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1 SPECI FI CATI ON SEM CONDUCTOR DEVI CE 5 TECHNI CAL FI ELD [ 0001]
The present invention relates to a sem conductor device. 10
BACKGROUND ART [ 0002] Mul tipl eichip technol ogy is devel oped
under the requirenents of downsizing, weight-reduction, and
per f or mance- enhancenent for el ectronic equi pnments. Enhancenents of
performances are achieved 15 by organizing a plurality of
sem conductor elenents into a sem conductor device of a single
package conformation, and/or by reducing area for installing the
el enents on an el ectroni c equi pment, and/or by utilizing shorter
i nterconnect distances between SEEQEEICRBIG®N conductor el enments
(see, for exanple, 20 Patent Docunents 1, 2 and 3). [0003]
Conventionally, a junction between a sem conductor elenment and a | ead
termnal of a lead frane is generally forned of a gold wire (see, for
exanpl e, paragraph 0015 of $¥§§Oﬁiﬁhﬂﬁﬁﬂ93§¥CE25ln addi ti on,
conventional ly, encapsul ations for sem conductor devices such as
inPegrated circuits, diodes, transistors and the |ike are forned
mainly with cured products of

TECHNICAL FIELD
{0001]
The present invention relates to a semiconductor device.
10 BACKGROUND ART
[0002]

Multiple-chip technology is developed under the requirements
of downsizing, weight-reduction, and performance-enhancement for
electronic equipments. Enhancements of performances are achieved

15 by organizing a plurality of semiconductor elements into a
semiconductor device of a single package conformation, and/or by
reducing area for installing the elements on an electronic
equipment, and/or by utilizing shorter interconnect distances
between respective semiconductor elements (see, for example,

20 Patent Documents 1, 2 and 3).

[0003]

Conventionally, a junction between a semiconductor element
and a lead terminal of a lead frame is generally formed of a gold
wire (see, for example, paragraph 0015 of Patent Document 3).

25 In addition, conventionally, encapsulations for
semiconductor devices such as integrated circuits, diodes,

transistors and the like are formed mainiy with cured products of



2 epoxy resin conpositions for encapsul ati ng sem conductor devi ces.
In particular, an epoxy resin conposition for encapsul ating

sem conduct or device, which contain af epoxy resin, a phenolic

resi n-based curing agent, and an inorganic filler, and exhibits 5
better thermal resistance and hum dity resistance, is enployed for
integrated circuits. In recent years, requirenents for epoxy resin
conpositions for encapsul ati ng sem conductor chips, which are

enpl oyerbsforresricapeubati hyose ni o rdusiren Lelkéneg nssmi gprowi aiglry desdore .
nmore severe, under a situation where the |level of the 10 integration
of t hells @ATIGRIlEror 28] BROAY srefia) iqeresdsdoyeder yngarmulatd nghe
surface npuntability of sem conductor devices is increased. [0004] An
appllc%&W%ﬁPQQ¥Qtﬁé defieandiitidr Pnkade aRpPBYRNgrasinmia Dieacdhrp
technol ogy is one of the solutions for such severe requirenents.
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10 integration of the semiconductor elements are increased year by
year and the surface mountability of semiconductor devices is
increased.

[0004]
An application to the semiconductor device employing

15 multiple-chip technology is one of the solutions for such severe
requirements. Devices of the multiple-chip type, which
particularly includes stacked layers of semiconductor elements,
has a current path that is narrowly complicated, and therefore
fluidization of the epoxy resin composition for encapsulating

20 semiconductor chips in the molding process are considerably
limited. Thus, a problem of poor filling of the epoxy resin

composition for encapsulating semiconductor chips is generated.

RELATED DOCUMENTS
25 PATENT DOCUMENTS
[0005]

PATENT DOCUMENT 1: Japanese Patent Laid-Open No. 2005-340,766



5 DI SCLOSURE OF | NVENTI ON SUMVARY OF THE | NVENTI ON [ PROBLEMS TO BE
SCLVED BY THE | NVENTI ON] [ 0006] The present invention is to provide a
sem conduct or device 10 with inproved3reliability, which exhibits

reduced generation of poor filling of an epoxy resin conposition for
encapsul ating a sem conductor chip. BRI EF SUMVARY OF THE | NVENTI ON
15[ 0007] The present inventions are as follows. [1] A

sem conductor device, wherein two or nore sem conductor elenents are
st ackeHARBMTI mNIMENT 2 :| dadahesereRattdhe Lledd-DpaneNos 200 @108, 5i3dal |y
joined to the sem conductor elenent with a wire, and the

sem coRNTRNDrDEIEARIT 3:t Hepaneee dfatent élaédt-Ppenj Noct2 @ -ar3d, 486
encapsul ated with a cured product of an epoxy resin conposition for
encapst BT h PEEMEEGh ducVaparess Rataitteleid-Preneloxy2tEsilpl, 866
conposition for encapsul ati ng sem conduct or device contains (A) an 25
epoxy resin; (B) a curing agent; and (C) an inorganic filler, and
wherein the (C inor%anic filler contains particles having particle
di t BFSHO O JNYFENEREN| er than two-thirds of a 4 thinnest

{;iled56ﬁﬁfgp%i$T%E %m&ﬁﬁ$18§ equal to or higher than 99.9 % by nass.

[PROBLEMS TO BE SOLVED BY THE INVENTION]
[0006]
The present invention is to provide a semiconductor device
10 with improved reliability, which exhibits reduced generation of
poor filling of an epoxy resin composition for encapsulating a

semiconductor chip.

BRIEF SUMMARY CF THE INVENTION
15 [0007]
The present inventions are as follows.
[1]
A semiconductor device, wherein two or more semiconductor
elements are stacked and mount on a lead frame, the lead frame is
20 electrically joined to the semiconductor element with a wire, and
the semiconductor element, the wire and an electric junction are
encapsulated with a cured product of an epoxy resin composition
for encapsulating semiconductor device, wherein the epoxy resin
composition for encapsulating semiconductor device contains (A) an
25 epoxy resin; (B) a curing agent; and {(C) an inorganic filler, and
wherein the (C) inorganic filler contains particles having

particle diameter of equal to or smaller than two-thirds of a



The sem conduct or device according to [1], wherein the 5

sem conductor el enents are stacked to provide an air gap, and the air
gap is filled with the cured product af the epoxy resin conposition
for encapsul ati ng sem conductor device to constitute a filled section
having the thinnest filled thickness. [3] 10The sem conductor device
according to [2], wherein the thinnest thickness of the air gap

bet ween the sem conductor el enent and the sem conductor el enment or

t he ai thjapedetiiddred bisenesonaiuct aratel edertjuahdteo her |leaghdr man
along the stack direction is equivalent to the thinnest filled

t hi ckn®8s% ¥8fwimass.  The seni conductor device according to any one
of [1] to [3],wherein the wire is a copper wire. [5] The

sem cohdluct or device according to any one of [1] to [4], 20 wherein

t he sem conductor elenents are stacked to be nount _on the | ead frane
through a spHterSerEG@NANEFer ndehEcs QCqarsriganice 1Lt evheimimitis
particl es, havin parﬁi cle dianeter of equal to,or smal|er than

t wo- t hPFHCPFUFETt FLERRRES 2Fe t?rFeaC(ji%’céP RECEIAGt 1 H e fifdr £§dofhe

naher A 9D St ety 83 Olireg oroMIEETY ESSOMLEY etiee,
com & Q5nt S, BeL e d B E AL BB PESE 050,80 e
sem copdicl OTs LI 9URNhaBYng £5Y SHRIEG9185 HE- WS . Bl 8]

[3]

10 The semiconductor device according to [2], wherein the
thinnest thickness of the air gap between the semiconductor
element and the semiconductor element or the air gap between the
semiconductor element and the lead frame along the stack direction
is equivalent to the thinnest filled thickness.

15 [41]

The semiconductor device according to any one of [1] to
[3],wherein the wire is a copper wire.
(3]

The semiconductor device according to any one of [1] to [4],

20 wherein the semiconductor elements are stacked to be mount on the
lead frame through a spacer, and wherein the (C) inorganic filler
contains particles having particle diameter of equal to or smaller
than two-thirds of the thickness of the spacer at a rate of equal
to or higher than 99.9 % by mass.

25 [6]

The semiconductor device according to any one of [1] to

f5],wherein the (C) inorganic filler contains silica.



The sem conduct or device according to [4], wherein purity of copper
in the copper wire is equal to or higher than 99.99 % by mass. [9]
10The sem conductor device according 6o [4] or [8], wherein the
copper wire includes a coating |layer on the surface, the coating

| ayer being conposed of a netallic material containing palladium

[ 10] 15The sem conductor device according to [9], wherein the

t hi ckness of the coating layer is equal to or larger than 0.001 pm
and eqlidl to or smaller than 0.02 pm [11] The

sem conductor device according to [5], wherein the 20 thickness of

t he spacer |iBhedeiicondyetpyr geviehar@miingmtandngqere @b Orl $wal | er
than 0.2 mm ADVANTAGEQUS EFFECT OF THE | NVENTI ON [ 0008] 25According
t o t heldkeddeim st iead hrawen kvd@atsicady ceoimed faphsved
reliability, which exhibits reduced generation of poor filling of an
epoxy FERGPEBIFGS FLEMERbroR Rt IPIALES REREiNg QEnt® bk -or chip,
can be[gftained. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0009]

The semiconductor device according to [4], wherein purity of
copper in the copper wire is equal to or higher than 99.99 % by
mass.

(9]

10 The semiconductor device according to [4] or [8], wherein
the copper wire includes a coating layer on the surface, the
coating layer being composed of a metallic material containing
palladium.

[10]

15 The semiconductor device according to [9], wherein the
thickness of the ccocating layer is equal to or larger than 0.001 um
and equal to or smaller than 0.02 um.

[11]

The semiconductor device according to [5}, wherein the

20  thickness of the spacer is equal to or larger than 0.01 mm and

equal to or smaller than 0.2 mm.

ADVANTAGECUS EFFECT OF THE INVENTION
[0008]

25 According to the present invention, a semiconductor device
with improved reliability, which exhibits reduced generation of

poor filling of an epoxy resin composition for encapsulating a



5The above and ot her objects, advantages and features of the present
invention wll be nore apparent fromthe foll ow ng description of
certain preferred enbodi nents taken i@ conjunction wth the
acconpanying drawings. [Fig. 1] 10It is a diagram illustrating a
cross-sectional structure of an exanple of a sem conductor device
according to the present invention. [Fig. 2] It is a
diagram illustrating a cross-sectional structure of 15 an exanpl e of
a sem sUNdrIdIctgey coepacear dvegeitainissl.pr esent i nventi on.
DESCRI PTI ON OF EMBODI MENTS [ 0010] 20Sem conduct or devi ces of the
present invention will be described in detail below. A sem conductor
deV|ce of the Eresent invention is a sem conductor device, in which

two orBHidre 5Rdalt BF %ﬂ@wﬁﬁﬂ@?ﬂﬁse stacked and installed to a
| ead f the lead frame is electrically joined to the
sem co or elenent 25 with a wire, and the seniconductor el enent ,

h i I d d
dﬁ“c{eo?” 0 BT a0 B ST G VBRERPSEI T P SO RduERS

deV|ce relad cg%dlg Lo th resent %nventl 'M@%J? he .e oxy
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an epq %@tﬁﬁe(ﬁk e fLLI NG, ﬁae?ree'lt ecfa%%bgglmgg‘% 21]9 ﬂ' i% fc'o'n' Ghot 204

in whic I'norganic fi ontal ns par

particgl qjgt%%pégeo %ﬁﬁgy@§ &fééyéggﬂaller t han two- th!rds of the

t hi nnes t hi ss"at ar of equal to or higher than 99.9 %
by nasgﬁégnq_mhlch exhibits an inproved reliability, which allows
reduced generatlon of poor filling of an epoxy resin conposition for

engapsul ati ng qssarru@aggahﬁt of1 GhitrathOfgeapeebb¥esé SRIANLS sMrhlktle of
described in detai
an example of a semiconductor device according to the present
invention.
[Fig. 2]
It is a diagram, illustrating a cross-sectional structure of

15 an example of a semiconductor device according to the present

invention.

DESCRIPTION OF EMBODIMENTS
[0010]

20 Semiconductor devices of the present invention will be
described in detail below. A semiconductor device of the present
invention i1s a semicconductor device, in which two or more
semiconductor elements are stacked and installed to a lead frame,
the lead frame is electrically joined to the semiconductor element

25 with a wire, and the semiconductor element, the wire and an
electric junction are encapsulated with a cured product of an

epoxy resin composition for encapsulating semiconductor device



[ 0011] First of all, descriptions on wires enployed for the
sem conductor device of the present invention will be nade. Awre is
enpl oyed for electrically coupling a ffead franme wwth a 15

sem conductor elenent installed on the lead frame. In the field of
sem conductor elenents, fine pitch of pads and reduced w re di aneter
are required in order to provide inproved density of elenents, and
nore specifically, a wire dianmeter of equal to or smaller than 30 pm
and norecerdifrer dlgl yhef peqaaht t tneentsinal,| en 20ithabh@Sepmy sesdqui r ed.
The wire is not particularly limted to any specific wire, and for
exanpl @ompasitsiosr dbar gbrapselabmaisenjelondughoni dew ce oppdrinsodpér an
alloy and the like. In addition, the wire preferably contains copper
as a MUY eIt Ut 2 Fﬁrw%v@-q)erntpr@wﬂm k¢ Betieergania rffidler, and
characteri stl cs _and_reduced 25 costs. [0012] 8 device of the present
i nventi®r Jﬁ*bf&aﬁh? hBST ARG efjcilllér%Fé’PtéﬁnéqB%¥t%%l%?r h&¥dfPer t han
30 _gm and referably of equal to or imal | er than 25 ¢ nd aI o)
has a R ﬁ@f‘-‘é‘r@tﬁff g u%‘Hu?Jo & Arargetlerahhas G- Sré’%

i o O BRI g RSP VBAC KBRS g & G OF! BGUSE TR UG TR
Feducelr 18 b Wodgs ot S TR iy o EnErefpfer el gy Plicn
ot pat L1 0 Ay Ceeneaara 1 Sf SRR Tatng "G Mty BRI OF !¢
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agdi tion of pvariQusvkypeatltesheMcale Qie%@?c%éd( ﬂHp@é'Ealll%él%vﬁopper
general ly allows attenpted stabilization of the shape in the side of

the bafdomt) the tip of the copper wire in the joining process, an
addition of a large quantity of a dopant at a rate of |arger than

0.01 % by mesisd¥r @duees, i aeseaseh iiay dressreb eRpLOAd Sectten in the
creation of the wire junction to create a damage to 20 the side of

t he elsatiedeiuypadri detrhee semMm tondueisentc Ainpehticausel defeaiagiesuch as
deterioration of reliability in the noisture resistance due to the
i nsuf fwicteenits jempdbyed, fdetetecrmidadl yokosipdiagea cheadiclimmimes iichab
hi gh tenperature, increased electrical resistivity and the like. On
t Re commmigrondugteseecbemantopperaliede on the lead frame. 1In the field
of semiconductor elements, fine pitch of pads and reduced wire
diameter are required in order to provide improved density of
elements, and more specifically, a wire diameter of equal to or
smaller than 30 um, and more preferably of equal to or smaller
20  than 25 pym is reguired. The wire is not particularly limited to
any specific wire, and for example, it is preferable to contain
gold, aluminum, copper, copper alloy and the like. In addition,
the wire preferably contains copper as a major constituent, in
view of providing better electric characteristics and reduced
25 costs.

[0012]

The copper wire, which can be employed for the semiconductor



25 of copper purity of equal to or higher than 99.99 % by nass

provi des sufficiently flexible ball section, and therefore there is
no threat to cause danage to the sidegof the pad in the 9 creation
of the junction. In addition to above, a dopant such as Ba, Ca, Sr,
Be, Al or rare earth netals and the |ike nmay be doped to copper which
conposes a core line at a concentration of, for exanple, 0.001 to
0.003 % by mass in the copper wire applicable 5 for the sem conductor
devi cedefitdenPrigsenmireseneninvent tompr @ucdercivpyoes s hape afidvetetrable
and inproved strength in the junction. [0014] Wil e the copper
wire aegqoality qmw siad lpretban 3hventarch mogenprefenalbyl ¢ eqmpl to or
particul ar configuration, it may preferably 10 include a cover |ayer
conpos&rabien tHaraldd gmpaebdialsedmsianivigepdipagtem @h advals dof ace.
Such cover |ayer preferably cover at |east the entire surface of the
tip of lRRECEJEFET WA ME-i nSHER FRHIR B oWan @AY Eeing et ks whepeeps
the entire surface_ of the whole copper wire. This allows providing

st abl etRaRREL bt FESpAEP 25 Bhe tIRPRIYp e ke PERBEYS WiiRE V& t hat
i roved coupling .reliabili of the junction is achieved. Further
s pF O T A0 BHeBhLER (RHICHGN pr Q0cAIR AL o di%omeel §8 kye

t he oxidization of the copper osing the core line to provid
PR du

i npr oveF AT g e Er &1 Gr B15E of %t e PstF fﬁdtWﬁfﬁlﬁﬂ?FPoﬁpe to

20[ 001 . e The thickn f the.cover. | ayer conposed of the
met al li?%:e et lrc%lay %gntté%nf:g eprglvflarcﬁ ul%sie'rglift'he copper w re according
to the[ f§Fnt invention is preferably 0.001 to 0.02 gm and nore

preferably 0.005 to 0.015 gm (hereinafter, the nuneral range "a to 25

b* o epr eSe“tmilf@%H@E%gpggf&%ﬁ%n%eﬂ@b@f tol Tht Bralend NGl ok 15

When the thickness 1s | ve-descri bed upper Ti

COppern&@fmsﬂi%lta!}QP(CQEﬁifé@F .@pq.sf :ﬁ&de!f%trﬁbhiactgaé&{ﬂa?ﬂn %%fpﬁeg:gatlg

as a coating materi al contal ning pall'adl um are not sufficien

el t edrafe tde afu=e BeN8iNE;i ghOEeSsn \M@F@Erl padsticofingd afy & $hapesef

the ball, such that there is a threat for deteriorated noisture
resi st amg enddfe tdre fewrabll iyo8qgaal etar igakedthhgho b eaperatdl ¢ass.

storage characteristics. On the other hand, when the thickness is
smal | ewhilararn keicdhdve- déseatbads [towers bifMchemtles Bréamadriten (yppbhe)
oxi di zation of copper in the core |line cannot be sufficiently
prieventedzompah denatrallhgr el iowsiattemdteda sthbeat zdoiordetferiher ahege in
noi sture resi stance of the junction and deteriorated high
the side of the ball at the tip of the copper wire in the joining
process, an addition of a large quantity of a dopant at a rate of
larger than 0.01 % by mass produces increased hardness of the ball
section in the creation of the wire junction to create a damage to
20 the side of the electrode pad in the semiconductor chip to cause
defects such as deterioration of reliability in the moisture
resistance due to the insufficient juncture, deterioration of
storage characteristic at high temperature, increased electrical
resistivity and the like. ©On the contrary, a use of a copper wire
25 of copper purity of equal to or higher than 99.99 % by mass

provides sufficiently flexible ball section, and therefore there

is no threat to cause damage to the side of the pad in the



10 tenperature storage characteristics. [0016] The copper wire
according to the present invention is obtained by a process, in which
copper alloy is cast in a snelting fuenace, the ingot thereof is
rolled with a roller, and further, a 15 drawi ng process is conducted
by using a die, and the wire is heated while being continually swept,
and thereafter, a thermal processing is conducted to obtain the
copper wire. Further, the cover |ayer according to the present

i nventtueattion e ftdrenddnbyien pr obessidiftnonhitehahoviér ea Idppang such as
targeted dianeter is prepared in 20 advance, and the wire is i mersed
in an BedadolSti @esogétPénr%%ﬁnQﬂﬁﬁhngwﬁéﬂﬁaéndntb@ bike may be doped
non-el ectrol ytic solution and continually swept to be plated. In such
case, theEEWMRIK HELENOFOTRESeDVRICALR) dingcebr 8i AgNER L e §dmt for

i nventi on can be adjusted the sweep . .rate. Meanwhil e, another

pr ocesTIEN- e Oer@%llofrgdg' 95%2?3 RN iMSFSa 1 FBSnGOPRYT tHH Sk SPPLHEAPE Re

target_is prepared, and the wire is. i rsed ip an electrolytic |
SoPUL I S I SR CBPABEFOF yITE Colh (6 BRASEBht + RUSIT AP REpP=E83A8r m
a cover_layer nd further, the.wire is drawn until . .

o edet RS aane: BF' PE oyt ‘fbeored SERMAR Bgoipnrkien-
conpos'é?f%F for encapsul ati ng sem conduct or devi ces enpl oyed for
senicoL uct'or devices of the 5 present invention will be descri bed.

The epoxy rqﬁyq£§q5g0§5F599 &f{e%ﬂﬁﬁﬂ§ﬂhgtEBQE§82%£8§QH9H9bé%%{5?§}sa

according to the present I nvention contarns ( epoxy resin,

cur i NGy &gernty; 1ad t()C}m?g%éf‘@icﬂﬂerC Joh!f'ileﬁra'tﬂof@hi £6 thdy Jradegaph ¢

filler contains partic having particle di anmeter of "equal to of

shal | efndhae 10 dovert hJL-l%éL@ &mdd irngeabrhiti edndthiclNessnabiaingt e

of equal to or higher than 99.9 % by mass. Respective constituents of
the epsaayl dcEisi op0RBESELEPicd OF RRGARSWeR! I Age f O SRNHIRO oY 68
according to the present invention will be described bel ow. [0018]

151 n tlhensmpatye easinecsapiscd i they tepcapsuhat ¢hgpeemicenductae
device according to the present invention, (A) epoxy resin can be
enpl oypthet(idn,t hedepoxy pesferagdneraivieysi hbtudesiat | suffamenoffethe

ol i goner and pol ymer having two or nore epoxy group in a single

mol ecuttarle amppetri wérehe Tinleallawswpirghtidand steb 29 siwipecwifathe ball
structure are not particularly limted, such epoxy resin includes,

f b exanpihe tdioy ofakheneceprixywinssi 30 $heh aspbhdpe sdurdgony resins,

bi sphenol  epoxy resins, stilbene epoxy resins and
reliability of the junction is achieved. Further, this provides

an advantageous effect for preventing deterioration by the

oxidization of the copper composing the core line to provide

improved high temperature storage characteristic of the junction.
20 [0015]

The thickness of the cover layer composed of the metallic
material containing palladium in the copper wire according to the
present invention is preferably 0.001 to 0.02 pm, and more
preferably 0.005 to 0.015 um (hereinafter, the numeral range "a to

25 b" represents that upper limit b and lower limit a are included.).
When the thickness is larger than the above-described upper limit,

copper composing the core line and the metallic material serving



the |ike; novol ac epoxy resins such as phenol novol ac epoxy resins,
creosol novol ac epoxy resins and the |ike; polyfunctional epoxy 25
resins such as triphenol nethane epoxyoresins, alkyl-nodified

tri phenol nethane epoxy resins and the |ike; aral kyl epoxy resins
such as phenol aral kyl epoxy resins having phenyl ene backbone, 12
phenol aral kyl epoxy resins having bi phenyl ene backbone and the |ike;
napht hol epoxy resin such as di hydroxynapht hal ene epoxy resins, epoxy
r esi nsashr aboridi gy metthaipl yeogt aimisrs refl 1ddhydr axy naphthd fHod enit il
glycidyl ether, and the |ike; triazine 5 nucleus-containing epoxy
resi nsTeliced da tmegwéEdppndmm whdabal¢gls to unstable shape
di gl yci dyl i socyanurate and the |ike; and bridged cycllc

hydr oc®F beir Rsdilii SYcBhERaF ERss fedi kirsaenhias deteriorated moisture
di cycl opent adi ene- ﬁDglfled henol epoxy resins and the |ike, and

t hese Qﬁﬁmqué CalBnet by |%ﬂ@aQQSF§98FaEe€o%%ﬁ?nﬁﬁmﬂ?nﬁﬁuFﬁo 10

nore t her eof e th

fonI%ﬁ?’Eﬁg‘? %%FQFA%LSH%SMOCP% o PR EFES ﬁnffis ' Jn Tna F?)&F&PP?S is
| t ed ef b to.b t th 30

over | titelest HBCLEer B rt Tttt gty ﬂgé%%‘iﬁa%ﬁ 13% B3°%he
ﬁﬁrecﬁ%‘rj&éﬁaﬁl% ! BT BEREE L% dE HLARPALaLOV SR ke RIdah o1 O

fornmul eschL e 5ok h(é%aﬁhfh Lgﬁ%@gﬁiakﬁgag @#féﬁf‘fgyadeterlorated

above- ed range provi or causin

br eak r%a%éﬁea%s&%&sﬂé@dof'@9&8}%1%& LA mﬂoggtéw&aﬁfga 'h%ghhe upper

limt of the fornmulation rate of € epoxy resin’is not

papt i cglrgdd va third ts%eragé eﬁaﬁﬁ@fl%%%sto be equal to or |ower than
20 % by mass over the Wwhol e epoxy resin conposition for encapsul ating

sem copgluigjor devi ce according to the present invention, and it is
nore 25 preferable to be equal to or |ower than 18 % by mass. The

upper |imt THe tdwppker wikat detordiey afo AR bheskhpl enepedsbn esi n
wi thin the above-described range provides reduced threats for causing
obtained by a process, in which copper alloy is cast in a smelting
furnace, the ingot thereof is rolled with a roller, and further, a
15 drawing process is conducted by using a die, and the wire is
heated while being continually swept, and thereafter, a thermal
processing is conducted to obtain the copper wire. Further, the
cover layer according to the present invention can be formed by a
process, in which a wire having a targeted diameter is prepared in
20 advance, and the wire is immersed in an electrolytic solution
containing palladium or a non-electrolytic solution and
continually swept to be plated. In such case, the thickness of
the cover layer according to the present invention can be adjusted
by the sweep rate. Meanwhile, another process can be employed, in
25 which a wire having thicker than the target is prepared, and the

wire is immersed in an electrolytic solution or a non-electrolytic

solution and continually swept to form a cover layer, and further,



13 deterioration of reliability in the noisture resistance due to

i ncreased water absorption and the like. [0020] In the epoxy resin
conposition for encapsul ating 5 sem conduct or device according to the
present invention, (B) curing agent can be enpl oyed. (B) the curing
agents can be classified into three types including, for exanple,
curing agents of polyaddition type, curing agents of catalyst type,
and curing agents of condensation type. 10[0021] (B) the curing
agent dfie polneaddi dramnt ypeil ypirmddatanminedediaheterxanpiaaialedphat i ¢
pol yam nes such as diethylene triamne (DETA), triethylene tetram ne
(TETA) [O%etla- xyl yl ene di amine (MXDA) and the |ike; polyam ne
conpounds such as aromati c_pol yam nes 15 i ncl udi ng di am nodi phenyl

met hane (EI»Wex%nﬁﬁﬁﬁyléﬁéapaﬁ@mﬁp§¥ﬂﬂgﬁﬁ f@ﬁaﬁﬂﬁéﬁﬁ%h%ﬁyﬂ%ulphone
(DDS) and the like, and in addjtion dicyandi am de (D CY), organic
acid d$?W&ﬁQ%ﬂq$§9raﬁﬁvﬁﬁ%sl?WR#OXQwaQ§nﬁ?@%FE@@ugtﬁ%lQQy%ﬂch?élFEe
aC|d anhydri des |nclud|ng%r§%ah ro .phthalic anh dri de HHPA nethgl

Pt algER L BRI i g anbet FROFY |ees BRALLE
acid a drldes |n Luding tri c, anhydride TN%) onelllt
di anh 08550 S8t colRcidn B RE Rt i et i e PHO P pasbiy

and tr%h'éﬁﬁlonpoh%%hgnngﬁf ounds s%%g as ggyol ughggog%%ﬁr:§|§5

phenol T°C" pol'yrers an 3’ynercapt n co oun

polys mrf*oq%q' @4 QL tm%ﬂhgr[oag LhES ifféyac{b%ltt%]l gﬁpounds

such as i'soc at’e prepol yners c ana e and

Organ';‘}af&kc‘i% %‘hjﬂ& ﬁéE@PéJ\(/éB t%rcg?t aLiLN9o 1y F},‘?Aa?ﬁ%kerthéﬁs' ns

and t he e curing agent of catalyst type

typi caddy- ﬂHlGJdéd%% ther tRxA € £ihardd %hxcﬁﬁwg £OMPoUdS cFUeluds to
benzil di nethylam ne 5(BDVR), 2,4,6-tris dinethylam nonmet hyl phenols

( DVP- 309 r@_rghetmhbhkgg grmd@}qﬁaess:om@@@eétwéhc@@s@:m&w of the
i m dazol e, 2-ethyl-4-

epoxy resin composition for encapsulating semiconductor device
according to the present invention will be described below.
[0018]

15 In the epoxy resin compositicn for encapsulating
semiconductor device according to the present invention, (A} epoxy
resin can be employed. (A) the epoxy resin generally includes all
of monomer, oligomer and polymer having two or more epoxy group in
a single molecular, and while the molecular weight and the

20 molecular structure are not particularly limited, such epoxy resin
includes, for example: crystalline epoxy resins such as biphenyl
epoxy resins, bisphencl epoxy resins, stilbene epoxy resins and
the like; novolac epoxy resins such as phenol novolac epoxy resins,
creosol novolac epoxy resins and the like; polyfunctional epoxy

25 resins such as triphenol methane epoxy resins, alkyl-modified
triphenol methane epoxy resins and the like; aralkyl epoxy resins

such as phenol aralkyl epoxy resins having phenylene backbone,



met hyl im dazole (EM 24) and the |ike; Lew s acids such as BF3
conplex and the like. [0023] 10(B) The curing agent of condensation
type typically includes, for exanple:1phenolic resin based curing
agents such as novol ac phenolic resin, resol phenolic resin and the
| i ke; urea resins such as nethylol group-containing urea resins and
the like; nmelam ne resins such as nethyl ol group-containing nmelamne
resins 15 and the |ike. [0024] Anong these, phenolic resin
based rhenalg eagdityd apexpre¢eind|l@ving bipheol !l goedodeilzomee aadohe
fire retardancy, humdity resistance, electric characteristics
cur abi +iks; maARbytage 2DCEYabe$in ySuHY asheihyREOoX ThebliHerdinie apesiyn
based curjing agent generally includes all of npononer, oligoner and
pol yneFeHa nFROKY &ESHBE e ChpdhexEY§REUP TR & ngl e
nol ecul ar, ., and whil e the no| ecul ar weight and the nol ecul ar strugture
are nott Itqwlmaa’#ﬂrﬂpaﬁﬁﬂﬁwh UK SHENSIFHETT e31% 1R eld i iThg 249 BAt
25 _includes, for exangle: novol ac, resin sucp as ph%g%L,novolac
r eSi ndUTIBBEGCNEVEIEE PRIFNSTSHHIS R RE; “RPHYpHY | uRQGvaRarate,
gr oup-caont ai.ni-ng,. ﬁenoli .resins. suych a ip?e ol met hane phenalic,
o o PSR e Ft e A aft. thBET RESE (e 2 Rt yelic
ter pengmdidd edphenokicaresiis, disyelapeptadigne;podified phenolic
resi ns and the i e; ara?k@?- ased resins such as phenol aral kyl
resi nsyhayd or...ai.ph 0 5

a A Ng, AReny LARe, HAcKDon }?éﬁ%{l Bi.pheayl goe, céifé ns, d
naphthdpgérggfﬁﬁ resins having eny eﬁg aﬁq?or %I p eny_enekgécﬁgone
and t g, ddeKa D3P BRAOLYER PO 1S UGH 2% RS BR SN Ohorfh RItSRRE RS +Fo
and the |ike, "and these may be enployed alone or in a formof a
capbi nat igyrOfcnbwacgr nore thereof. [0025] 10Wiile the lower limt of
the formulation rate of (B) the whole curing agent is not
particudeudly limted, it is preferable to be equal to or higher than
0.8 % by mass over the whole epoxy resin conposition for
encapsul at i MhiSenthendoetor 1devi cef atrorfdirtglhoibherpreseNt(a) the
invention, and it is nore preferable to be equal to

whole epoxy resin is not particularly limited, it is preferable to

be equal to or higher than 3 % by mass over the whole epoxy resin

15 compesition for encapsulating semiconductor device according to
the present invention, and it is more preferable to be egqual to or
higher than 5 % by mass. The formulation rate cof (A) the whole
epoxy resin within the above-described range provides reduced
threats for causing a wire break due to an increased viscosity.

20 In addition, while the upper limit of the formulation rate of (A)
the whole epoxy resin is not particularly limited, it is
preferable to be equal to or lower than 20 % by mass over the
whole epoxy resin composition for encapsulating semiconductor
device according to the present invention, and it is more

25 preferable to be equal to or lower than 18 % by mass. The upper

limit of the formulation rate of (A) the whole epoxy resin within

the above-described range provides reduced threats for causing



15 or higher than 1.5 % by mass. The lower limt of the fornulation
rate within the above-descri bed range provides sufficient fluidity.
In addition, while the upper limt ofiihe formulation rate of (B) the
whol e curing agent is not particularly limted, it is preferable to
be equal to or lower than 16 % by mass over the 20 whol e epoxy resin
conposition for encapsul ati ng sem conduct or device according to the
present invention, and it is nore preferable to be equal to or |ower
t han lde®éhiormssion PHerappepility tiroftheheofietnué atéwistraatee witiehite t he
above-descri bed range provides reduced threats for causing
deteritﬂ@ﬁ@&ﬁﬁdﬂwat§ﬁiaBEDrPyiqmianﬂtﬂh§ Aaketure resistance due to

i ncreased water absorption and the like. [0026] 16 In addition, when
the cobf&&fhldi ng ratio of the epoxy resin and the phenolic resin-based
curing agent_in the case that the phenolic resin-based curing agent

i s enpl oyed B Hfe SPFFKYngeaHR nEOI)Sits WodeEr RRAZPFELGELIBT ef er abl e
that an equivalent ratio 5 (EP)/(OH) of nunber of epoxy group (EP) in
t he whotet toZs FRVARS %‘gﬁb‘)éﬁl(‘lﬂ EOnéRGI PESRFT oy TeTHridm ( in

t he whol e. phenalic resjn-based curing . agent is,equal to or higher
than (8 4% G950 OPB BF PO Sdan )3 henGuEine aGH® FaR Bow ¢ hi n

he above-descri b i d duced th f i
deter T o Srb ot FPERr BT R oRE e pokyorau IF e SHEGCR: PERNES:
orCanie BINEAATEANEYELO O S SAGRRT B10al 21 10 s e dhd R ThLON

the e T8 LpaRAsLE i o f e encapsul ating sem conductor device
accordinhg to Eﬂe pr esent ?ﬁv f?on and the |ike. 15[0027] The

epoxy f@sin conposition for encapsul ating sem conductor device
according to the present invention contains (C) inorganic fillers,

and (Q) theg)naiganieibiyl hgene obt abdisyRATiltiehe s yPavt pgi @ar iy Gl 1udes,
di aneter of equal to orgsngller tﬂgﬂgimo-thirdsygf tﬂngO ﬁhﬁhnegies

filledfdhicadeness ahlaphat & gloBaanas0 sQbhhhghelethiare0 19 i Ynbyemass
may be enpl oyed. The use of the filler within the above-descri bed
range @RTAS ttheepheient teamseniiren (T&The, anptacal €ldrne sHRIMEa8dYRKDA)
devi ces havi ng sem conduct or el enents stacked thereon and
sem cardudtter lddei; cpslyaming i armpquinidsheschf agbammasic Hed yhmihes
wi thin the above-described range allows preventing poor filling of
t B epmcludigion ddemposeilipleny b rmetrivas WIPRM) ng rsehesphetred igmidey i @PDA) ,
and preventing wire sweep, in
diaminodiphenylsulphone (DDS} and the like, and in addition
dicyandiamide (DICY), organic acid dihydrazides and the like; acid
anhydrides such as alicyclic acid anhydrides including hexahydro
phthalic anhydride (HHPA), methyl tetrahydro phthalic anhydride
20 (MTHPA) and the like, and aromatic acid anhydrides including
trimellitic anhydride (TMA), pyromellitic dianhydride (PMDA),
benzophenone tetracarboxylic dianhydride (BTDA) and the like;
polyphenol compounds such as novolac phenolic resins, phenolic
polymers and the like; polymercaptan compounds such as
25 polysulphide, thioester, thicether and the like; isocyanate

compounds such as isocyanate prepolymers, blocked isocyanate and

the like; organic acids such as carboxylic acid-containing



17 which larger particles are caught between wires to push thereof.
Such inorganic fillers may be obtained by using conaercially

avail abl e inorganic fillers as they a4, or by m xing or sieving
plurality of fillers or the like to prepare them The particle 5 size
distribution of the inorganic filler enployed in the present

i nvention can be neasured by enploying a comrercially avail abl e | aser
particle size analyzer (for exanple, manufactured by Shimadzu

Cor porel vaste3AIBSAOB0 andr théellkke). In this case, the thinnest
filled thickness is equivalent to the thinnest thickness 10 anong the
t hi cknE@@24} stribution along the depositing direction of an air gap
formed during the deposition of the sem conductor elenent, and for
exanpl e, it ?%) pHEF SRgBng fgehe efuraialeamtt torehsypheahbstindiudasess
anong the thickness distributjon along the degositing direction_of an
ai r gafPheAXEEN GG SEEAPEB NI D rCOPRINEFe FPEN s 8 R Hh Bt hy Lamine

bet , i | t,to t t hj t hi
SPoS ABLCCSL MR 0, SULVELE Lot Manest, LikeKges. rong
bet ) th t acked i duct I t d.the | f . A
629 bef MEED e A5 el SSILO MU o f S, 9 el 2 Lp. o
4 d i 0/l .dj t el f in.f | at | f
¢ descpdbgn, TIGLA0,Rieial) o POtk eEb Lo EeoRaY] 1 g, O

fused sili ' i.ch:the component ratio of the fraction having
partic %hgﬁgéé%?iggﬁa?l%%'ZS or larger than 100 pmis equal to or

| ower 0.1 %by weight. On the contrary, it is found fromthe
results of the investigations of the present inventors that the

i ngrgani c figy efe %ﬁ%@cébéﬁél bf é&ﬁié}ﬁ%\tﬁfﬂe%%iel?ggpféém i?g,ﬁlgm@y

4 may provide insufficiént filling for an air gap fornmed when t

sem cofhtiGd:@imAle8MpRkBoRI € BdSGKeh (O cueXafPhgened Sidh GaP nebwaen
two sem conduct or el enents stacked through a spacer therebetween or

an 5 apHergdp delesgan kbeobtEitkeasl isefeeanduatiothe! Biest ard reeihead
franme). To solve the problem it is found that a sem conductor device
W t h iggutowed meghivabill gtyupwdorctaiexmigbiutrear edates gehettat ildkegf poor
filling can be obtained by enploying an inorganic filler, in which
(O i nelgamine fdelsties esuob agdsmuggdntlicd] exobp-hantain ey tnedlagnicicameséns
of larger than two-thirds of the thinnest filled thickness at a rate
oflSequantd ttdieorlikewer than 0.1 % by mass. [0029] Here, in Patent
Docunent 3, a gold wire having |ower strength that that of a copper
wire i O®&Adi oyed for the wire. In

Among these, phenolic resin based curing agents are
preferable, in view of good balance among fire retardancy,
humidity resistance, electric characteristics curability, storage

20 stability and the like. The phenolic resin based curing agent
generally includes all of monomer, oligomer and polymer having two
or more phenolic hydroxyl group in a single molecular, and while
the molecular weight and the mclecular structure are not
particularly limited, such phenolic resin based curing agent

25 includes, for example: novolac resins such as phenol novolac
resins, creosol novolac resins and the like; multiple functional

group-containing phenolic resins such as triphenolmethane phenolic



15 general, decreased particle dianmeter of the inorganic filler

provi des increased viscosity of the encapsul ating resin. Thus, when
the encapsulation is made with the ericapsul ating resin containing
inorganic filler in Patent Docunent 3, decreased particle dianmeter of
the inorganic filler causes a threat for 20 deteriorated wire sweep
rate. On the contrary, in the present invention, the material
of the wire and the dianeter of the wire are suitably selected while
(O theesing gand ¢hie L& coadaf isd pamiodlies rhathagspelr tas [te rgiearet er
of equal to or smaller than two-thirds of the thinnest 25 filled

t hi ckneedibied pheneldr sgeins: climydHiqpeatadhanesnodi 447 nhepelils

enpl oyed, , so that a sem conductor device exhibiting enhanced wre
sweep FaRESuinck thavildger npravied thasechgeeapanpuch yas mhengd pealkyl
obtained., In addition, in garticular, the use, of a copper wire having

hi gher &3 1EhdlEY I RaRIERELeR? RRGRIRSVANE/ BrobiBReN Gl (i REG K BGE o r

dg ice e q%gitin fu&ther.en anced wi.re imeep rgée nd enhanced fi ne
oi Poh AR e Aty SE63D]Paving Pheaylthe PROFGEMTE TISVAF Ray bo

t hat I d f i i,ti f | at i

S cOMII a2 EBe°Loke ERSTARHSY PATBRRRE Fichda HarfRdelc hane
ili . d.sili tal li il I | unmi na, .

o LA AT AL L9, B A Red bl AL RS in o

fused sphelddl RRBRRaEILHCA: | uPY:! hbtleabhy BEP] eTable. For (C) the

inorganic fillers, there is no objection to use one of these alone or
ina fadgppf a conbination of two or nore thereof. In addition,
concerning the shape of (C) the inorganic filler, in order to 15

prevent an iyHiRATRONolBe MBhit VbSGA™ thhralil hREoRPPXYe IS8 (B) the
conposition for encapsul ati ng sem conduct or device according to the

presenthd Iy @irdioly agentoifuidéhetareikanee1iyheihoeedNdiofid GrealfBRable
inorganic filler, it is preferable to be as truly spherical as
possi bt® wnddualhaveokr bagiesr paidd d.8 %i b Gassrowett itk whdld0epoxy
addition, (C the inorganic filler may be surface-treated with a
coupl i resiagemtmpoBittibar fof @nddyesuladriggnisemt coh@nctmy deeripeewicaugtyng
treated with an epoxy resin or a phenolic resin as required to be
enpl oy, thay girleslené tineabbheon, retchdd idschodesprefietdtoie ftor bel kongl to
thereof with a solvent and then renoving the 25 solvent, a nmethod for
dilbectdy hhiddiary thher dof & oby easshor Jaei dowik| dimahdof tliendormedebdioby
using a mxer, and the like. [0031]
rate within the above-described range provides sufficient fluidity.
In addition, while the upper limit of the formulation rate of (B)
the whole curing agent is not particularly limited, it is
preferable to be equal to or lower than 16 % by mass over the
20 whole epoxy resin composition for encapsulating semiconductor
device accerding to the present invention, and it is more
preferable to be equal to or lower than 14 % by mass. The upper
limit of the formulation rate within the above-described range
provides reduced threats for causing deterioration of reliability
25 in the moisture resistance due to increased water absorption and

the like.

[0026]



20 While the content rate of (C) the inorganic filler is not
limted, it is preferable to be equal to or higher than 60 % by nmass
over the whol e epoxy resin conpositidmefor encapsul ati ng

sem conduct or device according to the present invention, and it is 5
further desirable to be equal to or higher than 65 % by mass, in
consideration for the filling capability of the epoxy resin
conposition for encapsul ati ng sem conduct or device according to the
present i nveht iagdidgridn, hghesl thdi ¢onpgouwidinige regabcofdulee rpaday ires iof
the present invention. The range of not |ower than the 10

above-#td cdrlihahaneder FeRin-kasehsCiieg aoagtr éduthkel ¢pap ddedpitbe
property and reduced thermal expansion, and thus provides reduced

t hr eatRNeRRLiCarsisdg-gacedi evaindrdontt ke pBPLIPYRE 3T ddie rAINiaR ppept
In addition, in view of the noldability, the upper limt of the

cont entBk gt GRceEnetnelt nbf Rrfieslcerhps 38 puet @Mty 18iBe equal

: 8ﬁ°2nhé%§{1402+§?%g9§8?§%§%naf i%%é’{yﬁéaﬁoﬁ‘lgv SRR i e oﬁf%iee”&%?eh ngesif”
. i on. . 89 %
et QL R GBS LS 804 LB 4 BERER, 2
fal ! Omré)gloﬁ/—'b%'fsl%l%] %%rrlg u%ﬁgm'g hi[’sg?e?%laflokocggshgcgh? [ gt la?r{(rg) .?JCh g%gual

all
i nsuf ficient Ing 1 e no process an ue

A R R R e T s L e

accel ejd ofi Ry ﬁ%q&“bk@@id@é@%cﬁ ‘Ehr%QEsePnycé‘ffﬁLﬂ?; %‘E‘é‘ﬁ%ﬁggﬂon

for encapsul ati ng Sem conduct or I ce according to € presen

i ngentiPrhd tleurbdth Ei,ChbeNtnd o N8 GYHE coRpo SLEEL L B0 erf®Ysulating
accel erate cross-linking reaction of epoxy group in the epoxy resin

Wi th té@nideriderageabvi EOraxPlrRy W theppeasthe AN @roup in
t he phenolic resin- based curing agent), and a product for enploying

gener adetsfiXyratashn 180N Shity Ditd10prapereaps ubat tig Ged prddater of
devi ce man be enpl oyed. For exanple, the cure accel erator may
i ncl udgie diEpzabiregdhocahkestisianddrhencagenl saihy esemiciomatictor device
1, 8-di azabi cycl o( 5, 4, 0) undecene-7 and the |ike; organi c phosphines
such asctandimgnylophbsphrasennetrivdndiipheapbdpbbsphile. and the |i ke;
i m dazol e conpounds such as

15 [0027]

The epoxy resin composition for encapsulating semiconductor
device according to the present invention contains (C) inorganic
fillers, and (C) the inorganic filler contains particles having
particle diameter of equal to or smaller than two-thirds of the

20 thinnest filled thickness at a rate of equal to or higher than
99.9 % by mass may be employed. The use of the filler within the
above-described range allows the present invention to be
applicable to semiconductor devices having semiconductor elements
stacked thereon and semiconductor devices with finer pitches of

25 wires. The filler within the above-described range allows

preventing poor filling of the epoxy resin composition for

encapsulating semiconductor device and preventing wire sweep, in



10 2-nethyl imdazole and the like; tetrasubstituted phosphonium
tetrasubstituted borate such as tetraphenyl phosphonium tetraphenyl
borate and the like; addition productks7 of a phosphi ne conpound and a
gui none conpound, and the like, and these may be enpl oyed al one or in
a formof a combination of two or nore 15 thereof. [0033] Wi | e
the lower Iimt of the blending rate of the cure accelerator is not
particularly limted, it is preferable to be equal to or higher than
0. 05 %wiichelssrgerepathéchhsl @repoyohtedetweencenpesi te gudlorthereof.
encapsul ating seni conductor device according to the present

i nvent$erh amrdaniics fiierprederkmdadbtiadngd bHuvbing eprmmandaialian 0. 1
% by mass. The lower |imt of the blending ratio of the cure

accel e+ oraklia Aneropaighbiblees s Bd@Yr 8hge BE OWY dekxXi s RedieNiadt s

for causin deterloratlon in the curability. On 25 the other hand,
whi | e Ft‘:'lf}érﬁg:‘ﬁﬁéfr ofi Fildl8¥St e Weerﬂdll]?‘?g toapreparet HeeRur SThec PATEASLBr

S e
encapsulatl sem conduct or i ce according to the sent
Chvent e Fan B8 BRaS e et Sh B Ios B d b e IR e ialeo s

%Dy TBos: e el hLE Lol e Blendiagoialigolet e aie,

accel erat Re“above-Heseribed SFange provi des T840

threatg, fn?a’dz%a%':% grét%heré&?@ticfﬁb L BEsTh kg ty. 1 d G934 cll@%l, ﬁ?ﬁ%y

resin COﬁpOSItIOﬂ or encaps ating 'sém conductor " devi ce "accor

t he prtﬁ’?‘ﬁmeétmf@'ﬁ.bentmk%é’éé hed eﬁﬂil%"é%}l%c%tﬁﬁé‘.E@?{dﬁﬁ%bttm%ﬁn%s

additives as reqU|re suc | um num corrosion | itors such

ag ozi r&%ﬂ@@ﬂ&@h@ékﬁ@s@“@léﬁﬂdﬂ&%n Ia@%gaehé & %ﬁ@%ﬁ&%&%ﬂ 88
bi snut h oxXide hydrate and the |ike; coupling agents such

y- 9'thdQ%Mp@ﬁ@NEb&mgatB@KYﬁ@|ﬁﬂ33dé%o%&%i@ﬂt@fpfﬁ@yéemlconductor
trimet hoxysilane, 3-am nopropyltrinethoxysilane and the |ike;

col or igig=nageNt sinsu€brasxgapbon i ack pregdraphertanske IapliRgllenketo the
stress reducer conponents such as silicone rubber and the |ike; nold

r el easimighregentthisinbsasamatdrehanvectds kineekudi sgr tauiniasba lwayg ahd t he
| i ke, higher fatty acids and netallic salts thereof including

synt heded tuang, diractitrachitan anid tgae bekecenntwpasafifdarsiuciaod
antioxidant and the like. 20[0035]

15 elements stacked through a spacer therebetween, or equivalent to
the thinnest thickness among the thickness distribution along the
depositing direction of an air gap between the stacked
semiconductor element and the lead frame. An associated thing is
preferable.

20 [0028]

Here, Patent Document 4 describes molding material of an
epoxy resin for encapsulation for general semiconductor devices
containing the inorganic filler of a fused silica, in which the
component ratio of the fraction having particle size of equal to

25 or larger than 100 um is equal to or lower than 0.1 % by weight.

On the contrary, it is found from the results of the

investigations of the present inventors that the incrganic filler



The epoxy resin conmposition for encapsul ati ng sem conductor device
according to the present invention typically includes, for exanple, a
product manufactured by m xi ng the aboye-nmenti oned respective
conponents at an anbient tenperature with a mxer or 25 the like, a
product manufactured by, in addition to above processes, subsequently
mel ting and kneadi ng the m xed product with a kneadi ng machi ne such
as a roller, a kneader, an extruder 23 and the |like and then cooling
t he knaéaskediprd duc tthendbbiendpst vidred: iBageniie Doouhent: p4 aduc tproaridiet he

| i ke, and thus a products having suitably adjusted dispersibility and
f 1 ui di iyswahiicient ifikd lasgr égui ardaimyware fonmpedyeden 5§10 36jmiconductor
Next, the structure of the sem conductor device of the present

i nvent¢bemsitls e gésekrBedfor gramplend aRi gir29ap | estweane two
cross-sectional views of an exanple of a sem conductor device 100
enpl oyF YL TR TP LC SAEHSTEF oRtADFed idssghati ARaSeHi nithRataeenpor an
devi ce according to the present invention. In the sem conductar

devi c2f FaRe &Rt thRvERRFEE W ORINEFar seheBIMd D EhE dRdft s
are st ckeq d frame is electrically

t | f e, .the |
B et e darRg e ind, DERI T W if Eopnd e hah niConduct 63
i duct el t t i , l. tric.j ti 15
oo i TERkhyed rf bt R Eh SRR AT IS el o 1o
i i devi . N i,fd LLve i h
aoT DS e MeC BRONCE O S0y iy M CReARREL BG ioihd BB 1y o

a Seniﬁﬂg%ﬂg?%ff&h§g§nti& %ﬁiéﬂxgg ﬁgggﬁghgcpfglfepfﬁﬁﬁ#gﬁgh%%%%gfégs

t hr oug esive agent [|ayer conductor 20 e

fipped @asvit}g NG r2tidgked: Q¥&F et NoF SEMINGUEHOL wELENERYs bod HHRUER i Bnest

spacer 7. ectrode pads of the semconductor elenents 1 and 11 are

el ect ricaldy 1auHrhedst araal eade S@f?téc%[hﬁ tf oSrheoleadihsan®, 10 Wy hhass.
wires 4. The senm conductor el enents and 11 are encapsulated wi'th a
cured pragmhict 6 of the resin 25 conposition for encapsul ating
sem conductor device according to the present invention. In this

sem conduct Hexdgviige pa@entt hecwtdm € @1duc igen delve fe nhading sl sisacked
over the sem conductor elenment 24
strength that that of a copper wire is employed for the wire. 1In
15 general, decreased particle diameter of the inorganic filler
provides increased viscosity of the encapsulating resin. Thus,
when the encapsulation is made with the encapsulating resin
containing inorganic filler in Patent Document 3, decreased
particle diameter of the inorganic filler causes a threat for
20 deteriorated wire sweep rate.
On the contrary, in the present invention, the material of
the wire and the diameter of the wire are suitably selected while
(C) the inorganic filler contains particles having particle
diameter of equal to or smaller than two-thirds of the thinnest
25 filled thickness at a rate of equal to or higher than 99.9 % by

mass 1is employed, so that a semiconductor device exhibiting

enhanced wire sweep rate while having improved filling capability



1 through the spacer 7 to provide an air gap between the

sem conductor elenment 1 and the sem conductor elenent 11, and such
air gap, inturn, is filled with the tared product of the epoxy resin
conposition for encapsul ati ng sem conduct or device according 5 to the
present invention (cured product 6) to configure a filled section
havi ng thinnest filled thickness L. Moreover, in the sem conductor
device 100, the thinnest filled thickness L is equivalent to the

t hi nnesantix ciresineghondgnt hddi hiekneys mHrdticuBati ohhal wsg ather copper
depositing direction of the spacer 7. 10[0037] Here, while the
t hi cknésse rga e ddepostrengtidi tlean itgwtoott Begspdcerrg provigies a
particularly limted, it is preferable to be equal to or higher than
0. 01 nPSRHEPREHIIOR éiearlcr?o%ﬁll@hwg).fzmﬁheraﬁahﬁﬂw@ WhEe gvasteabee
to be equal to or_higher than 0.05 mm 15 and equal to or |ower than
0. 15 n®Rd [PISBICHbrdoFePItFR FhRI3EHEGTdGct or device 100 of the

pr sent @&yention as shown in Fig. 2, the sem conductor elenent 1 is
fiXed 0Vei%the lead frame 8 t hrough t he adhesi ve agent |ayer 2. The

20 ' d I t 11 is,fixed b hangi d
bei ng St ackefl DVBIE CHELEBR Eohitbes b deired ERPAGRCL et MBS

agent er o T | ect rqde ds_ of these sem conductor elenents 1
Soa 11BN i KPR PR R d 123 S B TLAPORHAN Ao RIRUS
W res T ] cqnd e . e S wth
141153 o, WEgeN) CORIYEEScagh oenls Sk and MoBl o pLEApO et

sem CoBUON (auicee BEGOEM] Nohd i IR €3080 LINAMA Ok dahit Smite,
seni conduct or devi cé I00, the 25 sem conducfor elenmeht 11 i's stacked

over tHe) S&H GARGYEOENE! BABNL ke SQuRP PnQVRHE8RY Fh&ESUprd-iRgVi de
an air gap between the sem conductor elenent 1 and the sem conductor

el emrenghdde SN RUGR phit@8Rlatlly ipkdteriablbl.| | grWth the GorR@inic

product of the epoxy 5 resin conposition for encapsul ating

sem conflldny, delreeigcaor dbiget Dor e pisesent biveEmésOnlaiy et in a

product 6) to configure a filled section having thinnest filled

t hi cknésism lof breeadnationt b sem aonduet ahedevfce 1H0dAIE drhi nnest

filled thickness L is equivalent to the thickness along the

deposi ¢émeerdiirgr tihen sbhpe hef 10Cai thegdmosfganlie §iatéked Semmndact or

el ement 11 and the lead frame 8. [0039] _ As described above,

t o sepfemductioingireasat of orhd gy enicaesdaltat ef Wie hepdry ey resin

conposition for encapsulatin?
composition for encapsulating semiconductor device according to
the present invention and to further enhance the loading of (C)
the inorganic filler, it is preferable to be as truly spherical as
possible and to have broader particle size distribution. 1In

20 addition, (C) the inorganic filler may be surface-treated with a
coupling agent. Further, (C) the inorganic filler may be
previously treated with an epoxy resin or a phenolic resin as
required to be employed. Available treatment method includes a
method for mixing thereof with a solvent and then removing the
25 solvent, a method for directly adding thereof to the inorganic

filler and mixing thereof by using a mixer, and the like.

[0031]



15 sem conduct or device according to the present invention is not
particularly limted, and includes, for exanple, integrated circuits,
| arge scale integrated circuits, solizbstate i mage sensing el enents
and the like. Specific conformations of the sem conductor devices may
i nclude, for exanple, TSOP, QFP and the 20 |ike. The sem conduct or
el ement of the first level is adhered to an island of the |ead frane
with a fil madhesive agent, a thernosetting adhesive and the |iKke.
The sem condiictir Wicemontsndf rahe sbcthd e Hapgganievel blar els not
consecutively stacked with an insulating film adhesive agent. In
order thubedrentt iist Preéptakle 250 vl aelaée bethiahren tliae 6nd RY
sem conductor el enment, the sem conductor el ements of the second or
| ar ger™ &% ePee e #NQdRePREKY oF VT IRaHpOshELenf foh YPransdidadinghe
sem conductor. 26 elenent is nq%8$dher$g) or may be adhered through
Y Havres

a spactFMeREuTTode Fevage prefer 2 PFR8FRRI 1RYGIHOpn and it is
fficgi t whjch i | to that of t i d | t, .

Vi G of s S b aREatPoRe THT e hty S ARSI of 4 K PEeFphiPal

part 5 ofsﬂye qghesive g gn%.' dghe case where_t he sem conduct or

el ement$ BT 1e SEc &R I Jrj_ggjr 9 &78 &F‘Eyaaﬁe_ U T ety

thereoéoéé?é%ﬁfﬂnp%o9fFBF§%§STE€§HH¥%$Q'éo%58€§8£ 48y 1L 5%g83§¥§ é&%nd

t he pefipheral part o Spacer € Case where 1t 7§ a
through,d *}ﬁ:e%%%%erinv@hﬁi quiyal fe(lita%?lﬁ_tegnﬁfsﬁhé Iddfd M uctor
t hi ckness “section’in the sem conductor devicé having two or nore

sem cofndpcton el erepl-8sshackerkandd nsthal hedqt ook hesd ‘%Lf%ﬁhécﬂ BN the
t I e Ieag F

[ 0040] I't is preferable that the | ead Section of t rane

i 90 Of 88, d-Qidee- 1Al eoREHCE O ] EMRs p%v@diﬁyefé&l&mm&o@fcpbhe

15 wire. In the reverse bonding process, a ball fornmed at "the tip of

the Wg@operth a8k retineddt eharmad ganisadnf ahd et s GaRdWelsOkeduced
el enent, and the wire is cut to forma bunp for the stitch junction.
| n nexthiderhddr tausktgadletdwei digrieihn tihether foi stk nathdo a
nmetallic-plated | ead section of the lead frane, and a 20 stitch

j unct iol vl ittlye blnpaddlithen seim cdrsiuotforhel mokddbilsi tor,eahedupSence
the reverse bondi ng can achi eve | ower w re hei ght over the

sem cohduict arf ehemepntehbnratamtof n(G)hehgosnbrganbontilnigr liswer hei ght
of the junction of the sem conductor elenment can be achieved.
23p0oo4aieferablyThe bentaoabuee orr deowese thhnt A2 priesawtss wwsmt itbe i s
obt ai ned by encapsul ating the el ectronic conponents such as 27

seni cOMRAS GPCYe ¥Rty BAEPPHEC 19Tk ok ERCRRELEPBIYI resfiirasiged ot i on
for encapsul ati ng sem conductor device according to the present

i nvent AL CRRFOREANEUEP nERe HFEEIN twili SR téBRvY et ohmmore preferable

to be equal to or lower than 89 % by mass. The range of not
higher than the above-described upper limit allows providing

20 reduced threats for causing problems such as insufficient filling
in the molding process and the like due to a decrease of the
fluidity or wire sweep within the semiconductor device due to the
increased viscosity and the like.
[0032]

25 A cure accelerator may be further employed for the epoxy
resin composition for encapsulating semiconductor device according

to the present invention. It is sufficient that the cure



nol di ng process such as transfer nolding, conpression nolding, 5
injection nolding and the like. It is preferable that the

sem conduct or devi ce encapsul ated by 21he form ng process such as
transfer nolding process is installed to el ectronic equi pments and
the like after the conplete cure is carried out for the time duration
of from10 mnutes to 10 hours as they are or at a 10 tenperature of
80 degrees Cto 200 degrees C or the like. [0042] As described above,
accor digegelaratny pegsencelavaie i ommssrldakiogndestvioniens cpomyt roup
inproved reliability, which exhibits reduced generation of poor
fillintndfhaareraFax yepdsi it ngesiqudnal SorsE Zﬁ@ap%&mheng wg th

sem conductor chip according to the present invention, can be

obt ai NMRERGH- ORYdaATBEP ptf e IRErepsa ¢85t Bagednfuyinchiggent),
type sem conductor device having a current path that is narrow

conpl i &l PRRSGEe dPAr PYPEOEEH GRG0 FPAEY £85 HATIMIT tart %BF e
stacked | ayer.s of 20 sem conductor elenents, [

004 I
addi t i SEFCHEVEI PSR %%‘L%% eg’&cﬁoFlﬁg BGtT E\ﬁ%y%nbfﬁét g&ﬁmBEe'
f .t he _enbaodi ts.d i by : i1 i
ahodi T R B Bl by ot S0 e D8 NPT SO Rat B E.
or eovgLy (e LIBsSLEUEL es, ol N R8PECh] NEAELEIENE S.8 Bno 1ike;

speci fica escri he ¢e ment's’ah o €

nbodi : i b . 28 b itab
erod R ISACLHeCA00N, SHOh S LES TR 20 b Sul ably
I nventhOh | Mﬁbﬁﬁhoéﬁﬂ%él]and the MAkke %g&gﬁi Qionﬁb%nﬁrseéﬁeﬁtas

invention™w Il be’shown below, 1t 1s not int ed that "'the presen

I Agents Gredrs, 1l i1 Hgdot 8584 Ochel NG 1 ;endicRastBbE Ot hSe PERARNSA 1 B, MBSS
rati o. Respective conponents of the epoxy resin conposition for

encapstdatd st tHEBHCHOEMES MFudie\WsC € c@RbRY¥AY] posptashas and
conparati ve exanples are shown bel ow.
tetraphenyl borate and the like; addition products of a phosphine
compound and a quinone compound, and the like, and these may be
employed alone or in a form of a combination of two or more
15 thereof.
[0033]

While the lower limit of the blending rate of the cure
accelerator is not particularly limited, it is preferable to be
egual to or higher than 0.05 % by mass over the whcle epoxy resin

20 composition for encapsulating semiconductor device according to
the present invention, and it is more preferable to be equal to or
more than 0.1 % by mass. The lower limit of the blending ratio of
the cure accelerator within the above-described range provides
reduced threats for causing detericration in the curability. On

25 the other hand, while the upper limit of the blending ratio of the

cure accelerator is not particularly limited, it 1s preferable to

be equal to or lower than 1 % by mass over the whole epoxy resin



[ 0045] Respecti ve conponents of the epoxy resin conposition for
encapsul ati ng sem conductor device: 15 Otho creosol novol ac epoxy
resin (E-1: manufactured by N ppon K&gaku Co., Ltd., EOCN1020,

sof teni ng poi nt 55 degrees C, epoxy equival ent 196) Phenol ar al kyl
epoxy resin having a bi phenyl ene backbone (E-2: manufactured by

Ni ppon Kayaku Co., Ltd., NC 3000, softening point 20 58 degrees C,
epoxy equi val ent 274) Phenol novolac resin (H 1. manufactured by

Suni t orBakdliione 0. entcapsylPRIKF-@nisohtientay povite 8 abeghiogstg,
hydroxyl equival ent 104) Phenol aral kyl resin_having bi phenyl ene
backbdrte ZB-qgenE: ipgADEaefuraid Byt NS WRrPl Rseferalpbrisia kes egyal Ledor
MEH785133, softening point 65 degrees C, hydroxyl equival ent 203)
Fused sPfRr ithan hapsé BYITees 1 WPReEulk el byo Deh@ hl%&cj’é%@%é@i?éao
29 K K., FB-100X, ratio of particles of equal to or smaller than 100
gm > Y9 P BFenassSlpErtor of - iHm iHEfe dP8V CedBaFr 1D IS PEPVEHSH

67._gm 87.4 % ss) Fused spherical shape.siljca-2 nuf act ur ed
by SBe A GESA T RBG S0 LT ICa e T tb 3, MR LBg e 601 o Wi F0ORCHEVn 1 he
si eve @%xélo mesh, ratio of particles of equal to or smaller than 67
gm > 9% by mass, ratio of particles of equal to or smaller than

23 am 73 T Fused, sength oAl shana Gl 1d.ea i Lrnul Actured by BRRKL,

Kagaku Kogyo ati’oof particle €q or

smal | ec[e\}j%%;a %'O}gi%gk&? 9%1? &%‘?e@én@ﬁﬁregﬂgnaﬁgg:)@%h r suitably

tri phenyl sphi ne e coupling agent: Xysi | ane

(Y9l Y ARMR QYL bLEMBLHoxYSt | ANt iGRlobLNge498RLd, CAIRPAR! 88 kmiRum
Mol d rel easi ng agent: Tarnauba wax [ 0046]

10 corrosion inhibitors such as zirconium hydroxide and the like:
inorganic ion exchangers such as bismuth oxide hydrate and the
like; coupling agents such as y-glycidoxypropyltrimethoxysilane,
3-mercapto propyl trimethoxysilane, 3-aminopropyltrimethoxysilane
and the like; ceoloring agents such as carbon black, red ocher and

15 the like; stress reducer components such as silicone rubber and
the like; mold releasing agents such as nature waxes including
carnauba wax and the like, higher fatty acids and metallic salts
thereof including synthesized wax, zinc stearate and the like, and
paraffins; and antioxidant and the like.

20 [0035]

The epoxy resin composition for encapsulating semiconductor
device according to the present invention typically includes, for
example, a product manufactured by mixing the above-mentioned
respective components at an ambient temperature with a mixer or

25 the like, a product manufactured by, in addition to above

processes, subsequently melting and kneading the mixed product

with a kneading machine such as a roller, a kneader, an extruder



The respective sem conduct or packages enployed in the eval uation of
the filling capability and the wire sweep rate: Pl1KG 1: 44p TSOP.
Package size: 18 X 10 X 1.0 mm 42 ald®py lead 20 frane. Island size:
5,0 X 8.5 mMnm the first level chip size: 4.5 X 8.0 X 0.10 nm Spacer
size: 3 X5 X 0.15 mm The second |evel chip size: 4.5 X 8.0 X 0.10
mm Copper wire: obtained by providing palladiumcoating of 0.01 gm
for TCGE manufactured by Tatsuta Electric Wre and Cable Co., Ltd.

( coppeangburhd y1i9%& @RdYERBnbyoohisy HHenéknsibzed2prgafct Tred aigns and
the | eads were joined by reverse bonding process. PKG 2: 44p TSOP.
Packageubverst z1i1g Xhe0ckoled pnodu aldngy theadik8p ém@nehud sl gnddsize:
5,0 X 8.5 mMm the first level chip size: 4.5 X 8 0 X 0.10 mm Spacer
size: BAW® Xw.teblympdThetedcdimpdraidll lkypasiz8lusdB X s81c0 the011Be
mm Copper w re: obtained by providing palladiumcoating of 0.01 pm
for TGRE FROEHERS maéfdbﬁyelﬂp%%yﬁé@l-ta El ectric Wre and Cable Co., Ltd.
(coppe{,\%(ﬁ)urlty 99.99 % by mass, line size 25 pm). The chips and t he
| eads %61 oi ned by reverse bondl ng process. PKG 3: 44p TSOCP.
Package si ze; 42 alloy lead frane. Island size: 5.0

X 8.5 m ;%Z“'af“inmﬁ*““ififﬁ“: £ EG KBGO (i “Spacer
m "o & BTl b R alifnal il el i o atinie
l(ggggerr%susrlstec ; g A Yo BY° rr%ss 1F5EPd e, 8508 F%%CO%%C i&?véﬁa the
eats IRl 9e by S, ﬁ%@éf&%rr%neﬁgsﬁfs R Gy nIoR
X18. 5 &@Khéé‘%d‘do&%t& n%%!ﬂ”{'h& ﬂe n?teln%eﬁt%ﬁ 0 i&%%&é&?lg%ﬁﬁgé%r

size: 3 X5 X0 The s stepC|pS|ze

. Thesgld om Ift%e ? 8erP M&%ﬂ”%@o%r'ﬂﬂbk@k&rﬁiéﬁ{cﬁﬁto&t d.
(gold purity 99.99 %by mass, |ine Si ze lim. The chips and the

| eads dRdReritQ) Red BY.aERYET S8 tmﬁwgmpboq%a tPike 5t R bR rame is
Package size: 18 X 10 X 1.0 mm 42 alloy |ead frane. Island size: 5.0

X 8.5 gmactdh chie yf jeshetiev®! tidigenficeRiduét 5r Xe Beflent Qvikhh rMywi®BACEhd
size: 3 X5 X 0.10 mm The second |evel chip size: 4.5 X 8.0 X 0.10
mm  Thehe| bmiidoaidudvbs shanémict wied WiyeKahdcke & &offia jhindtibgohde 31
15 encapsulated with a cured product of an epoxy resin composition
for encapsulating semiconductor device. More specifically, in the
semiconductor device 100 of the present invention as shown in Fig.
1, a semiconductor element 1 is fixed on a die pad 3 of a lead
frame 10 through an adhesive agent layer 2. A semiconductor
20 element 11 is fixed as being stacked over the semiconductor
element 1 through a spacer 7. Electrode pads of the semiconductor
elements 1 and 11 are electrically coupled to a lead section 5 of
the lead frame 10 with wires 4. The semiconductor elements 1 and
11 are encapsulated with a cured product 6 of the resin
25 composition for encapsulating semiconductor device according to

the present invention. In this semiconductor device 100, the

semiconductor element 11 is stacked over the semiconductor element



purity 99.99 % by nmass, line size 25 nn). The chips and the | eads
were joined by reverse bonding process. [0047] Manuf act ur e
of the epoxy resin conposition for enzépsul ating 5 sem conduct or
device: (Exanple 1) E-112.43 nmass ratio H 16.52 nmass rati o Fused
spherical shape silica -180 mass ratio 10 TPPO.15 nass rati o Epoxy
silane0.2 mass ratio Carbon bl ackO0.3 mass rati o Carnauba wax0.4 nmass
rati o The above conponents were m xed by using a m xer at an anbi ent
15 t enpetlatends) tawd swacert Aeho kpeadiet: vart kiax gepl betweerytheo 100
degrees C, and after they were cool ed, were pulverized to obtain the
epoxy $@@1¢9W eilementdr 1 eadpshs aﬁtamigosl@lnp‘é@ndab@mnw&ﬂuc@nd such
[0048] (Exanples 2 to 5, Conparative Exanples 1 and 2) 20According to
t he fof¥hl @R onAg! 6Nrphelép5n£1¢@sw*?ﬂxﬂﬁ@o§Pﬁﬁén§rP@¥C ﬁ@%ﬁgﬁi EPPHY
sem conductor device described in Table 1, the epoxy resin
conpos???%ﬂm?qmﬂoﬁéﬁégﬁsﬁPét?ﬁﬁaE%HﬁQ§ﬁﬂ@U@@8#C8€9P€Ep¥wﬁ%¥%ﬂﬁa%cﬁéédlng

larly as in Exanple 1. .[0049] 25The foll eval uati ons
oS S PHaRe  BRy R £ HRGH B St GG £118

som conduet o e 0L tedin e (RRRELTYY SHETBLIE: M e
semiconductor device 100, the thinnest filled thickness L is
equivalent to the thinnest thickness among the thickness
distribution along the depositing direction of the spacer 7.

10 [0037]

Here, while the thickness along the depositing direction of
the spacer 7 is not particularly limited, it is preferable to be
equal to or higher than 0.01 mm and equal to or lower than 0.2 mm,
and it is more preferable to be equal to or higher than 0.05 mm

15 and equal to or lower than 0.15 mm.
[0038]
Moreover, in the semiconductor device 100 of the present invention
as shown in Fig. 2, the semiconductor element 1 is fixed over the
lead frame 8 through the adhesive agent layer 2. The

20 semiconductor element 11 is fixed so as to be overhanging and
being stacked over the semiconductor element 1 through the
adhesive agent layer 12. The electrode pads of these
semiconductor elements 1 and 11 are electrically coupled to the
lead frames 8 and 9 with the wires 4. The semiconductor elements

25 1 and 11 are encapsulated with the cured product 6 of the resin

compesition for encapsulating semiconductor device according to

the present invention. In this semiconductor device 100, the



32 result is shown in table 1. [0050] Eval uation Mt hod

(Eval uation of epoxy resin conposition for encapsulating 5

sem conduct or devi ce) Spiral f2®w. The epoxy resin conposition
for encapsul ati ng sem conductor device was injected into a netallic
nold for spiral flow nmeasurenment, which is pursuant to EMM -1-66, by
using a low pressure transfer nol ding machi ne (manufactured by

Koht aki 10 Precision Machine Co., Ltd., KTS-15) under the condition
of thesemichnductey ¢lewgpér dluie vfadkisl degreéebeCoemheondij@nty element
pressure of 6.9 MPa, and the curing tine of 120 seconds, to neasure
the flLi%w A8 Yemyerhangethareohaso dcareviidet en @én)gap between The
fluidized length of equal to or |ower than 80 cm may 15 cause a

nol di n¥EREFIFEtOIcRlg8epbot #14 | thiy F¥H conduphekagbengnt tiHe lBinkesuch
[ 0051] (Eval uation of sem conductor package) Filling ability: Silicon
chi ps &id 98k 1k &WRBr e180tbhtep sttt ddrencrhetheredexly dledilte epoxy
conposition for encapsul.ati ng sem conductor ,device b sing a low
or GO SRR Y £RREE LeaB OB (S G e ah SREL ERRANFSRY (10t By A65PEHERP

Sei ko Co.., Ltd., GP-ELF) under th difi f_the metall |

Compor BYUVIS G SPRS g EBELE (T FREEn B oL R RO S VPR L8l
th i ng: tine 25 of .7 t 0 ,0ht ai L uat i k
doccr i BRA T TasrRer h RSP TR astreed br  cheleolly PRCERS

corrposgééa%ﬁoq{ct%gc arsylatifg, sam Cﬂﬂgﬁ%&g;fgﬁ&?ﬁ% erLV*igyby

usi ng scannli ng acoustic’ tonbgra Vi ce nufactur ed

s SersatEear e bR Ronbld i iy SAPSOBSEul e o b
g;:uo gapi k YRAIANER: BELWRER S48 SdHdhRor! Bechbhtt1] evpd @M 1khe ¢PhRe
8.
[0039]
As described above, the semiconductor element for being
encapsulated with the epoxy resin composition for encapsulating
15 semiconductor device according to the present invention is not
particularly limited, and includes, for example, integrated
circuits, large scale integrated circuits, solid-state image
sensing elements and the like. Specific conformations of the
semiconductor devices may include, for example, TSOP, QFP and the
20 like. The semiconductor element of the first level is adhered to
an island of the lead frame with a film adhesive agent, a
thermosetting adhesive and the like. The semiconductor elements
of the second or larger levels are consecutively stacked with an
insulating film adhesive agent. In order to prevent interference
25 and contact between a wire and a semiconductor element, the

semiconductor elements of the second or larger levels may be

adhered to overhang thereof (a portion of the semiconductor



5 the second | evel near the spacer is assunmed to be thinnest filled
thickness. In this case, the thinnest filled thickness is equivalent
to the spacer thickness. It was deteridned that the poor filling in
the gap (clearance) between the chip of the first |level and the chip
of the second | evel near the spacer was the 10 failure. The nunber of
t he eval uated package was 20. Wen the nunber of the failure package

Is "n", it is represented to be n/20. [0052] The wire sweep

rate: ghrmgnicKkagacgnpbbgeedl n ehenaw dleuadhenefiorhtrdiegtt id |spager. The
capability is taken with a soft X-ray fluoroscopy 15 apparatus
( manuf WAL APy Pefesabty. hate (b | tirRDaTESFPO0Y LonrePe Ha aiieng WaAghh
and the sweep | evel (maxinum di stance fromthe |ine between the wre
ends t& tHOMNT & FAStnhstiePIvcrsugtres sleRent ri sidsp ofae is
ki MRV UG SIERERAOBD nEASUIRIMTS S5SPELpFLgent Bte PRI SRFEL Bart
e ool PSRl e ST e O DENODO. B P O oSt B
1] 3409_ '%‘:%IEE sleco%éAg/?LEgré:eOrvp f‘earpé-li.lsv%r%xélc\:{ﬁlégeszd i;,Lo 2c'>ve3rhang thereof (a
portion of the semiconductor element is not adhered), and the
peripheral part of the spacer in the case where it is adhered
through the spacer, are equivalent to the thinnest filled
10 thickness section in the semiconductor device having two or more
semiconductor elements stacked and installed to the lead frame.
[0040]
It is preferable that the lead section of the lead frame is
joined to the semiconductor element, by a reverse bonding of the
15 wire. 1In the reverse bonding process, a ball formed at the tip of
the wire is first joined to a pad porticn of the semiconductor
element, and the wire is cut tco form a bump for the stitch
junction. In next the ball formed at the tip of the wire is
joined to a metallic-plated lead section of the lead frame, and a
20 stitch junction with the bump of the semiconductor element is
created. Since the reverse bonding can achieve lower wire height
over the semiconductor element than that in the positive bonding,
lower height of the junction of the semiconductor element can be
achieved.
25 [0041]

The semiconductor device of the present invention is

obtained by encapsulating the electronic components such as



4 5 1 2 PDXY RESI N COVWPCSI TI ON FOR NCAPSULATI NG SEM CONDUCTOR DEVI CE
FORMULATI ONS ( PARTS BY MASS) E-1 12.43 12.43 12.43
27

semiconductor elements and the like with the epoxy resin
composition for encapsulating semiconductor device according to
the present invention, and then curing thereof with a conventional
molding process such as transfer molding, compression molding,

5 injection molding and the like. It is preferable that the
semiconductor device encapsulated by the forming process such as
transfer molding process is installed to electronic equipments and
the like after the complete cure is carried out for the time
duration of from 10 minutes to 10 hours as they are or at a

10 temperature of 80 degrees C to 200 degrees C or the like.
[0042]

As described above, according to the present invention, a
semiconductor device with improved reliability, which exhibits
reduced generation of poor filling of an epoxy resin composition

15 for encapsulating a semiconductor chip according to the present
invention, can be obtained, so that it can be preferably
applicable to a multi-chip type semiconductor device having a
current path that is narrowly complicated, particularly a
semiconductor device including multiple stacked layers of

20 semiconductor elements.

[0043]

In addition to above, it is needless to point ocut that
combination of any of the embodiments described above and a
plurality of modified embodiments can be employed unless the

25 contents are incompatible. Moreover, while the structures of the
respective elements are specifically described in the embodiments

and the modified embodiments described above, such structures may



E-2 H 1 6.52 16.65 16.65 6.52 16,65 6.52 16.65 H 2 FUSED
SPHERI CAL SILICA-1 80 12.25 12.25 80

5

10

15

20

25

28

be suitably modified as long as the modifications still satisfy

the present invention.

[EXAMPLES]
[0044]

While examples of the present invention will be shown below,
it is not intended that the present invention is limited thereto.
The blending ratio is presented by mass ratio. Respective
components of the epoxy resin composition for encapsulating
semiconductor device employed in examples and comparative examples
are shown below.

[0045]

Respective components of the epoxy resin composition for
encapsulating semiconductor device:

Ortho creosol novolac epoxy resin (E-1: manufactured by Nippon
Kayaku Co., Ltd., EOCN1020, softening point 55 degrees C, epoxy
equivalent 196)

Phenol aralkyl epoxy resin having a biphenylene backbone (E-2:
manufactured by Nippon Kayaku Co., Ltd., NC 3000, softening peint
58 degrees C, epoxy eguivalent 274)

Phencl novolac resin (H-1: manufactured by Sumitomo Bakelite Co.,
Ltd., PR-HF-3, softening point 80 degrees C, hydroxyl equivalent
104)

Phenol aralkyl resin having biphenylene backbone

(H-2: manufactured by Meiwa Plastic Industries Co., Ltd., MEH-
785155, softening point 65 degrees C, hydroxyl equivalent 203)

Fused spherical shape silica-1 (manufactured by Denki Kagaku Kogyo
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K. K., FB-100¥, ratio of particles of equal to or smaller than 100
pm: > 99.9 % by mass, ratio of particles of equal to or smaller
than 67 ym: 87.4 % by mass)

Fused spherical shape silica-2 (manufactured by Denki Kagaku Kogyo
K. K., obtained by sieving FB-100X with the sieve of 300 mesh,
ratio of particles of equal to or smaller than 67 pm: > 99.9 % by
mass, ratio of particles of equal to or smaller than 33 um: 73.7%)
Fused spherical shape silica-3 {(manufactured by Denki Kagaku Kogyo
K. K., FB-58DC, ratic of particles of equal to or smaller than 33
um: >99.9 % by mass)

Cure accelerator: triphenylphosphine (TPP)

Silane coupling agent: epoxysilane {y-
glycidoxypropyltrimethoxysilane)

Coloring agent: carbon black

Mold releasing agent: carnauba wax

[0046]

The respective semiconductor packages employed in the
evaluation of the filling capability and the wire sweep rate:
PKG-1: 44p TSOP. Package size: 18 X 10 X 1.0 mm, 42 alloy lead
frame. Island size: 5.0 X 8.5 mm, the first level chip size: 4.5
X 8.0 X 0.10 mm. Spacer size: 3 X 5 X 0.15 mm. The second level
chip size: 4.5 X 8.0 X 0.10 mm. Copper wire: obtained by
providing palladium coating of 0.01 ym for TC-E manufactured by
Tatsuta Electric Wire and Cable Co., Ltd. (copper purity 99.99 %
by mass, line size 25 pm). The chips and the leads were joined by
reverse bonding process.

PKG-2: 44p TSOP. Package size: 18 X 10 X 1.0 mm, 42 alloy lead



0.3 a4 020 0.2 0.2 0.4 70 0.20 0.2 0.3 0.40.15 0.2 0.2 0.4
0.20 0.2 0.3 0.4 0.15 0.2 0.3 0.40.20 0.2 0.3 0.4 RATIOOF
PARTI CLES OF | NORGANI C FI LLER [mass r&tio(% ] PARTI CLES OF EQUAL TO
OR SMALLER THAN 100 g m PARTI CLES OF EQUAL TO OR SMALLER THAN 67/ 2m
PARTI CLES OF EQUAL TO OR SMALLER THANI 33g m >99.9 87.4 - >99.9 >99.9
73.7 >99.9 >99.9 >99.9 >99.9 87.4 - >999
frame. Island size: 5.0 X 8.5 mm, the first level chip size: 4.5
X 8.0 X 0.10 mm. Spacexr size: 3 X 5 X 0.10 mm. The second level
chip size: 4.5 X 8.0 X 0.10 mm. Copper wire: obtained by
providing palladium coating of 0.01 um for TC-E manufactured by
5 Tatsuta Electric Wire and Cable Co., Ltd. (copper purity 99.99 %
by mass, line size 25 pm). The chips and the leads were joined by
reverse bonding process.
PKG-3: 44p TSOP. Package size: 18 X 10 X 1.0 mm, 42 alloy lead
frame. Island size: 5.0 X 8.5 mm, the first level chip size: 4.5
10 X 8.0 X 0.10 mm. Spacer size: 3 X 5 X 0.05 mm. The second level
chip size: 4.5 X 8.0 X 0.10 mm. Copper wire: obtained by
providing palladium coating of 0.01 ym for TC-E manufactured by
Tatsuta Electric Wire and Cable Co., Ltd. (copper purity 99.99 %
by mass, line size 25 pm). The chips and the leads were joined by
15 reverse bonding process.
PKG-4: 44p TSOP. Package size: 18 X 10 X 1.0 mm, 42 alloy lead
frame. Island size: 5.0 X 8.5 mm, the first column chip size:
4.5 X 8.0 X 0.10 mm. Spacer size: 3 X 5 X 0.15 mm. The second
step chip size: 4.5 ¥ 8.0 X 0.10 mm. The gold wire: AW66
20 manufactured by Kulicke & Soffa, Ltd. (gold purity 99.992 % by mass,
line size 25 pm). The chips and the leads were joined by reverse
bonding process.
PKG-5: 44p TSOP. Package size: 18 X 10 X 1.0 mm, 42 alloy lead
frame. Island size: 5.0 X 8.5 mm,
25 The first level chip size: 4.5 X 8.0 X 0.10 mm. Spacer size: 3 X

5 X 0.10 mm. The second level chip size: 4.5 X 8.0 X 0.10 mm.

The old wire: AW66 manufactured by Kulicke & Soffa, Ltd. (gold
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purity 99.99 % by mass, line size 25 pum). The chips and the leads
were joined by reverse bonding process.
[0047]

Manufacture of the epoxy resin composition for encapsulating

semiconductor device:

{(Example 1)

E-1 12.43 mass ratio
H-1 ©.52 mass ratio
Fused spherical shape silica -1 80 mass ratio
TPP 0.15 mass ratio
Epoxy silane 0.2 mass ratio
Carbon black 0.3 mass ratio
Carnauba wax 0.4 mass ratio

The above components were mixed by using a mixer at an ambient
temperature, and were then kneaded with a roller at 70 to 100
degrees C, and after they were cooled, were pulverized to obtain
the epoxy resin compesition for encapsulating semiconductor device.
[0048]

(Examples 2 to 5, Comparative Examples 1 and 2)

According to the formulations of the epoxy resin
compeositions for encapsulating semiconductor device described in
Table 1, the epoxy resin compositions for encapsulating
semiconductor device were obtained similarly as in Example 1.
[0049]

The following evaluations were conducted for the epoxy resin
compositions for encapsulating semiconductor device obtained in

the respective examples and comparative examples. An obtained
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result is shown in table 1.

[0050]

Evaluation Method

(Evaluation of epoxy resin composition for encapsulating
semiconductor device)

Spiral flow: The epoxy resin composition for encapsulating
semiconductor device was injected into a metallic mold for spiral
flow measurement, which is pursuant to EMMI-1-66, by using a low
pressure transfer molding machine (manufactured by Kohtaki
Precision Machine Co., Ltd., KTS-15) under the condition of the
metallic mold temperature of 175 degrees C, the injection pressure
of 6.9 MPa, and the curing time of 120 seconds, to measure the
fluidized length. The unit was centimeter (cm)}.

The fluidized length of equal to or lower than 80 cm may
cause a molding failure such as poor filling for the package and
the like.

[0051]
(Evaluation of semiconductor package)

Filling ability: Siliceon chips and the like were
encapsulated with the epoxy resin composition for encapsulating
semiconductor device by using a low pressure transfer automated
molding machine {(manufactured by Dai-Ichi Seiko Co., Ltd., GP-ELF)
under the condition of the metallic mold temperature of 175
degrees C, the injection pressure of 9.8 MPa, and the curing time
of 70 seconds to cobtain an evaluation package described in Table 1.
The filling capability of the epoxy resin composition for

encapsulating semiconductor device was observed by using a



0.10 PKG2 0.10 PKG3 0,05 - E - cc al LT, Luz 1:t< go IMRE
DI AMETER [finil MATERIAL NAME OF PRODUCT PURITY OF COPPER OR GOLD
[mass ratio(9%9] THH CKNESS OF PALLADIAsV COATI NG LAYER Dini 1 25
COPPER TC-E 99.99 0.01 25 COPPER TG-E 99.99 0.01 25 COPPER TG E
99.99 0.01
scanning acoustic tomography device (manufactured by Hitachi Kenki
Fine Tech Co., Ltd., mi-scope hyper II). The thinnest thickness
among the thicknesses of the depositing direction of the air gap
(clearance) between the chip of the first level and the chip of
5 the second level near the spacer is assumed to be thinnest filled
thickness. In this case, the thinnest filled thickness is
equivalent to the spacer thickness. It was determined that the
poor filling in the gap (clearance) between the chip of the first
level and the chip of the second level near the spacer was the
10 failure. The number of the evaluated package was 20. When the
number of the failure package is "n", it is represented to be n/20,
[0052]
The wire sweep rate: The package employed in the evaluation
for the filling capability is taken with a soft X-ray fluoroscopy
15 apparatus {(manufactured by Softex Co., Ltd., PRO-TEST100), and the
wire length and the sweep level (maximum distance from the line
between the wire ends to the wire) was measured for 22 wires. The
wire sweep rate is represented by a percentage of (current
level) /({wire length), and the maximum value of the 22 measurements
20 1is presented. The unit thereof is percent (%). Such value of
beyond 5 % highly possibly allows causing a mutual contact of the
adjacent wires.
[0053]

[Table 1]



25 GOLD AW6 99.99 - 25 GOLD AW6 99. 99 - 25 COPPER TG E
99.99 0.01 25 COPPER TG-E 99.99,,0.01 METHOD FOR FORM NG

CHI P/ LEAD JUNCTI ON REVERSE REVERSE REVERSE REVERSE REVERSE REVERSE
REVERSE u., FILLING CAPABILITY (NUMBER OF FAI LED PACKAGE n/ 20) 0/20

TABLE 1
EXAMPLES COMPARATIVE EXAMPLES
y E—1
& e 1605 | 1668 || 1685 || 1665
o [y
e R S BT NETEN N T B
3, SX [FUSED SPHERICAL SILICA-1
= ;E FUSED SPHERICAL SILICA-2
ES| £ [FUSED SPHERICALSILICA3 __
03| SF [1PR
S EROKYSILANE 02 L 02 02 02 ] o2 T 0w 0
8 CARBON BLACK L
%E CARNAUBA WAX 0.4
o RO OF op  |FASTICLES OF EQUAL TO OR SMALLER THAN 100 m| .>889,
20 |INORGANIC AILLER|PERTICLES OF EQUAL TO OR SMALLERTHAN 67 ttm_ 2889,
§§ [mass ratio(@)] | PARFICLES OF EQUAL TO OR SMALLER THAN B m 737
Wit [SPIRAL FLOW [cm] 74
W™ [NAME OF PACKAGE _ _ ~ _PKG-3
S [THINNEST FILLING THICKNESS— THICKNESS OF SPACER [mmi 005
Q F |WIRE DIAMETER [pm] .
e | = IMATERAL T . ) COPPER
2| i [MMEORPRODUCT .. | TCE | ¥eIE TG | Awes | Awes | TGE | TCE.
© | @ |PURITY OF COPPER OR GOLDimassrabors] 9889
2 | =5 |THICKNESS OF PALLADIUM COATING LAYER [ 2m] ! . ) y 0.01
8 |METHOD FOR FORMING CHIPILEAD JUNGTION REVERSE| REVERSE| REVERSE| REVERSE | REVERSE | REVERSE | REVERSE
S |FILLING GAPABILITY (NUMBER OF FAILED PACKAGE n/20) 0/20 | 0/20 | 0/20 | o/20 | 0/20 | 18720 | 20720
@ |WIRE SWEEP RATE [%) 3.1 2.4 40 6.5 7.2 34 3.7

[0054]
As can be seen from Table 1, Examples 1 to 5 where an
inorganic filler containing particles having particle diameter of
5 equal to or lower than two-thirds of the thinnest filled thickness
at a rate of equal to or higher than 99.9 % by mass provides the
results for the enhanced filling capability. Moreover, Example 1
to 3 employing the copper wire provides enhanced wire sweep ratio.
[0055]
10Q The present application claims a pricrity based on Japanese

Patent Application No. 2009-206,535 filed on September 8, 2009,



0/ 20 0/20 0/20 0/20 18/ 20 20/20 co WRE SWEEP RATE [%4 3.1 2.4 4.0 6.5
7.2 3.4 3.7 [0054] As can be seen from Table 1, Exanples 1 to 5
where an 35

the disclosures of which are incorporated by reference.



inorganic filler containing particles having particle dianmeter of 5
equal to or lower than two-thirds of the thinnest filled thickness at
a rate of equal to or higher than 99.3 % by mass provides the results
for the enhanced filling capability. Mreover, Exanple 1 to 3
enpl oyi ng the copper wire provides enhanced wire sweep ratio. [0055]
10The present application clains a priority based on Japanese Patent
Application No. 2009-206,535 filed on Septenber 8, 2009, 35 the
di scl osures of which are incorporatddp ref erence. 36 CLAIMS 1. A
sem conduct or device, wherein two or nore sem conductor elenents are
stacked and nount on a lead franme, the lead frame is 5 electrically
joined to the sem conductor element with a wire, and the
seni cohduct dt SERFALCERE ARV ECRndheFSdine EVPI 1] IREE | piiganductor
encapsu) ated with a cureg gﬂgduct of an epoxy _resin conmposition for

o]

encapsttNSHG S EGAGGE dijuy, on a lead fryjer fhe tieadeforpe 1s

resin spumasitign for encapsulati g 10 semt conguctor devi ce gontain
the semiconductor element, the wire and an electric junction are
encapsulated with a cured product of an epoxy resin composition
for encapsulating semiconductor device,
wherein the epoxy resin composition for encapsulating
10 semiconductor device contains
(A) an epoxy resin;
(B) a curing agent; and
(C) an inorganic filler, and
wherein the (C) inorganic filler contains particles having
15 particle diameter of equal to or smaller than two-thirds of a
thinnest filled thickness at a rate of equal to or higher than

99.9 % by mass.

2. The semiconductor device according to claim 1, wherein the
20 semiconductor elements are stacked to provide an air gap, and the

air gap is filled with the cured product of the epoxy resin

composition for encapsulating semiconductor device to constitute a

filled section having the thinnest filled thickness.

25 3. The semiconductor device according to claim 2, wherein the
thinnest thickness of the air gap between the semiconductor

element and the semiconductor element or the air gap between the



(© an inorganic filler, and wherein the (C) inorganic filler
contains particles having 15 particle dianeter of equal to or snaller
than two-thirds of a thinnest filled 3hickness at a rate of equal to
or higher than 99.9 % by nass. 2. The sem conductor devi ce according
to claim1, wherein the 20 sem conductor elements are stacked to
provide an air gap, and the air gap is filled with the cured product
of the epoxy resin conposition for encapsul ati ng sem conductor device
t 0 consgmiagrelwtfor kddmentt fod tayilapd Heambi ahesy Ehe |sthakhidikpesion
25 3. The semiconductor device according to claim2, wherein the
t hi nnek? ediicidens &b the Bhinprgr Hathkesn thaeksess conduct or el ement
and the sem conductor elenent or the air gap between the 37
sem conductor elenment and the lead frane along the stack direction is
equi vaI ent to the thinnest filled thickness. 4. The sem _conduct or
devi c€ accor“&i‘%gs%‘:&ﬁﬁu@ﬁ@ro@e‘@r% ACOPTEETY 5O FR¥%r % TheElAlms sty
co per W T gﬁe The sem conduct or .device according to any one of

i B 'l“fkﬁ?rflr\/\/ljf el AEBhLS SRrFERfIUMESF el enents are stacked to be
rmunt ed on the |l ead frame through a spacer, and 10wherein the (O
inorganic filler contains particles having particle diameter of equal

to or snall thantwoth rds t he thicknes P at_a
rate of equal™t & Br Rig e%rzofhdevb%e G By Hds %o ﬁgyegﬂ% G L1atns®1 to

sem condyal s deyhee sareabdhig- 40 Ath:ORe gt_»%cg@wﬁe& 4 &% IBEHNon

the (C)' inorganic rcont ai ns | he séni conduct or device

accor diyfg lté%xcﬁ%aﬂl@etﬁf:oﬁﬁﬁ' gﬁsﬁaé&, and

10 wherein the (C} inorganic filler contains particles having
particle diameter of equal to or smaller than two-thirds of the
thickness of the spacer at a rate of equal to or higher than

99.9 % by mass.

15 6. The semiconductor device according to any one of claims 1 to

5, wherein the {C) inorganic filler contains silica.

7. The semiconductor device according to any one of claims 1 to
6, wherein the lead frame is electrically joined to the

20 semiconductor element by a reverse bonding of the wire.

8. The semiconductor device according to claim 4, wherein
purity of copper in the copper wire is equal to or higher than
99.99 % by mass.

25
9. The semiconductor device according to claim 4 or claim 8,

wherein the copper wire includes a coating layer on the surface,



6, wherein the lead frane is electrically joined to the 20

sem conductor el enment by a reverse bonding of the wire. 8. The

sem conduct or device according to clafn4, wherein purity of copper
in the copper wire is equal to or higher than 99.99 % by mass. 25 9.
The sem conduct or device according to claim4 or claim8, wherein the
copper wire includes a coating |layer on the surface, 38 the coating
| ayer being conposed of a netallic material containing palladium

10. Thehe egpatomtudeoerdeeite eeerdich@lt @ sehpkl9¢ mkleewial tdeatBining
t hi ckness. of the coating layer is equal to or larger than 0.001 m and
equal BdlEdidHml | er than 0.02 m 11. The seni conductor device
according to claim5, wherein the thickness of the spacer is equal to
or larger than 0.01 mmand 10 equal to or smaller than 0.2 mm

10. The semiconductor device according to claim 9, wherein the
5 thickness of the coating layer is equal to or larger than 0.001 um

and equal to or smaller than 0.02 um.

11. The semiconductor device according to claim 5, wherein the
thickness of the spacer is equal to or larger than 0.01 mm and

10 equal to or smaller than 0.2 mm.



