHEgBﬁduggérarw%f@%l t% 8O|2l2%| fi fjlr%gd&f Itl'l)gfixtlng

ernmosetfing resin is cure a“resu
Opandts@moncbmemmndmsttmalmvaftefes Palsti¥e3 15 0 ZZ@yét‘re 6oXxeflrom

t oget her. t hrough .t he bondi n | ayer 60'. Thus, it is ,
CORLEEI BT 64D POt S Mo EORGICor v ABGdEd bedy is
po240pl@ WY ChhrdeertonnRGlaatd | s 243 andp2é2 aAff  the

electrical |y connected together through the joint

bondiRg ons2¥25 cERpo3BE f PERVEFENSS | it e@%iﬁr@dmct@@f as
inkhes @l 400 salidar RUNPse224.y d Olﬁ%eﬂere r%\% L ngzzzthe

present invention, the connector ~porti
th@¥®0%¢@tim¢ca¢$yncomnEQQe@apogetheen theofighst and second

sefokidbiLesk gt sopyclhdsaihe ) AbPLORSLLL o, 22800 oo
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, Dbecause 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 um is measured using a

viscoelasticity measuring instrument (produced by JASCO
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reliably prevent breakage of the electrical connection

bet ween the connector portions 212 and 222 even when

the insulating portion 226 conposed fromthe cured

product of the thernpsetting resin are expanded by

heat generated from the sem conductor chip(s) 20

during operation of the sem conductor device 10 which

will be described below. This makes it possible to
Inberaphiehabl £%condd@ ilont bePund@mpansd wennsetpeasing rate
of PYFI NS £12n8Nd; 222 lu%n yﬁegfvmfd()c‘ gt ulp(?ggrr% strain-

possible to electrlcal nnect the connéec
Copétahbn§t2225am¢n§ibq(EpndEWlmm exd%blanﬂ130ﬁﬂ§©&£DMy of

eI |l| 0141] t hi cknesse of e j oi nt
th%or ‘%y 145 , TR oy < ok aaé(tWFéﬁHéég)a a

v19to§h€yb®h@m@@f|&Mﬁraﬁoatmé%ph@rﬁﬁeﬁ%ﬂﬁé%gﬂﬂﬁg(%f 223°cC,
fer bonded body 240 is not particularly limted to

which g fi BeVEI0E, PHIRL nRf ded6pperéPabhy 2hleke range
of about 3 to 200 pm and nore preferably in the
range of about 5 to 150 pm By reducing a
[°§%%ged apari- éﬂsﬂﬁﬁ@e béﬁme@hOWheJﬁlr§ﬁGandNSecmm@ flrst

' hi

possible to re uce nesses
22@hhpsin@0thbtabnddnbyldyemngdﬂﬁbﬁﬁﬁﬁ(Eﬁﬂhﬁéofe&@fgurface
As,a result, it becones possible to

22?e&%&§%¥ o@%?aﬁutt+Pcﬁhe ICHTLPREASe nitedRdicnehip with

cadieVviethdd povicdad WAE thencseshsondyctf-LhiopEs) cgg be
and to nake the sem conductor device 10 |ightwei ght

OPPPIA2] LP ntBE hEP2 ot Welate 2%3pos§h®tel$ot¢n@afasehanflrst

n o) t congu p
ey opedsestiale 2SR PSS B3 oo

ink¢ ngt e Hars condiator rejackageshik), iandat ostedacetnat the
boRYERG! h aSiete %j ibg% pem,eanduct or (devi¢e 10. surgggg 211

Sl nNCe a pace
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

39



di stance between the el ectrodes provided on the
respective functional surfaces 211 and 221 can be
made small, it is possible to increase an anount of
information stored in a single sem conductor device
10. [0143] <Second Method for Bondi ng Sem conduct or
Waf ers> Next, description will be nmade on the nethod
for rodu0|n t he sem conduct or wafer bonded body 240
thh%l‘h@S% h@lr%géﬁa FEFEP T orhbbhdPAgtsemi dhrdusane  (third
pryefsess. [0144] [IB-1] First, as shown in FIG 4A a
first sem conductor wafer 210 and a second
sem conductor wafer 42 220 are prepared in the sane

er as,in.th ve pr.ocess [.A- 1] .descr.i bed apove
[O??gfst pro%esé s qﬁ‘ﬁ%] 18t i]pﬁngFr%dbo e%%eg?atl“g
isGS:aDﬂﬂIeai nong asoflﬂh)e-taCthée ’Clhléi:rﬁ@s@’g‘@ﬂhganl%saln can be
f ettln resin as constituent materials thereof
Corf‘% %‘f%ﬁ%r%ﬂr FhePREFEBRNTas© Sdikiion Fl Ghepsotfer bumps
22bondi ng sheet 65 is interposed between the first
sem conduct or wafer 210 and the second sem conductor
waf er 220 arranged so that the functional surface 211

[Ofﬂ £the r Q%TS#%éggffgg§l oﬁ@g@fﬁ toggﬁggﬁature is

r sane fla s as desctri
preﬁan@blyomn Viteh rhagab@me @b@@essopleQ]2eancbeeﬂﬁfdmore

cons tuent nat S .S as t flux-active
pr e Lo E b e AR Plor ot oy e S0 Somr o Sheigh it
may hes bogii ng sheey Whth [ 048] Eﬂﬁ&@erafltthé Pesherfedent
that the bondi ng sheet 65 further contains a

ma???h@%%r%¥h@b?e§?¥ﬁ%@ RHEP T 0hdt | d@nhe nagediagslayer 60.
thereof in addition to the flux-active curing agent

and the thernosetting resin. Use of the filmformng
[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 connéctor 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 1is 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
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resin makes it possible to reliably formthe bonding

sheet 65 into a fil mshape. [0148] Exanples of the

filmformng resin include (meth)acrylic resin,

phenoxy resin, polyester resin, polyurethane resin,

pol yi m de resin, cycl ohexane-nodified polyimde

resin, polybutadi ene, polypropyl ene, styrene -

but adi ene - styrene copol yner, styrene - ethylene -
elefiiniend v sl copol yRBrcepsl| yadetalpordsions 225 in a

- VA tyr resi [ C | .resin, .
re%ﬁﬁ%ﬁéﬁﬁﬁﬁ%gg’ ngch org%%g%éxyug%%Ff g% ygﬁFZeq¥5%i%ﬁrSt
andacredand tadniconduatadi evesf ccopal Yoreand az2 ¥l oodd thé €. -

but adi ene - acrylic acid copolyner, acrylonitrile -

but adi ene - styrene copol yner, polyvinyl acetate,

[0XBAJon, arth tiige | mkLneON@eSEriBRHE aPovel)i GhhdTBY, RE MGG s
Jq%ggendently or in_conbination. [0149] The term
224 (et HYekrSA i @nfegPhididéadnemsich theefidrernaset oly mesin
is duddet h)geryl besagtds+and fq%_rs'&:vagr{dyessec&n)er§é’r{%cc9r§d ctor
copog¥ner of (nmeth)acrylic acids, derivative ereo
wa Herandngrér eird nfited tegatbert drexghessicorbonding
used, herei n denote

; )acryl.jc aci d or_ the.ljke"
laya%ﬁqjc' acTiwéJSdr a"Lcr}‘JiE\t RAGNTEHRIP TR §pe%‘?l?}r%°é?$ -tor
waf@«armd)m&;cbfbbhg edet lri)rao,mr:jld:le lthesic@nig@@w@le portilons 212
0 crylic acid, .polynmethacrylic acid, polyacrylic
amgs%é?s %E&heigcg&lﬁﬁéﬁwylC%%P%F‘é?%, GRAskdgdy| through the
joians WattorR0 I Btadmpdded atodnthd A yr £Vl edlcts of
acryl ate, polynethacrylates such as pol ynet hyl
the @ Hd@y Isatider pymest A4 -net hacryl ate and pol ybut yl
nmet hacryl ate, polyacrylonitrile,

pol ymet hacrylonitrile, polyacrylam de, butyl acrylate
[014Qdt hyl dtand.atwlith achyl pnesenke ioopalyier,, the connector

oRUHLTI 5! Ly Bl ol 1S COULYIED  SELULBILLIY 18 e
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 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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but adi ene - styrene copolyner, acrylonitrile - styrene

copol yner, nethyl nethacrylate - styrene copol yner,

net hyl rmethacrylate - acrylonitrile copolymer, nethyl

nmet hacryl ate a-nmethyl styrene copol ynmer, butyl

acrylate - ethyl acrylate - acrylonitrile -

2- hydroxyet hyl nethacrylate - nethacrylic acid

copol ymer, butyl acrylate - ethyl acrylate -
inac S)?onlsﬁmllcénduzil@?dr Maféimylbﬁ’étiﬁdcr plodye 248cr yi$c not

y crylaonitril

paﬁ§%€%§§ep% nﬁﬁml cry ate c%%ﬁiyﬁgf{ V%gfﬁ’acgﬁFatmay pe
praﬂea@bWonm rt}h@ raagequﬁ: abiotitcopolymerq0 butyl and more

af acry : ryl aonit copol yner
o SFAELT kb <2865 B ePet ® W Tyl oY Feducing
a agpy&@dnmaﬁ@po&y@wmc@n%éh@eehl keheAﬁEmgst heéthdt hgecond

bUt%ﬂ acryl ate - eth% acrylate - acrylonitrile _
SeRHEOPTHEY CandafRe Set AyP &S l%cntﬂlémft@mll%rk it is
pods It W%Bh){;led%&fe)/'@m&&é‘ﬁ@é)’[}?r tHe s or chips

used. [0151] Use of the (neth)acrylic reS|n obt al ned
20bybté@p@ﬁyWWHdﬂqupqnﬁmmmﬁsmhawmdgcaoﬁum@ﬁamuﬂoqﬁmmpbody

24§UChA§S areghirllf%gké%%hean e§§§¥%ggg F%$%c¥ an gverall

roup or a carboxyl roup
thlcmpm@Me bthethdhesmoponbatween ddva dzondi Ngr shiegid 69i €0 the

t he ndi n yer 60) the first and second
S‘*%ﬁ%@%&% OF?W.F& &r's %@o anf 250, Bake (t&eenp@ihbeonductor
decOspato bi 1 dhywéd hee€of with the thernosetting resin or

the like. An anpunt of the nonomers used in the

(meth)acrylic reS|n is not particularly limted to a

ofpeci fic yal ug, be; pr gfer t e _of
[ aboﬁt . tgﬁ5 (%ﬁynoregpﬁéfe§8%¥yﬁp% ?ﬁe:$%§¥%§%a
lntﬁmmntibﬁ de0546ynDE%;han@emMﬂbnunuiqnwﬁhmpﬂﬂgo|im¢h@ded

A e A S i i R
patkegeionoh®y s &odf akb 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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wi thin such a range, it is possible to inprove the
adhesion of the bonding sheet 65 (or the bonding
| ayer 60) to the first and second semn conductor
wafers 210 and 220, and to reliably prevent an
adhesi ve force of the bonding sheet 65 from becom ng
too great, which assists in enhancing workability of
&ge bondi ng sheet 65. [0152] A wei ght average
220pP BR UPBFPREFGNED of N heaMe nBERN&ET §Fi énr BBPnaPgvRoprocess
[matp&@géfmealgwg (Pi@stSBESbEEQ%Yal ue, but may be
preferably 100,000 or nore, nore 45 preferably in the
range of about 150,000 to 1,000,000, and even nore
er abl y,kn,t he, r.ange _of ut 250, 000 90Q, 000.
[ogélgietti nélPh%ﬁ V\g\}eg)ﬁ’{l a\?er%%ggﬁ% ecl eéa(r% wélggh ottt @
flereab}aceyl ceriesi rmdgent aldndv tehi Rhicheoskatengangesint as
i S Eossi le to | rovg a filmformtion property of
CORRbL BN HETERLRL S65NCFEPE3]LS PEIRA Ee wheRECRRRSL, as
shORENOXY rFa¥.n 48, UseHeaSpohdengi | SRLO Mgty KSI ntBrposed
nunber average nol ecul ar wei gh thereof is preferab?y
betyiegne thenglel Bt apeuicendooters MR00. 21Usendf the second
[ in uc er, av e I lar
LR oD Fh M ce o SRR ) SFHeRhgnay
subbadéengllaged t0¢ aeartsukEepet B23t bankbessppbstleto each
otgonding | ayer 60 uniform [0154] Exanples of a
femical structure of the phenoxy resin include, but
are not particularly limted to, a bisphenol A type
chem cal structure, a bisphenol F type chemn cal .
[038P{ict ur eTHRd SEM5 pRRRGFiEyFe aheArEarikedudiur gonnection

wifWonghthempde | oI &f&S abt EaLl9) USRaR PRENOXYdLSiDs  tpe
having a saturat'ed absorption rate of 1% or 1 ess.
corptstuakesmpterpassi bheht @ssupm eSbuoocoarienceuning agent

) P b 0 .
Zzggéﬂgcgﬁg?ﬁgﬁgkkggg Ll W AR A Ay fﬁaéﬁgm%ggdlﬁaegheet

[0147] 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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phenoxy resin is exposed to a high tenperature

condi tion when producing the sem conduct or wafer

bonded body 240 or nounting the sem conductor chip(s)

20 onto the interposer 30. [0155] In this regard, it

is to be noted that the saturated absorption rate is

cal cul ated by formng the phenoxy resininto a film

having a thickness of 25 pm drying the film (into an
chhpeepiged y dupbberst atkolyamidme rdsihpur darydmnitrile -

er f C, ing.the filmalone.in a .
bu%%%g%%%tF?E%%X%%&dreéﬁfgkgﬁﬁ%¥ﬁ%?y re%%?%%f?n?ept ?ﬁryllc
acik®h abpodphere ohoﬂyldnniﬁﬂmﬁ%t—nﬁaﬁuaamgnﬁhange iﬂyrene

wej ght  eve 24 hour, and finding the weight at the
CO??*I%“%’enp?ﬁwéVlEH nGES A Rei g% R AUr AbEd Libgingne or
mok&eo PRlgHth ahay Nee b Bl@hdAdBht I Satpr@d®dination.

absorption rate can be calculated by the follow ng

equation (I11): [0156] saturated absorptlonbra}e (?@ _

i ght S ate [ - I ght Absol ute .
[O{jé?\jeed ti rr@;‘e/ é%\%éi ghSmEFHZ%‘S&YEf“‘% yt}grsﬁ'tend ti'Te é?( 1?{%56”1
refexrs)to[ 9163l yRert ldr , (rietht) kerydde \werds tdred pddyivatieves
i sed as the fidlmfqormng resin, it is _ )
th%ﬁ%ﬁg?a%fegfSPpgﬁgmeﬁoniﬁmf ﬁﬂiﬁ%¥%%§lﬁﬁk§%ﬂ\@?ﬁ%ﬁ?tlve
thaosef | andneciepandhage il t T het 80 red HI58] ¢ X B BSssion

of such a polyimde resin include a polyner obtained

" (BFERERCEY e didftfie @d &S d HikmhydiseR” hRreimactenotes
acBfhed 48 $YdH hest e PPl yan degacid, and then heating
the polyam de acid to dehydrate and ring-close it.
Exanpl es of the diam ne include: arongtiﬁ di am nes
as LA l-4,4' -diam .n i, pheny .
OB e Sore i EL ORI refafd 8T 82 Y WVhnern) acryic
rein- dinelhgé - ppphenylreghédi amicie;, polymethacrylic acid,

polyacrylic esters such as polymethyl acrylate, polyethyl
acrylate, polybutyl acrylate and poly-2-ethyl hexyl
acrylate,lpolymethacrylates such as polymethyl methacrylate,
polyethyl methacrylate and polybutyl methacrylate,
polyacrylonitrile, polymethacrylonitrile, polyacrylamide,
butyl acrylate - ethyl acrylate - acrylonitrile copolymer,

acrylonitrile - Dbutadiene copolymer, acrylonitrile -
butadiene - acrylic acid copolymer, acrylonitrile -
butadiene - styrene copolymer, acrylonitrile - styrene

copolymer, methyl methacrylate -~ styrene copolymer, methyl
methacrylate - acrylonitrile copolymer, methyl methacrylate
- a—methyl styrene copolymer, butyl acrylate - ethyl
acrylate - acrylonitrile - 2-hydroxyethyl methacrylate -
methacrylic acid copolymer, butyl acrylate - ethyl acrylate
— acrylonitrile - 2—hydrokyethyl methacrylate - acrylic
acid copolymer, butyl acrylate - acrylonitrile - 2-

hydroxyethyl methacrylate copolymer, butyl acrylate -
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si | oxanedi am nes such as
|, 3-bis(3-am nopropyl)-1,1,3,3- tetranethyl
di sil oxane; and the like, one or nore of which may be
used i ndependently or in conbination. [0159] Further,
exanpl es of the acid dianhydride include
3,3,4,4" -bi phenyl tetracarboxylic acid, pyronellitic
aci d di anhydrate, 4,4'-oxydiphthalic acid _
achy ki, —aR¢ryHd g | kel d4cdoaboiet n bhitylr egarydate -
iy i not : a olyimde resin ma e
et%ﬁ%réﬁfs6?§%le %?r%géﬁfggﬁg%xfé%o%ﬁﬁﬂﬁﬂneéﬁﬁgha%¥¥ ate -
achl areisord Ised- b} ¥wdimé t hplighe drhyd ssoldel @p®@N@gndS, and the
1iﬂ%efeﬁkgg' Eh% ol¥ﬂn1 e resin sojuble to the solvent
Shows Tnereased mitial PE6Y abi IFEY L4k E h~r &&pedt aerviafe -
acepnatitdnicyd Maiggdlgme conhaidied dyz t hethjiqui d Lal  _
oL, whi ch makes itajg?_sy to handl e the%@?&i i ageyEard
acyyl oy L&)l ar, VeNrdipeeh¥dablacnylamisiea’ copolymer are

pr&tdaane-ymdi fied polyinde resin which can be
di ssolved in many different solvents. [0161] Further,
the filmformng resin may be a comercially

' i | abl e. Addi.tive ch_as various . kinds of

[op astici?ggg,cgﬁésgg?liévﬁéqg@%ﬁ¥¥l%n FhdtganpRtained by

cogallyreyr i Am@amtdratnédn < ragaintg andf an Pt gseat W%pes&%egs a
with the bonding sheet 65 to an extent that does not

DIt S FEOES pPByi TRF By THRUBr esenth MRt 08IoUQ169F a

caro:8fDuftoh hﬁ&é@'iﬁfgbggﬂgl%eﬂé]§H?E8§@e%ﬁérhé$g%ion
bondlqglsheet 65 is preferably in the tange of abou
betyqen 45 qubgndinedsieet hedt dral thwplendifng Heyer 60) and

' [ : ndi sheet. 65.
EhG orPig T SPBLEA 85 OpnblIE: RANEARE"RY P Fag and
to wenhiancsuctompaailgel ity tisepassSi blieht otRUPPIESSNEdetting

oL T e PL oA I e LI 1n e
(meth)acrylic resin is not particularly limited to a
specific value, but may be preferably in the range of about
0.1 to 50 mol%, more preferably in the range of about 0.5
to 45 mol%, and even more preferably in the range of about
1l 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 is 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 becoming too great, which assists in enhancing

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

(meth)acrylic resin is not particularly limited to a

specific value, but may be preferably 100,000 or more, more
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inthe filmformation property of the bonding sheet
65. This nakes it possible to further inprove the
adhesi on between the bonding | ayer 60" and the first
and second sem conductor wafers 210 and 220, and to
suppress an increase in a nelt viscosity of the
bondi ng sheet 65. 48 [0163] Such a bondi ng sheet 65

e di ssol ving the flux-active

can he produced by, .a.,
PrRLR TR hgtht COEhEEPERCPRDSB g B0 10 Bed94 o0, and
evéde pldrem HeERLRELT §Sifh  cand Qtsaﬁg%t COEP AN b%%b'&ﬁ to

sol vent to prepare” a bonding ormation matéria
0Q.00G: | iRizsrHuing it ,weaiphyi ageréhe hohekwbasheeight of

0 ' ial_on rel egse-.treat base nenber
the URELAPECERE L Flr ®0 et B e 01 e, MG T Tehees it
is spbeetibler am t hapbondi rg sheat formmticn ﬁﬁé;ﬁéi@y JJf athe
b <%§det rm ned tenperature, and then drying the sane.
ORO1EASHTFY i3 regard, it is to be noted that the
solvent used at this tinme may be the sane one as
described in connection with the above process
(0333 21. [D165heFgesRembex e hieknpbenpayn aveiages used as

hi e .hondj t I_S_not .

th%a???@ufg%ngﬁi%??ég’tgggguégggi S%nﬁgﬁugpﬁﬁﬁu%ﬁﬁ/Yﬁﬁght

thereffriablprefetdiel y angetiof adogk ob &@o@@%mocan?o np5ieooo.
referably i.n the range of about 10 to 200 pm [0166

Us¢ B3] gﬁ%xtf?h%oexﬁfi F§CEnd"8¥¢BAd 3LHR condliElBRT average

mo Wed el sr i) gindl 2k arer pasd $inede b ogedhed St 11H¢ of

ends of the connector portions 212 |ocated on the
thei Benginghela¥emcbPonaAnNd uEPackeor 1 ther ridsiwines® vife the

borPiler1 DpPss 22 i tpgat ed on the side of the rear
surface 223. As shown in FIG 4C, the first and

second sem conductor wafers 210 and 220 are brought
o4 Contatingt 4D 50k BhORS B ANLNTe KD phenony
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 is 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 is to be noted that the
saturated absorption rate is 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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produci ng a sem conduct or wafer stacked body 230 in

which the first and second sem conductor wafers 210

and 220 are stacked together (second process). 49

[0167] [1B-4] Next, in the same manner as in the above

process [| A-4], the sem conductor wafer stacked body

230 is conpressed in a thickness direction thereof

whi |l e heating the same. This produces a sem conductor
howaf &R dondeBopplgre 22d H303RowhepHirgGthgapfilpigdpne in a

<Third Bandi j d fer Next.,
S e BT aR T e matle o The hethod 7o pradict A5 2°
atmbepkent coddut@ W amfleP B3Ridedmbasyr 249 whiamget hien weight

t hi t hod f dj, i dyct f ._[0169
evfhl 9 BN S50 2OBRiDG 3, SRR vy sEUSBunL 0B cne
chargend rsene temdueborsamaiert 220 eairaving @&eight at the

glurality of each circuit portions not shown in the
SagpaaFRgs BrBepreplfedSeERFRECHr 08RESYPELOR70F2FR t RRE e

ca€ldt 8BNLy 8fe SAOMohInf! Gyuafiofaghrrpt the first
and second” sem conduct or “wafers 210 and 220 i ncl udes

a plurality of electrodes (not shown) provided on the

tional 2 t hereof and connected.to
[oiﬁgfeach gﬁigﬁggggor%l%ﬁé?ggéa af% %raﬁgty_bquwelghtc at
sataonaeedortingort Fonswé dghtconductbgelpasly) @dPedr tAzd)} /

rovided sp as to. extend through h of the first
(WEHEN5 B bnab ST EBRULAT LY haFe) s 2180and 4361 n
thi ckness direction thereof and electrically

connected to the el ectrodes. [0171] [1C 2] Next, as _
[03RdWn i n Fhothsp, 4N iths doasft ehiege eheopehy Hhbhde aresin

isfLxgagti v ecﬁihﬂgfagﬁﬁﬁg @es&ﬂ?rﬂ?S?%t£9%f5§§%Tea@gr the
sol der powder as constitdent materials thereof Is

poapphied oastiheteehevsuahateid23bohdt he osecomdeating unit

thagaLgonduct or wafer 220, thereby form ng a bonding

[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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50 | ayer 60. [0172] The same nethod as described in
connection with the above process [| A-2] can be used
in applying the liquid mnmaterial 61 on the rear
surface 223. [0173] In this regard, it is to be noted
that the bonding layer 60 is forned by applying the
liquid material 61 on the rear surface 223, and then
renoving a solvent contained in the liquid nateri al
61, nanely drying the |liquid material 61. [0174] The
ok d mMRLer kAl Sl dmiede el od Qg NG RALH Ak uch
artificially, e.g heating t he secon
pobpinEdnduessn wader bEZOEWItEhr ashéabée orrt hesbilkble to a
h |f necess bondi | aye
s° gééﬁng% S%% egeor fbggu ﬁﬁwtr@gFﬁEH?M %ﬂ 0s0Tb1e
on&Bvkies plréfB@S&dbl e the ebb&@'ﬁ)ﬁl&%eprés§ﬁap§3RIbIé"eto the
ondj ng. | ayer, 60 thus formed. [0176] In this
SOeRBbli MEANS (REBGTEN TR 801PBILpEYyided oFfSPeRt  to

théh@oﬁS@Et§Hﬁ£aﬁ§t%%§aQE EB%t%%%%@dJJ§ §0f9%§§9r%aterlal

waf er 220. Alternatively, bondi ng ayer
61pewhioli Halieankiy @ﬁswhéofm@ﬂdhﬁuﬁhﬁnpdkuxmldﬂjraﬁ1nhe In

oalh ek, 8ED SONOUG! 5, PRSI, R10.01 G0 PO f1E, Lo

surface 22 secon sen1con
poipenidectiesial wurdracea@lbeofdifeoivasdt inemapondact b&rent

fe 210. Fromthe viewpoint of sinplifying the
Sogﬂ é§5es in the method for bondi ng seni conduct or

wafers, it is preferred that the bonding layer 60 is
rovi ded on one of the rear surface 223 and the
tofﬁﬁEtlonaFu§EFFﬁce EPP éﬁlmiﬁQ4ﬂ9QﬁheFeﬁaﬁd mgyombe a

cohPErsi &NIPoififa 10f 4 a%ﬁgﬂgta #f&be Wﬁﬁp the various

first and second sem con or wafers and
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.

[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 it 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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220 in the sem conductor wafer bonded body 240
produced, it is preferred that the bonding |ayers 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 sol der powder when heating and conpressing a

seni conductor wafer stacked body 230 in a process
[0163] 4] wheghwid | bpaddagershedtbedoweanThpe waiosikided by,
_possi by; i;ner e wet HEEAY a_sol der
© %ohponé%ﬁEggkgﬁgtﬁ?ﬁﬁg tlgggé*;é?g%o é??ggnd%ﬁ?nt’ the
theroostetinel fresrigani zat ides iofedyol tka Sullderf qronidey . résin,

It, th ti 212 and 222 be .
*nd RRAEE HOPRPBAERS TAS GTit 50T bns: G228 T Hfece f PORALRS

sheet i gbkinadiphodizatesiefl (e Bl isP! fleFe POYIES , applying
whi ch nakes it possible to reliably obtain conduc?lon
the e PREEANENSNESINkR BRa b | BASeT223” o7d P2pelnpsaghreated

babbendRbet @Q&ﬁiQQSafﬁélyégegg]sﬁHéEhSE’thE i%hgé removing

preferred that the ux-active curing agent
theypelventl Lgpouphbohdadliagt cshdesr fdwratnset thatgeresl nat a

genup PBoidaiic t i
pro it =hied KRR HHERSr 1% PRSP et b clefhgfreain

and i s bonded to the thernpbsetting resin. As a

' I't, it is possible to appropri atel suppress
[Oggiﬂrrencﬁnoft %ﬁ1|ﬁﬁﬁ%ﬁﬁ'onlghi%% ﬁﬁhléebéuﬁéﬁke&haﬁy the

sofbet caspangat thesi dyas ma it e bandingnd ayss 69" 4Qfcribed
the sem conductor wafer bonded body 240 produced.

inrFpeRmee PR, Withet hondpeye adbreaess| UkAa2tive curing
agent to the thernpsetting resin also provides an
effect of increasing an elastic nodulus and/or a
[03635s traFsrthen, t enpariatiuress ( Tgh afvexager echiprlaothiet) of

f -gﬂfr ti resin, .52 [0179]. Taki ng .t he apoye
th . .

?ag%gﬁFh 0 gg%%&ntgglﬁj;sgoﬁre?é %éﬁé%ﬁﬁ yaqﬁﬂpﬁﬁﬁp €% s
spageft c hewlng, abearbaxybe gvodiperably in the range of about
5 to 300 um, and more preferably in the range of about 10
to 200 um.

[01l66] [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 in
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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and/ or a phenolic hydroxyl group is used as the
flux-active curing agent. The sane 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 is to be noted that the
flux-active curing agent having a carboxyl group

lic hydr | [
0BRPhe. o b RETARANFFL ] nitPodiRedahat Baner car ednpibdusbove
préfesbe[thes nDsehd | S i &ShALSHER ?%fg%h%&gg%éé B 230 is

the like by reaction therewth. ] omthe

CORPEAPDE AL 1Bf Apridnothnrp S odAateicdnicof thdweset divhihsi dralting
th@eLunLks .t.h product .of the epoxy resin, it

is %@éfer?&égtﬁggﬁpﬁgsfFugﬁ%%%?egdgﬁF?ﬁgwagﬁﬁn onded body
24¢oas asineyn i in oNEG nodecul e t hereof, at |east two

phenol i ¢ hydroxyl groups which can be bonded to the

epoxy resin and at |east one carboxyl group which is

fOﬂGBPCt|y <DRDEGUMEORSA A6 PMRING i MGt OWLAY R ol Warers>
action (or a reducing action) wth respect to the

sol der powder. [0182] Exanples of such a flux-active

curiagragentschaghude: Jpengoig, agid derivatives such

as 2, 3- dihygfoxgbenzoicqg%iJ%EZ%%%& h?Hroly%eﬁf%#Exi for
predidingetin¢ ss¢micamdwc@r Svdifbydboxybenzobg aqbdhsing the

- dj oxybenzoic acid,. 3,4-di hydroxybenzoic aci

enfrd B NEE R0 P e S 2t RS Bbnvr emac d)

napht hoi ¢ acid derivatives such as

4- di hydr oxy- 2- napht hoi ¢ aci d, .

m%?%-di hydig%lﬁ- Aapiithoi 2 Tacist afgmiconductor wafer 210

and, 7adi BYdbAYY- 3eRaRBLAAEE -RCT d;5 fd1eN ht | n; '
di phenol i ¢ acid: and the like, one o?k%gre S whaging
Plysglbey 53f usearch ndebesident | pootipnsconbt nashown in  the

drdPlS3l Frethedos A0y a tgérgg sE| ux-active curing
agent contained in the bonding [ayer 60 is preferably

in the range of about 1 to 30 wt% and nore
[0fﬁ§ﬁerablfni@h&geembodiment, as shown in FIG. 5A, 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 liquid
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

50



range of about 3 to 25 W% based on a total anpunt of
the constituent materials of the bonding | ayer 60
excluding the solder powder. This makes it possible
to enhance the flux activity in the bonding |ayer 60,
and to prevent the flux- active curing agent from
remai ni ng unreacted with the thernosetting resin in
the bonding | ayer 60" of the sem conductor wafer
layhdeld body 240, thereby appropriately inhibiting
occurrence of ion mgration which would be caused by
the residual flux-active curing agent. Furthernore,
[0XHel f | ux-Blet | semeumghhodgest demerakiest iroutenmectien with

ol.der particles aof Jhe solder powder in the bondipg
nd SO e D 4 GG ‘ol Wer pit TER bRy TRe Liauic
matsef tel @ovslertiantddie fltxadst2y®. curing agent may be

di spersed into the thernosetting resin. Aternatively,
the flux-active curing agent nmay adhere to the

[oswsf aces pf thas sekdgrapariiclies ef the %&ﬁ]e@ﬁﬂ@erthe

di spersed in the thérnosetting resin. Since
bonqdipg akayse edringfagead bexiaprs vdmssitde thiegsiof derterial
parti.gl es t | der wder iht cap efficientl
o1 rrg\{:/le t?lgwa’?%glr n?grr?glg%s ?bi(;f’wegﬁdt &5 of §EPV pRFt i%c| %%lvent
comfairnmd sandethpovideyuiahdmatiet-dags 61, t ham«lonnae9hg the
11091 iOQ§ Z%ﬁ_%gg 222 to bring theminto direct
TEOM A tH eHch other in a process [1G 4] which will
be described below. As a result, it is possible to
enhance connection reliability between the connector

[OLH}} i ons Do  lfizd2 mat@nime | Gilnt mert bensdePsd Saither
PASA] | h k tor fer n y
na%btai%%dQ?% ?ﬁgggﬁgggggght %F bésggfl%?%f?%%hegég second
semirembsetay rMpfesid? Gerivgs a chearsut ate the hdjacent
joint portions 225 by an insulating portion 226
conposed fromthe cured product of the thernosetting
[0¥TEI n, antutthérx {Hrnecessary, 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 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
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 one of

the rear surface 223 and the functional surface 211. On
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bond) the first and second sem conductor wafers 210
and 220 together. [0185] The sane thernosetting resin
as described in connection with the above process
[1A-2] can be used as the thernpsetting resin. [0186]
Further, an anmount of the thernosetting resin
contained in the bonding |ayer 60 is preferably in the
range of about 25 to 90 wt % and nore preferably in

the h@TheLnhangs e 1 3LADRPLBL s RPN EHeS t Bdagsion

beti@amt tRE  fliketContdl | sueMtd MBERS 3N @ ey PN Nfho and
| ayer 60 excluding the solder powder. This nakes it

22Qo5R| Pre senbprrdvctenperior komdsd| PegyoR4fhproduced, it
c ot [ es| LCUri it o] i gn
lSg%géﬁﬁgf%%ngggéhgb?oﬁggglgﬁel%%ﬁ FhéK?F§§%rf§§ﬁé?oi%7?°th
thé nrealdi $unface t223 ahdotips ef encedohhat sareacengll agent

ot her than the flux-active curing agent (hereinafter

-sinply referred to as "curing agent”) is added to the

[01Pe] nosetthag Mesi-actiRes @ﬁkﬁﬁﬁi tageassi Bkevte fiy t heduce
enhance the curability of the thernbsetting resin.

SUrgaAGRy THe sakBcEurRIG bt &F dbberiselden powder when
. . ] _ :
he £OMECRAANCBhbRCLEEnE QV%eml%%%%glﬁcﬁer%}a%ﬁegt?a&?&@ body

curing agent.” 55 [018
23@onst i auemodgestser laCs4t harhidte willux-let idesanibety below.

e d.the the setti.ng resin e ..

T BT ot bl foRaaBae: 62t HeSBoRt g T S/ BEEY Rl Selder
componati Ckhonselittde iagcothd | Bglagentpowddd UXaaat itvkat @Fomote
L r increasin tge activity of the flux-active curing

Se g foQ

NI VHT ofd KiHSTof SQYAPTiI WIS | npforA ngesult,
théli E6@R8PEor NEOPELbhES2 BCIN @S2 £SEAN COAPALARELLLY  through
stability and workability.
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 is 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 bonded to the thermosetting
resin. As a result, it 1is possible to appropriately
suppress occurrence of ion 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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[0190] Use of such a coupling agent nmakes it possible
to further increase the adhesion of the bonding | ayer
60 to the first and second seni conductor wafers 210
and 220. [0191] The same coupling agent as descri bed
in connection with the above process [1A-2] can be
used as the coupling agent. [0192] An anount of the
coupling agent contained in the bonding layer 60 is
preferably in the range of about 0.01 to 5 wt% based

he t : of canstitu terials of :
[oﬁigjbondﬁﬁgk}gﬁggﬂ%% é%%ﬁﬁ%iﬁ%“%#% s%ﬁ e?%CESu 5(. it 1s
préD4933d Théhagol der cpaihiclesent thevisol der pawbekyar egroup

[ ted en heating and. conpressi ng the sem conductor |
ané@#%ra éﬁéﬁﬁi&Ftﬁ%ékeﬁﬁﬁi ngﬂ% %ﬁbgéﬁﬂeﬁf E?%c@ggx'aCtlve
-cutihy 4lageditd t heThavl §ghe S WRINnPArdddHes adf €described in

aggr egat ed. bet ween the connector gortions 212 and 222
CORRBEFHECTH oRb gt haydPoBD. Preseesdi f 1202 pr ealucks w$edhes the

r1plien; sol der; paridghes formthe joint portions 225
to electrically connect the connector portions 212

and 222 together. 56 [0194] It is preferred that a

titue terial _of . the sal der powder is an_all oy
w%%ﬂfai ni ngﬁt V\r%losr FSP8 et af & w2l &6t RS F 1Y etcﬁetgf"&upthe
fleonpet svagctitbingSagensi InedriddAgd, cakbsiyt h oBiup, and/or a

indjum (ln), zinc (Zn), .l ead (Pb) and copper Cu). In
PheReHEC o ygrﬁﬁwﬁiﬁﬁ“ﬁéﬁpé?aﬂ%ﬂ%?%ﬂﬂf@ﬁ&ﬁ%ﬁﬂ%%ﬁy introduced

inté OPRE! k@Fedl JgriRisd def PRWHehertbsks tRAG! i IMich as
preferable to use a Sn-containing alloy such as a
thegreppry af¢din @r S Lbke dyy Bednt gn atheyewntisn- Ag- Cu
alloy or a Sn-1n alloy. [0195] An average particle
size of the solder particles of the solder powder may
[0bRLELui t abFyogetthe 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, 1in 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.

[0182] 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-dihydroxybenzoic 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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dependi ng on surface areas of the first and second

sem conduct or wafers 210 and 220 and a spaced- apart

di stance t herebetween (nanely, a thickness of the

bonding | ayer 60). The average particle size of the

sol der particles of the solder powder is preferably

in the range of about 1 to 100 pm nore preferably in

the range of about 5 to 100 pm and even nore
usﬁe‘f@%ﬁbﬂﬂ?rht]t%ém ATy HBBEEON10 to 50 pm By

setting the average particle size of the solder

articles of the solder powder to fall within such a

[0¥&hhe, itFustipessilfne apopalti abfy tdet héLugkaggtegat ejuring

ar.ticl,es l.der canpaonents) of t .
ag%ﬁ?dggggéﬁggr qgfﬂ e ééngg s 5gg?hé&%p%ﬁeéF5%%rably in
thearangasoldbant 2220 BO waddi tareh mdrle iprRssikl @ 10 the

train th dj acept cgnnector portions 212 and 222
ra#&%d¥€ggﬁﬁu€r?dt@dggowtgonﬁéﬁﬁﬁbf¥léh&oqﬁi;ﬁmﬂ&ﬁﬁ ¢hethe

corpél PCEMt GRIVIEEL O's ROF L 1N Sp 3l i AN th Az TP PELA g the
short-circuited. [0196] The average particle size o
SokJRr SRPWERr - paFfhiel Bakes tite Pssisdérlepdwdemhemrebethe flux

egd usjng sel diffractiqn scatterin _
et od.9%7§%%189§d?%ggé%¥%gl%Oé ﬁgﬁt?%QF%ﬁﬁﬁﬁaﬁéh?mfhux
acigrelercumpowrderagesitpr éremabkygmianntihg rangeaotedabowitA00the

to 250C.. and nore preferably in the range of about
Eheupes - . IO mdkestiE RUTHIE tR%H fi% 0 ent?y the

sesest@udt omabafét yoosfiedh®oierams etdidi®yesdgp Ao {1y
,_like contained in the bonding |ayer 60 before being
NP EA N AN PIFHFENHED| PI phevenfighaf il delyiadat venlaf be

ddied 636 e igd 16l 44, ROr t4 Q1S o LOf PR 1y I fst and
casecoﬁ%?sem condluctor waferas 210 an%a%%‘.gfé[rgl%]
Further, it is preferred that the constituent

?gagg?§?S?EOEQ? ﬁﬁkgeflﬁgmggEiO@Sc%fTﬁ&ié@%nt 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
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 particles of the solder powder,
it can efficiently move toward interfaces between 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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| ower than a curing tenperature of the thernosetting
resin. This makes it possible for the nolten sol der
particles 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 nelting point of the solder powder is
defi ned by an endotherm c peak tenperature thereof
[0%84kur ed ﬁ%i nghee. gemicandscL oD f ¥afent i abndednnbogy 240

Lmetgy) od, t erature increasing rate
Obg?iq%éjn1%¥ [ggég] Aﬁﬁgﬁ%SHF%gE tﬁg%gbfﬁﬁr p ég]’ the
theon¢s¢teihg nrebén Isendiesg Htayens60ats phef eddjddernth joint

the ran f about 20 to. 250 parts wei ght, nore
POﬁFJe?fé? 1 Th Thel PARAC Y B ?191210%6 23Ppard sTHYm the
cured gptrodand erenHor enprRbseablyigl ddig,, rangecef fix (or

about 50 to 160 parts by weight, based on 100 parts

bopg) welh@htiett tand trePnanrmt cordedeconaf¢raent0 and 220

tof@tgLfal s of the bonding layer 60 excluding the sol der
powder. By setting the anount of the sol der powder to
fall 58 within such a range, it is possible to

{ ably rmthe jeint portions 225 fromthe _ ,
[0£§$1difié@%%réﬁﬂgiskgﬁrWﬁ et%ﬁppenr§%+%efﬁbaBF?EFé§e8f in
cohhecisdbileri flovkies . afsva giastdds [1AQ ToRNeChOMused as the

ortions, 212 and 222 can be electrically connected
th?ﬁ@%??&ﬁlQQW¥ﬁﬁﬁPthe joint portions 225 in a reliable
manner. I n addition, the insulating portion 226 is
formed fromthe cured product of the thernbsetting
[018€] n, whiekhemkeani tapesst biod tithe elthaing sietgingt eresin

Lhe; adh agent, 4 oi rti 25., [ 0201] Further. the
“Osane solggnfug% 5@%%?1 edPgiegcg%%e%%h#%%é%ﬂggﬂé - the
rappovefpraboeds 2% Atd] Wanwbe, used asotrdieprsbbyebly in the

<aGRELALTSHOLD 59 ol Tt ghaodn LREOR R o
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.

[0187] In addition, it is 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 it possible to further

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

connection with the above process [1A-2] can be used as the

curing agent.

55



liquid material 61 is preferably set in such a range
that an anmount of solid conponents to be m xed in the
solvent (nanely, the total amounts of the constituent
materials of the above descri bed bonding | ayer 60)
beconmes equal to about 10 to 60 wt% [0203] In this
regard, it is preferred that the bonding |ayer 60

formed on the rear surface 223 using the |liquid
[O%8Rkrial BATERME ai AtAGT heoRPEktHERtyentRT iRl agéhen the
fl&iE%éJEﬁé“Eﬁ¥£ﬂ§Wbééﬁ¥rhn&”@héh@héfﬁgsgéﬁiﬁge esin may be

follow ng properties. [0204] More specific Ify, In

appePriate Mhepddefe tdoblae nponalieng 6Dayer méd, exampdes of

r .surface 223 h a_ thickness of O.p e t
Wh£$§06§#¥§ﬁ%% %ﬁS&qﬁ%%ﬁggf ey e ﬁre%ngbréC?ﬁv?k%r for
inceewmeiof tabouHci Vit § 0I0HH0f PRax Sact IWE ecPf BAGr @byt and

in the range of fbout Q.1 to 3,000 Pa-s, 59 and even
Va?&ﬁ%?pr%ﬁ@ 8bl Y5 n BAELFANGE of faboutl™PreWiagl, odbfferent

préfestidy SAidn NGhd herd®id Vdﬁ&r%@'&i%i?it%?e_ QE’QQJ.P;P%YG and

layer 60 to fall within such a range, IS poss
wo¥kalykleifeht a reduction in connection reliability
whi ch woul d occur as the bonding layer 60 is bled
from bonded objects, i.e., the first and second
[0320] condudtor onafseich 2l0candl 22§, adenitnghakesheat ip@ssible
£o 0 eré%%on, and to restrain the b ndﬁngaégger 60 from
COmt M nat T T gHbord HFE TEMbers. Chf 1PPntaygrikl to
theOoSSidd eartd ¥EeVedtsgenesmdu o Of k& r Hubbh esnd mihe
bondi ng | ayer 60 and occurrence of defects such as
insufficient filling of the cured product of the

oi nmosetd g 8§l | Lot he; Qap en the fjrst. .
[ s%%%nq senicoﬁdugtor mé?g?g?21%8%%§'22%$ N€F$§§é§?git +n
conre@osyl bith tohgravern piwcewmd t EPASD] desn pog thsddsanfthe

Lhes 5ol gpowder (or solders) from being excessively
C%‘é?li%r%%‘? whi ch woul d

[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 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 ©particles 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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| ead to a problem of short-circuiting the adjacent

connector portions 212 and 222. It is also possible to

avoi d occurrence of defective bondi ng between the

connector portions 212 and 222, because the

thernosetting resin and the sol der powder are

prevented fromremaining in the joint portions 225

and the insulating portion 226, respectively, when
[°¥@4hlI|caFFylﬁomﬁQé}ﬁqﬁgc%hﬂécﬁoﬂﬁﬂﬂﬁh&ﬂﬁﬂ@ﬂﬂ?%ﬁ%ﬂal of

thgz%o Bwa@f ioi b zp%asg,oe@n%g?n& méQofB {;98 metals

products of t nolten so er par es o
selérete@olfdem rt@ajegroq;ozwjlptmsihgstnega(rﬂh J tsledm ng ,

. not ed | bondi
o1 P8 Balli by BJOERE (BYF ok nur cHU hAThodti] foppes

(C@f her mor (ﬂ%.rmtshﬁaﬁmad|Mtlrﬁyeteﬁgeﬁa\ihﬂg arddi fKBBSSical
of 100 pmis neasured u5|ng a viscoelasticity

Pr%%%%rﬁg Phst FOfentOlFREduRIIRE JASED 19t ePAGELEHARTLY
pr&?erallﬂg k Aty %t%nr@{-aédﬁ@aiﬂﬁ?_gaé'légyr al\&h 6950fa  sn-pp

C/ mn and a frequency of a strarn-
alb@hstanﬁnanegélQQnsan@mﬁ&ghalkny TheSmeAd-Tu sebkdy yor a
Snofn gff gonding | ayer 60 can be obtai ned by nmeasuring

ViscoSity thereof at an atnospheric tenperature of
2230 which is a nelting point of a 96.5Sn/ 3. 5Ag

y. [0206] The thickness of the bonding |ayer 60 is

[Oﬁ%%]o par t fBul #1539 t 8350 A SpefiFPc vaf uethsut Aayder

paPeicpeef epabl ynen the deangeQfaaboutad tioe SOQuPE%bﬂPr €set
preferably in the range of about 10 to 200 pm and

depRAingpr eNpr PELapey PAcElfe raingethd abbust 15am@ 1656cond
sem?ﬁ%r?c%}“rrgfg@g thhgknesy; of,2de honding %ggsgﬁggpart

hin such a range, it 1s possible
dishzutat thgrepetween 22&nted have ahgrgatsenafghthe bonding

la§Q£Ck€§§S andrﬁe 'Hvé%ad ncre %Qﬂgycgggkcal St%Engtsolder

particles of the solder powder is preferably in the range
of about 1 to 100 pm, more preferably in the range of about
5 to 100 um, and even more preferably in the range of about
10 to 50 pm. By setting the average particle size of the
solder particles of the solder powder to fall within such a
range, it 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. 1In
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.
[0196] The average ©particle size of the solder

particles of the solder powder can be measured using, e.g.,

a laser diffraction scattering method.

57



[0207] [1C 3] Next, as shown in FIG 5C, the first
sem conductor wafer 210 and the second semi conduct or
waf er 220 having the bonding |ayer 60 formed on the
rear surface 223 thereof are put in a face-to-face
relationship with each other so that the functiona
surface 211 can be opposed to the rear surface 223.
That is to say, the first and second sem conductor
wafers 210 and 220 are brought into a face-to-face

tions ate_t hat bond| | ayer . 60
[°?§Z§ betmgég ?E%g¥%%btlonawe %lpgcepﬁiT aﬂg t BSr e§pider
posdetade 323fd:0208] Thether starayd 6ECQBdu$emmnﬂ@CQ@0 c,

210 20 t d together so th
R R TP e ah ety BEREPaRE oot eeatdd b 2RE°C.

ThﬁsdﬁaQE§ﬂMt éé@@ibgﬁakos@Uff%%ﬁgﬁkﬂynéé%ﬁ¥@dfﬁBwBB?llty
ends of the connector portions 222 |'ocated on th

ofsithe dthemeoseddring1regtfag@a2the Thek@afqoentalwoshmmhe
boh&‘uﬁg %?% tr@) f 'He% rean%eslq'lcggn%u%:%@ Cofq%léct (ﬁ \3?% E,ably

are brought into tontact
prGMGOUghhdnmdhnﬁbgmpd&mmwn6©f twmrebyhp@ﬁ?ﬂﬁgw Bortions
sem,conduct or. waf er stacked .body, 230 .in ic
fo¥m?§t03ngﬁ %ﬁﬁﬁts%ﬂ$c%ﬁﬁ%ﬁgoﬁe&é?%Pguﬁﬁﬁraﬂafgﬁé 24Peand
228t acked together (second process). [0209] [1C 4] Next,
as shown in FIG 5D, the sem conductor wafer stacked
body 230 is conpressed in a thickness direction

[0%§§Ieof we L-enBeat ijng lEe§¥%?%KJJHf9h Q5ﬁ§séonstltuent

l At this time, it is preferred th eat
matgrgatricdd boe §|Odw\qr spovdiar thes themmdsteirtg ngempsmture

c eque nelting, of t
10§80, hencORAEL L Y Gk gy oUbseatett | IELLLRD Ch ot Sy,
Thiermlerkatsurl& iossible for the molten solder particles of
the solder powder to reliably be aggregated on the surfaces

of the connector portions 212 and 222.

[0199] In this regard, it 1is to be noted that the
melting point of the solder powder is defined by an
endothermic peak temperature thereof measured using, e.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 solder

powder. By setting the amount of the solder powder to fall
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preferably in the range of about 100 to 250C, and nore

preferably in the range of about 130 to 230C, although

it may slightly vary with the kinds of the

constituent materials of the sol der powder and the

bondi ng | ayer 60. [0212] This nmkes it possible for

the flux-active curing agent to reduce the surfaces

_of the solder particles of the solder powder, and to
wigaip sHehsd deangenpéfierits afosshelsolkderreiowddry. fAsrma the
: ul - n er, articles.of. the sol der
jo%ﬁﬁd rorr#&\tgjzlsswgllz?sal fgé?]r?ng hyeot S\C/%rlgl%tlﬁg s%lf?‘i‘ﬂ:% S oft the
mot hencsnhéet opapoi tienso21PhandoPd@ri povber. bondi Agresult,

| ayer 60. Therefore, th Iten solder particles of

the h SR poRBEF 18Ps sgjr??a?mdgnéa2an%laragé%eegﬁ%@ﬁtrically

coRRévees theyetomrectaronght ions 2K ANdp222ions 225 in a
Thereafter, 62 the noltén particles aggregated are

relprpHef MBANES- f orfh t A@J1ifbomt Ot ilgrenlzSinchrmeghion 226

, ' h t or rij 1 n_be. .
Lo aRbEed ey GOTRE | 00 B0 b L08R E e P00 PREFEBRPIn resin
whipe wmekesgidf pdwesibier nosettilngblyesinsuenis stiaf t&fjacent

. | der po r has been nelted, the insulating
30£H€ §§r95§§£c%g% t he

portion osed fromthe cured product of

thernosetting resin can be forned in a region between
O%Fﬁ first_and second sem conductor wafers 210 and 220
[ Er t nBATTRST onsthfier 62lRe wotlvemtsolafer greatides in

co@ﬁe&@fonSﬁﬂﬂﬁwtﬂ@mgﬁév@rﬁréggé%g?iﬁg%]T@%ﬁ ﬂ@k§§eéta the
ossible to electrically iInsulate the adjacen JOlrﬁ
SOp¥RRT oRRNDRENe G BN thti hbiwldremmeeriahdétio reliably

bond (or fix) the first and second sem conduct or

wafers 210 and 220 together. [0214] In the manner
[02@2Lri bedrmboareouthe obl teme sebbesnpartbstesndd the the

: e e .aggregated .and then solidified
13 GFLAHaRHTE REC S A e R S S e
ant baohhtsiofargb siat osdmpenesosduet e Waf 268 2410 taRd solvent
(namely, the total amounts of the constituent materials of
the above described bonding layer 60) becomes equal to

about 10 to 60 wt%.

[0203] In this regard, it is 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 like has the following

properties.

[0204] More specifically, in the <case where the
bonding layer 60 formed on the rear surface 223 has a
thickness of 100 pm, 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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220 are fixed together through the bonding | ayer 60'.
Thus, it is possible to produce a sem conductor wafer
bonded body 240 in which the connector portions 212
and 222 are electrically connected together through
the joint portions 225 conposed fromthe solidified
products of the nolten solder particles of the sol der
powder. [0215] In this regard, it is to be noted that
and rvern dng coreitef oralwayf ein stlae keanbedyt 2860ean0 be to 1,000

heat ed. at .predet ermned._single temerature. .
Fa A%'t er%gt isvegltﬁl,%gi ?C%r?aymeolgc YJ?JESEBFEYt g%p ! orthRfiing layer
60 stepfia 5k withhy pudcessrdmgahi £h tHepoSeMbTONEHC SEvent a

f tacked body 230 is_heated at 150C for 100
re@@%ﬁ%‘b{i gﬁde‘i%i??%@a&%d’l—”g%lééeélm WIHFsetiondd @ccar as

thé&6HPEInE OTRYESSEON SWIdW PFORCSSHhBa Wb £8-Lhe § o, the
. sem conductor wafer stacked body 230 is _
fipghtandnireane et agotudtorr vafeesodls amd 22@n durtng a

. 200 I m s, W thi . _oven. .Thu th
hezjé‘%lirﬁé) ggfre? ia(l)t%g) &y a(ﬁdt%gﬂhe%%%‘ﬁgﬂ o;é%epo??ril%%%g Ziﬁygﬁd 60
frapxarearel vt ing ald yglionniens eterloges herIn rad@i tedhable is
manner Qy nmetal | i ¢ bond between the soql der gartlc[es
po%?ﬂ? e sol déY" PSlider I&RE T Ere CConiéct A TpoPEPBhES 21  the

bordith@22lajdt s gBkeanit Pe&&rRL@cEO @3 MddH: POrdians a5
. 225 W th reduced connection resistance and enhanced
IngYhinect§¥n r éililaBrgi  yof [ 0216 FaprRer, modwHpr esfi ngthe
| o wefe Y 1830
ChE SO S IRIOT BRI R g pecona
semicondyeiset iaf ¢35 21He ang tBH0 solMereopar t it ess gfoddible

o YO PUMEIA L) W MMPTL BLEOSHLE 2% B ot
(opos¢lidess 212ranbR2dy :02H 1 MY e wpecddiaad | Wwhitch would
1B SR S8, SRS TSNS T caacent
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 is measured by the
following measurement method. In other words, the bonding
layer 60 having a thickness of 100 pm is measured using a
viscoelasticity measuring instrument (produced by JASCO

International Co., Ltd.) at a temperature increasing rate
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the range of about O to 20 MPa, and nore 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 nolten solder particles of the sol der 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
of appI" @it apé SenfeeAdaREEr Oohafled sHackswdaiody 280rain-

coﬂékéh@F?trésggééﬁEgh@'B%%&¥é¥é&”e Fﬁgyngﬁtagpléég%#ty of

bondi ng yer due to a weigh the se
thegeraohidurt drayeaf e6022¢aint s dlef . oﬁ»&a@.ﬁédﬂ] bier aeavuiting a
e _connector ortions 212 and

Vi%ég?f%esgﬁég?? cgligﬁkoﬁ %f@gefbﬁeﬁﬁ@ ergfugggIPt 223°C,

whieh | 1 T4 ate Py oty i iU as 9bes$R) NISRPrdi 0oy, 225  or
the like. Thanks to this feature, it is possible to

reliably prevent breakage of the electrical connection

[o2@éeen thes CeprekhaksPosti QRS 2&&@1}? 2%% ‘£e”66‘h§s not

the insulating portion 226 conpose hé cure
Papioeubar bf hﬂm&&$krﬁmseﬁt|ﬁ@ece§un aveleepanded byay be

pr%ﬁrlng SE?gSSg£r8 aPﬁée égﬂl % gr ﬁgbpéibloummlc%ore

pre/\fdaltahnby déscrtiheedrdrejowo £ anmtrmkes tiot JosSiiRl € drf even
obtai n stgﬁ%e conducti on between the connector

m%%rwsﬁsr Yad 29%F FAPGEh&T wihAUst #P t9ecbh@sum. By

setpobsy bitdiet OtRl erhessaldy eprNepbnlNRCONNRCL Oy to fall
portions 212 and 222 together in excellent connection

witlEin asiucht @ [ePrge) ALt hilcknpesesbde euwh thentmsulatlng
2 h
poPOfds 082 ¢ glngéf%yer g%QEE qgﬁgﬁ9ntﬁygkﬁ' g?|§af§fsgave

of the bon sefmicon uc

indyopakeed bosbhadidcdls stotengiarticularly limited to a
speci fic value, but may be preferably in the range of
about 3 to 300 pm and nore

[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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preferably in the range of about 5 to 150 pm By
reduci ng a spaced-apart di stance between the first
and second sem conductor wafers 210 and 220 in this
manner, it is possible to reduce thicknesses of the
sem conductor chips 20 obtained by dicing the

sem conduct or 'wafer bonded body 240. As a result, it

becones Sossible to reduce an overall thickness of
SUFfRCgeRréonduthoFeiciete 26 pﬁbvﬂvednmfﬂﬁ t B, the first

and ®WLRRAUCL O & @&5‘20 O’waz?ﬁ'%g 02 IIASZEE]O IaretRePught

sem conduct or evice 10 11 wei ght .
inm@rdentattiwipbssbbheom@anurhmnughnth@SbonﬁEgganaper 60,
densi t t he sem conductor chips_20 inc d in )
ehg PRy Wt R BE HeOReBCt 6 RRLPR P asebRroBAtCEaP in
whpeaigkeage) £ 10st agtldt Seteduceenncovanatbrsivdeeet the and 220
sem conduct or device 10. Further, since a spaced-apart

argj $tapked hepdRERCE héSRFRRE r BEESEEPbYI ded on t he
respective functional surfaces 211 and 221 can be
made small, it is possible to increase an anmount of
[0268br mat | OhCsébrediaxt,a sbngl sheem cdmducFdE. devile the

th th r _Bon g Senlconducto
%é %%gégﬁé %'ggbr%% |gn mn(¥5%e9§§ CPWBIﬁEPﬁgd in 2
thiokneasodua:englbhe tSRIfeduB i DE méeﬁ_ngortdﬁﬁ boRy 248ird
using the fourth nethod for bondi ng sem conductor
PrQEfePs: [0223] [1D-1] First, as shown in FIG BA a
first sem conductor wafer 210 and a second
sem conduct or wafer 220 are prepared in the sane

[023Bher asPinthie dbev phlocéss preiferrpddesurt bele abeuting
1s(fc'a§:§‘ie8r Q)Qﬁ:ssglo* %Zéé [:ﬂIQ'tZ]thlgeXtther%up lanrg; Spees{n can

5 containing a ux active curing agen
bet rempdsdatetliyngcn eed n sarich espleter tpom&rt:as; cofisttiHaienblder
poggégfials t hereof is prepared.

[0211] More specifically, a heating temperature is
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 to 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 portioﬁs 212 and 222. Thereafter,
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Thereafter, as shown in FIG 6B, the bonding sheet 65
is interposed between the first sem conductor wafer
210 and the second semn conductor 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 wth the
above process [| A-2] can be used as the 66
theoRet feleRBIFACALSalagIsegR tes! tane fsakiditfiad tarfagn the

; n t LRg i n d e
3o PR et TR “the BoRarho” Shont “HB. POIsEF FuPPRErTRr, 212
anfls2pZetanripd ehatttheabbndcagnebeetl t6Gethether

contains a filmformng resin as the constituent

materials thereof in addition to the flux-active

[02uBiNng ageBthethe diRfmOsest LAY HESIJT afkk t BReSAbYEEting
powder. Use of the filmformng resin nmakes it
regs8sPErErfo AfdIGTanile Fo+ATF hEOHERAI Mg ssHean eBelrd, athe

£ p 7] e Si S SCI I
B e R
thas thiegmpsemtiogninegin esm. b§ 0228heBuritrhex , rédieon between

. . ! | . ol | |
el T AEUR0SLESH, U e By SEREERS) Y1, Bh0 2PAE, auner
thanstadygidrzs nghagent than nodtgani €oldétr| efartditles of the

tistatic agent and a pignent may be mxed with the
Sogaﬁﬁiﬁﬁwgﬁéegnﬁﬁ ?%gﬁﬁggig%nt tHats dBekefotl trgpossible to

elettects11pr ovkdedeby thie spresent yvEei i@t {82292, 5
amount of the flln}forn1n%.re5|n contained in the '
repdpbiAgMeReet 65203 prefreddiebyyi rren@d langdisf) dbwutfirst

and EQcéQdmggﬁiggﬁggcgpraw%?%ﬁé %T@ughdoﬁﬁbhﬁoggther.

constituent materrals o ondrng shee
excludi ng the solder powder. By setting the anount of

[okmg]filn}igrnkﬂg r%%ﬂﬁéf) 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.

[0215] In this regard, it 1is 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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fall wthin such a range, it is possible to suppress

an increase in an elastic nodulus of the insulating
portion 226 while inhibiting a decrease in a film
formation property of the bonding sheet 65. This

makes it possible to further inprove the adhesion

bet ween the bonding |ayer 67 60" and the first and
second sem conductor wafers 210 and 220, and to

POSHpPrBEREE SR PRcFBASRI| RTACRSISt WV selvisth ytlag s@miconductor

wa%@ﬁdgegcﬁgﬁe%o% 44230 §HSF—_@ORBQ%%‘Q?PSg%et]tﬁiﬁg’ed:af]or 10

e produced by, " e.g., dissolvingt ux-ac
segemingaagderithen heuredheanp@&aithgfoesilh, nimmtesl derthin an

wder o, |.f. desired, the filmfaorm resin, and other
ov%%hpongﬁ §’in %eazggfgénPoF5loﬁﬁegggg é”ﬁ%n&@ﬁg shesgctor
pofoteoms | Dh2 netherad 408 @é&gyidalwlt €bhAkttedPPbyePBer in
t he bondi ng sheet formation. naterial on a
a rﬁgiﬁéﬁl?rgﬁpéﬁrbagé et L s6cPRRA a Bedwpest efhgheselder
pafficlde bikend eymiddyd fhease! waat &kpmﬁﬁﬁﬁé¥gp'88rtions
sheet formation material at a predeterm ne
212 capfdrddar e, Tlihel mdleds 1t ypogsihéeshoefof028dint npoht sons
egak it be t the. solvent used at
2231 gEtgPrre rr?ad?ﬂ egjth%&g‘]é‘%gt{o%@ atsFe $8IPPESd 3 enhanced
commakiectn one i 4lhi t ey above process [1A-2]. [0232]
Further, a thickness (an average thickness) of the
bondi ng sheet 65 is not particularly limted to a

[03peTi fiCc wattRer pubymeymbe ef=Qfr@y alley ddhnidShddngs: Ofarer
about 5 to 300 pm and nore preferably in the range
statkedohpdyo 2300 pothen thdokspsplDigedtérn therdalr swhile

heafth§eqord sgmkconquct or 210 a 2
eposi?iongh t%ﬁ%thggysogt é%ﬁiﬁgﬁénégr gﬂ“%hgogggﬁec %%der
pPaprelonsofi1Rheosalddronowhersitde fow hendduineté onate, and

to SWEFAES Al yCHIRSPPOG LR LR e0dSr2fed P§f the connector
portions 212 and 222.

"[0217] More specifically, a pressure in 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 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 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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connector portions 222 |ocated on the side of the rear

surface 223. As shown in FIG 6C, the first and second

sem conductor wafers 210 and 220 are brought into

contact 68 with each other through the bonding |ayer

60 (or the bonding sheet 65), thereby producing a

sem conduct or wafer stacked body 230 in which the

first and second sem conductor wafers 210 and 220 are
[0213Atked tBBEEhelithssbendrsrsswdsshnvero23A, [mme Atonnector

po?@f&aT'Ql@h%n§§n§253Qﬂ§J Qfe gr&g gggﬁﬁl % SFggether

he sem conduct or ma er s .
throuphesstildifiiadt hbrokness dmm@c@smtﬁduﬁdiﬁtw@@f@lons 225

heat i t he me. Thi oduces a sen1conductor waf er
Orbgﬁl gtgjb]%dy %‘6“&5 r%w%vﬁ{l BT, At déScmrsible to
rebbavey tﬁﬁhﬁﬁﬂﬂ(ﬂﬁﬂééudﬁé\M@Eertﬂ@nd@@ec99g¥a34oc8§ﬂe9€10n
roduced using the first to fourth nethods for

DeprEh ng§e BRI or Ol £9 1S F@ZBﬂnq:§2$bﬁNenaﬁ?en the
1n§UP£@ih%YpBEt§SH]@Q%d%aﬁﬁ égapﬁoﬁgeahéoggk%?ggjlé@ft of

dicin sem conduct or “waf er . (
th%oth%smmﬁ@ﬁtgpqeﬁ%ﬁlmn&ﬁnFﬁxwamﬁe&ebpam®at|g@mefated from
: or [ on_the res tive first and secon
thg rr%%rgggﬂrfé O(E@(g\]éf eFABIY a %8 urfré)%séfp%?am%?ngofh the
semEmmnﬁmdU@t(HdeMﬁdﬂ’ bond@ﬂledeLZHobﬁr08@@@Q16§Hn9below.

th t hod for bopdi ng senm conductor. wafers of the
i CRRRES | W6 eRPPONDLAL & CHIEAA 135ARHe R eentRre bpteen

th&hicpaneseC PUGIdHs chip stackesh bod'ﬁﬁ)oggeramo%% it
time, it is possible to reduce the nunber o

begemes ad1QFTRY pr dees sdschnd ced livnpeoneept oduei vioynedtor
pof%1§ﬁ§1g§ﬂ9u9$ﬁg %%%'C%oégaﬂérco argxcéf%%ﬁguggg?nectlon

descri b prior art met ch Sem
rekhalpi sicked bodies are nass- produced by individually
st acki ng and bondi ng a

[0220] A thicknesses of each joint portion 225, i.e.,
a thickness (an average thickness) .of the bonding layer 60’
in the semiconductor wafer bonded body 240 is not
particularly limited to a specific value, 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 between 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 bondéd 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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plurality of sem conductor chips together. 69 [0237]
[3] Next, an interposer (or a substrate) 30 having a
Wi ring pattern 40 provided on an upper surface
t hereof and bunps 70 provided on a | ower surface
thereof is prepared, and the sem conductor chips
(sem conductor elenents) 20 are nounted on the
. interposer 30 through the wring pattern 40. A
1Nk Tokeucdons deyi eé tbhecsemecomiud aet uckdpby 208y ncafided

. the S ; ' ve. [,0238] According.to the
in S ATEECTan GRITILOED ARENGra0P, dusthaln: sofunrartctor
packags) pos8j bl entio tocreaslecan amt egvation densktyoef +he
t he sem conduct qr chi&s 20 _provided in a single
Se%%‘%%@é?t%i SdKkEs 19 posEiitdats neéncg alemmadetoppart
di bt ghcd upstio8a! thy andcsia | foneLgat rani -
devices. [0239] In this regg%ﬁgﬁé&fékgoogekﬁgtg%gk%gglve
fupglelonahi syrfacesr 2ddviand 1@ 2dameracher eddey dreel 1, it is

rs ctyri em.canduct or_.device of = |
po$%£@%$eggn%n€?%§%%tﬁ$1%ﬁhﬁ%g Sft enSi VSR kSt ered in a
sirgle, semitenductpiomsyicaigbtal canmeras, video

cameras, car navigations, personal conputers, gane

machi nes, liquid crystal TV sets, liquid crystal

[0223DI ays, <Ps@etth ¢ Rie€hs®! aysorpr i BbERSngandgthe
i ke, [0240] While the nethod for bondiﬁa conductor

Watehftonductor wafers and the nethod for manufacturing
a sem conductor device of the present invention have
been descri bed hereinabove, the present invention
shalNexftot @Ges¢riptiedn tvierlet doe 76.2p@8244h Frie eX@Mplod, for

préﬁﬁé%ﬁ@”kﬁgm%éﬂ%%g%éﬁg§g£Rﬁgggrigonded 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 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 1is 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 (1Aa-2] can be wused as the
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directed to a case in which a single first

sem conductor wafer 210 and a single second

sem conduct or wafer 220 are bonded together, the

nmet hod for bondi ng sem conductor wafers of the
present invention is not limted thereto. As an
alternative exanple, two or nore second sem conduct or

waf ers 220 may be stacked on a single first
congid [iitfudtdr ST it ©rsvald, aanBNe hEAUKNRCE L VSt CARbNg agent,

thS EEREESEM CONGUEEE 1 wa&ert%élsool tg& JBY bs, P&M@& in

together at one tine. anot her native exanpl
th%.@@n@ﬂngf$h%@ts@h1conductor mafer 210 and a single
second sem conductor wafer 220 may be bonded toget her
to produce a sem conductor wafer bonded body 240, and
[022@]1 an apdithenal isedcengrefraeiutar Wed eson@20g NBNeet
bonded to the seni conductor wafer bonded body 240

%tfp%o%%fdalrr%zaﬁlJrlh-fa%mi%nre%? 2 ahpE eSOBRBLI BRENT

maf@fﬁalaé bithiaieysf PLRCERRET iBY ke added ftl%xug.%tq%tehozéurmg
for bonding sem conductor wafers and the nethod

agemihuf Blee uFhagnaseseingondaénoandeinee wflddwe pmveimmt Use
of'%ﬁ%ntfﬂﬂn.E%ﬁNBEESeCIg%4%&aﬁ§§tdj: ?8%%9%18” %9 éePEably

e on certain i c exanpl és o € present
formvemn i mmndilng P$}ma§ienct65)n1mtfo anﬂihxg Shept . and
Preparation of Bonding Layer Formation Material In

this regard, it is to be noted that sanple nunbers

[o2zenti fi echbekawecardaspaiyl tHesewibens iof BN & Ofith
seni conduct or devices%hln whi ch bondi ng sheets or

theoRBPHE PrPaesfer (17 #ht FBR Re erfafsasf thfe film-forming
regg@pectlve sanpl e nunbers are used. Further, Sanple
. 1B' corresponds to Conparative Exanple 1B. [ 0244]
1 1. Production of Bondi ng Sheet

[0228] Further, the film-forming resin may be a
commercially available 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 it possible

to further improve the adhesion between the bonding layer
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[ Sanpl e Nos. 1A to 34A] Bondi ng sheets of Sanple Nos.
1A to 34A were produced by dissolving various
conmponents (constituent materials) in mxing ratios
shown in Tables 1-Ato 1-Cinto an aromatic
_hydrocarbon based sol vent such as tol uene or xyl ene,
an ester based organic solvent such as ethyl acetate
or butyl acetate, or a ketone based organic sol vent

605ugRdaghgcdiigie and n%?ﬁ?llldelsﬁwlqcad@@éiqro wafeye 280 and
22(‘/ar éhtéa%QB%EéQQ art eﬁgrég QHRBOQ Hgﬁ ;'?lgOShegtof the

applying t epar ed varnls a polyester s
bordtng hemeelr yéhg t he varni sh at a tenperature which is
suitably set to volatilize the solvent. Further, an
anount of each conponent shown in Tables 1-Ato 1-C

[0230] ndi catednbys abbateagt dyedei WY basedhON B odiRld by,
anmount of the conponents. [0245] [Sanple Nos. 1B to

€-918 afd SSEAPILE@INo. thB | f1B&diaig WheefBrdhg Samsles thios . the
théﬁn&@e@@ﬁn@n%eéelqpl e ho- soll%ef’ve %w%re%ducf? kai)éSJ.re he

di ssol ving” vari ous conponents onstlfuen mat eri a s)
fllm-ﬁ®¥mn@gra€sos,shodnothefaMGmpdﬁenksnmhﬁbEh|m¢bvamt to

t| h drocarb d_so] vent suych . as oluene or
pr%é?%%e gﬁges%e? 5AS 3’ %%%? %8I€@#@§ﬁ§§1 85 &t hytauid
mateei al p, oippLy yhg ackd abend Dhgasketeneobasedon 0kg88ECal on
ol vent such as acetone or nethyl ethyl ketone to 72

S
a 5?2%3?%‘5r9%Fﬁ?sﬁaFﬁ BERArAY 25 gt iR} wrster sheet or

th&Bteid! ) rem@RAING NGhthesPI GPAF €de V& NIt OBoRding sheet
pol yester sheet, "and then drying the varnish at g

fO%Ié@rbb%tW*é@ls\habhat sa spfeddtgrminedt bewpensthree ahé then
her, an anount of each conponent shown in
drif%?egﬂe %nd 3-Bis indicated by a percent by
wei ght based on a total amount of the conmponent s.

[Oégff'G] 1'%1?1 Pﬁr?ipér%teiggrlld?f ?gnd.lisngt r I?’1oortedt %E‘iat 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 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 um.

[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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Material [Sanple Nos. 35A to 45A] Bonding | ayer
formation materials (liquid materials) of Sanple Nos.
35A to 45A were prepared by kneadi ng vari ous _
conponents (constituent materials) in mxing ratios
shown in Tables 2-A and 2-B using a three-rol
kneader, and then subjecting the sanme to a vacuum
defoami ng treatnment. [0247] 2. Manufacture of

withnieahiuctdie DetheeuBhent hesenpodhnact bryelevides (wer ethe

a d iR f | es and Conparative
oo e 6T pod B, nd' S R RO TS Hpr wafer
st&cked, asdhowa3dn Fits. whA @&nd zB]? tV\t)iﬁés‘Jt:]i ﬁQaﬁh_d second

waf er anely, _two 8-inch test wafers eac aving a
sefireRintlony Mty wn hbanal ofceathashothotogether
(s&tbh@oprovaters, fifty circuits 310 each having a size

of 20 M x 20 mmand a plurality of penetrating netal

(copper) electrodes 73 Through silicon via 311 were

[059%?Ed- [Qgﬂgh]IﬂekgisiﬁeQﬂ%iséﬂeiﬁ%éﬁ%{féypfﬁdtﬁgaébove
" HI 7A is a plan view show ng one 0 e circurts
pPrgeessof hed4 bn théessnicondunabervafefs sTBcksdabségt B0 is

' en_along . line A-A.in FL.G 7A. [0250 can
ol Ed B AT G e 54 8 BehacPalting oot th i e Aating
thel semeodeTh3$] pweideicRisO\d dashidorRdt & Wdiee F €8960408d Apody

o Dof the circuit 310 so as to extend through the
24éi??cﬁﬁowﬂa%%rF$%-aﬁ@hickness di rection thereof. For

the purpose of evaluating connection conductivity and
i nsul ation property, in the region A first to third
t er dishafissahdbedermbowpcohtie teeniwongudourt wafer bonded

r ghRa e_pravided s .to be connected to sone
bo%f ?%g Eéﬂgg%a ?ﬁgﬁﬁ%?afigp cﬁ?gaégjﬁﬁi't%r Qe ethods
fort hbend egy oseni ¢dmdugtoni wafhgrsi nes. I n the

[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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region B, fourth to ninth termnals were provided so
as to be connected to sone of the penetrating netal

el ectrodes 311 present in this region B through
wiring lines. Inthe region C, tenth to fifteenth
term nals were provided so as to be connected to sone
of the penetrating netal electrodes 311 present in
this region C through wiring lines. Further, in the
region D, sixteenth to twenty first term nals were

i ded a be connected to_sone of_the
[oggﬁZtratiﬁg] rﬁééﬁ’ elP8ct FBASSPIT T pr 838nt? i FUPRitEate) 30
havegygor Dritimygbatwetrnngld i pesvibadt s BAJalghed tshiBface
cnLo bg nq&ed t hat $n interval (a pitch) between the

GHF At P9 pPRTERT af ¥ nRT AELAPC ePRcE r BEST SUIfaEe Ghereof is

prgﬁﬁﬁéd}o é%@.pnﬁhéozééhiEHﬁHU@Eoras<§hﬁ%@_i@s&%%%oﬁ%ﬁctor

ectrical 74 conductors 312 for connécting sone o
elementsl) adBnerepaiaintaad mep nbhal istesprsdes Pl ithmeregh the

: [ a,kear surface 314 of the silicon wafer
i PEA R

Next, using a flip chip bonder, |ead-free
sol ders (having a conposition of Sn/3.5Ag, a nelting
point _of. 221C and a thernaﬁ expansi on coefficient of
22 %prﬁ%)lc uecacﬁrac%%lvjo%ea P uRep i?ﬁalmagujrﬁa&%lr?ﬁs Ry way
of etlsd Pfoddiesesi desORiWEE €450t @, such positions as to
make contact with the penetrating netal el ectrodes

311. The lead-free solders were tenporarily bonded to

[o£seh of tRecsihigon wmaf e_Eﬁeantdshérﬁ‘fébéd{P%]@&E eddte‘?ziléﬁ 10

refl ow treatment (by passing e sane through an
mapefaewppedhinethds B8nseconds dts gposwmitilmimo increase an

- r . 260C.and a _nmini num t enper at.ure :

1nﬁ§g%§ ﬁ%‘yy %%ﬁ%bggo,gft ﬁg‘el ESFHFEEY glotfer J\ﬁesrezo({)oﬁ%‘é\ﬂlded
inta sihegpenebrabgey merbbselreoidxndes PLbdLi®fOrfd meet a
de%%#gerfgynpﬁighA h%g%ggaaggt§acgn%pl%SEEPUQ% ué%fg% 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 1limited

thereto.
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[0253] -3A- Next, the bonding sheet of Sanple No. 1A
was attached to the functional surface 315 of each of
the silicon wafers with the sol der bunps using a
vacuum film | am nator ("MWLP-500/600-2A" produced by
Mei ki Co., Ltd.). [0254] In this regard, it is to be
noted that the attachnent of the bonding sheet to
each of the silicon wafers using the vacuumfilm

| am nat or was perfornmed under the treatnent

oo ti ong, of 1 0. d segands 0255].
Lo her , goghfe%gﬁgég’o?ﬂt hzo%nd?ﬁ% gl QIF ¢ 4Csrdh% bon is
diNectdd\ abt achexs¢ oiracshiah tée sinkileort wafter sembsSoA8uctor

wagm ?ﬁ Za 4A- Next \/\gsulcon wafers with the

ohdrhy “Efedt SBIALE n%%c?rh t REMAGEPEUSToLe s feTA. 220 are

bon@s@ pesidtioned trgetheino@ndrbRensb8APREAr séNiconductor
| am nat ed t hensel ves with alignnent using a press

waleichi e {R&/HALAFEIEY )inteuricpy l%r@@tlclwgl@e@ltmmto As
an“@ﬁ%@rﬁ%%g%@dé¥§ﬁbHén Ehhs J.eognd eé&%# 0; be; 0o ég tor
orari er s

hat the | am nation O e silicon

wafgxrs 2he mb(ﬁndlengstsamct Qvasapesrlﬁlg’h’efdflurmiersérhfconductor

t copdit 50C and 1.0 MPa. [0257] -5A-
w25t e SRR COIaFER | Shina: A bagy o gt aTRLEPTRIEEos

wafémsabD@ea@dOBESSmaﬁAbeMBSnH%@t&@délﬁértéﬂﬂ&HéHﬂHﬁEOf As
250C whi |l e kee g the state of the above process

aneyOer uf Esﬁaéa Xﬁd SFPIRESN | v r ELBESPnd kfE presheprductor
wafé® DPecoERd0.al MRy {&sSiaq EQ%E@BXdﬁQEgEn S%QENZZO may

bonds between the penetrating netal electrodes 31
be pherdat Fagehkerr tgppepHesr egisars ndndraf vtah@r bonded

r t 313 of
P B e b g e R TG0 warer
22Qi mpgoendfardddntoatteée bodyi amsduehent edfeat bb3ed Wody
24@01:}%@%&%115415; eby producing a silicon wafer

[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. Production of Bonding Sheet and Preparation of

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

identified Dbelow correspond to numbers of Examples (or

semiconductor devices) in which bonding sheets or bonding
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bonded body including a circuit bonded body 320 in

which two circuits 310 are electrically connected

toget her through the solidified products 313. [0258]

As described above, in each of the silicon wafers,

one of the penetrating netal electrodes 311 is

connected to anot her adjacent penetrating netal

el ectrode 311 through the electrical conductor 312.
layper épspetipp meseréetisngf hehpenespacthyeneample numbers

| ect.rodes 31 I ded.l ne.silicon wafer and the

a#%or%&?&dndingg%gég%#hti%éﬁﬁ%%alDﬂ%lecﬁ?odegoﬁi?Spongs to
Coppevatéedei Axtinplot hBr silicon wafer through 76 the

solidified products 313, as showmn in FIG 8, a

plurality of wiring lines 316 each conprised fromthe

[opeagtrating1mebabqakesbhodes s3hbidhenelect ri cal
conductors 312 and the solidified products 313 could

be formed in the circuit bonded body 320. [0259] In
thi sp Exail §o8S FHW 445 F1 G 9, the circuits 310

ﬁup] G
were forned on each of the silicon wafers so that the
first termnal of one of the circuits 310 and the

t we ourth termnal_of the_other_circuit 310 could
be ec%/réc%tr}q ngﬁ%, Sco?ﬁe%?r%%f? oﬁg?heﬁAt ﬁPogéﬁ PRESWPFPAYCced
byl tnes316ingnehudbng tbRpdRext28 (RonekriahicRd MBtakials) in

.electrodes 311 in the refion A of the circuit bonded
MiKLRY FBGLIoRurthe® ihelakleeulrd Fr0 Wt eliter nedl emomatic

hy826Ra®bohhN&ddd cop1vehier 8¢, Lhat ugth
ytern?na? of the one circuit 310 %ndt%{E?J§n¥%ﬁ1xylene’ an

esternPagedoforopaiect isel veintc g ucts19s couh ! bacetate or butyl
rical Ly ct t pge r. through the wiring
=cFFSE8LL 69 KO LA SRR D00 L LNtk LR acecone
orelmeithrodestBYl iketdrie rtegi ppeBasé thevernesht bondedding
y -yt th i Leui 310 were .forned
g8ty LIRS TORMEEPLEN Py B8 s PeRbaFadl Fepnish on
a tpohyeateof shecone anid cuiHeBlMm@ithd he&he varnish 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 weight 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.
1B’ were produced Dby 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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thirteenth termnal of the other circuit 310 could be

el ectrically connected together through the wiring

line 316 including the 28 x 28 penetrating netal

el ectrodes 311 in the region C of the circuit bonded

body 320. In addition, the circuits 310 were forned

on each of the silicon wafers so that the seventeenth

termnal of the circuit 310 and the nineteenth
Prepeh¢nal whrohehot ter bendénigt 8n@eto@Qim&;ion material),

ically e ther thro Wi rin
ap?#ﬁgﬁélg%eiH%f%@?ﬁ%&tﬁghgﬁgk 1ﬂnpene¥ra |ﬁ ®hetl and
themedrybd@stﬁélvarnhbheath@tﬁqﬁﬁéﬁﬁﬁdréeWM1@ml19fshb§ably
ne circuit. 310 t he tmentleth term nal of the

Segth%r %f?%h}%z%l CotPHVHRE - 77 el ectrical |y connected

together through the wiring line 316 including the 28

X 14 penetrating netal electrodes 311 in the region D

of thetdiereuian byreleRt beflye3gh. doopetientsShdNgxtin aBables

h prFl c
%n%%dgdBl %git éggf%feggnlb&a%eﬁjeb%%&edwg@l%t S(‘:%% on - a
total aamdanbheo i vheledompodmehhe. r especti ve regi ons (each
circuit portions) Ato D, thereby producing a
plurality of diced test chips 330 for conduction

[o2g@] uati on-2eachrbpyiagiensi 86 OBoAQi AY XL.APe M Formation
square. [0261] -7A- Next, using a flip chip bonder,

Matgtiefree sol ders (having a conposition of Sn/3. 5Ag,
a nelting point of 221C and a thermal expansion
coefficient of 22 ppmC) were placed on portions
cor rlEageddi Agst-o ke tcerddiMal s of the test chip 330
and tenporarily bonded thereto. Thereafter, the
| ead-free solders were subjected to a reflow
t r e®@ometing( bya passtagmhheosamatihiaugh andRd erﬁéeé\tlals)

or 6 econ at _a nmaxi num erature o
of JROE TS 0% T e ok F Shoie oe WECBY T8y FRedAedy parious
compamemhe teﬁbtﬁhu9n33&aMﬂiﬂHlHﬁeﬂnomlﬁlﬂ@|Héﬁios shown
n &a anrandB%—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

mm and a plurality of penetrating metal (copper) electrodes
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doing so, the termnals of the test chip 330 was boded
to the printed circuit board through the |ead-free
sol ders, thereby manufacturing a test package (or a
sem conductor device) of Exanple 1A [0262] In this
regard, it is to be noted that when the termnals of
the test chip 330 were bonded to the printed <circuit
board, the nutually opposed termnals included in the
Thyesyh chi pl 330 wez e3 Bl swerd ebormedl | y connect ed
together. [0263] Further, in this Exanple, twenty
sem conductor 78 devices provided with the test chips
[ 0389)] vvere Tmnuhast weegd rd,n itthi Ss PEOCBSS nmofAd UHatg Fatlr 7a
grou of five test chips 330, each group of which
lSoF‘| ﬁ&t&&?Woﬁ??%émge§ﬁécﬂﬁu$h?e§F6ﬁ§lASt@1@ foreq o

thé Eé;@m?!:8§ %Arke 34Al1d n Bachs of Bxammles A o dagkf’ér?l t?]long

t went en1conductor ‘devi ces were nmanufacture
liggnk- efI@s Th- Exanpl e 1A, except that each of the
bondi ng sheets of Sanple Nos. 2A to 34A was used in
pl ace of the bondi ng sheet of Sanple No. 1A in the
[02%0Ve pr OZEsSSaHSAe J3265]n [ Ex@nmple, 3248] 4 eExpapéerating
35A, 1went nduct or devi ces, were _ manuf act ured
mef Rl AR SR Er Rt PRIG n CERapr LAhaFoqiRns A
to aboye @M@Gﬁﬁﬁcuﬁﬁu3M@Ss§hﬂﬁgﬁg dcdhe £RLLO¥ANEhe silicon
rocess -3B-. [0266] -SB- Next, the bonding | ayer

WaERF Nk | Dt et Eiees AbFCChiRn et reaE. waEoBpphe eplitpose of
td onad 335 h [ r
e A e T i fled g LhEBTat ol lofbbeey,
infohren regiomdhdi hgrstayer om tdetefuinslonahd stwémce second

s to _be noted.

oz&%%gg t%lcr§egg£%Fm%HeiBonﬁ?ﬁ% |%§%Nl$é€akﬁggﬁﬁ 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. 1In 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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[0267] [Exanples 36A to 40A] In each of Exanples 36A

to 40A, twenty sem conductor devices were

manufactured in the sane manner as in Exanple 35A,
except that each of the bonding |layer formation 79
materials of Sanple Nos. 36A to 40A was used in place

of the bonding |ayer formation material of Sanple No.
35A in the above process -3B-. [0268] [Exanples 41A

congudb@ts| n3édch fufr Exaomest 444 t goABA, dfventlye adjacent

i conduct or. __.devj ces re ufactured i p.the sane
pelr%r%%nﬁaérl% Wté%an%jfeecué%s egggptweﬁ?atp’é%ﬁhd%‘? ORe @ rear
suboadénglt ayerthersatioon waterial s of Sanple Nos. 41A

to 45A was used in place of the bonding |ayer
formation material of Sanple No. 35A in the above

[oPsoFeESS -3Bn. @@Qt@hQRﬁHQF QO?QHBgé%ﬁ%ﬁﬁxggﬁ%ﬁhu%%%d—free

subjected to a heat treatnent at or
sobdlers (pAEiapovecprposdsioBB-ofs@rifnt5Ad, wasmalt bmgdpoint

t eac - .stage.cure (or. ate arily cure) to
Oftg%;egygﬁgeg <';1C%sehr§1 & e&?pal(xll'?el%n‘iﬁ % t C[%Z%%] ppm/°C)
wef€omlarcaid ven Exanphest ldnand s2AIfdde eath @ff cach of the

. arative Exanples 1A and 2A, twenty sem conductor
Slgggg%ega\;&ré ndhuf 3ck uPed 1A CPRe &k naker capfagt with

thgxaﬁ@ﬁ@tﬂﬁtiﬁgceﬁétéﬁatei@cEP@d§§5?3?1.CDgP?ﬁ@ti¥§%q—free

Exanpl e 1A, an ani sotropi c conductive fil " AC-
soLfQEecatensy FerrekprrChenikatded. ta t dafhwast usee imilicon

e f i t_o le No. 1A in the .

v Eh2E Sl bl LSRG ko PODLEe indfy ok gesins
th&xaapketRAough aaniBotreoficw coadnthéveoti lom (Sdodhkliat a
roduced by _Son enjcal s Corp.) was used in place
3% ‘f’ﬁeg%ﬁéfﬁﬁuﬁﬁeg} ?fé:o é@?% Rio PLPATUR theRgdsterre of
18pPOressBy3Aoingndol, hahet hR aahbaUR e HAOGRSS WRAe WaSnded to
thgnﬁgﬁggrating 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, it 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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[0270] [Exanple 1B] 80 -1C First, two silicon wafers

(nanely, two 8-inch test wafers each having a

t hi ckness of 60 pn) described in the above process

-1A- were prepared. [0271] -2C Next, the bonding

sheet of Sanple No. 1B was attached to the functiona

surface 315 of each of the silicon wafers using a

vacuum filmlam nator ("MLP- 500/ 600-2A" produced by
[03286ki co.74%1TdV§xt[oE¥2] il i9ps vehard, wiithi $heo bending

shéE%@doEQQKné@eﬁna%E%CQﬁﬁﬂkaoérgggsgonghngﬁ%ﬁ%ﬁqéﬁﬁtioned

each of the silicon wafers using the vacu

todehgrat orndastlper f bempdranddy ldeinateat mehemselves with

condi tions_of 100C,_ 0.8 MPa and 30 10273
al]lfﬁ}r?%}ét% , T ckhedE GE° ¢t H‘éa%%rd‘? ngﬁg\ﬁgﬂ?f%@ )S!an'pﬁl'léer eby
prd¥ucihty ad techietbrt argmah ofadbed shddgon wafers was 40

pm [0274] -3C Next, two silicon wafers with the
bondi ng sheets obtained in the above process -2C

wer g nposirionegeqd Qget her, and then Lam pated tg%%t@efthe
using a conpression nachine ("280ASB- M)0O1" produced
tengormmpkibha IMsdatiiosn Cof, thed. pilthenebyapeoducvigha the

oA B SIS Lot o

of With° ¢ hendbanddl Mps.heets was perforned under the
treatment conditions of 160C and 2.0 MPa. [0275] -4C
Next, the silicon wafer | am nated body obtained in

[028T] above- paocast,3Ctnaas skapteonn Hheest af SmPhatie pody
above process -3C- for 10 m nutes, thereby producing a

ObERAIRGG | cbh vidtRr ARAtRed RIS ovidhd wath aedteditto a
terodded, rbody 33@-knwhiveh fﬂ&cﬁﬁéssﬁégem%gethe above

el ectrically connected together” through solidified
prqﬂQﬁﬁKngﬂjgnqﬁanged 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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nolten 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 sanme manner as described in Exanple 1A

Specifically, as shown in FIG 9, the circuits 310

were fornmed on each of the silicon wafers so that the

first termnal of one of the circuits 310 and the
thewepeyidbliedh terodnatsof3iBe oahershoiwncuit 3F0GcouBd a

PiPERELEGLUESRATIEHS] 9581 ety Mguah 4l WiLns,,,

peptecht ngsmddl i aléberoegs oBLA, oththeleetreubll bendedtors
ody 320. Further, the circuits 310 were forned on
312a ﬁ éoi

BhdofPEnECLE AR IMBFEAYCSS tHat GHeld def t hormed in the

citeat NnBbn@iqtBedpngzgircuit 310 and the fifth term na
of the other circuit 310 could be electrically

connected together through the wiring |ine 316

| udi ng+t he X etragin al .ele ode
[Ogggiin th%hregﬁgﬁ ng?mgﬁg' c?%cu??ggéndég bgéé'Sng the
ciFguiber dbPepetree frimed ten 3d8chweife ther ned roreachfro©fs so

the, sili.con fers so that the _twelfth term nal of
th?ﬂetgﬁef&FFEn?Fr§i5agn8QtH?ﬁtﬂ@t%ﬂﬁn?ﬁr?%%?ﬁn%}oo?nd the
tweheyotrbartai radindl0 epukbebelact Ehcalbhly 3a0NN&GIRYH pe

toget her through the wiring line 316 including the 28

elgcbuipehby reerRegchedafoarlrer otlesosah thet Heriegi bhne 316
in@iu&bﬁgckﬁgub% hpnﬂgdpgﬂg¥r§ggnﬁlgfﬁ%hltéfgbtfggés 311 in

circuifs 310 were forned on eac e silicon wafers
theoreghan RAhefséhentcdesui tt draridead oddy ha2@i r cButtB3dD, the

- .1 he in enth termnal _of the other.circuit 310
Clgggf‘%gbél elwgcrt%r irkfzoa "feyc[ con n%%?%dogo g'tehesrlltthoéhg‘fﬁg SO
thatrithg |icnert3l6ternihudi rf t e 28ne 14i penet r 3LoNGind the

82 while the ei

£ fEbAL RLRGHOSS, 311y0c 02 WILE LIE BN CRILT, foina oo
eléetnivallpfcoheeot bertepecikt BHPoGON! €hbewiring 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. 1In 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 eighteenth terminal of the one circuit 310 and

the twentieth terminal of the other circuit 310 could be
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el ectrically connected together through the wring

line 316 including the 28 x 14 penetrating netal

el ectrodes 311 in the region D of the circuit bonded

body 320. [0276] -5C 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) Ato D,
elepbrépyl by oderhpgtad poaetherytbiodigbetheewtiréhgp3iBfan316

- dugti ' h _havi ' 10 .
i L 28 S oL b AR SR N e Fradas oIl in
théondegion| Badfftiee cSotdet sbbhavdngodyconposi tion of

Sn/ 3.5Ag, a nelting point of 221C and a therma
expansi on coefficient of 22 ppmC) were placed on

[0Pe0]ions conrespondi ngst oshBEnt ef M kales ofg thed est royit
chip 330 and tenporarily bonded thereto. Thereafteér,

bopfied| Bagyf Ped siidlerdedwie §bbj edtldgaro waferfbowled body
wab! BRLERNGC e AA9Sh004L 0P8RS ) MRl ALLLRLETE ¥egions

machi ne for seconds at a nmaxi mu
(e2e0C canduat m ponuimhehpekat tve Df 18BErebp apsbaheing a

hat.the _test chjip 330 was nted on pri nt ed _
o LY b af i ody 250 e e, JoheToEr RPRAREESPN: AELagtion
eachi PaB38fg Wass bpaded 10 mhhe poimhedqgGhreuit board
through the | ead-free solders, thus manufacturing a
test package (or a sem conductor device) of Exanple

(03611 [0278}7AD Waice T qaargh &t chgpt hai . uher
the termnals of the tég% chip §38*§§}391§%E%d %g&?hgree
sopdens edhatinguit coomositibe mft Bi/l3. Poposedne brimgapsint

or EhuSdins BT A iAot st ULl o
weExappbkeedt wantposeimeondbict @spod@vhgesoprind deskmiiddn s of
ke Aest i S3douer g rEuLagtuneds ) 0 SR P OES S e
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 solders,

thereby manufacturing a test package (or a semiconductor

device) of Example 1A.

[0262] In this regard, it is 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.

[0263] Further, in this Example, twenty semiconductor
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330, each group of which originates fromthe

respective regions Ato D [0280] [Exanples 2B to

21B] In each of Exanples 2B to 21B, twenty

sem conductor devices were manufactured in the sane

manner as in Exanple 1B, except that each of the

bondi ng sheets of Sanple Nos. 2B to 21B was used in

pl ace of the bonding sheet of Sanple No. 1B in the
dewbove provédsd- #Cth [t0281]edtCompapat 3ye ExasphantBhckred
inCopparative EXQﬂQL? 1B, t nt sem conductor devi ces

wePg SRR SEEESur e 7 i s s s nﬁﬁﬁgpsa§qr¢¥&%nﬁF§t chips

33ClB eextepyroipt dthewhosdi rg-shgeitof Sappl e, r%@ ective
used in place of the bonding sheet of Sanple ﬁo

reiEPPﬁ he® Bbove process -2C. [0282] [Conparative
Exanpl es 2B and 3B] I n each of Conparative Exanples 2B
and 3B, twenty seniconductor devices were

[026AUf act ulBHainpleRe2Bahe AAAder as in Exanple 1B
except that in the case of Conparative Exanple 2B, an
ani sotropi ¢ conductive film ("AC 200" produced by

Hi t dohiefhtenbEalExGmplelst A was uggd dwerdt @C8em@bohhBctor
q bondi ng sheet of Sangle No. 1B in the above process
SVIEES WRIFeMPRUCACTEASE 4P Elifpatalts veaB&ihmMe BB, Edample

1APB4eRBbpet KORKC CNHUSE | VRe | bb?&h(fhép?s%%%*ﬁ"s %Pdé*&ﬁﬁlé’yms
Sony Chemicals Corp.) was used pl ace of
2Ab6ﬁd|36@ YREetiseH lSamilae@el\ka 1‘4316? rbcpmraaao;vree@t ogEsSample

No: 2{x - lgogﬁg]ag d§ gatlion Jhermal cycle tests were

conduct ed one ed cycle 'tinmes. In each cycle
tinme, every tmenty sem conductor devices obtained in

respective a s and the respective
[o%gﬁbaratl E 8&% gEA re mai ntained at -55C

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 um.
[0267] [Examples 36A to 40A]
In each of Examples 36A to 40A, twenty semiconductor

devices were manufactured in the same manner as in Example

35A, except that each of the bonding layer formation
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for 30 mnutes and at 125C for 30 m nutes in an

al ternating manner. [0284] Thereafter, with respect to

the sem conductor devices of the respective Exanpl es

and the respective Conparative Exanpl es which have

undergone the thermal cycle tests, conduction of the

test chips 330 was checked by applying a voltage of

5V between the termnals of the test chips 330 using
magegpadacriforbamulteerNo§ 0285R It t4h0s wegamnded hen place of

0 n.hetween the . first and ty fourth
th%e%%%%%hg vy SEh e T+ ?e@ﬁ@gflﬂﬁ Ehéaé‘lé’rﬁecd\lfduc@%@ in
thdewboes proweded-sBth the test chips 330 originating

fromthe region A of the circuit bonded body 320. The

conducti on between the fourth and fifth termnals was

[ogbsgked i ppkespeet @fiat R gemjconductor devices
provi ded aﬁth ?he test chips éSO originating fromthe

region B of the circuit bonded body 320. The

con t t he twel fth d thirteenth .
terggﬁ %éﬂhaggcﬁggwgé 54 edifec thersenTeBhagregEtor
dedevesewepeomadeﬁamtuheﬂh&nt&He 53Mdﬁméﬁﬁéﬁﬁé§|DﬁtEQSmple
The

romthe regi.on C of the circuit bonded body 320.
35%bnd%%??% q@FﬂéeﬁﬁFﬂb Sdverft€enPrnd 859anéaﬁ?ﬁeté@nmhtlon

materfabal srangriphe apssluchh/n thetawen, L he sspxt; %e%#]ace of

and twentieth term nals were checked 1 n respect
the heosgrngordyetort avitlean pravedial woth Stam@lteesNo ch%s in

3 [ fr t he gi the circu
T DR | ey P P e el nd awsan was
subjecbﬁ@atgtavbeaExampbeaenthets@mﬂﬂﬂﬁhnﬂgﬂ MEVh €S after

(A if all of

termned t ood qual it
th¥E£§?9§ YOSem co uc?%r %Ev%%qga%e? CHPUe? eBeaqinea B-
sts@al conduchor adevmpesaweney detsr r‘HonQﬁqetrQakﬁﬁ ]ieneppoé)rshape
ofqﬁ'ﬁé'ktagnéBx)lg {a onI y one of the

[0269] [Comparative Examples 1A and 23]

In each of Comparative Examples 1A and 2R, 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 -5A- was omitted.

[0270] [Example 1B]
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twenty sem conductor devices was not conducted. [0287]
In this regard, it is to be noted that the term
"conduct ed" used herein nmeans that a resistance val ue
between the termnals is snmaller than 80 0, while the
term "not conducted" neans that the resistance val ue
between the termnals is equal to or greater than 80
0. [0288] In addition, with respect to the

sem conduct or devices provided with the test chips

330 _qi f.rom e regio of the circuit ,

bondgg bogggég Wesuf 3 a ToR" & %ﬁe t(ﬂ@mﬁg}’acetl’ﬂo 8-inch
tesvi:rwagets ne3cwa3a@hlﬁgked thsiokgelse o Cormughy OB §€851188d in
th ab is to say, insulation between the wring |ine

18P RBRNRERFRTS t HEA S eVRFR RFEPRER@- ni net eent h

tern1na|s together and the wiring |line 316 connecti ng

sixteenth and twentieth term nals together was

W%E%bked [ 0289] NR##ite stp}mbonaung shestd a¢f oSabefleedlv. 1B

¢h ent.h d th a was checked
wap "L LKLAERLT ) ARKENGEN [ad FEILD0AT "0 A OF the
silhcom atwafebet V\lﬁsmgt hee mi@m@ggtmmd lmméedfigzgg]‘navw—
S was.che t he same manner
50(# @% of PESNPT éo%%e’e}a]chc%f Corfpat ati ve Exanpl es,
t he sen1conductor devices were determned to be in
%ood quality (A if all of the five sem conductor
[02%%] ces wER e Ghisul &£6@rdThelserdiscoh@uchor rddedeshner ethe
at@stghanned st oLhe i RAMN, d Y {B) cbfpon e of,1;
the five sem conductor de%?%éé ﬁég ﬁét |ﬁ£%l§3§d.Slllcon
wafep9i1psipgt hhe vegand, filimi 3 afmd niae orotveds thet fdimeed Qimder

N " Ase here|n h si stance val ue
th%e‘?ﬁ%éeﬁﬁ%gt C?er}c?ﬁ Far's |s§§gtgbsé géogil %?eaea"i”e atfacnyls .
x 109 Q while the term"not insul ated" used herein

s th the reS|stance val ue between the term nals
thickness of the bonding sheet of

mal | ef "
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 proddcing a
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1.0 x 109 Q Results of these evaluations are shown in

the followng Tables 1-Ato 1-C, 2-A 2-B, 3-A 3-B

and 4. [0292] [Table 1-A] 87 k,-1 OO0 In OI1(1 Wr-I

NIinNU) NLr) 14 -1 kONU NNUO LOLO 01 N

[l NLfF1 04 NL WNONLNL ~ NIL) NNLONIT)

NLNNLQLO -, V\LONto NONg W NU NInNNgL
N N Id)N140404L WH N a N N cog U

Slla}con uya'f&rb bcrrqﬂeﬂ opdy aprgviged 4yigd @ acireuitaponded

bo@y 0 in 4hicdh Lewwd Ni@elNcdl WV @hre 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 1line 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 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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the region D of the circuit bonded body 320.

[0276] -5C- 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.

[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)
werelplaced on portions corresponding to the terminals of
the test <chip 330 and temporarily bonded 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 bonded to
the printed circuit board through the lead-free solders,
thus manufacturing a test package (or a semiconductor

device) of Example 1B.

[0278] In this regard, it is 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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G"0 00 zrG NUWi Hi OmT) Mw:3 F1 El a) 4J a)
Ua) a) 88 *1. "YL-6954" is produced by Japan Epoxy
resins Co., Ltd. *2: "Epiclon840S" is a liquid bis A
type epoxy resin having an epoxy equival ent of 180
and produced by Daini ppon ink and chem cals,

I ncorporated. *3: "PR-53647" is a resin having a
softening point of 95C and an OH equi val ent of 104
and produced by Sumitono Bakelite Co., Ltd. *4 and

b d" .and " Phepol hali.n" .are r oduced
0279 ivo CHERTEhi fquatiy EaerBiea Osud “pelbretiieor
deﬁléﬁ589ro@ﬂd&%lWhimltNeoNeéUthﬂaé 33G)Wété)ﬁbhhfédtﬁked
.-%NU Wx1lf | ~ U ,OJ%) OI0 OWMWNNGOCNN 10
inFplp PIREESY 40~ U5ERdvTORF 19104RF €64 BYE S ghins
330 1eldchn édip- 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 lB]

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 film (“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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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 circuit bonded body
320. The conduction between the fourth and fifth terminals
was checked 1in 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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[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) if only one of the

twenty semiconductor devices was not conducted.

[0287] In this regard, it is to be noted that the term
“conducted” wused herein means that a resistance value
between the terminals is 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 Dbetween 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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havi ng an epoxy equival ent of 180 and produced by
Dai ni ppon ink and chem cals, Incorporated. *3:
"NC6000" is a solid three functional epoxy resin
having a softeni ng point of 60C and produced by N ppon
Kayaku Co., Ltd. *4: "PR-53647" is a resin having a
sof t eni ng p0|nt of 95C and an OH equi val ent of 104

- and produced by Sumi tono Bakelite Co., Ltd. *5:

samePHZnP@t.i s 2- phenyl - 4, 5- dlhydroxynethyl i m dazol e
and produced by Shi koku Chemi cal s Corporation. *6:
"2PAVHZ" is 2-phenyl - 4- net hyl - 5- hydr oxyi m dazol e and

[opvoduced by Shhkekw Chemaep) 1eCobpar abhOR. 37 Comparative
"CGentistic aC|d"_|s roduced by M dori Kagaku Co.,
Exppglesg. ths, §9 Fevpesauserebydgokymined to be

: hnChgprgal t L 9 T

in %Hb&aNquOAO \rlgl:*l &"fN Bgl [Qg 4% %\I % s)%Lr\}%JOr%Ll)ctor
deM}LCEﬁ lWery dpsNlateda 1- FHE{) stmc@nMuL:th( +c)e<71d:e£r were
CERR R S Bk B Ll Pk e S o

fi@eOshimffonductor devices was not insulated.

[0291] 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°
Q, 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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*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.

[0293] [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 produced by Dainippon
ink and chemicals, Incorporated.

*3: “NC6000” 1is a solid three functional epoxy resin
having a softening point of 60°C and produced by Nippon
Kayaku Co., Ltd.

*4: “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.

*5: “2PHZ-PW” is 2-phenyl-4, 5-dihydroxymethyl
imidazole and produced by Shikoku Chemicals Corporation.

*6: “2P4MHZ” 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.

[0294] [Table 1-C]
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*3: "PR-HF-3" is a resin having a softening point of

80C and an OH equi val ent of 105 and produced by

Sum tonmo Bakelite Co., Ltd. *4: "2P4AMZ" is produced

by Shi koku Chem cals Corporation. *5 and *7: " Sebacic
acid" and "Phenol phthalin” are produced by Tokyo

Chem cal Industry Co., Ltd. *6: "Gentistic acid" is
produced by M dori Kagaku Co. Ltd. *8: "CTBN100O8SP"

i's ProduAEEF By UTEIRBRIUStFF ed, 30t diol ¥ dutydBvagngkate s— 30

moBf EPRYY s¢loneand BEofypedaly ) shi Pyl gﬁgﬁr},ﬁék having

s an aromatic secC
a raed el daneciamd pf odu@ePby Shin- Etsu Chem cal Co.,

Ve e e fog Ple %R M duda gabe! aydvag ) gDety resin

haﬁh@ghhp epok@ equiwd 1Nnm o M0 iamt Opk&Hud¥MN By 0DBthippon
00 k OfOcn NL W} r4a Orl YNOOOOOO
ln}ann‘R/l Mot LECOrRPTILedD OWC- NmO ri NNf"1

N 43N Q60007 is a solid three functional epoxy resin
having a softening point of 60°C and produced by Nippon
Kayaku Co., Ltd.

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

*5: Y“RE-304S” is a 1liquid bis F type epoxy resin
having an epoxy equivalent of 170 and produced by Nippon
Kayaku Co., Ltd.

*6: “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.

*7: “PR-HF-3” 1s 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 acid” is produced by Midori Kagaku Co.,
Ltd.

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

*12: Y“KBM-573” 1s an aromatic secondary aminosilane

and produced by Shin-Etsu Chemical Co., Ltd.
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QOU OOHONH 8 9 17 .' 0 a) a) 4 4J0 4-3U~ 0 ~ 14 N >

010 ro0 GOG 10) MN'~ OQUgqUuo 10-,- NO) N Url

Hl HlJmr, C) HCDNa) a) 4 .Ca)Nb>m EU .0

y..) 96 *1: "EXA-830LVP" is a resin having an epoxy

equi val ent of 165 and produced by Dai ni ppon ink and

chem cal s, Incorporated. *2: "NC3000" is a solid epoxy

resin having an epoxy equivalent of 272 and produced

by hﬁ*ﬂxﬂﬁXﬁnﬁﬁ@LYRf idta. res8n HAPIME" ahsepordueqdibylent
em cal s S? %prat on., *4: "Gentistic acid"

|s psodﬁB d By °fPGE NgaliP (BhtPPOY ¢ ¢k 5. an@heﬁB?mlcalsr

In@@tﬁ@ia tedis produced by Tokyo Chemical Industry Co.
Ltd. *6: "CTBNlOOSSP" i's Eroduced by Ube Industries,
Lt d.” 2 7:NCIEN 403E" 3 sSanlEpSRp= Iaﬁél@n@aﬁp@@u@"d epoxy

eqB¥va BbhH- £¥5?7£h§ﬂ&0§io&ﬁbadL$ débpr§§§%§zg cbS, kg,

aromati ¢ secondary am nosi | ane an ed by
Shi A=Ft sIPReHEM Yal i€o0a, desdin *BaviBESA" sdt&ﬁnly'ig point of

80€@|5850|¥F(ﬁ9e58 §v§TQn€r %ucfngXnd produced by Sumitomo

Bakelite Co., Ltd.
*4 . “2P4MZ” is produced by Shikoku Chemicals

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

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

*8: “CTBN10O0O8SP” is produced by Ube Industries, Ltd.

*9: “KBM-403E” is 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.
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NNHNOOONT -I i tof+) 0) to[''") to N.-1 Lf
U OLoOwri InvIOt: O0owOIn NNri NOO
inNU NN O +) O0Om N~Ob x x xroN+J mNa
roa0000044U0O00 Ha) r) U O-Hmrrl d) >1
MNIT UL I Nrl ri 41 -~A1Yyw F r1 Ni QNry HO
~NNN~tD1~mO~r~a r-' al DI Q.snlrl x X
X {~~# Wdto ~Jri i'~1 111>15+UVU00)

§E~ 0*14>)1 jE %‘9%3)@85’" va (DG%oC‘T&ir h)é‘)‘(’g)“ z?u%an_ Epoxy
equavelent rofl1463C bh@(ﬂbﬁﬁﬁuﬁe&ihb%IODalnlppon 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” 1is 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.

*9: “BCSA” is butyl cellosolve acetate and produced by
Tokyo Chemical Industry Co., Ltd.
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98 *1: " (Meth) acrylic resin" is a 30 nol % butyl
acrylate 30 nol%ethyl acrylate - 40 nol % .
acrylonitrile copolyner having a nol ecul ar wei ght of
850, 000. *2: "Epoxy resin" is a mxture of 2-[4-(2,3-
epoxypropoxy) phenyl]-2-[4-[1, 1-bis[4-(2, 3-
epoxypropoxy)phenyl] et hyl] phenyl] propane and
1, 3- b| [ .
1[4 2, GgoRadpsky I ptoRy | 514 4 ekt (Busyl acrylate
- 990ﬁ%ﬁﬁ @%ﬁ@ﬂﬂﬁ%W|% égnEtQ§] 5§$ygér§E8H¥£Llle <Sppolymer

phenoxy] - 2 propano resin" 1s a
haﬁb@@l@kmmyﬁmﬂbmnxwergstrpfh&BOn@OG sof t eni ng p0|nt of

80C,*4: JEpoxy resin" s a liquid bis F type ep
resi K hadﬁg %n EpoxXy’ equi Val ¢ht 8PY§? *5Rf v p eﬁér (2,3-

epmmw@&é¢0xyﬁpwEm¢§]n2hgw+pg,a_§9§[$n|@g3 poi nt of 100C
and an OH equi val ent of 104. *6:_ "Sol der powder" is
ep%’&‘&]ﬁ‘?lf?ﬁbé)of) ot b @?@HAQSE}Phe%}’lbyPﬁQ@@ﬁ@ 2m@| Ly Agbis[4-
n o) éﬁgg%, aFk | er sl 35 pm
110?4 2So‘T3 der o%d%%?%%ﬁgtfl tgt fe%l ﬂom§a%§2%n/ 58Bi
ep@ﬁYEWO@@KNXQh%Dﬁ%]tlrmﬁthwhi o¢ti@BC apdeaplavepagaoxy]-2-
£le size of 20 pm *8: "Sol der powder"” is
pr %E%séltuted froma 42Sn/58Bi alloy having a nelting

poi rt3 oﬁE@&&@ arech iart amemag@re@@Itm@ﬁ@lakzeypé dBoRM resin
*Q: "So omder" C nségtuted froma 48Sn/ 52l n
ha%&?%yah% %e??+%b %g §¢ ©f 118C and an average

par tidgl e 5 A8y Ofe$dnPMis[ Q298] gl l@bbes3+Blt 3k RGO resin
haéaébréncégéxy equivalent of 170.

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

*6: "“Solder powder” is 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/58Bi
alloy having a melting point of 138°C and an average
particle size of 12 um.

*9: "Solder powder” 1is constituted from a 48Sn/52In
alloy having a melting point of 118°C and an average

particle size of 35 um. -
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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 225°C.

*3: “Phenoxy resin” is a resin having bisphenol A
chemical structures, and a number average molecular weight
of 30,000.

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

*5: “Phenoxy resin” is 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] phenyl] propane and 1,3-bis[4-
[1-[4-(2,3-epoxypropoxy)phenyl]-1-[4-[1-[4-(2, 3-
epoxypropoxy)phenyl]-1l-methyl] ethyl] phenyl] phenoxy]-2-
propanol.

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

*8: “Epoxy resin” 1is 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 42Sn/58Bi

alloy having a melting point of 138°C and an average
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butyl acrylate - 30 nol % ethyl acrylate - 40 nol %
acrylonitrile copolymer having a nol ecul ar wei ght of
850, 000. *2: "Polyvinyl butyral resin" is a resin
having a polynerization degree of 1,700, an
acetyl ation degree of 3
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nmol % or | ess, a butyralation degree of 65 nol % or
nore, and a flow softening point of 225C *3:
"Phenoxy resin” is a resin having bi sphenol A

chem cal structures, and a nunber average nol ecul ar
wei ght of 30,000. *4: "Phenoxy resin” is a resin
havi ng bi sphenol F chem cal structures, and a wei ght
aver age nol ecul ar wei ght of 50,000. *5: "Phenoxy
resin” is a resin having fluorene chem ca
structures, and a wei ght average nol ecul ar wei ght of
50, 000. *6: "Epoxy resin" is a mxture of 2-[4-(2, 3-
epoxypropoxy) phenyl]-2-[4-[I,|-bis[4-(2, 3-
epoxypropoxy) phenyl] ethyl] phenyl] propane and

1, 3-bi s[ 4-

[1-T4-(2 3-epoxypropaxy) phenyl]-1-[4-[1-[4-(2, 3-

epggypropoxy)whsnyl]-l-Tethyl et hyl ]| phenyl ]
Aoxy]'- 2- | pr opairlal'. | 7| " [Epem® e n™ i |
pdrefoxy] propanagl . : P resfn™ ijs a creso
e ak—typeeppxy restihRavi-rg—a—s i ng poi nt of
g9 *8:, "Epoexy| riegi,n’, | s A | 4\6%{@}}},3 F|type epoxy
r&8iin  havi ng|anh lepoxy equilvaP&nt|rof 170] *9: " Epoxy
nesiin® los a[hi&lld ‘b_{lsn@,tcy%e EPOXY]TESI M having an
egﬁﬁy equi vakeat - lof| ~18D |~ UL SeRhehod | goyol ak” is a
resiln h&vi ng¥a softlenihd (1o nt | of° 100€ and an OH
equival ent aof | 104 [*11: 6§pldﬁr pawder” s constituted
firBm a 42Sn/|58B allgy'ggfing a [Be| tii ng| poi nt of 138C
an¥l an avergge | 10k pénfgcile |5izglof (35 pm [ 0299]
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*2: “Epoxy resin” is a mixture of 2-[4-(2,3-
epoxypropoxy)phenylj-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]-l-methyl] ethyl] phenyl] phenoxy]-2-
propanol. |

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

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

*5: “Phenol novolak” is 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.

[0300] 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 1lines in all of the semiconductor
devices of the respective Examples. 1In contrast, insulation

was not ensured between the adjacent wiring lines in 100% of
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thea etaUUaEEdHmedkd9331BamﬁleSO)4sémbb@n@ucﬂoﬁ detices) of

C°‘5%'i§i‘ge%i§?%9tﬂe%l Bty r FUFORES T nERIGHOR pps mot

enﬁhB@dGbveHHnHtHHXb&ﬂacéﬁ$@bB}ﬂﬁ?YUhﬁe%eﬁkﬁ 40 St @ @@O° of
nol % but acrylate 30 nnl@bethy acrylate - 40 nol
thscr%/‘f%w%/ teq IfrePamRaging aermaq:@@w@tome.cgemmﬁs of

CoRplr900ve ™ @xam Q§ylée§ n3 F'S a mxture of 2-[4-(2,3-
epoxypr opoxy) phenyl | 1-bis[4-(2, 3-
epoxypr opoxy) phenyl ] ethyl] phenyl] propane and
[0§0§]b's[4This 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, 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.

[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- [4- (2, 3-epoxypropoxy) phenyl] -1- [4- [1- [4-
(2, 3- epoxypropoxy)phenyl]-1-nethyl] ethyl] phenyl]
phenoxy] -2- propanol. *3: "Epoxy resin" is a creso
novol ak type epoxy resin having a softening point of
80C. *4: "Epoxy resin" is a liquid bis F type epoxy
resin having an epoxy equivalent of 170. *5: "Pheno
novol ak” is a resin having a softening point of 100C
compelchhomHoetweenl ehe cbhnhedtors pdrSdlater. poldes "mesns that
0 i ed froma 42Sn/58Bi  _al havi ng_a, nel ting
th%oﬁﬁéségg1%%%?%Eﬁo%nl%v%?§ﬁ%trb%#f%c?%p%%gﬁb%?‘35 pm
[0300] As shown in Tables 1-Ato 1-C, 2-A, 2-B, 3-A
3-B and 4, good conduction was recognized in all of
the sem conductor devices of the respective Exanples.
In contrast, conduction was not recogni zed in 60% of
the eval uated package sanpl es (senm conductor devices)
of Conparative Exanples 1A and 2A. Further
conduction was not recognized in 100% of the
eval uat ed package sanples (sem conductor devices) of
Conparative Exanples 1B to 3B. [0301] In addition,
good insul ati on was ensured between the adjacent
wiring lines in all of the sem conductor devices of
the respective Exanples. In contrast, insulation was
not ensured between the adjacent wiring lines in 100%
of 104 the eval uated package sanpl es (sem conduct or
devi ces) of Conparative Exanples | A and 2A. Further
i nsul ati on was not ensured between the adjacent
wiring lines in 40 to 100% of the eval uated package
sanpl es (sem conductor devices) of Conparative
Exanples 1B to 3B. [0302] This makes it clear that
el ectrical connection
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can be stably nade between the penetrating netal

el ectrodes (connector portions) in the sem conductor

el enents of the sem conductor devices of the present

i nvention. | NDUSTRI AL APPLI CABI LI TY [ 0303] According

to the present invention, it is possible to stably

performel ectrical connection between connector

portions provided in sem conductor wafers stacked,

t hereby producing a seni ces®IM8or wafer bonded body in

whi ch the sem conductor wafers are bonded toget her

through a bonding layer. Further, in the case where
WHEDNEY i LrefEDrai®ri al s of the bonding | ayer contain

sol der powder, the connector portions can be

el ectrically connected together wi thout having to
1. form seltded tf@&p@omthe SeANRBEURIC tRA tagRs sOf rising:

sem conductor wafers. [0304] Furthernore, a plurality

of SenfebRHURIACEST eRént RTRRAAr bR efd i dil&mit] ysemiconductor

ufs y.digi b m duct qr far,
B daa o 5 oducatl T BU0 PAdari aaa it pautdifey of
fipessi bbeneotprnuftactiimsa sependimact ahrdeghce the first
V] with the sem conductor elenents havin

Ser@%%%%‘ﬁg@%%orr elwiaafh ity i% ?ﬁécg%éﬁri%ﬁec‘i o' thereof and
haecomgmectivorthienaden sthefseanectiate poehens. Jhis mEANSecond

that _the present jnventjon is industrially

SEMICPRAURIQF YRR W R IRRTE | SETE AP WEFRFS, 4. Phurality of

sedBhA00- &0k e bosdi sebeoOndiiet Of g YRE er 8nrSOGRT | $h89: second
a first process of preparing a first sem conductor

Sem@@@@q¢¢&9¥KﬂWﬂ§e§ fﬁﬁcﬁiQﬁhpcgﬂﬁﬁécedhhﬁctﬂ@ﬂlﬂﬁﬂangpf and
ha?i;r}%{ IfeSt CORPESLOT Y Qﬂﬁse)gr?&]d'angp}.@fé)fgpyt N& 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 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 melting and

solidifying the solder bumps while curing the thermosetting
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sem conductor wafer in a thickness direction thereof

and having functional surface side ends, and a second

sem conductor wafer including a rear surface, a

plurality of second connector portions extending

t hrough the second sem conductor wafer in a thickness

direction thereof and having rear surface side ends

and a plurality of solder bunps connected to the rear
re%umfa@éegﬁ@@ anusiugfinchea s eeovid onciomtect ora frar t bondedabody

nse r Ss-of _|nterposi a bondi.ng | aye

coﬁ?gg%Pnggg fFogs gctlvgngﬁggﬁg §§§gfo§ﬁd énd the second

conhectoset borgionesi mras constttilentlyat eshakstther @@fgether
between the first sem conductor wafer and the secon

theaipRonddtsi idgider BRAGUGHS t i Gt d ehenB¥| varelifing  and

soi H9RYER §QetQ§1déPeb£M$§tlona| surface side ends of
the.first connector portions correspond to the sol der

bunps connected to the rear surface S|de ends of the

Sec%@ﬁeﬁﬁﬂﬂﬁﬁioé pgig%ﬁgée&% gjgﬁn mhlch %%n tpgtbondlng

semconduct or waf ef™ s
lageni tonfoched waf the asecbhe peocedssey1Qﬁndupb@ﬁn@aﬁeﬁllm—
and, a process o

are tacked to her hird
sn8hea, BRETRES RSt ehratei Be' haroronSfitRencoBayeriags of
théhbekaeag dikeet perwkber eofe W } &t hgé\;hw&ndu&te% LBakr and
the first sem conductor wafer and the second

the chfeonduteBE CoRd et @F evafREBd t oget her by nelting and
solidifying the solder bunps while curing the
thernosetting 107 resin, thereby producing a

3. semTdendugtiord was ecldbmedd ibodyl aiim Wwhiwte tdren f thet bonding

nect rtlons and the second connector rtlon
lai?% Egeg{Fﬁ%a J%H%e%?%anﬁogéPESF tﬁﬁwﬁﬁﬁ%§£ liquid
mas@tidlfcedt@tmﬁm@tSh@b&amaeﬂtbynﬁehbtaglams of the bonding
SO|IdIf%#n9 t he sol de The_. et hod as cl ai ned

lay%rc?gl ﬁﬁ%r%?ﬁ ?ﬁ Q%%ngpﬁatlonal surface of the first

semiconductor wafer 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 plurality of solder bumps connected to the
functional surface ends of the first connector portions

thereof.

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 is

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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| ayer is fornmed in the second process by interposing a
film shaped bondi ng sheet containing the constituent
materials of the bonding | ayer between the first
sem conductor wafer and the second sem conduct or
wafer. 3. The nmethod as clained in claim1, wherein
the bonding layer is formed in the second process by
applying a liquid material containing the constituent
ispanethal sanfet hé Bohdi AG0 hmyer on at | east one of the
functional surface of the first sem conductor wafer
and the rear surface of the second sem conductor
7.waf erhe 4. mdteodret hed asacGha@idedid n €laiom 11, WhgheirRin  the
the first sem conductor wafer prepared in the first

COBPbLERENF uPRhEFial fclfddd % PPUHANY t Y2 BT sSMgéPeBuFesPrise

a cangctRdntiad hered pmct b%a%lal%q&?aC%@nd§ gkt heor{éfsaf a
connect or portl ons t her eof he nmet hO as cl ai ned

(mpRhepEFMAC wWheERI nawhbBANhEAt keginaaddcenppréysmngdet hesin.
sem conduct or wafer stacked body in the third
process, the curing of the thernosetting resinis
8.coniiret enkttiddras helaahdar ibunpisaave, belesrseht ele ®onding
The net hod ?ﬁ clained in cga|n11 wherein a thickness

1a¥eri REShENFhd | BYePSFhY t h8aSerditc FrRftCE USRS BR eFidedion-

trbadyd 468pks pMaEBeaEaﬁgéoﬁ%eg 021480 rdBLucLiohN8ate of 708
met hod as clained in claim wherein the constituent

OrmEIE i al Pt PRENGOAGTAGT Ser af wiritececonprthe oxidation-
trEthHfQBBbQQ pests Qﬂat@h@hn@eQB l%ﬂﬁg g@%dogo a reduction

(meth)acrylic resin phenoxy r dsion
treatinant &t Théoﬁfét Hod asnel aiimedtd nigl dhe latm:epleene, the

bondi. has suc erty_that
coﬁgguce %nB%X| c§l tr ed qﬁacgﬁﬁg plﬁ?%r%?eﬁt%appgy the
fomdeEngedqahtDﬁnrate of 70% or nor e, when bei ng
forned %ﬂ:aoﬁgééa%%d%kt12$1ogldgtug?_ = {1 - (oxygen atom
concentration after reduction treatment) / (oxygen atom

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

S. 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 thereof 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 interposing a bonding layer
containing a flux-active curing agent, a thermosetting resin

and solder powder as constituent materials thereof between
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treated copper plate and then being subjected to a
reduction treatnment at 230C for one minute in the
at nosphere, the copper oxide reduction rate being
represented by the follow ng equation (I): copper
oxi de reduction rate (%9 = {1 - (oxygen atom
concentration after reduction treatnent) / (oxygen
atom concentration after oxidation treatnment)} x 100
the fifmsf. seEmigametdwbf owabendiang sﬂnicsedunﬁg&ewatemﬁuctor
ri.sing...a first process of preparing a first
Waggﬁfggﬁdgg 6quﬁ%q%'%ﬁﬁﬂﬁ?'ﬁﬁf d%f c?ib%%?e%ErFacéﬁat the
fuaotianpl usakfhyeobidbi ealisCOANEEEOK iRk IOM$ % LENHRE i ons
t hrough the first sem conductor wafer in a thickness
coHF?éengn thetdSf BRAT haF FRCS urfdtdeongndsur hcechd deecond
n nd ] - waf er .Lne '
e e o ET Iy bR e o “SAERLE DBy varer
stpekedohsdexiandidght Heughi tdte sembmdndsenbngndﬁetoand the
ok i ss_direction thereof an avin
se?@é? ggﬁ*g%%§%§§£§e§ g§raaggcgﬁacg?gcgggegper, an

i nt er posimy Erdel Ngf | ayepre €M @i BhBgsamfikbdXaaetbY¥ewarfer
a thernosetting resin and sol der powder

st §8kedRBHT L eI 1ot e 1t WebATS2B9wRRGE. heat ing
itfigst tagp WU§EQ%tW&Ei@&%ﬁ@€o§eWﬁér§e%8°%t QL cond

waf er and positioning thenselves with alli nment so
sephapndpet o unefieghak rsurfiated sitdgeshds obyt heelftiimsy solder

0 [ 0 rrespnd t r.ear- surface
pag?ggfgadéfggﬁ%ﬁegéég%%dFﬁbonnec%gg %%PﬁﬁgganﬁhgﬁgﬁymOlten
so pdeducan iacsswi caywhsdaredvaftert westrac ke bcfd)gsrtn vbheBctor
e first sem conductor wafer and the secaong ,
pobEEoRntie: EhenarePns: cUhsaosr R TS Sl EWFiRg the
therocesst Dig Cﬂé@fﬁssfﬂgiélbﬁ §g8&ﬁ@ﬂﬂ§céﬁﬁeiﬂ@€f§ﬁ%g}:or wafer
stacked body in a thickness direction thereof while
bo%‘é‘ﬁ i ﬁﬁdyi tlyfbo“r’]lﬂh%‘il Fﬁl@ fi¥sit sSeAREBREDEL AOTkdPEs AR the

setdied SecIMhector 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 fhe 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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sem conductor wafer are fixed together by nelting

sol der particles of the solder powder and solidifying

the nolten solder particles aggregated between the

first connector portions and the second connect or

portions while curing the thernosetting resin,

t hereby produci ng a sem conductor wafer bonded body

in which the first connector portions and the second

connector portions are electrically connected

t og e r soli.dified products obtained b )
1250l ? iléf @eﬁtgmg#%% rrctcajﬁlgdr?dso r%je?f?farptgtl ‘égeﬁﬁb?eﬁ%‘?%dheatlng
and Ocorpee set hodthe eclaimeddugtolraivaidr WMieI@idd th®dy in the
thbo din | ayer Fs forned in the second process by . ,

Tt ePPOSETT 7 a FREmCShdPed FBonBlRg ShRELOIRFE D Fgsin is
cortiphe iS4 f £ ahe N hdTBE ST d e A det %a@%&éﬁ%né?%@é.

between the first sem conductor wafer an t he second

sem conductor wafer. 11. The nethod as clained in

cl aipm.9 it [ I r4s.forned in the
lBéecgﬁg EF%@%&g y gg%ﬁ&?%gfg F%%é%ﬂgﬁﬂﬂQﬁﬁ%in £ tifckness
of cone abendgnghéagenstint tart swtisrdradwctfr thef bonsbmg@ed body
. on_at | east. one the functional surface of the
lsflla%/s he ST orifuct or° \Aﬁoerm%md the rear surface of the

second sem conductor wafer. 110 12. The nethod as
1 claiged in claim9, wherein when heating and
4 conpREsTRhE Oth & Ss Eiadaeduditorc e s tetesaesii thadly damount of
thd Ngo14&t r foRBREE IS thAGBUTI NG 19, EgﬁdgmgrﬁgﬁgktHgg in the

resin is conpleted after the sol der powder has been
rangg t efl. 293 toThS frepabdtis abyclvwe gt /i nba$ad npf, 1Wlermints by

[ f ndi | ayer _in_the seniconducto
we%ﬁégr&%ﬁﬁ%t%od%}#@?@gi%t & r%%%%tjo‘fu%n)? JO RO Pt S 19l£. the
borfhiengretehorr eeskalwaiired tihe daida®, povbesei n an anount of

t he sol der powder contained in the bonding layer is in
the range of 20 to 250 parts by weight, based on 100
15 par Thebyethod 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, wherein the flux-
active curing agent has at least one of a carboxyl group and

a phenolic hydroxyl group.

17. The method as claimed in claim 1, wherein the

thermosetting resin comprises an epoxy resin.

18. 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 in which a plurality of
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wei ght of a total anpunt of the constituent materials

of the bonding |ayer excluding the sol der powder. 15.

The nmethod as clained in claim9, wherein in the case

where the bonding |ayer has a thickness of 100 pm a

melt wviscosity at 138C thereof is in the range of

0.01 to 10,000 Pa-s. 16. The nethod as clained in

claim1, wherein the flux- active curing agent has at
eatkasirenétoox td@misoxgte giogpeandn &hshehoh¢eldyat oxyprface
or OEQUPe; A2: Jhe: pBifod: 35 GLaLped in claim 1, wherein

t he ernsetting resin conprises an epoxy resin. 18.

A netildchof ort hmnfaacitagridig- o sematadudbatida@vi bedy in  a

conprising the _processes of. preparing.a sem conductor,
COTET S OBRA TE08Y BroHaBed' By Re feblod et HodPRytions,
th&t&abyn sepArWbieh anel WedlildondRict okl lvaGh Kdhdd tbody into

portions are formed on the functional surface of the _
a PLP5eliEHi €6nGERLGPNRECELT ¢ IENRY tshevidehi Hamdaeehr circuit

bo d body in a corresponding relationship

po%?{ﬁﬁ?hegggch circuit portions, thereby separating

t he meamitdogductioe wafieedbonsieni botyudtiio  alphenalsityon a
Suggtsggiconductor elenents with the each circuit

ortf oRs; and nmounting the diced sem conductor

P
el ements on a substrate. 112
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