EPOXY RESI N COVPOSI TI ON FOR SEM CONDUCTOR ENCAPSULATI ON, SEM CONDUCTOR
DEVI CE USI NG THE SAME, AND PROCESS FOR PRODUCI NG SEM CONDUCTOR DEVI CE 5
FI ELD OF THE | NVENTI ON The present invention relates to an epoxy resin
conposition for sem conductor encapsul ation which is used as an

encapsul ating material for producing surface nount- type sem conductor
devices of a lead-less structure, in 10 particular, thin and | ow cost

sem conduct or devices. The invention further relates to a surface

nount -t ype | EROX¥eBRESINe COMPOSITHON dFOR GEMITGNINEITOR tENCAPSBDATYORESI N
conposition and a process for producing the sem conductor device. 15
BACKGROUND OF FEHICNNWENTIOR PEVIIOE SRty CHBD BAMEg AND SBROCBAEUEORI
integrated circuits, individual parts such as transistors and di odes, and
especially recently, LSIsPROPEICANG SEMGONDIGTOR OAEVECKage si ze reduction
t hi ckness reduction, and integration degree increase. LSl nounting

techni ques include the packages of the type having |l ead termnals

i ncorporated in the package, and this type of packages, which is
represebted by QFNs (quad fl| aFfTE&® IGRMRHE ZVVENIERMRS), is one of the
package types which are especially attracting attention fromthe
standpoi nts of sizelhedmkesemt nverhienr nelahedeyrean spoEysaesAmr ocess

which is 1 especially attracting attention in recent years anong
composition for semiconductor encapsulation which is used

as an encapsulating material for producing surface mount-

type semiconductor devices of a lead-less structure, in

o

10 particular, thin and low-cost semiconductor devices. The
invention further relates to a surface mount-type lead-less
semiconductor device obtained with the epoxy resin
composition and a process for producing the semiconductor
device.

15

BACKGROUND OF THE INVENTION
In the package mounting of semiconductor integrated
circuits, individual parts such as transistors and diodes,
’ and especially recently, LSIs, there are desires for

20 package size reduction, thickness reduction, and
integration degree increase. LSI mounting techniques
include the packages of the type having lead terminals
incorporated in the package, and this type of packages,
which is represented by QFNs (quad flat non-leaded

25 packages), is one of the package types which are especially
attracting attention from the standpoints of size reduction

and integration degree increase. A process which is



processes for QFN production conprises orderly arranging chips for OFNs on
a die pad in a package pattern region of a lead franme, en bloc

encapsul ating the chips in the cavity 5 of a nold with an encapsul ati ng
resin material, and then cutting the nolding into individual QFN structures
to thereby greatly inprove the productivity per unit lead frane area. On
the other hand, for attaining inproved connection reliability in the
nmount i ng of sem conductor 10 devices on substrates such as nother boards,

there is aesgesiisAlyonreioondictaitieyi e bareng yharsoaaahged
standoff, i.e., a seniconductor device in which the conductor on the

nount i ng sSipdedearsdsy fono QN pfsduntien esoppistat bpdeirtyi arrbngiugt her nor e,
sem conductor devices of a |ead-less structure have been devel oped recently
for the purbhdips dor UFNKBsA rdidegradnin Thephdckagal pgtheeneyedian offor
exanpl e, been proposed as a process for producing such a |ead-I|ess

sem conducteol egal ifommer rest blooendapenlating28heéasghapsednt dhe lgass tynd
etched so that the netal foil remains in given areas to forma die pad part
23a and® cofd@cimadd prrths SIBenearsiel dbhteg 20eainshatprinlki gnd7 then
Subsequently, a sem conductor el ement 21 is bonded to the die pad part 23a
t hrough an @dHesg Ehayralding ginte hengbviduwal oRENcssrustawes t21 is then
electrically connected to the conductive parts 23b with wires 25. The

resul tant tHeRRRYIIFFIAELILIRRIAE t Bhe rRReARFtABLEY ngek thif delad to 2

t hereby resin-encapsul ate the struct recfo:éhat only the .,
frame area. On the other hand, for attaining improved

connection reliability in the mounting of semiconductor

10 devices on substrates such as mother boards, there is a
desire for a semiconductor device having the so-called
standoff, i.e., a semiconductor device in which the
conductor on the mounting side partly projects from the
encapsulating resin.

15 Furthermore, semiconductor devices of a lead-leas
structure have been developed recently for the purpose of
thickness reduction. The following process has, for
example, been proposed as a process for producing such a
lead-less semiconductor device. First, a metal foil is

20 laminated to a base and etched so that the metal foil
remains in given areas to form a die pad part 23a and
conductive parts 23b on the base 20 as shown in Fig. 7.
Subsequently, a semiconductor element 21 is bonded to the
die pad part 23a through an adhesive layer 24, and the

25 semiconductor element 21 is then electrically connected to
the conductive parts 23b with wires 25. The resultant

structure is subjected to transfer molding with a mold to



space in which the sem conductor elenent 21 is electrically connected to
the conductive parts 23b is filled with an encapsulating resin |ayer 26.
Thereafter, the base 20 is 5 separated fromthe encapsul ating resin |ayer 26
to thereby produce a package including the encapsul ated sem conduct or

el ement as shown in Fig. 8 (see docunent 1). In this process, since a die
pad part 23a and conductive parts 23b are forned on a base 20, the
conductive parts can have a 10 reduced thickness. In addition, when such

packages t{nSreBpP! abBed-bheapeilaes AhencARsIdfli O tha 8noleapsyl ating
material are separated into Individual packages, there is no need of

cutting a gpadef iAmMehidhi Shpr eeasToReIies: dide lafinerit VAN D¢ celdatr Dbadey wear
by dicing is slight. 15 Docunment 1: JP-A-9-252014 SUMVARY OF THE | NVENTI ON
However, té&enpeotedstonthli ebnauctddre pard L3156k £:01 LoD dwCth edn bl oc
encapsul ati on has the follow ng 20 di sadvant ages. Al though productivity

| npr ovenenéncapsidgeingi resiadlalieon 2ndTheregfakeirgn thegbessd X0 ease can be
realized by the process, multiple-row wiring arrangenment rmade up of, e.g.,
3 or nore sepsratedi frpnultheartchpesuliatirgnaresin tlayemndér tof thhensby s
limted. Wth respect to 25 the standoff structure also, the silicone
pressure- peadiceva pdbksgee inglalding rhibienlgnaamsiiiatedesémbeondestsr ant
pressure-sensitive adhesive tape to be applied to 3 the |lower side of a |ead

frame i n (FAemehdi A§ Bhowpedn FHigghldy Eessdaqumentolhs tIe Hdie enhanced
heat resi stance
process, since a die pad part 23a and conductive parts 23b

are formed on a base 20, the conductive parts can have a

10 reduced thickness. In addition, when such packages thus
obtained through resin encapsulation with an encapsulating
material are separated into individual packages, there is
no need of cutting a lead frame. This process hence has an
advantage that blade wear by dicing is slight.

15 Document 1: JP-A-9-252014

SUMMARY OF THE INVENTION
However, the process in which a lead frame is used
to conduct en bloc encapsulation has the following
20 disadvantages. Although productivity improvement, package
size reduction, and integration degree increase can be
realized by the process, multiple~row wiring arrangement
made up of, e.g., 3 or more rows is difficult and the
increase in the number of pins is limited. With respect to
25 the standoff structure also, the silicone pressure-
sensitive adhesive which is mainly used in the heat-

resistant pressure~sensitive adhesive tape to be applied to



and hence has poor fluidity. Al though the production of a sem conductor

devi ce having a standoff structure 5 necessitates a step in which part of
the conductor is enbedded in the pressure-sensitive adhesive layer, this
enbedding is difficult for the reason shown above. As a result, it has been
difficult to produce a sem conductor device having the standoff structure.
In addition, the 10 lead frane is generally required to have a thickness of
100 to 200 pmfromthe standpoints of transferability and handleability in
sem conducttiie dewexe sidslust i ®nleadpsSramadint QFN haddiegnhaz dkseinacl e to

t hi ckness reduction in sem conductor devices. 15 In the sem conductor

devi ce produigghilgn qrraxsbenked oposas to batenéentaocveenhebt thesilsdeamd20 i s
required to be sufficiently adherent to the netal foil parts in the netal
foil etchi mpdtheandeorhdsrpeéoy Hluidippd Feith@8sh abble pooductive péras 23b
and in the transfer nolding step for 20 resin encapsul ation. On the other
hand, aft ersemiecanducter devidénbavihg bastafdoff ségquictadet 0 be easily
separated fromthe encapsulating resin |layer 26 and also fromthe netal
foil paPts.neRrsHate® angiteRelnevhichoparsr eft the coaguiates tie¢ have

conflicting properties regarding 25 adhesi veness. Nanely, the base 20 is
required tdﬁﬂﬁvg*ﬁ%t¥P i R¥apERTesSeRELLRER adhepd Vive 1ayer f dhitshe et ching
and durability which prevents the _sem conductor elenment 21 from4 shifting
at the higfiRefg 2 FFFhgutfahicFefPRoFERAGE SHOYENARCYENe PFedsure

appl i ed thereto when the | din .
PP result, {% has been gifflcult to preduce a semiconductor

device having the standoff structure. In addition, the

10 lead frame is generally required to have a thickness of 100
to 200 pm from the standpoints of transferability and
handleability in semiconductor device production steps, and
this has been an obstacle to thickness reduction in
semiconducteor devices.

15 In the semiconductor device production process
propesed in patent document 1, the base 20 is required to
be sufficiently adherent to the metal foil parts in the
metal foil etching step for forming a die pad part 23a and
conductive parts 23b and in the transfer molding step for

20 resin encapsulation. On the other hand, after the transfer
molding, the base 20 is required to be easily separated
from the encapsulating resin layer 26 and alsoc from the
metal foil parts. The base 20 and the metal foil are thus
required to have conflicting properties regarding

25 adhesiveness. Namely, the base 20 is required to have both
resistance to the chemical to be used for the etching and

durability which prevents the semiconductor element 21 from



resin flows in the nold. Despite this, the base 20 is required, after the
resin nolding, to be capable of being 5 easily separated fromthe

encapsul ating resin layer 26 and fromthe netal foil. However, none of the
materials shown in docunent 1 as exanples of the base 20, i.e., Teflon
(trademark) materials, silicone materials, and netallic or other materials
coated with Teflon (trademark), can satisfy 10 such conflicting adhesive
properties at all. The proposed encapsulating material and process for

sen conducgahiféenigtat Rhedhaighordiperfaane lmﬁaiﬂgﬁfﬁﬁéﬂéfeﬂ Rodddhgi on,
al t hough the base 20 after resin nolding should be capable of being easily

separ at ed Bhdmundert theeparpsurd idppliesd tHeaeto 2Phenotheopoesakngor
satisfying this requirenent is made in docunent 1. The proposed process
hence has aeptiablfdeomishdn ithda snalid f i Delspitieo thiiah)| vl dshiee 20 giy reliabl e
sem conduct or devices. The present invention has been achi eved under these
20 ci r cunstragmésedin adlfjeactthef rereimpmesishing nviemtbencapabbde pfobedagan epoxy
resin composition for sem conductor encapsulation which is used as an
encapsul at eagiiat sepalratiegt fra udhe erseadsicka oumt xeéypr layers@fi eodduct or
devices of a |lead-less structure. Another object of the present 25

i nventi on ifgomo teowmedala I ac dowerer-t poaesafi ddiuvtteriafeyishkowi a

| ead-1 ess structure obtained with the conposition. A still other object of
t he presentn fpsvment 3 a8 RAEH R Prodease 1P/ ptoduci Bgflne

senm conductor devi ce. i L . .
{(trademark) materials, silicone materials, and metallic or

other materials coated with Teflon (trademark), can satisfy
10 such conflicting adhesive properties at all. The proposed
encapsulating material and process for semiconductor device
production have been unsatisfactory.
In addition, although the base 20 after resin
molding should be capable of being easily separated from
15 the encapsulating resin layer 26, no proposal for
satisfying this requirement is made in document 1. The
proposed process hence has a problem that it is difficult
to stably produce highly reliable semiconductor devices.
The present invention has been achieved under these
20 circumstances. An object of the present invention is to
provide an epoxy resin composition for semiconductor
encapsulation which is used as an encapsulating material
for producing surface mount-type thin semiconductor devices
of a lead-less structure. Another cobject of the present
25 invention is to provide a surface mount-type semiconductor
device of a lead-less structure obtained with the

composition. A still other object of the present invention



In order to acconplish those objects, the invention provides, according to
a first aspect thereof, an epoxy 5 resin conposition for sem conduct or
encapsul ation which is for use in producing a sem conductor device
conprising an encapsulating resin |layer and, encapsul ated therein, a
substrate, a sem conductor el enment nmounted on the substrate, two or nore
conductive parts disposed around the 10 sem conductor elenent, and

el ectrically connecting parts which electrically connect el ectrodes of the
sem conducti¥ te&lgprenidécat feceesduEbiryverpdiuicingVidiceigentivodidtsn f ace of
the substrate and the bottom face of each conductive part are exposed

W t hout beidevimeapsul ated in the encapsulating 15 resin |layer, and the
epoxy resin conposition used for form ng the encapsulating resin |ayer has
the follow ng propbrtéederfaloandcémplifh) thhecepbpatesi rtheonpossrttiian has a
melt viscosity as neasured at 175C of from2 to 10 Pa-s; and 20 (P) the
epoxy resi rpeevwpdesi i ancgrdengatourediredi pspadthdhexrddfoxmmalemixengt h as
measured at ordinary tenperature of 130 MPa or higher. The present

i nventi én fm%h@rcmmﬁggs?naééar gemgcongug teoxc emrappdationuich gis

sem conductor device which 25 conprises an encapsulating resin |ayer and,
encapsul at efo¥ hepei i BredBsingt 8 S§MieAPERTHIR Gle Vel IeINmRAREE ¥h  t he

substrate, two or pore conductive parts di sposed around 6 the sem conduct or
el enent, an®PERREVIRELANYYTESARCLRYRT 2p&rt SNRFRTT G YR Hhereip cohnect

el ectrodes of_ the
substrate, a semiconductor element mounted on the

substrate, two or more conductive parts disposed around the
10 semiconductor element, and electrically connecting parts
which electrically connect electrodes of the semiconductor
element to the conductive parts, wherein the bottom face of
the substrate and the bottom face of each conductive part
are exposed without being encapsulated in the encapsulating
15 resin layer, and the epoxy resin composition used for
forming the encapsulating resin layer has the following
properties (a) and (B):
(x) the epoxy resin composition has a melt viscosity as
measured at 175°C of from 2 to 10 Pa-s; and
20 (B) the epoxy resin composition gives a cured resin having
a flexural strength as measured at ordinary temperature of
130 MPa or higher.
The present invention further provides, according
to a second aspect thereof, a semiconductor device which
25 comprises an encapsulating resin layer and, encapsulated
therein, a substrate, a semiconductor element mounted on

the substrate, two or more conductive parts disposed around



sem conductor elenent to the conductive parts, wherein the bottomface of
the substrate and the bottom face of each 5 conductive part are exposed

wi t hout bei ng encapsulated in the encapsulating resin |ayer, and the
encapsul ating resin |ayer conprises a cured resin formed fromthe epoxy
resin conposition for sem conductor encapsul ation described above. 10 The
I nvention furthernore provides, according to a third aspect thereof, a
process for producing the sen conductor device described above which
conpri ses: x4 epdhi BdndlcedResl ¥henReChnO M-t 1GA RAE KL BIhg adhesi ve

| ayer fornmed on a surface thereof; formng a 15 substrate for seni conductor

el ement MOWYFHY FNchVe18EtriRaE 1¢0kdnakicte NAdtrddeDigeney eas of the

adhesi ve | ayer

si de of the adhesive sheet; bonding the face of a

sem conduct gemeten@AE LYk ellehian thecehte! RMRRdtA Vd pasidstyd Ll thier eby
mount the sem conductor elenent on the 20 substrate; electrically connecting

el ectrodes wtthw £aeqi egndhet enbelteatal afadivhed sytddie FdhstsRt&eadw t he
conductive parts; resin-encapsul ating the substrate, the sem conductor
el ement snousdeduetivaepanitsaral expbled edrttidait L2 iRy tehd05 5ETh ©ad t e

adhesi ve sheet,

and the 25 electrically connecting parts for the conductive

parts with tlaa epoapsniatingomesdint layergviangl tihe faldapeulppinperdsas (a)
and (p) to thereby forma sem conductor device on the 7 adhesive sheet; and
strippi ng olayéhecampessee sheuirekd gmasinhd cammd diauc tthre dvoxge fosived:

composition for semiconductor encapsulation described

above.

10

The invention furthermore provides, according to a

third aspect thereof, a process for producing the

semiconductor device described above which comprises:

preparing an adhesive sheet comprising a base and an

adhesive layer formed on a surface therecf; forming a

15 substrate for semiconductor element mounting and two or

more conductive parts in given areas of the adhesive layer

side of the adhesive sheet; bonding the face of a

semiconductor element which has no electrodes to the

substrate to thereby mount the semiconductor element on the

20 substrate; electrically connecting electrodes of the

semiconductor element mounted on the substrate to the

conductive parts; resin-encapsulating the substrate, the

semiconductor element mounted on the substrate, the

conductive parts formed on the adhesive sheet, and the

25 electrically connecting parts for the conductive parts with

an epoxy resin composition having the following properxties

() and (f) to thexeby form a semiconductor device on the



(a) the epoxy resin conposition has a nelt viscosity as mnmeasured at 175C of
from2 to 10 Pa-s; and 5 (P) the epoxy resin conposition gives a cured resin
having a flexural strength as neasured at ordinary tenperature of 130 MPa
or higher. BRI EF DESCRI PTION OF THE DRAW NGS 10 By way of exanple and to
make the description nore clear, reference is made to the acconpanying
drawing in which: Fig. 1 is a sectional view show ng a sem conductor

devi ce production step in the invention. 15 pig. 2 is a sectional view

showi ng angifiels; EE UGy Q@efi;gﬁﬁoalﬁgtma §&ﬁBskG§t Bfel?Y §3dOn-

Fig. 3 is a sectional view show ng anot her sem conductor device

product i on {$ief R drft AR ISP AOPs ce FGrmdal s a sectional view show ng a
further 20 sem conductor device production step in the invention. Fig. 5is

a sectional(qyi ad |dptsty atdHn OPEmEISTPL6n RhsSETheRdysLabsdey G&s obtai ned
by the sem conduct or evi ce production process of the invention. Fig. 6A

and Fig. 6Red<fRRCtdONEI5YVE NS SR N0to 2D00phek ;shages of conductive
parts. Fig. 7 is a sectional view showi ng a sem conductor device production

step heg et ofgor elid) disexy Srdtfn SomiSo£i 6£64A 1 9DaksVhevusbaVirag ianGlaR@hg
sem conduct or device production step heretofore in use. Fig. 9 is a view
di agr ammat i #lexuirdliss théndith das measured at ordinary temperature of

130 MPa or higher.

BRIEF DESCRIPTION OF THE DRAWINGS
10 By way of example and to make the description more
clear, reference is made to the accompanying drawing in
which:
Fig. 1 is a sectional view showing a semiconductor
device production step in the invention.
15 Fig. 2 is a sectional view showing another
semiconductor device production step in the invention.
Fig. 3 is a sectional view showing still another
semiconductor device production step in the invention.
Fig. 4 is a sectional view showing a further
20 semiconductor device production step in the invention.
Fig. 5 is a sectional view illustrating one example
of semiconductor devices obtained by the semiconductor
device production process of the invention.
Fig. 6A and Fig. 6B are sectional views showing
25 other shapes of conductive parts.
Fig. 7 is a sectional view showing a semiconductor

device production step heretofore in use.



met hod of neasuring the flexural strength of a cured resin 5 fornmed from an
epoxy resin conposition. Description of Reference Nunerals: 1: base 2:
adhesive layer 10 3: adhesive sheet 4: conductive part 5: sem conductor
elenment 6: electrode 7: wire 15 8: encapsulating resin |ayer 9: substrate
The present inventors nmade extensive investigations in order to devel op an
encapsul ating material for obtaining 20 a highly reliable thin

sem conductor device of a lead-less structure and to devel op a process for

seni conduct or devi gaig Productd WedtidhS1CH &RCIRSWEALT AHoRBLer i al . As a
result, the follow ng novel process and special encapsulating materi al

used for thenfilcutisc V@ eddeims Prddudeibhystap Reradbesiree izhegle .CcONpPri sing
a base and an adhesive |ayer formed on a surface thereof is prepared, and a

substrate for semrENdEtis =£|ei@ntdiaghinhgt 268l 1ywoidlusRtatingorductive
parts are formed on this adhesive |layer. The face of a sem conductor

el emrent whingitHwed o méactroggsthe fberdedlt stikkagthbsifr at eutred hessdhy nount
the sem conductor elenent. Subsequently, electrodes of the sem conductor 5
el enent Snofidmeednftde anbsposy erasenetenposdaliby.connect ed

Description of Reference Numerals:

1: base
2: adhesive layer

10 3: adhesive sheet
4: conductive part
5: semiconductor element
6: electrode
7: wire

15 8: encapsulating resin layer

9: substrate

The present inventors made extensive investigations
in order to develop an encapsulating material for obtaining
20 a highly reliable thin semiconductor device of a lead-less
structure and to develop a process for semiconductor device
production with such encapsulating material. As a result,
the following novel process and special encapsulating
material used for the process were found out. Namely, an
25 adhesive sheet comprising a base and an adhesive layer
formed on a surface thereof is prepared, and a substrate

for semiconductor element mounting and two or more



to the conductive parts. Thereafter, the sem conductor elenent, conductive
parts, and parts electrically connecting these are resin-encapsulated with
an epoxy resin conposition to forma sem conductor device on the adhesive
10 sheet. Subsequently, the adhesive sheet is stripped off fromthe

sem conductor device formed. In this process for producing a sem conductor
device of a lead-less structure, when the epoxy resin conposition used as
an encapsulating material is has a nelt viscosity as neasured at 175C of 15

from2 to d9nBagtand Phves Ar@UiRANREidh NaVidhdhdd BrdIl Blyest reﬂgéh as
measured at ordinary tenperature of 130 MPa or hi gher, then t he

sem conductqeede¥i ae sead dondRatidry elsaRal it di Had heo ashest¥eqashees and a
highly reliable thin sem conductor device of a | ead-1ess structure is 20

obt ai ned. Bafdddokct hee sl triat@d RS, tHdaB teiin © Nt i Ss e E8Sn8lidSor
achi eved. As shown above, the epoxy resin conposition for sem conductor

encapsul at ebemehtt hespbeagnénthyenkilentrsdessed ithep s@tiixidighicitseri conduct or
devi ce conprising an 25 encapsul ating resin |layer and, encapsul ated therein,
a Substr attemantemonatehdaltcor thecmmilis tabd ek ®neldstr sedibly abennéwbedr nore
conductive parts disposed around the 10 sem conductor el enent, and
el ectri cal kp tbeneondunstjart pantts chToegsrfiteal,| \theomeedicagidistraxes of the
sem conductor element to the conductive parts, wherein the bottomface of
t he subst r galemand ,t leoniswatome aax e, anrh portsiceleetpheallyare exposed
w t hout being encapsul ated in the encapsul ating
connecting these are resin-encapsulated with an epoxy resin
composition to form a semiconductor device on the adhesive
10 sheet. Subsequently, the adhesive sheet is stripped off
from the semiconductor device formed. In this process for
producing a semiconductor device of a lead-less structure,
when the epoxy resin composition used as an encapsulating
material is has a melt viscosity as measured at 175°C of
15 from 2 to 10 Pa‘-s and gives a cured resin having a flexural
strength as measured at ordinary temperature of 130 MPa or
higher, then the semiconductor device can be easily
separated from the adhesive sheet and a highly reliable
thin semiconductor device of a lead-less structure is
20 obtained. Based on these new findings, the invention has
been thus achieved.
As shown above, the epoxy resin composition for
semiconductor encapsulation of the present invention is
used in producing a semiconductor device comprising an
25 encapsulating resin layer and, encapsulated therein, a

substrate, a semiconductor element mounted on the

substrate, two or more conductive parts disposed around the

10



resin layer, and the epoxy resin conposition used for formng the

encapsul ating resin | ayer has the properties (a) and (P) shown above.
Because of this, the semn conductor device can be easily separated fromthe
10 adhesive sheet, which will be described later, in a step in

sem conduct or device production. As a result of the stripping of the
adhesi ve sheet fromthe produced sem conductor device in the step in

sem conductor device production, the sem conductor el ement nounted on the

15 subst r atemdrbridifc e Widnate: PEie SI&cvhobhy1yr apahackedg pabitsf actorily
to the encapsulating resin |layer forned from the epoxy resin conposition;

t he sem comtiieimoleladetridand citecondlettvedpar bs ghe esheddadddtorhe
encapsulating resin |ayer. The sem conductor device thus obtained has a 20
structure ielameindh tdettwtdandiacvefpiabes suksérain bhwi bgttbhe face of

sem conduct or el ement nounted thereon and the bottom face of each

conduct i ve ybsr tsvdrset xdip® st vitlidn 0o t bem nfacencfipeatht edndncthioecepaarsul ati ng
resin layer. Nanely, a |ead-less structure having a reduced thickness is
obt ai ned. 23 d rexpwsed ocktlhowt héing nempapsnlébedpiodbbengneapsatiaddmguct or
device, a substrate for nounting sem conductor elenment thereon and two or
mor e condudEsia layey i sand cthereipekpnrestn adhwppsétiopensedddosf an

adhesive sheet conprising a base and an_adhesive_ |ayer fornmed thereon. The
face of a Fonmididehdrernfapemtatipghraasnnbayercbasodhs Pyopextd@st o t he

Substrate to therebY mount the 5 sem conductor_el ement. Subsequently,
el ectrodes &) tand (B) shown above. Because of this, the

semiconductor device can be easily separated from the

10 adhesive sheet, which will be described later, in a step in
semiconductor device production. As a result of the
stripping of the adhesive sheet from the produced
semiconductor device in the step in semiconductor device
production, the semiconductor element mounted on the

15 substrate and the conductive parts are wholly transferred
satisfactorily to the encapsulating resin layer formed from
the epoxy resin composition; the semiconductor element and
the conductive parts are embedded in the encapsulating
resin layer. The semiconductor device thus cbtained has a

20 structure in which the bottom face of the substrate having
the semiconductor element mounted thereon and the bottom
face of each conductive part are exposed without being
encapsulated in the encapsulating resin layer. Namely, a
lead-less structure having a reduced thickness is obtained.

25 In the process of the invention for producing a
semiconductor device, a substrate for mounting

semiconductor element thereon and two or more conductive

11



sem conductor el enment nounted on the substrate are electrically connected
to the conductive parts. Thereafter, the substrate, sem conductor el enent,
conductive parts, and parts electrically connecting these 10 are
resin-encapsul ated with an epoxy resin conposition having the properties
(a) and (3) to thereby forma sem conductor device on the adhesive sheet.
Subsequently, the adhesive sheet is stripped off fromthe sem conductor
device forned. Because of this procedure, the 15 sem conductor device
obt ai ned hparasstrec tfidireidn onhithle tdidhediotd dayeaceside tdf anbafdhakevBavi ng
t he sem conductor elenent nounted thereon and the bottom face of each
conduct i vespeet moapedpdsed avkaseutansbiary adicapswd al ®ger nfothedencapsul at ed
resin | ayer, as stated above. Thus, a 20 | ead-less structure having a
reduced t hitbkemress .i sThet fanedof Rusehdcrpdactoimed arents Wisiclatlmahaww ng a
sem conductor el enent nmounted thereon and the conductive parts have been
bonded to eReckdivsisis/ds Hpndest tchdhalmbistratrecte therebymnouvntiuther

el ement_does not suffer positional shifting 25 or the like and a

seni conducEtsmigendietesm sdemmndduc b serendiva sfedtaadarerobitheeps. A
cost reduction is hence realized. In addition, since an epoxy resin
conposi t i ofeFiaeadurthelamand mewnted emdthe)swstsate Axehe process for
sem conduct Qr devi ce production, the sem conductor device can be easily
separ at ed FlGREHE IR GRRHEA tasthe srdpetbre (PRYEEr i pping of the

hesi v h fromth i n r Vi h r havi n
adhesi ve sheel il NG BSOSt Lo de¥l SRucthe sHbRLL@te having a

conductive parts, and parts electrically connecting these

10 are resin-encapsulated with an epoxy resin composition
having the properties (a) and (B) to thereby form a
semiconductor device on the adhesive sheet. Subsequently,
the adhesive sheet is stripped off from the semiconductor
device formed. Because of this procedure, the

15 semiconductor device obtained has a structure in which the
bottom face of the substrate having the semiconductor
element mounted thereon and the bottom face of each
conductive part are exposed without being encapsulated in
the encapsulated resin layer, as stated above. Thus, a

20 lead-less structure having a reduced thickness is obtained.
Furthermore, since the substrate having a semiconductor
element mounted thereon and the conductive parts have been
bonded to the adhesive layer of the adhesive sheet, the
semiconductor element does not suffer positional shifting

25 or the like and a semiconductor device can be produced
through a small number of steps. A cost reduction is hence

realized. In addition, since an epoxy resin composition

12



el ement nounted thereon and the conductive parts are wholly transferred
satisfactorily to the encapsulating resin layer formed fromthe epoxy resin
conposition; the substrate and the conductive parts are enbedded in the
encapsulating 10 resin layer. It is preferred that the conductive parts each
have an overhang on each of the upper and | ower sides thereof. This is
because such overhangs produce an anchoring effect in the encapsulating
resin layer to thereby further 15 heighten the conductive part/encapsul ating
resin | ayeiavingnthagpsbpergibs \\a¢nanke (Fdhds wsddyier tHe tdwoedbesi ve
sheet is fornmed froma thernosetting adhesi ve conposition, the conductive
parts are £asi sgmioconddctd® Wasncehpraduetiive ,| dher sEmidendcddiestve sheet is
one formed from an epoxy resin conmposition having the specific properties X
and y (x: déeieporanrbei pasédyosepiaaga tesf tfaront hhe lmatheasigteasshéetnsiis on
tenperature of 150C or higher and y: the epoxy resin conposition after cure
has a 25 naduoesulisofiesber sfrarpingCodf theVRahss=ihigglmget tfeom athesi ve
sheet can be easily stripped off fromthe sem conductor device formed on

t he adResi semifenducheradeyicesuithe shbsdnshe having a mewirerde¢ter part s
are satisfactorily transferred in the state of being enbedded in the
encapsul at PhE™mERE Ropafed threessnirdch i@ GonfBig iy Patiess pEtefipolly

invention, 5 which is a sem conductor device of a |ead-less structure,
transferred satisfactorily to the encapsulating resin layer

formed from the epoxy resin composition; the substrate and
the conductive parts are embedded in the encapsulating
10 resin layer.

It is preferred that the conductive parts each have
an overhang on each of the upper and lower sides thereof.
This is because such overhangs produce an anchoring effect
in the encapsulating resin layer to thereby further

15 heighten the conductive part/encapsulating resin layer
jJointing strength.

When the adhesive layer of the adhesive sheet is
formed from a thermosetting adhesive composition, the

{ conductive parts are easily formed.

2Q When the adhesive layer of the adhesive sheet is
one formed from an epoxy resin composition having the
specific properties x and y (x: the epoxy resin composition
after cure has a glass transition temperature of 150°C or
higher and y: the epoxy resin composition after cure has a

25 modulus as measured at 200°C of 1 MPa or higher), the
adhesive sheet can be easily stripped off from the

semiconductor device formed on the adhesive sheet. 2As a

13



I s expl ai ned bel ow by reference to an exanple thereof. As shown in Fig. 5,
this sem conductor device has a structure in which electrodes 6 di sposed on
t he upper face of a sem conductor elenment 5 nounted on a substrate 9 have
been 10 electrically connected with wires 7 to upper parts of conductive
parts 4 disposed in given areas around the sem conductor elenment 5. The
substrate 9, the sem conductor elenent 5, the conductive parts 4, and the
wires 7 electrically connecting the electrodes 6 to the 15 conductive parts
4 have beerdsegiy)- ailta psulb ot ot &V did athe e8saRASHL A ENBakesi Arkayer 8 for
protection against the surrounding environnment. Nanely, the spatial part in
whi ch t he ssiiscfanghiot Oy et eaesfetréd thethei sahty 66nbeihgd cmbeddad
conductive parts 4 is filled with the encapsulating 20 resin layer 8. On the
bot t om si darmftHeheermmpswlaiuthgrresieni tayethe bottom face of the substrate
9, i.e., the backside opposite to the face for nounting sem conductor

el ement 5, and t he Tot tsenicoedwutteachecieeuct | thepprésdntaievenpdsed so
that the substrate 9 and the conductive part 25 4 partly protrude fromthe
encapsubat iwig.glesis 34 asemiGondyitorrdegpice 06 ahdestapessf stthmctmrdycti ve
parts 4, it is preferred that each conductive part 4 have 14 over hangs
(ribs) 4a drd emriaprdibeloy by rafenppee bnadan| exempdedéberieofoof Aas shown
in Fig. S. This is because such overhangs produce an anchoring effect in

t he encapsuyib¥hgin eB1%- | AyeFhBst 69@h6938‘}°£9¥t flevige §rser shEuctuer engt h

of the jointing of the conductive parts 4 to the
in which electrodes 6 disposed on the upper face of a

semiconductor element 5 mounted on a substrate 9 have been

10 electrically connected with wires 7 to upper parts of
conductive parts 4 disposed in given areas around the
semiconductor element 5. The substrate 9, the
semiconductor element 5, the conductive parts 4, and the
wires 7 electrically connecting the electrodes 6 to the

15 econductive parts 4 have been resin—-encapsulated with an
encapsulating resin layer 8 for protection against the
surrounding environment. Namely, the spatial part in which
the semiconductor element 5 is electrically connected to
the conductive parts 4 is filled with the encapsulating

20 resin layer 8. On the bottom side of the semiconductor
device, the bottom face of the substrate 9, i.e., the
backside opposite to the face for mounting semiconductor
element 5, and the bottom face of each conductive part 4
are exposed so that the substrate 8 and the conductive part

25 4 partly protrude from the encapsulating resin layer 8.

With respect to the shape of the conductive parts

4, it is preferred that each conductive part 4 have

14



encapsul ating resin | ayer 8. Besides the shape conprising a cylindrical
part having overhangs 4a and 4b fornmed respectively on the upper and | ower
sides thereof as showmn in Fig. 5 exanples of the shape of the conductive
parts 4 10 include: a conductive part 4' which conprises upper and | ower
over hangs 4a and 4b separated by a part which is tapered so that its
sectional area gradually decreases toward the upper overhang, i.e., so as
to have the shape of a frustum of cone, as shown in Fig. 6 (a); and a

conduct i ve o¥axhanigsd" (nisoh Lomid siis refssceivklpvwen oNar bppes 4adand 4b
separated by a part which is tapered so that its sectional area gradually

i ncr eases flewand siiesiflerenfrdmnghown ein Fig. a5. t *Hiawei s Heeshape of an

i nverted frustum of cone, as shown in Fig. 6 (b). The shape of the

conduct i ve spatt Dvkrdtirigs Janddittey aletanchoeihqosbfechgihothke i nt ended use
and kind thereof, etc. However, the shape shown in Fig. 6 (b) is apt to
produce anearetrsulatiald ergsiyecawer thetd oveerelpmr furtherhbedghdent the parts
4" are tightly held. The conductive parts 4 are independent termnals 25

di sposed i §teranath ofrtha dorigriing et | thiepeeridpctiverpansiss4ate &baprises a
material such as, e.g., copper or a copper alloy, and have been disposed in
a CSP (chi BRERRIHIa NG egiidk dayeX of nmi Rasigdas dihe shapr cpemprisheg

el ectrical contact_ point parts of sone independent termnals are coated

(pl at ed) wix Pl iRdE Gt Rarh having | Qeerhangxeta pad| 4k GRF™88 gol d. The

t hi ckness of such 5 ind%Pendent termnals_(conductive parts 4) is_generally
respectively on the upper and lower sides thereof as shown

in Fig. 5, examples of the shape of the conductive parts 4
10 include: a conductive part 4' which comprises upper and
lower overhangs 4a and 4b separated by a part which is
tapered so that its sectional area gradually decreases
toward the upper overhang, i.e., so as to have the shape of
a frustum of cone, as shown in Fig. 6 (a); and a conductive
15 part 4" which eomprises upper and lower overhangs 4a and 4b
separated by a part which is tapered so that its sectional
area gradually increases toward the upper overhang, i.e.,
so as to have the shape of an inverted frustum of cone, as
shown in Fig. 6 (b). The shape of the conductive parts ¢
20 is suitably determined according to the intended use and
kind thereof, etc. However, the shape shown in Fig. 6 (b)
is apt to produce an anchoring effect because the lower
parts of the conductive parts 4" are tightly held.
The conductive parts 4 are independent terminals
25 disposed in a matrix arrangement. The independent
terminals are comprises a material such as, e.g., copper orx

a copper alloy, and have been disposed in a CSP (chip

15



preferably about 5 to 100 pm The independent termnals are preferably
arranged in order according to the pattern of individual CSPs so that the
resi n-encapsul ated structure can be easily cut 10 into packages in a later
cutting step. One exanple of processes for producing the sem conductor
device of the invention will be explained below First, an adhesive sheet 3
I's prepared which 15 conprises a base 1 and an adhesive |layer 2 fornmed on a
surface thereof as shown in Fig. 1. Thereafter, a substrate 9 for nounting
sem conductsifalad fsterd paxkaps) abermingl opafiBegncantuagewmaniart Théd are forned
in given areas of the adhesive layer 2 side of the adhesive sheet 3 so that
20 the substXextier cahdcdmeacbnpotbtvpaptst ef4same padependemtyedded in the
adhesive layer 2. In the case where the adhesive layer 2 is made of a

t her noset t i tegrikireks vare ceppbadt (phatede wibbt ramet@rdad cowduets ve parts 4
formed to be partly enbedded in the adhesive layer 2 are fixed to 25 the
adhesi ve sheietver i mbthkgl hepalltading, i aragpider Thepthicknest ofichualhesi ve
| ayer is preferred because positional 16 shifting or the |ike does not
occur iR tHadererdenrbrntesepals Féeonduatayearaubst dat &0 generaddduct i ve
parts 4 in given areas of the adhesive |ayer 2 side of the adhesive 5 sheet
3 so that tBeeSerablutabotng FRellBnBlictive parts 4 are in the state of

bei ng partly enbedded in the adhesive
The independent terminals are preferably arranged

in order according to the pattern of individual CSPs so
that the resin-encapsulated structure can be easily cut
10 into packages in a later cutting step.

One example of processes for producing the
semiconductor device of the invention will be explained
below.

First, an adhesive sheet 3 is prepared which

i5 comprises a base 1 and an adhesive layer 2 formed on a
surface thereof as shown in Fig. 1. Thereafter, a
substrate 9 for mounting semiconductor element thereon and
two or more conductive parts 4 are formed in given areas of
the adhesive layer 2 side of the adhesive sheet 3 so that

20 the substrate 9 and the conductive parts 4 are partly
embedded in the adhesive layer 2. In the case where the
adhesive layer 2 is made of a thermosetting adhesive
composition, the substrate 9 and conductive parts 4 formed
to be partly embedded in the adhesive layer 2 are fixed to

25 the adhesive sheet 3 through heat curing in a later step.

Use of such adhesive layer is preferred because positional

le



| ayer 2, the follow ng nethod may, for exanple, be used. A netal foi

| am nated to the adhesive sheet 3 under heating, whereby the netal foi
be partly enbedded. 10 Subsequently, the nmetal foil is etched by the
phot ol i t hographi c pattern etching technique in general use to thereby
renove those parts of the netal foil which do not correspond to the
conductive parts. Thus, conductive parts 4 can be fornmed. Wen the
substrate 9 and the 15 conductive parts 4 are partly enbedded in the
adhesi ve shyftiRg dhethéi thkhessoels nha oxkedddd pid prcdyselisat abl y

i's
I

can

regul ated to 5-30% of the overall thickness of each of the substrate 9 and

conductivesbepss 4 fromthe standpoint of heightening the nounting
reliability of the sem conductor 20 device having a standoff structure.

Subsequently, as shownforming. a2sublsdtratecd ehdacopdcdudntugaort=lEenent 5
whi ch does not have electrodes 5 is bonded to the substrate 9 by utilizing,
e.g., a kngwnenadhesasveft shehedblepimveudayehe 2s@afidsorndlucthy adtemane 5 on 25

the substrate 9. Thereafter, the electrodes 6 of the sem conductor el enment

5 nounted 8heehe3sapsthatetbegsubstradiee® mingh|the asmduateve parks 4

conductive parts 4 using wres 7 as show in Fig. 3 (wre bonding). After
the wire bdE8i &8, thRestabet P&t Pedng partdgni Gbring| hemdiesibimt ed on
the substrate 9, the 5 conductive parts 4 forned on the adhesive sheet 3,
and the wLRBETr72ar Ehpelphloniagsmekhad Mdgh HP%arRiai Pe iffdsi & on

havi n h i fi I rti her fQrm
a gt emgggi foglpigpiagnigsatte% ttoet l?aya esive sheet 3 under

heating, whereby the metal foil can be partly embedded.

10 Subsequently, the metal foil is etched by the
photeolithographic pattern etching technique in general use
to thereby remove those parts of the metal foil which do
not correspond to the conductive parts. Thus, conductive
parts 4 can be formed. When the substrate 2 and the

15 conductive parts 4 are partly embedded in the adhesive
layer 2, the thickness of the embedded parts is preferably
regulated to 5-30% of the overall thickness of each of the
substrate 9 and conductive parts 4 from the standpoint of
heightening the mounting reliability of the semiconductor

20 device having a standoff structure.

Subsequently, as shown in Fig. 2, that face of a
semiconductor element 5 which does not have electrodes 5 is
bonded to the substrate 9 by utilizing, e.g., a known
adhesive to thereby mount the semiconductor element 5 on

25 the substrate 9. Thereafter, the electrodes 6 of the

semiconductor element 5 mounted on the substrate 9 are
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an encapsul ating resin layer 8 as shown in Fig. 4. Thus, a sem conductor
device is fornmed on the adhesive sheet 3. 10 After the formation of the

sem conduct or device on the adhesive sheet 3, the adhesive sheet 3 is
stripped from this sem conductor device to thereby obtain a sem conduct or
device having the structure shown in Fig. S. The resin encapsulation with an
epoxy resin 15 conposition is conducted with a nold, for exanple, by
utilizing the ordinary transfer nolding nethod. After the nolding, the
encapsul at iglgadesidal by etodnéstedbiectrd E6ndpesiowr pakeat idngisaceprding to
need. This postcure heating may be conducted before stripping the adhesive
sheet 3 fromeds theaseshowndint PigdeSi ¢eipe Bbhdinghe stripping. It is,
however, preferred to conduct the heating before the stripping of the
adhesi ve sheet 3 bedthese she ippradghosdimasythéhsubdheateec9shede 3 to be used
I n sem conductor 25 device production is preferably those which is capable
of securelserdicondictobselemend Fomonntedi ny &heesubshdadieor®, dhenent 5

t hereon and the conductive parts 4 until 18 conpletion of the resin
encapsubat iernduchpivaideahtehdcfinrbed easthg sdhegpye sheethdn desl rde to be
stripped fromthe sem conductor device. The adhesive sheet 3 having such
properti es Weked Tonsei ¥esinnereaprniatgdavhibear gi@xan r®sdghesi ve | ayer 2
formed on a surface thereof as shown above. The thickness of the base 1 is
not particUFHPYsitiontRaving: the FegoLiiedPEarastigsnda Fherehyy fprmf

an encapsulating resin layer 8 as shown in Fig. 4. Thus, a
semiconductor device is formed on the adhesive sheet 3.

10 After the formation of the semiconductor device on the
adhesive sheet 3, the adhesive sheet 3 is stripped from
this semiconductor device to thereby obtain a semiconductor
device having the structure shown in Fig. 5.

The resin encapsulation with an epoxy resin

15 composition i= conducted with a meld, for example, by
utilizing the ordinary transfer molding method. After the
molding, the encapsulating resin layer 8 is subjected to
postcure heating according to need. This postcure heating
may be conducted before stripping the adhesive sheet 3 from

20 the semiconductor device or after the stripping. It is,
however, preferred to conduct the heating before the
stripping of the adhesive sheet 3 because stripping is
easy.

The adhesive sheet 3 to be used in semiconductor

25 device production is preferably those which is capable of

securely fix the substrate 9 for mounting a semiconductor

element 5 thereon and the conductive parts 4 until

18



general ly about 10 to 200 pm preferably 25 to 100 pin, especially
preferably 50 to 100 pm fromthe standpoint of 10 handl eability. The

t hi ckness of the adhesive layer 2 is not particularly limted, but is

regul ated so as to be in the range of generally fromabout 1 to 50 }um
preferably fromb5 to 30 pm fromthe standpoint of filmformation. Exanples
of the base 1 include bases nade of 15 plastics such as pol yesters,

pol yam des, pel y(phenylene sulfide), polyetherimdes, polyindes, and

pol y(et hyl eagpleiidathe 14O eagdsn 1R Rf stdphanbiaghies, cRAPBE

bases such as gl assi ne paper, high quality paper, and Japanese paper,
nonwoven f alisiiQs ade pfed i fillvisen ddsDedy apd des, spelippstieEsomakali ds, or
the like, and netallic film bases such as copper foils, alumnumfoils, SUS
foils, andemicialddatids.ddvide i h@het adteeiive GShasiSy3 NedindgiOsudlhk 1S
preferred to use a netallic filmbase anong these bases. Exanples of
adhesi ve c@nogsirtties hanld ecdms t 2 fiosnn axgmpphes dngesai Baskajeand ah t he
adhesi ve sheet 3 include various pressure-sensitive adhesives such as
silicong ardhasripMe dayees hntbxmed ous adhwesfaeg thekadiEngs19hepoxy
resi n/ rubber adhesi ves and pol yi m de adhesi ves. Thernosetting adhesive
conposi ti ordbcwes pEbkethddkafesishede thier dasehd siamipbipastibfubentyresi st ance
and adhesiveness. In particular, it is preferred to use an epoxy resin 5
conposi ti ot igartwd st gk apraylated samis abe dpasincthanrangel ofe. g., a
rubber ingredient) incorporated therein. A preferred exanple of such epoxy
resin conpsinaxiisly akgpt 10 to 200 pm, preferably 25 to 100 pm,

especially preferably 50 to 100 pm, from the standpoint of

10 handleability. The thickness of the adhesive layer 2 is
not particularly limited, but is regulated so as to be in
the range of generally from about 1 toc 50 pm, preferably
from 5 to 30 pm, from the standpoint of film formation.

Examples of the base 1 include bases made of

15 plastics such as polyesters, polyamides, pely(phenylene
sulfide) , polyetherimides, polyimides, and poly{ethylene
naphthalate), porous bases made of such plastics, paper
bases such as glassine paper, high quality paper, and

{ Japanese paper, nonwoven fabrics made of cellulose,

20 polyamides, polyesters, aramids, or the like, and metallic
film bases such as copper foils, aluminum foils, SUS foils,
and nickel foils. From the standpoint of easy handling, it
is preferred to use a metallic film base among these bases.

Examples of adhesive compositions usable for

25 forming the adhesive layer 2 of the adhesive sheet 3

include various pressure-sensitive adhesives such as

silicone and acrylic ones and various adhesives including
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epoxy resin conposition conprising an epoxy resin (ingredient a), a hardener
(ingredient b) for the epoxy 10 resin, and an elastic material (ingredient
c) as essential conponents. In the case where this epoxy resin conposition
is used, it is generally possible to lamnate a material for formng the
substrate and conductive parts to the adhesive |ayer which is in the
so-called B-stage state 15 (sem -cured state). The | am nating can be
conducted at a relating |ow tenperature, i.e., below 150C. In addition, by
thermal | y kegodgnireg inhie-ukiiessiadhd siness adndrpoheimidai adhendyveshe nodul us
and heat resistance thereof can be inproved. 20 Exanpl es of the epoxy resin
(i ngr edi enThegymoseitrdag gdlsiinakompespel apoxgre esraferbedphénthebeepoxy
resins, bisphenol A epoxy resins, phenol -novol ac epoxy resins,
cresol - novékan &hex s tagsinminty meheat yprsbpbagce eandsadhagpiehekene t ype
epoxy resins, aliphatic epoxy resins, 25 alicyclic epoxy resins,

het er ocycl @ ®pebiqdsims 1spig Preferredntai psagarpeR9Xyeseadn and

hal ogenat ed epoxy resins. 20 These may be used al one or in conbination of
two or Pror EOMPREALION ARFRIFSEARY AN rPRORYr eaisEht aad 28 BLagdés s
preferably those having an epoxy equjvalent of 1,000 g/eq 5 _or_|ower, nore
pref er abl y "GrEHAL n§ S e fox5PRR{F VREFRIBEAEESpngPEROBRtEGWERETRABM t he

st andpoi nt _of preventjn adhesi yve remai ni ng after adhesi ve sheet stripping.
The.cont ents SR TaSRRTER S qF rvet enpeg) frsih Sompositidns is"an

epoxy resin composition comprising an epoxy resin

(ingredient a), a hardener (ingredient b) for the epoxy

10 resin, and an elastic material (ingredient c) as essential
components. In the case where this epoxy resin composition
is used, it is generally possible to laminate a material
for forming the substrate and conductive parts to the
adhesive layer which is in the so-called B-stage state

15 (semi-cured state). The laminating can be conducted at a
relating low temperature, i.e., below 150°C. 1In addition,
by thermally hardening the adhesive layer after the
laminating, the modulus and heat resistance therecf can be

‘ improved.

20 Examples of the epoxy resin (ingredient a) include
glycidylamine type epoxy resins, bisphencl F epoxy resins,
bisphenol A epoxy resins, phenol-novolac epoxy resins,
crescl-novolac epoxy resins, biphenyl type epoxy resins,
naphthalene type epoxy resins, aliphatic epoxy resins,

25 alicyclic epoxy resins, heterocyclic epoxy resins, spiro

ring-containing epoxy resins, and halogenated epoxy resins.

20



regul ated to preferably from40 to 95% by weight, nore 10 preferably from
60 to 80% by wei ght, based on the whol e epoxy resin conposition fromthe
standpoi nts of heat resistance and flexibility. Exanples of the hardener
(ingredient b) for the epoxy resin include phenolic resins, various

I m dazol e 15 conpounds and derivatives thereof, hydrazine conpounds,

di cyandi am de, and m crocapsul es of any of these conpounds. These hardeners
may be used alone or in conbination of two or nore thereof. In the case
wher e a pherridse nesy bé Susedegdlanet 8 har dembhinaitioRByfhawds e inbre
conbination with a 20 hardeni ng accel erator such as, e.g., a phosphorus
conpound stledrasftri phenyl phosphi ne. The content of the hardener
(ingredient b) cannot be unconditionally specified because it varies
depending on the kine ¢berpotreskbwiisgredinenkeatase de asgekkend i c 25 resin,
for exanple, it is preferred that this hardener be contained in an anount
of one equipréfarabdyt bhoepokpvingsian. eploayc equdvialemtand Her0Harglbser and
that of the 21 hardening accel erator each are preferably 0.05 - 5 parts by
wei ght Eheref nht¢ver, apbrevpaeéerablypaneshpvimgr @n gpeat sasuitalient IHart s,
per 100 parts of the epoxy resin. Exanples of the elastic nmaterial

(i ngredi ent 629 8/efcPHdéoraBhe£TrRgtbE Staadpeiatord @HavaRking epoxy resin
adhesi ves, such as acrylonitrile/butadiene rubbers (NBRs) . and acrylic
rubbers, an®Bdh@fiver reRafndsgaafferc 20bssiye sheatodF5idRing - and pol yani de

resins. These may be, used ) . ) ]
The content of the epoxy resin (ingredient a) is

regulated to preferably from 40 to 95% by weight, more

10 preferably from 60 to 80% by weight, based on the whole
epoxy resin composition from the standpoints of heat
resistance and flexibility.

Examples of the hardener (ingredient b) for the
epoxy resin include phenolic resins, various imidazole

15 compounds and derivatives thereof, hydrazine compounds,
dicyandiamide, and microcapsules of any of these compounds.
These hardeners may be used alone or in combination of two
or more thereof. In the case where a phenolic resin is
used as the hardener, it may be used in combination with a

20 hardening accelerator such as, e.g., a phosphorus compound
such as triphenylphosphine.

The content of the hardener (ingredient b} cannot
be unconditionally specified because it varies depending on
the kind thereof. However, in the case of a phenolic

25 resin, for example, it is preferred that this hardener be
contained in an amount of one equivalent to the epoxy

resin. The content of another hardener and that of the
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al one or in conbination of two or nore thereof. It is 10 preferred to use an
NBR anong these elastic nmaterials from the standpoint of ease of adhesive
sheet stripping after the formation of an encapsulating resin |ayer.
Especially preferred is an NBR in which the content of acrylonitrile
conononer units is preferably 5% by weight or higher, nore 15 preferably 5 -
30% by wei ght, especially preferably 5 - 20% by weight. It is nore
preferred to use a rubber nodified wth carboxyl groups. Specific exanples
of such ruhbe&eningC akde laaiatcanidadt efdu i fseals P e 55 SUCh Barbispel
10723, manufactured by N ppon Zeon Co., Ltd., and acrylic 20 rubbers such as
Par acr on Mz2Qght niheitfedciafited mbbNenain tedChasri geartadustmbae Co., Ltd. The
content of the elastic nmaterial (ingredient ¢) is regulated to preferably 5
- 40% by wergifieratndiye 0.[r ef & gisintH, pBOBUY peex ghit of btsedepaxyheesvhnl. e
epoxy 25 resin conposition fromthe standpoints of flexibility and heat

resi stance. 22 Var Exaspleswefadhie ieles tban et eatideld bosgdedient ckpoxy resin
(ingredient a), epoxy resin hardener (ingredient b), and elastic nmateri al

(i ngred? entinglugke [rppersingredihiits drenetrfpfe dbesunet ideeppkyr geeinhe
properties 5 of the adhesive sheet. Exanples of the additives include
fillers fomdhesdmesng sosi s iasaylonidurigemihutadiere rubbguai éNBRE)er s,
antioxi dants, pignents, silane coupling_ agents, and tackifiers. It is
preferred BRdSCRNF1RIRBGTRNA thex cinelnde vagrydigusesinsis an

additive X . ,
phenoxy resins, and polyamide resins. These may be used

alone or in combination of two or more thereof. It is

10 preferred to use an NBR among these elastic materials from
the standpoint of ease of adhesive sheet stripping after
the formation of an encapsulating resin layer. Especially
preferred is an NBR in which the content of acrylonitrile
comonomer units is preferably 5% by weight or higher, more

15 preferably 5 - 30% by weight, especially preferably 5 = 20%
by weight. It is more preferred to use a rubber modified
with carboxyl groups. Specific examples of such rubbers
include acrylonitrile/butadiene rubbers such as Nipol
10723, manufactured by Nippon Zeon Co., Ltd., and acrylic

20 rubbers such as Paracron ME2000, manufactured by Negami
Chemical Industrial Co., Ltd.

The content of the elastic material (ingredient c¢)
is regulated to preferably 5 - 40% by weight, more
preferably 5 - 30% by weight, based on the whole epoxy

25 resin composition from the standpoints of flexibility and

heat resistance.
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10 effective in preventing high-tenperature deterioration. An antistatic
function can be inparted to the adhesive sheet 3 according to need.
Exanpl es of nmethods for inparting an antistatic function to the adhesive
sheet 3 include a nethod in which an antistatic agent or a 15 conductive
filler is incorporated into the materials fox form ng the adhesive |ayer 2
and those for formng the base 1; and a nethod in which an antistatic agent
is applied to the interface between the base 1 and the adhesive | ayer 2

and to the back si Saxdfoushéraae dddio: fwssn can dk | sfldedcb@8ibagerheBy t hus

I mparting an antistatic function to the adhesive sheet 3, static buildup
can be i nhidpicted dfasgim  Gicaredign tvheh, téposylhessvr bhedenadri s separated from
the sem conductor device. The antistatic agent is not particularly limted
as | ong as (indrssiimntah) stand cebSsfimorabari&akphgsetihientot)i asl doag
various surfactants such as acrylic anmphoteric surfactants, acrylic
cationic @ fthea @addition thexeef adovssirnob/ depesherateotthe PIopenftdeisant s.
Specific exanples of materials usable for formng an antistatic |ayer

i ncl ude> BONEE|thepRAIEINDR et . afkmeNEE PP, the | addhtd ves ukedlageKoni shi
Co., Ltd. As _the conductive filler can be used a known one. Exanples 5

t her eof indiddenfetEds WRIF Bkng|j copduckivity, Aporgpnigpfildgrsag, Pt, and
Au, alloys or oxjides of these netals, and carbons such as carbon bl ack.
These may BFIREEF dohkens FRELRBERAES onPLEMERESor ShdRBS FOMPANTIThe

conductive _filler may be ejiher powdery or fibrous.
agents, an tacki Igrsp Wﬂ:f@ preferreé to use an

antioxidant among these additives because it is an additive
10 effective in preventing high-temperature deterioration.

An antistatic function can be imparted to the
adhesive sheet 3 according to need. Examples of methods
for imparting an antistatic function to the adhesive sheet
3 include a method in which an antistatic agent or a

15 conductive filler is incorporated into the materials for
forming the adhesive layer 2 and those for forming the base
1; and a method in which an antistatic agent is applied to
the interface between the base 1 and the adhesive layer 2
and to the back side of the base 1 to form an antistatic

20 layer. By thus imparting an antistatic function to the
adhesive sheet 3, static buildup can be inhibited from
occurring when the adhesive sheet 3 is separated from the
semiconductor device. The antistatic agent is not
particularly limited as long as it has an antistatic

25 function. Examples thereof include various surfactants
such as acrylic amphoteric surfactants, acrylic cationic

surfactants, and maleic anhydride/styrene anionic
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10 Exanpl es of nethods for producing the adhesive sheet 3 include: a nmethod
In which materials for formng an adhesive |layer 2 are dissolved in an
organic solvent and this solution is applied to a base 1 and dried with
heating; and a nmethod in which materials for formng an 15 adhesive | ayer 2
are dispersed in an aqueous nediumand this dispersionis applied to a base
1 and dried with heating. Mre specifically, the adhesive sheet 3 is
produced, for exanple, in the follow ng nmanner. The ingredients described
above whi cdurfactahesi al Spéai f{orakagpPOs anf anlheervalkayeabd eard i xed
together and dissolved in an organic solvent to prepare an adhesive

sol uti on. f&uhbrguant aptishatiadheyeve isclutdeo BONDELMIHASd BANGEIB WX Ace of
a base 1 and then dried to renove the organic solvent. Thus, an adhesive
sheet is pamdBeHDBEPCH, 281dompnufestuedbhye Kondmshhiafcadhdstidie Basyer 2
formed on the surface thereof. It is preferred to use a ketone sol vent,
e.g., meththeccopdiugtivacfidderheanr fenusesolay dmowiy emet.heExampdieandpoi nt  of
solubility. Exanples of nethods for producing an adhesive sheet 3 in which
t he adResi tfleer‘aggr inpdudgnpeied soFucho asr Néor F4.af&r s GonclAlde: Sk, Me hod i n
whi ch adhesi ve | ayers are successively forned on a base 1; 5 a nmethod in

whi ch one ©%: nb¥e BBnedPferPayaldoyeprarsifesy afdft@fpaarehaneadth a

rel ease liner,or the |ike is  lampated to another adhesive |ayer or a base
1; and a FRTRORSi AUGhi 8F SaZbPrrablé@ckonbFRgfroM2Ef PPhESEdNBLRGE 9%  used
to produce,the &gggggiadheii¥§ sheet

in co on o wo or more thereof. The conductive
filler may be either powdery or fibrous.

10 Examples of methods for producing the adhesive
sheet 3 include: a method in which materials for forming an
adhesive layer 2 are dissolved in an organic solvent and
this seolution is applied to a base 1 and dried with
heating; and a method in which materijials for forming an

15 adhesive layer 2 are dispersed in an agqueocus medium and
this dispersion is applied to a base 1 and dried with
heating. More specifically, the adhesive sheet 3 is
produced, for example, in the following manner. The
ingredients described above which are materials for forming

20 an adhesive layer 2 are mixed together and dissolved in an
organic solvent to prepare an adhesive solution.
Subsequently, this adhesive solution is applied to a
surface of a base 1 and then dried to remove the organic
solvent. Thus, an adhesive sheet is produced which

25 comprises the base 1 and an adhesive layer 2 formed on the
surface thereof. It is preferred to use a ketone solvent,

e.g., methyl ethyl ketone, as the organic solvent from the
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10 In order that the substrate 9 and the conductive parts 4 be partly
enbedded in the adhesive layer 2 of the adhesive sheet 3 in producing a
sem conductor device, the adhesive |ayer 2 preferably has a | ow viscosity
at the tenperature at which the conductor serving as a material 15 for
formng the substrate 9 and conductive parts 4 is lamnated to the adhesive
sheet 3. After heat cure, the adhesive |layer 2 preferably has a high
viscosity in order that the partly enbedded substrate 9 and conductive

parts 4 besgdddbyidt X6f sEUALIEL BRI € Ed I B T &F CRSEBoMBEESt Ne 20 adhesive
sheet 3 undergoes a heat history involving a tenperature close to 200C in

the wire banhdigesh@PaR! adh&si e €AREAEUBALHORKSEAP the SANEIRAIGIAFe devi ce
production. It is therefore preferred that the adhesive sheet 3 should have

excel l ent hpatcomposéanse tWoasdriMor2é Bapbre shabh@epr adwethyy sieps even in
such an environnent. Likew se, the base 1 of the adhesive sheet 3 also is
requi red toshibéii adkiegidet Yayersharai secbesdinglyt EprmeldoBla ase 1;
st andpoi nts, the adhesive sheet 3 preferably has the follow ng properties.
The noddl usa ahethed attheshieh| ager o2 mbeéoadheuioe Aayeeas wegthrmdtdRPC, iS in
the range of preferably 1x102 - 1x104 Pa, nore preferably 1x102 - 1x103 5
Pa. The nodeteducédtbefadeébandevwithea 2eléter daner ax theaduked iat 200C, is
preferably 1 MPa or higher, nore preferably 1.5 - 100 MPa. The gl ass
transiti on lampeatedrto anotheraddhssive| dpper2oxaf nebaser d /i samst &f er abl y
150C or higher, nore preferably 170C or higher. The reasons for
method in which a suitable combination of these methods is
used to produce the target adhesive sheet.
10 In order that the substrate 9 and the conductive
parts 4 be partly embedded in the adhesive layer 2 of the
adhesive sheet 3 in producing a semiconductor device, the
adhesive layer 2 preferably has a low viscosity at the
temperature at which the conductor serving as a material
15 for forming thée stbstrate 9 and conductive parts 4 is
laminated to the adhesive sheet 3. After heat cure, the
adhesive layer 2 preferably has a high viscosity in order
that the partly embedded substrate 9 and conductive parts 4
{ be stably fixed. Furthermore, there are cases where the
20 adhesive sheet 3 undergoes a heat history involving a
temperature close to 200°C in the wire bonding step or
resin encapsulation step in semiconductor device
production. It is therefore preferred that the adhesive
sheet 3 should have excellent heat resistance so as to
25 enable stable production steps even in such an environment.

Likewise, the base 1 of the adhesive sheet 3 also is

required to retain rigidity in the wire bonding step. From
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10 these are as foll ows. Adhesives giving an adhesive |layer 2 which before
cure has a nodul us exceeding 1 x 104 Pa at 120C are undesirabl e because
production may be difficult due to the structure thereof. In case where the
adhesive layer 2 after cure has a glass transition tenperature | ower 15
than 150C, there may be a tendency to arouse a trouble, for exanple, that
the conductive parts 4 becone shaky in, e.g., the wire bonding step

(usual I'y 150C or higher) which wll be described later, resulting in a
reduced pertdedeage-arsipoiontslef ot | adisesFuet bbeadr 8, prhferatbieshas Itger 2 20
flows in the encapsul ating-resin nolding step (generally conducted at

175C), whi delMdidwirae wewpeytbess | atThe modhlusict t Uelsadbebiveallageirve of a
greater peel force in a later stripping step. In the case where the

adhesi ve | afiore qixer aureedswred nptul28’ Cowks ihatthe WRagst oFD0C, there
25 is a tendency to arouse, a trouble, for exanple, that the_ conductive
parts 4 bedweferabdyiixl®. g 1xife Bprcnesadrrgfesabpy( dxdd’ v LT or

hi gher) which will be described 26 later, resulting in a reduced percentage
of non- def &&i v&e meguylus |pf mmmolmern@ phker 1curey hasadhesi ve
sheet 3 preferably has a podulus as_neasured at 200C of 1.0 GPa or higher.
The 5 upper™g3siiediat el0fdful 1% BFetpEabl¥el1MBe REaBIOEGTat MOXRROC | s

generally 1,000 GRa, This is cause in case where the nodulus of the base
1 as rreasur%‘i?%rﬁgb’t fsf T Mhan IThe PastneraRpbtior EREBET3ItHES tend

to be unable Lo, QXMOLL S SLent aEESLSLR0Ee;LOLAREORIS 150°¢ or
higher, more preferably 170°C or higher. The reasons for

10 these are as follows. Adhesives giving an adhesive layer 2
which before cure has a modulus exceeding 1 x 10* Pa at
120°C are undesirable because production may be difficult
due toc the structure therecof. In case where the adhesive
layer 2 after cure has a glass transition temperature lower

15 than 150°C, there may be a tendency to arouse a trouble,
for example, that the conductive parts 4 become shaky in,
e.g., the wire bonding step (usually 150°C or higher) which
will be described later, resulting in a reduced percentage
of non-defectives. Furthermore, this adhesive layer 2

20 flows in the encapsulating-resin molding step (generally
conducted at 175°C), which will be described later, and
this tends to be causative of a greater peel force in a
later stripping step. In the case where the adhesive layer
2 after cure has a modulus lower than 1 MPa at 200°C, there

25 is a tendency to arouse a trouble, for example, that the
conductive parts 4 become shaky in, e.g., the wire bonding

step (usually 150°C or higher) which will be described
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10 applied thereto by bonding in the wire bonding step. Wen the adhesive
| ayer 2 and the base 1 have such values of nodulus, the adhesive layer 2 is

| ess apt

to soften/flowin, e.g., the wire bonding step shown in Fig.

3

and wi re bonding can be conducted nore stably. Exanples of 15 nethods for
measuring those noduli include the neasuring nethod described in the
Exanpl es which will be given later. The epoxy resin conposition for

sem conduct or encapsul ati on of the present invention, which is the material

for form ngatbe,epespstiay 18 beHdAuc¥epcdttagd Ot :
froman epoxy resin (ingredient A), a phenolic resin (ingredient B), a

7 obtabnederbotigxanm! e,

har deni ng ascehethkorask Bioad ablove)., and an inorganic filler (ingredient

D). It

is generally in the formof a powder or tablets obtained by

tableting it. 25 Exhepbaseofl blfe thpoudheadivie (SHugted gdefralbly UHgs a

bi phenyl

type epoxy resins and pol yfunctional epoxy resins. 27 These

may be

used al onemoduilnscasbineatsugredofatt \BOOSIC neff € . @ GRe0fr Hiwgh@hendle resin
(ingredient B) functions as a hardener for the epoxy resin (ingredient A,
and exdnpl eppes flheidobfi ndleudediiarlait tley d=os,l rmphdatunedoatcs,

bi phenyl

novol acs. These may be used al one or in conbination of two or

and
nor e

t her eof . TRB0&Posy geviexralilyylodhiGER). afbishd spheravuse iresias€ i ngredi ent
B) are m xed together preferably in such 10 a proportion that the anmount of
t he hydr oxyhegeotipe meduas of the base 1 as measured at 200°C is

10

15

20

25

lower than 1.0 GPa, the adhesive sheet 3 may tend to be
unable to exhibit sufficient resistance to the force
applied thereto by bonding in the wire bonding step.

When the adhesive layer 2 and the base 1 have such
values of modulus, the adhesive layer 2 is less apt to
soften/flow in, e.g., the wire bonding step shown in Fig. 3
and wire bonding can be conducted more stably. Examples of
methoeds for measuring those moduli include the measuring
method described in the Examples which will be given later.

The epoxy resin composition for semiconductor
encapsulation of the present invention, which is the
material for forming the encapsulating resin layer 8, is
obtained, for example, from an epoxy resin (ingredient A),
a phenolic resin (ingredient B), a hardening accelerator
(ingredient C), and an inorganic filler {ingredient D). It
is generally in the form of a powder or tablets obtained by
tableting it.

Examples of the epoxy resin (ingredient A) include

biphenyl type epoxy resins and polyfunctional epoxy resins.
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phenolic resin (ingredient B) is fromO0.5 to 2.0 equivalents, nore
preferably from0.8 to 1.2 equivalents, to the epoxy groups in the epoxy
resin (ingredient A). Exanples of the hardening accel erator (ingredient 15
C) to be used together with ingredients A and B include am ne conpounds and
phosphorus conpounds. Exanples of the am ne hardening accel erators include
I m dazol e conpounds such as 2-nethylim dazole and tertiary am nes such as
tri et hanol am ne and 1, 8-di azabi cycl o[ 5. 4. 0] undecane-7. 20 Exanpl es of the

phosphor us gaaRel WeC s didrdh el | Doshb 1¥ea 806h t 8517 8pBeBY! pRegphoni um
tetraphenyl borate. These may be used alone or in conbination of two or nore
t hereof. Thediaadening accelerator (ingredient C) is incorporated in an
anount of 25 preferably from0.1 to 2.0% by wei ght based on the whol e epoxy
resin conposition. MhephdmliowaBin t yivdrédbePoBy fuRGtRoaeMAESti ON IS
taken into account, the proportion of 28 hardening accelerator is

especi al | y haxefaateabl Sof rete Cefddxy aredidSlihyragight. ATheandoegamipl ds | | er

(ingredient D) to be used together with ingredients Ato Cis not

parti cubar Ithexrdofr irecl udenpheano i hovohacapr gaphthbdlll hewslams bandsed.

Exanpl es thereof include a quartz glass powder, silica powder, alumna, and

tal c. Espe&iigilenyt gievobacexafileess nawrlsofusedt|aldena spheni cal fused

silica powder and a pulverized silica powder. These may be used al one or in

10 conbi natdasbigiatiwn ovf ntwe ehapedt. thaseafiount of the

The epoxy resin (ingredient A) and the phenolic
resin (ingredient B) are mixed together preferably in such

10 a proportion that the amount of the hydroxyl groups in the
phenolic resin (ingredient B) is from 0.5 to 2.0
equivalents, more preferably from 0.8 to 1.2 equivalents,
to the epoxy groups in the epoxy resin (ingredient A}.

Examples of the hardening accelerator (ingredient

15 €) to be used together with ingredients A and B include
amine compounds and phosphorus compounds. Examples of the
amine hardening accelerators include imidazole compounds
such as 2-methylimidazole and tertiary amines such as
triethanolamine and 1,8-diazabicyclo[5.4.0]undecane-7.

20 Examples of the phosphorus compounds include
triphenylphosphine and tetraphenylphosphonium
tetraphenylborate. These may be used alone or in
combination of two or more thereof. The hardening
accelerator (ingredient C) is incorporated in an amocunt of

25 preferably from 0.1 to 2.0% by weight based on the whole
epoxy resin composition. When the flowability of the epoxy

resin composition is taken into account, the proportion of
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inorganic filler (ingredient D) to be incorporated is preferably from80 to
90% by wei ght, nore preferably from 85 to 90% by wei ght, based on the whole
epoxy resin conposition. 15 Other additives can be suitably incorporated
into the epoxy resin conposition for sem conductor encapsul ation according
to need. Exanpl es thereof include pignents or colorants such as carbon

bl ack, rel ease agents such as oxidized pol yet hyl ene wax, silane coupling
agents, flame 20 retardants, flane retardant aids, ion-trapping agents,
stress-r el havdesiage Alcte 1@ dac ks i¥ecildIEl £ NOXYE & £8H Iy CEFBAS bt 1gN thor

sem conductor encapsul ation can be produced, for exanple, in the follow ng
manner. NaoeB$s blye wedmghdsi ti on can be produced 25 through a series of steps
conprising mxing ingredients A to D described above optionally together
with other additi The, inoeghnig tflid et (ireyredierat Kiheati nNge masdne, 29
e.g., heated rolls or a kneader, to nelt and mx the ingredients with

heat i ng, c&okethernerirtdl tingredimnts dapler £ ui e, nstibsagtikatllyrpyl verizing it
by utilizing a known technique, and tableting the powder according to 5
need. The dpoijredssiand omsusius dmdvn seorgomntoct blleracapyubet used: hus
obt ai ned should have a nelt viscosity as mneasured at 175C of from2 to 10
Pa-s. Pref @xapples Hheraaf irclasig t3 qeartofglassrpavdere 8iRaca Because

the 10 epoxy resin conposition has a nelt viscosity within that
powder, alumina, and talc. Especially preferred examples

thereof include a spherical fused silica powder and a
pulverized silica powder. These may be used alone or in

10 combination of two or more thereof. The amount of the
inorganic filler (ingredient D) to be incorporated is
preferably from 80 to 90% by weight, more preferably from
85 to 90% by weight, based on the whole epoxy resin
composition.

15 Other additives can be suitably incorporated into
the epoxy resin composition for semiconductor encapsulation
according to need. Examples thereof include pigments or
colorants such as carbon black, release agents such as
oxidized polyethylene wax, silane coupling agents, flame

20 retardants, flame retardant aids, ion-trapping agents,
stress-relieving agents, and tackifiers.

The epoxy resin composition for semiconductor
encapsulation can be produced, for example, in the
following manner. Namely, the composition can be produced

25 through a series of steps comprising mixing ingredients A
to D described above optionally together with other

additives, treating the mixture with a kneading machine,
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range, the sem conductor device can be easily separated fromthe adhesive
sheet and an inprovenent in working efficiency is attained. The nelt
viscosity of an epoxy resin conposition at 175C i s neasured, for exanple,
in the 15 follow ng manner. The epoxy resin conposition is nolded into
tablets, and the tablets are placed in the pot of a Koka flow tester. A
given load is applied thereto for neasurenent. The nelt of the epoxy resin
conposition which is kept at 175C is extruded through the orifice of a die
20 to neas€r@-thhegiteforolday &ir spdapdden hite areltisind. miketheelt viscosity
(flow tester viscosity) of the epoxy resin conposition is determ ned from
t he pi st onipggedientse§ithdeaicdng r QR impehe thoktf B2 Seamconduct or
encapsul ati on shoul d be one which gives a cured resin 25 having a flexural
strength a§emPgIdtddFeat SHRAEISH HIshRHIeF 2 19 18D Rpaubilhrgner a
Preferably, the flexural strength of the cured resin is 140 MPa or higher.
The 30 upp&ROFPhiteHniGHe 1 Péss’cjgiﬂb]ﬁfr%ﬂ-h% PRI RASPEALPIi §° 200 MPa.
The term "ordinary tenperature” in this invention neans a tenperature in

t he raﬁgg 3C. Because the cured resin fornmed fromthe epoxy resin

conposition has 5 ? ch _a val%g Qf nlexural stre‘géh t he sem conduct or
el enent 5 and the cONdFET e J5arts Zimﬁc’es”V‘\/'ﬁ’bcfrfy"p ansrerTRA“Ct8 t he

encapsul ati ng _resin . l.ayer t.he adhesi heet . is.stripped.off_in a
A e SR RS R RE p SSYE Y BB B

. nea a
seni conductor Gevi ce produ escrrbe &Frength

of the curgd residy 14 fo7dRd I W¥RINS 8PO*Vo FBS1 0. CHRABILLQN, | Spfgasured in

melt viscosity thereof is from 3 to 8 Pa-s. Because the

10 epoxy resin composition has a melt viscosity within that
range, the semiconductor device can be easily separated
from the adhesive sheet and an improvement in working
efficiency is attained. The melt viscosity of an epoxy
resin composition at 175°C is measured, for example, in the

15 following manner. The epoxy resin composition is molded
inte tablets, and the tablets are placed in the pot of a
Koka flow tester. A given load is applied thereto for
measurement. The melt of the epoxy resin composition which
is kept at 175°C is extruded through the orifice of a die

20 to measure the piston travel speed in this extrusion. The
melt viscosity (flow tester viscosity) of the epoxy resin
composition is determined from the piston travel speed.

The epoxy resin composition for semiconductor

encapsulation should be one which gives a cured resin

25 having a flexural strength as measured at ordinary
temperature of 130 MPa or higher. Preferably, the flexural

strength of the cured xesin is 140 MPa or higher. The
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accordance wwth JIS K 7171 (Plastics; Flexural Property Testing Mthod)
Exanpl es of nethods for the neasurenent include the nmethod which wll
described later. The invention will be explained belowin detail by 15
reference to Exanples. Prior to Exanples, the follow ng ingredients were
prepared. Epoxy Resin a: 20 Bi phenyl type epoxy resin represented by t
follow ng general formula (a) (epoxy equivalent, 192; nelting point,
H3 CCH3 25 CHL CHCH2 O0 0 -OCHz CHCH2 OH3 CCH3 O(a) 31 Epoxy
b: Epoxy repparhavinig bE€peakl £]extiral sy athdyeot hgeh@bhb¥yngsgener al
formula (b) (epoxy equivalent, 170; 5 nelting point, 60C) OCHz CHCH2 O
(b)200 MPaO Clise Ceefikl2" obdifkpoyy tBeaperature” in this invention

10

i5

20

25

means a temperature in the range of 25 * 3°C. Because the

cured resin formed from the epoxy resin composition has
such a value of flexural strength, the semiconductor
element 5 and the conductive parts 4 are wholly transferred
to the encapsulating resin layer 8 when the adhesive sheet
is stripped off in a semiconductor device production step
described above. The flexural strength of the cured resin
formed from the epoxy resin composition is measured in
accordance with JIS K 7171 (Plastics; Flexural Property
Testing Method). Examples of methods for the measurement
include the method which will be described later.

The invention will be explained below in detail by
reference to Examples.

Prior to Examples, the-following ingredients were

prepared.

Epoxy Resin a:
Biphenyl type epoxy resin represented by the
following general formula (a) (epoxy equivalent, 192;

melting point, 100°C)

Hs C CHa
CH, CHCHa O @ — 0-CH. CH—CH-
~./ ~_/
5 He C CHs o

- {a)

31
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Epoxy resin represented by the follow ng general 15 forrmula (c) (epoxy

equi val ent, 198; nelting point, 60C) OCH2 CHCH2 OCH2 CHCH2 OCH2 CH CHz
~CHa O,CH3 OCH3 0 CH2 CHz 20 n (c) Phenolic Resin a: Bi phenyl novol ac
resin represented by the following general formula (d) (hydroxyl

equi val ent, 203; nelting 25 point, 90C) 32 OH OH OH CH2-aaCH2 CH2-aaCH2 in
. (d) Phenolic Resin b: Phenol -aral kyl resin represented by the foll ow ng
general formula (e) (hydroxyl equivalent, 170; nelting 10 point, 83C) OH OH
OH H2-OCH2 CHzZ-aCHz (e) 15 C -61n Phenolic Resin c: Phenolic resin

represented by the follow ng general forrmula (f) (hydroxyl equivalent, 215;
nelting poEpoxySREsim2®:OH OH CH2-CH2 H f a - @n
Epoxy resin having repeating units represented by

the following general formula (b) (epoxy equivalent, 170;

5 melting point, 60°C)

O—CH: CH—CH=

~./ —
O
%é_—g - (b)

10

Epoxy Resin c:
Epoxy resin represented by the following general

15 formula (c) (epoxy equivalent, 198; melting point, 60°C)
—CHz CH-CHz O—CH: CH——CHZ —CH. CH—CH-

O
~./ \/
CHa O +CHa —’ CHa
(3 CH- L @ CH.:

20 - (c)

Phenolic Resin a:
Biphenyl novolac resin represented by the following
general formula (d) (hydroxyl equivalent, 203; melting

25 point, 90°C)
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25 Hardening Accel erator: Triphenyl phosphine (TPP) 33 Rel ease Agent:
Oxi di zed pol yethylene wax 5 Inorganic Filler a: Spherical fused silica
powder having an average particle dianeter of 30 pmlInorganic Filler b: 10
Spherical fused silica powder having an average particle dianmeter of 1 pm
Carbon Bl ack 15 EXAMPLE 1 Production of Adhesive Sheet: In 350 parts of

nmet hyl et hyl ketone (MEK) were dissolved 20 parts of an
acrylonitril e/ butadi ene rubber (N pol 1072J; manufactured by N ppon Zeon
Co., Ltd.; 20 acrylonitrile content, 18% by weight), 50 parts of an epoxy
resin (EPPN-501HY; manufactured by N ppon Kayaku Co. Ltd.), 30 parts of a
phenolic resin (Mg 7500-3S, manufacturegfyy Meiwa Plastlc | ndust

Ltd.), and 0.5 art of a catalyst (TPP factured by Hokko Che caI 25

| ndustry Co., Ltd.).| Thus, S|ve sollutipn was ed. Subgequently,
t he adhesive sol g;gé' C Igggﬁgl
t hi ckness of 10 n gwﬁé een Su e rggg 0E2@5|

(BHY-l%P—?OZS,

n

- (d)

Phenolic Resin b:
Phenol-aralkyl resin represented by the following
general formula (e) (hydroxyl equivalent, 170; melting

10 point, 83°C)

OH

OH OH
@{:Hz—@cm—é}cm—@cm—é ()
n

15
Phenolic Resin c:
Phenolic resin represented by the following general
formula (f) (hydroxyl equivalent, 215; melting point, 81°C)
20
OH OH
~OyCH: @{@1 H o (£)
n
25

Hardening Accelerator:

Triphenylphosphine (TPP)

33



manuf act ured by Japan Energy Corp.). The coating was dried at 150C for 3

m nutes to thereby produce an adhesive sheet having a 15 pmthick adhesive
| ayer. The adhesive | ayer of 5 this adhesive sheet, before cure, had a
nmodul us as neasured at 100C of 2.5 x 10-3 Pa. After cure, the adhesive

| ayer had a nodulus as neasured at 200C of 4.3 MPa. The adhesive force of
t he adhesive layer with respect to adhesion to the copper alloy foil was 12
N 20 nun. The 10 adhesive | ayer of the adhesive sheet, after cure, had a
glass transition tenperature of 190C. The copper alloy foil used as a base
had a nodul us as nmeasured at 200C of 130 GPa. The glass transition

t enper at urRehassaeageneéd w th a viscoel astoneter (DVA) manufactured by
Rheonetrics, 15 Inc. under the conditions of a heating rate of 5 C/mn. The
nodul i were neasur@eslidizédeppdgpebyileaet eager at ures under the foll ow ng
conditions. Apparatus for evaluation: viscoelastic spectrometer (ARES)

manuf actured by Rheonetrics, Inc. 20 Heating rate: 5 Cmn Frequency: 1 Hz
Measur enent node: tension node The adhesive force of the adhesive |ayer with
25 respect Inorganédsi Bhldert @e copper alloy foil was measured in the
foll ow ng manner. The adhesive sheet having a width of 20 mmand a | ength
of 50 mm was | ani nfPkEricad f9sgrh 33ldsgpPevHsinl havigws anmangzager ed by

Japan Energy Corp.) .under the conditions of 120C, 0.5 MPa, and 0.5 m m n.
particle diameter of 30 pm

Inorganic Filler b:
10 Spherical fused silica powder having an average

particle diameter of 1 pm

Carbon Black

15 EXAMPLE 1
Production of Adhesive Sheet:

In 350 parts of methyl ethyl ketone (MEK} were
dissolved 20 parts of an acrylonitrile/butadiene rubber
(Nipol 1072J; manufactured by Nippon Zeon Co., Ltd.;

20 acrylonitrile content, 18% by weight), 50 parts of an epoxy
resin (EPPN-501HY; manufactured by Nippon Kayaku Co.,
Ltd.), 30 parts of a phenoclic resin (MEH-7500-38,
manufactured by Meiwa Plastic Industries, Ltd.), and 0.5
parts of a catalyst (TPP manufactured by Hokko Chemical

25 Industry Ce., Ltd.). Thus, an adhesive solution was
prepared. Subsequently, the adhesive solution was applied

to a copper alloy foil which had a thickness of 100 pm and
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Subsequently, the lam nate was allowed to stand in a 150C hot-air oven for
1 hour. Thereafter, the 35-pm copper foil 5 was pulled away fromthe

lam nate in the 180 direction at a pulling speed of 300 nmimn in an

at nosphere having a tenperature of 23C and a humdity of 65% RH. The nean
value of the pulling force was taken as the adhesive force. 10 Production of
Epoxy Resin Conposition: The ingredients shown in Table 1 were m xed

t oget her according to the proportion shown therein. This mxture was
treated w tHad Yl dunehsies-heajiesnad 8A- 4R8CsigkorBHYFIBBI-FDR53Nd t hus

mel t - kneaded to thereby produce an 15 epoxy resin conposition. The nelt

Vi scosity atanlifsctofred sy epapan rEBsengg o0poepi. ) . onThdt abaetiingasasedstedd in
the follow ng manner, and the results thereof are shown in Table 1. Two
grams of t ket dFHAC rissy 3 cuiposesi bo theachgdprodecer an seihe sisiegsktketut and
nol ded into tablets. These 20 tablets were placed in the pot of a Koka fl ow
tester, andavingal ¥ wo-tyiceksadhesivd lavesto Thenadbeaiveadayerent at
175C. The nolten epoxy resin conposition was extruded through the orifice
(1.0 mb(dittes aadhesive ngheet, sbefereaadrenhehpdseomodudnsl aspawd stnsdhg
this extrusion was 25 measured. The nelt viscosity (flow tester viscosity)
of the sarfh el UhC def ef nP nedl @ roMar-herfterofureay dhes gebgsivehdavesul t s of
this nmeasurenent are shown in Table 1. 36 The flexural strength at ordinary
t enper at ur 82¢ B L fcAE JreasrEednatofRRIC PEMAt Be MBFoxyThesi n

conposi tion gbtaj ned_above s. neasured in_the follow n
P aéiesive force oPathe aghesgve layer with ré%pect to

adhesion to the copper alloy foil was 12 N/20 mm. The
10 adhesive layer of the adhesive sheet, after cure, had a
glass transition temperature of 190°C. The copper alloy
foil used as a base had a modulus as measured at 200°C of
130 GPa. The glass transition temperature was measured
with a viscoelastometer (DMA) manufactured by Rheometrics,
15 Inc. under the conditions of a heating rate of 5 °C/min.
The moduli were measured at the respective temperatures
under the following conditions.
Apparatus for evaluation: viscoelastic spectrometer
(ARES) manufactured by Rheometries, Inc.
20 Heating rate: 5 °C/min
Frequency: 1 Hz

Measurement mode: tension mode

The adhesive force of the adhesive layer with
25 respect to adhesion of the copper alloy foil was measured
in the following manner. The adhesive sheet having a width

of 20 mm and a length of 50 mm was laminated to a 35-pm
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manner. The epoxy resin conposition was hardened under the 5 conditions of
175C and 120 seconds to produce a cured resin having a wdth, W of 10 nm
|l ength of 80 nm and height, h, of 4 mMmm As shown in Fig. 9, this cured
resin (test piece) 11 was |aid over the space between two netallic
supports 12 each having a round top (support-to 10 support distance Lv = 64
nmm and a netallic pressing wedge 13 having a round end was noved from over
the center of the <cured resin 11 at a pressing speed of 5 mimn to apply

| oads to tkepperedaidsi (C025 n ndeufihedtédnbyndapaheEnbygyt terpr.now P. The
| oad at the tine when the cured resin 11 15 broke was neasured (measuring
condi ti onsunde€ ahe SMdEAHiocrmndof ak2®’@s 0he MPexuaall 8tEBemgilin.The results
obtained are shown in Table 1. Production of Sem conductor Device: 20
First, theSaiisesjuen tsheettise pltagimate abavecalbswegdr pastdndAinshowsoi’e Fi g.

1, a substrate 9 (size: 4.2 mm x 4.2 mm) for nounting a sem conduct or

el enent t héwodomigndveaspriterctd vieowar t Thexerfer 0. thend s ranli eopper) fokle
formed in given areas of the adhesive |ayer 2 side of the adhesive 25
sheet 35 Twes addigbrrwiy oafsemstheat baminatecdndtbei $80padisectigns at
conducted in the follow n nanner A netal foil 37 obtained by formng a
pattern of & peddigyg 5 P twnémlw LR ARCREPPERPEEEG BAVEHISd anas

| am nated at 120C to the ad hesive Iag 2. of the adhesive sheet 3, and

those part <empeRature st 23 of | anfli 2P EBiALEBoATe§5F0Rne TORACHERNVe

value of the pulling force was taken as the adhesive force.

10 Production of Epoxy Resin Composition:

The ingredients shown in Table 1 were mixed
together according to the proporticon shown therein. This
mixture was treated with a roll kneader heated at 80-120°C
(for 5 minutes) and thus melt-kneaded to thereby produce an

15 epoxy resin composition. The melt viscosity at 175°C of
the epoxy resin composition obtained was measured in the
following manner, and the results thereof are shown in
Table 1. Two grams of the epoxy resin composition obtained
was precisely weighed out and molded into tablets. These

20 tablets were placed in the pot of a Koka flow tester, and a
load of 10 kg was applied thereto to make a measurement at
175°C. The molten epoxy resin composition was extruded
through the orifice (1.0 mm (diameter) x 10 mm) of a die
and the piston travel speed during this extrusion was

25 measured. The melt viscosity (flow tester wviscosity) of
the sample was determined from the piston travel speed.

The results of this measurement are shown in Table 1.
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5 parts were partly enbedded in the adhesive |ayer 2. Subsequently, those
parts of the copper which did not correspond to the conductive parts were
renoved by the photographic pattern etching technique in general use to

t hereby formindependent conductive parts 4. Thus, a 10 structure which
conprised the adhesive sheet 3, a substrate 9, and conductive parts 4 and

I n which the substrate 9 and the conductive parts 4 were in the state of
being partly enbedded in the adhesive |layer 2 of the adhesive sheet 3 was
produced. 15 Subse@benflexuxslsisdwenathFiag. cXdirdeaty ftegpeafatursen conduct or
el ement 5 which had no el ectrodes was bonded to the substrate 9 on the
adhesi ve sH@8fC3 wift then cadiesh inesin E¢xte8d £romuthetepexdy byesfibachi Kasei
Co., Ltd.). The sem conductor elenment 5 (size: 3.5 mMm x 3.5 M) was thus 20
mount ed. Sgbmeggdikilon okifaimest ahnnes wvromesruredmeothiectotlewanant 5
mounted on the substrate 9 were electrically connected to the conductive
parts 6 w PANRRKes Thea8PeRyWHeSARFEEMPIsSAire MRfdihRpdensd aindepe Hhee
bondi n t he sem conductor_ el enent 5 25 nmounted on the substrate 9, the
conductd vecpapiignsoofed 70 F ahd ddfbsisrendiecte Prediacend frred 7 were
resin- encapsulated with the epoxy resin conposition to forman 38

encapsul at FR§IPeSBYING & i c?ifnék';s,l%.%f mRIthnes 89 m2enRBEnduct or

device was_faqrped on t dhesi ye sheet 3. _The resin encapsulation was
conducted By s&’er C%ﬁlﬁi%‘. SCSREME dfs Fd'lg'Trga{nstaﬂrs Hihgresin
(test piece) 11 was laid over the space between two
metallic supports 12 each having a round top (support-to-
10 support distance Lv = 64 mm) and a metallic pressing wedge
13 having a round end was moved from over the center of the
cured resin 11 at a pressing speed of 5 mm/min to apply
loads to the cured resin 11 in the direction indicated by
the arrow P. The load at the time when the cured resin 11
15 broke was measured (measuring conditions: 25°C and 50% RH)
and taken as the flexural strength. The results obtained

are shown in Table 1.

Producticon of Semiconductecr Device:
20 First, the adhesive sheet 3 produced above was
prepared. As shown in Fig. 1, a substrate 9 (size: 4.2 mm
x 4.2 mm) for mounting a semiconductor element thereon and
conductive parts 4 (size: 0.3 mm in diameter) were formed
in given areas of the adhesive layer 2 side of the adhesive
25 sheet 3.
The formation of a substrate 9 and conductive parts

4 was conducted in the following manner. A metal foil
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Mol di ng tenperature: 175C Tinme: 120 seconds C anp pressure: 200 kN
Transfer speed: 3 mmsec 10 Transfer pressure: 5 kN Size of Sem conduct or
Devi ce (Package): Each package has 156 conductive parts (dianmeter, 0.3 m).
15 Size of the whole package: 8:2 mmx 8.2 mm Thickness of the package
(encapsulating resin layer 8): 0.45 mm EXAMPLES 2 TO 7 AND COVPARATI VE
EXAMPLES 1 TO 5: 20 Epoxy resin conpositions were produced in the sane
manner as in Exanple 1, except that the materials for the epoxy resin
conposi ti opbtaikednpleformingt bepaftenns oft Hiveewl amerecmprandsy pbasiogn in
Tables 1 and 2. Usin each epoxy resin conposition, a seni conductor device
was 25 forwéuhoniahegdnééﬂvéimésplsl wast Haminptearhrirterl 2@’ ¢ nto Bxdaempl e 1.
The melt viscosities (flow tester viscosities) of the epoxy resin

conposi ti ondhprduaceayand2t R thexadhesiye shesaigihs 3id tthoserrartesi ns
obtained fromthese epoxy .resin conpositions were neasured in the sane

manners asfdEBéfi Beg2pdedl YhdcheSorrespondas o dchevwendvcliyees 1 and

2. 5 Table 1 gparts) Exanpl e . )
5 parts were partly embedded in the adhesive layer 2.

Subsequently, those parts of the copper which did not
correspond teo the conductive parts were removed by the
photographic pattern etching technique in general use to
thereby form independent conductive parts 4. Thus, a

10 structure which comprised the adhesive sheet 3, a substrate
9, and conductive parts 4 and in which the substrate 9 and
the conductive parts 4 were in the state of being partly
embeddéd in the adhesive layer 2 of the adhesive sheet 3
was produced.

15 Subsequently, as shown in Fig. 2, that face of a
semiconductor element 5 which had no electrodes was bonded
to the substrate 9 on the adhesive sheet 3 with an adhesive
{EN-4000, manufactured by Hitachi Kasei Co., Ltd.). The

: semiconductor element 5 (size: 3.5 mm x 3.5 mm) was thus

20 mounted. Subsequently, the electrodes 6 of the
semiconductor element 5 mounted on the substrate 9 were
electrically connected to the conductive parts 6 with wires
7 as shown in Fig. 3 (wire bonding).

After the wire bonding, the semiconductor element 5

25 mounted on the substrate 9, the conductive parts 4 formed
on the adhesive sheet 3, and the wires 7 were resin-

encapsulated with the epoxy resin composition to form an
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1234567 ad47 - 48 53 45 47 50 Epoxy resinb - 45 - - - - ¢ - - - -
- - -la- 5552- 555350 Phenolic resinb - - -47- - ¢53- - - - - -
Har deni ng accelerator 3 3 3 3 3 3 3 Release agent 3 3 3 3 3 3 3 Inorganic
filler a 700 700 700 700 700 700 700 b 100 100 100 100 100 100 100 Carbon
black 3 3 3 3 3 33 Flowtester viscosity 3 6 6.486 87 at 175C (Pas)
Fl exural strength at 140 150 145 160 130 151 170 25C (MPa) Table 2 (parts)
Conparative Exanple 1 2 3 45 a - - 50 25 33 Epoxy resin b 50 - - - ¢ -
65 - - - aencapE@lERifiy Rheiw|lxyersd n(bhiCkB8&ss,-0.45-mm)- -Thuslaradeni ng
accelerator 3 3 3 3 3 Release agent 3 3 3 3 3

semiconductor device was formed on the adhesive sheet 3.

The resin encapsulation was conducted by transfer molding.

5 Conditions of Transfer Molding:
Molding temperature: 175°C
Time: 120 seconds
Clamp pressure: 200 kN
Transfer speed: 3 mm/sec

10 Transfer pressure: 5 kN

Size of Semiconductor Device (Package):

Each package has 156 conductive parts (diameter,

0.3 mm) .
15 Size of the wheole package: 8.2 mm x 8.2 mm

Thickness of the package {(encapsulating resin layer

8): 0.45 mm

EXAMPLES 2 TO 7 AND COMPARATIVE EXAMPLES 1 TO 5:

20 Epoxy resin compositions were produced in the same
manner as in Example 1, except that the materials for the
epoxy resin composition in Example 1 and the amounts
thereof were changed as shown in Tables 1 and 2. Using
each epoxy resin composition, a semiconductor device was

25 formed on an adhesive sheet 3 in the same manner as in
Example 1. The melt viscosities (flow tester viscosities)

of the epoxy resin compositions produced and the flexural
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| norganic filler a 700 700 350 700 700 b 100 100 50 100 100 Carbon bl ack 3
3333 Flowtester viscosity 14 16.7 1.5 4 9 at 175C (Pas) Fl exural
strength at 140 110 110 100 120 25C (MPa) 10 40 After each sem conduct or
device was formed on an adhesive sheet 3 in the manner descri bed above, the
adhesive sheet 3 was stripped off fromthe sem conductor device. Thus,

sem conduct or devices having the structure 5 shown in Fig. 5 were produced.
The sem conduct or devices obtained each were a |ead-less thin type device
whi ch had stmepdthe sefirethehiairet sesinheokircoped| fxémgthesenepayegr 8 and
in which part of the substrate 9 having the senm conductor el enent nounted

t her eon andegint cempds PO MRKS iINRRPed 0 wehe axpeswanparshas| ower side
thereof. In the stripping of the adhesive sheet 3, the adhesive sheet 3
was peel eddegegdbigachghave n The gesyiltscitirereat arguhawny Wpebrbbes 30
mimn in an atnosphere having a tenperature of 23C and a humdity of 65%
RH. The me@®4 2 -val ue of the peel force was determ ned as the adhesive
force. The results thereof are shown in Tables 3 and 4. Furthernore, when

the adhesi W & 3 was stripped off after the encapsul ating resin I?yer 8
was forned.in_a sem conduct or dgﬂ_@g_p_pg_d@_gn@tﬁa%{g_d@:rri bhed (Pﬁ'ﬁ\t§ Lin
Example i
1 2 3 4 5 6 7
a 47 - 48 53 45 47 50
Epoxy resin b - 45 - - - - -
c - - - = - - -
a - 55 52 - 55 53 50
- Phenolic resin b - - - 47 - - -
i
c 53 - - - - - -
Hardening accelerator 3 3 3 3 3 3 3
Release agent 3 3 3 3 3 3 3
Inorganic filler a 700 ¢ 700 | 700 | 700 | 700 | 700 | 700
b 100 | 100 | 100 | 100 | 100 | 100 | 100

Carbon black 3 3 3 3 3 3 3

Flow tester viscosity
at 175°C (Pa-s)
Flexural strength at

140 | 150 | 145 | 160 | 130 | 151 | 170

25°C (MPa)
Table 2
{(parts)
Comparative Example
1 2 3 4 5
a - - 50 25 33
( Epoxy resin b 50 = - - -
= - 65 - - -
a - - 50 75 67
Phenclic resin b 50 35 - - -
C — - — — -
Hardening accelerator 3 3 3 3 3
Release agent 3 3 3 3 3
I ic filler a 700 700 350 700 700
noxganic b 100 100 50 100 100
Carbon black 3 3 3 3 3
Flow tester viscosity
at 175°C (Pa-s) 14 16.7 1.5 4 9
Flexural strength at
25°C (MPa) 140 110 110 100 120

10
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20 which 16 packages of the sane size (4 packages x 4 packages) disposed in
matri x arrangenent were en bloc nolded] and allowed to cool to ordinary
tenperature, the percentage transfer of the conductive parts 4 was
nmeasured. Nanely, the adhesive sheet 3 was stripped off by pulling 25 it at
a pulling speed of 300 nm m n under atnospheric conditions of 23C and 65%
RH. In the case where all the conductive parts 4 had been transferred to

t he exposed 41 epoxy resin conmposition (encapsulating resin |ayer 8), the
per cent age transf erAfiieesr 1608lh skheioemdbectof dewilcet was fpamesl 4 emi ni ng
untransferred to the epoxy resin conposition was counted and this nunber
was di vi decadhesine Sshestl| 3 numbehe ghanhercdadgribed phove 4 thb6 x 16 =
2,496) to determine the percentage transfer. The results obtained are
shown i n Tasihesrensgheet TAbvas sExipped off2fgon the Fempewindusitar (N 50
my 0.2 0.4 0.3 0.50.20.2 0.3 Percentage transfer (% _ 97 90 85 98 100 100
100 10 TasleviceomPErasi AerpagRsucton devices fayingr she( KtsgckHpel. 7 2.9
3.8 0.5.1.1_ Percentage transfer (9% 95 60 50 30 99 The results given above
show thé f ot nkR ¥HI - eBc¥er? PRRAEREfAp| cthe | semkrendepbey Asynmes

conposi tions
P obtained each were a lead-less thin type device which had

only the same thickness as the encapsulating resin layer 8
and in which part of the substrate 9 having the
semiconductor element mounted thereon and part of the
10 conductive parts 4 wexre exposed on the lower side thereof.
In the stripping of the adhesive sheet 3, the adhesive
sheet 3 was peeled by pulling it in the 90° direction at a
pulling speed of 300 mm/min in an atmosphere having a
temperature of 23°C and a humidity of 65% RH. The mean
15 walue of the peel forece was determined as the adhesive
force. The results thereof are shown in Tables 3 and 4.
Furthermore, when the adhesive sheet 3 was stripped
off after the encapsulating resin layer 8 was formed in a
semiconductor device production step described above [in
20 which 16 packages of the same size (4 packages x 4
packages) disposed in matrix arrangement were en bloc
molded] and allowed to cool to ordinary temperature, the
percentage transfer of the conductive parts 4 was measured.
Namely, the adhesive sheet 3 was stripped off by pulling
25 it at a pulling speed of 300 mm/min under atmospheric
conditions of 23°C and 65% RH. In the case where all the

conductive parts 4 had been transferred to the exposed
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having a nelt viscosity (flow tester viscosity) as neasured 15 at 175C of
from2 to 10 Pas and giving a cured resin having a flexural strength as
nmeasured at ordinary tenperature of 130 MPa or higher were used, the peel
force was as lowas 0.5 NN50 nmor bel ow and a high percentage transfer
was obt ai ned. The adhesive sheet could hence be 20 easily stripped off to
attain an excellent working efficiency. H ghly reliable surface nount type
sem conductor devices of a |ead-less structure could be easily produced. 42
| n contrasépoky Eeapar abimpesktanpl dentapsud atiimg westin dpgrer résj nthe
conpositions having a 175C nelt viscosity (flow tester viscosity) outside
the range péreéepnhkrge tsanefpaswasr 4 00%ed, Thhenprberf ofceomsmdtiigle and the 5
stripping of the adhesive sheet in a production step was difficult. In
Conpar at i veaEkanpl ssmaighngsuntrapsifenr nage too hhed apseapstasinng resins
obtained fromthe epoxy resin conpositions had a flexural strength as
measur ed aFOBPAFRALPNt HASeFaRBtecoRNSetHdS1 oMby wafe Perided doje Gl
transfer in Copparative Exanple 4 was very |ow and the peel force in
OorrparétivE°E§%rrBP@bSr\/\ﬁ§ HHEhF°P€§ﬁtF1'VI‘RgHaﬁFta5 4p0915§/vo’? g ef f#26kncy.
Whil e the invention has been described . in detail nd with reference to
specific eﬁﬁogﬁgﬁﬁﬁfnénfahég&o??rf"?“\ﬁalgle trs e&:p‘paF'gﬁt resudte 981389 n the

art that vari ous change d difications can be nade therein w thout
departi ng aF?oﬁ‘?‘Pﬁ'@ §go%€g?ﬁ§?goﬁpdcql'

Table 3
Example
i 1 2 3 4 5 [ 7
Peel force (N/50 mm) 0.2 (0.4|0.3(0.510.2(0.2|0.3
Percentage transfer (%) 97 a0 85 98 100 | 100 | 100

10 Table 4

Comparative Example
1 2 3 4 5
Peel force (N/50 mm) 1.7 2.9 3.8 0.5 1.1
Percentage transfer (%) 95 60 50 30 a9

The results given above show the following. 1In
each of the Examples, in which epoxy resin compositions
having a melt viscosity (flow tester viscosity) as measured

15 at 175°C of from 2 to 10 Pa-s and giving a cured resin
having a flexural strength as measured at ordinary
temperature of 130 MPa or higher were used, the peel force
was as low as 0.5 N/50 mm or below and a high percentage
transfer was obtained. The adhesive sheet could hence be

20 easily stripped off to attain an excellent working
efficiency. Highly reliable surface mount type
semiconductor devices of a lead-less structure could be

easily produced.
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This application is based on Japanese patent applications No. 2004-136137
filed April 30, 2004 and No. 20 2004-229715 filed August 5, 2004, the
entire contents thereof being hereby incorporated by reference. 43 WHAT IS
CLAIMED IS: 1. An epoxy resin conposition for sem conductor encapsul ation
which is for use in producing a sem conductor device conprising an

encapsul ating resin |ayer and, encapsul ated therein, a substrate, a

sem conduct or el ement nounted on the substrate, two or nore conductive
parts di sposed aroilindcbhé&raer,caond fomparetdmentExanpleslecteoi 3al iy
connecting parts which electrically connect electrodes of the sem conductor
el enent t owhhehc epgeat resigacompasidiians thavinmta oh7$ #eemeltt he substrate
and the bottom face of each conductive part are exposed w thout being
encapsul at ¥dscesity dAdaps Hestbiar virsaositely Qutside t Hee cpanrger efi from
conposition used for formng the encapsulating resin |ayer has the

fol | owi ng Pr&pelOi £& EaWentd y59d: (e rrekpinare o2n kbdhoand| Bhehas a nelt
viscosity as _measured at 175C of from?2 to 10 Pa-s; and (R) the epoxy resin
conpositi of tEiPRerg ofr e AdheHHR Pt 1ik@rBFodRFERRR nSEEPN¥aSUr ed at

ordinary te rat yre of 1&0 MPa or. higher.. 2. The epoxy. resin conposition
for semi coﬂ&nggt"&u&é:ncaﬁ% SePan Vecl‘w‘gﬁampf‘,esvﬁeraéidn%'hé”b [ parts
each has overh n%s at the hoth ex.pose%hé)otto €nd aﬂlg its faci ng,end
thereof . 3SUASSeMAERAT T Vit Rhi YR- UMDY | SE¥™ ahPBnTBPEYI EEFAB resin
|ayer and. gncapsylaied Lhereif A supsizate,f s condughor, el ement
nmount ed on t substrate, WO Or nore conductirve parts
ordinary temperature of below 130 MPa, the percentage
10 transfer in Comparative Example 4 was very low and the peel
force in Comparative Example 5 was high, resulting in a
poor working efficiency.
While the inventiocn has been described in detail
and with reference to specific embodiments thereof, it will
15 be apparent to one skilled in the art that variousg changes
and modifications can be made therein without departing
from the scope thereof.
This application is based on Japanese patent
applications No. 2004-136137 filed April 30, 2004 and No.
20 2004-22971% filed August 5, 2004, the entire contents

thereof being hereby incorporated by reference.
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di sposed around the sem conductor elenment, and electrically connecting
parts which electrically connect el ectrodes of the sem conductor elenent to
the conductive parts, wherein the bottom face of the substrate and the
bottom face of each conductive part are exposed w thout being encapsul ated
in the encapsulating resin layer, and the encapsul ating resin |ayer

conpri seguAar ciy ed.argsbnisf ormed from the epoxy resin conposition for

sem conductor encapsul ation according to claim1. 4. The sem conduct or
device of claim3, wherein the conductive Parts .each have an overhang on
each of the uPPersBa¥Y | BRRt" sCABECSt HeFeof °F 44981 CANIPOLYs s SP6RPPIGtuCng

t he sem gbhductorfadevize of pi@iunidy awkeshcooimmtiogestevpreparipy dimgadhesi ve

sheet coQRELSiNGtAngasesaNd1 A AdNRST B cabaYELtdOUHRG0R, 2aSYlbace hereof ;
form ng a _subst r.nmountin ué%%gl conductor ele nttean tWwo or nor
n r

ate fo A dW Sr nore
conduct i VEMPAIHAPE  Breletier e8¥ of"% he® Uiitéaide 1 552r 31 dd"6F the
adhesi ve cosfieetivepopaif ) dherpard @konngerfheontRItitcendekrépente wliesh, hasdno

el ectrodeseteridiaigubshhateid® pheschinirhual et hei SAMCRdHeter eleterRils on
the substrate, QLACLIMGAJN CONNRGLI Y ehECliadRs. oot B SPMANIUCHe

el enment rount €d “on € substrate to the conductivé parts; ]

resi n- en®apsem afaqfy afthéheussbrarate e $8/1 EBRERIEtIIC%IEMEACh ABEMEd Y6n t he
subst r at part hareordpetede wlahbstf etregd enchpeul Adlesivetibeehcapsdl {theg

el ect 11 cably, CONRBE! | gy PAL S Alfy L8 xCORAMELE VLRI S WL ARBREXEeeST N
ggnnfgzhééggapsalﬂaq%ntg ?esir? laoyvgrn%agrglpgrftc:l?%wgg% ;?‘rnope(r(t?.)est ?cx)t é?r{de B :OI‘ ma

(o) the epoxy resin composition has a melt viscosity as
measured at 175°C of from 2 to 10 Pa-rs; and

(B) the epoxy resin composition gives a cured resin having a
flexural strength as measured at ordinary temperature of 130 MPa or
higher.

2, The epoxy resin composition for semiconductor encapsulation of
claim 1, wherein the conductive parts each has overhangs at the both
exposed bottom end and its facing end thereof.

3. A semiconductor device which comprises an encapsulating resin
layer and, encapsulated therein, a substrate, a semiconductoer
element mounted on the substrate, two or more conductive parts
disposed around the semiconductor element, and electrically
connecting parts which electrically connect electrodes of the
semiconductor element to the conductive parts, wherein the bottom
face of the substrate and the bottom face of each conductive part
are exposed without being encapsulated in the encapsulating resin
layer, and the encapsulating resin layer comprises a cured resin
formed from the epoxy resin composition for semiconductor
encapsulation according to claim 1.

4. The semiconductor device of claim 3, wherein the conductive

parts each have an overhang on each o¢f the upper and lower sides
thereof.
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devi ce on the adhesive sheet; and stripping off the adhesive sheet fromthe
sem conduct or device forned: (a) the epoxy resin conposition has a nelt
viscosity as neasured at 175C of from2 to 10 Pa-s; and (p) the epoxy resin
conposition gives a cured resin having a flexural strength as neasured at
ordinary tenperature of 130 MPa or higher. 6. The process for producing a
seni condct or Adextasesef felraipFrucingetrls nsemiecarsivgtieri devpae t 8t eathithave an
over hang wen caaebmefiddde upper and | ower sides thereof. 7. The process for

producing a ngh’PegygggH&t 2L Q%P(%scl%eo‘csh%'e%' Thon né"ﬂf‘g{ & (rﬁ] ddie Adhes ‘é‘é\hle@i’@é Of

t he adhesi ve ma thernp ettln esi ve conposition.
The procedyefof °ﬁWﬁHd€?ﬁt sprféfec 5RaGRe b %ﬂﬁﬂlég fSEP%F¥ﬁ?? fqﬁhEPBPHlT%e
adhesi ve deayjepndtctdie adlesnte shdet tiws f ornedofe omcarmduapory pestm are

conposi tigRqhaxinthddeatohd O\eﬂfngtrm ORgRLi B (XdyandsiMd: JX) chde eRexyvd esin
ConpOSItéﬁﬁ fter cure has a glass transition tenperature of 150C or

hi gher Y) the epoxy resin conposition after cure has a nodul us as
measured at 2080dehgl WRa &acéhi gifera ssmiconductor element which has no

electrodes to the substrate to thereby mount the semiconductor
element on the substrate; electrically connecting electrodes of the
semiconductor element mcounted on the substrate to the conductive
parts; resin-encapsulating the substrate, the semiconductor element
mounted on the substrate, the conductive parts formed on the
adhesive sheet, and the electrically ceonnecting parts for the
conductive parts with an epoxy resin composition having the
following properties (o) and (B} to thereby form a semiconductor
device on the adhesive sheet; and stripping off the adhesive sheet
from the semiconductor device formed:

(o) the epoxy resin composition has a melt wviscosity as
measured at 175°C of from 2 to 10 Pa-s; and

(8) the epoxy resin composition gives a cured resin having a
flexural strength as measured at ordinary temperature of 130 MPa or
higher.

6. The process for producing a semiconductor device of c¢laim 5,
wherein the conductive parts each have an overhang on each of the
upper and lower sides thereof.

7. The process for producing a semiconductor device of claim 5,
wherein the adhesive layer of the adhesive sheet is formed from a
thermosetting adhesive composition.

8. The process for producing a semiconductor device of claim 5,
wherein the adhesive layer of the adhesive sheet is formed from an

epoxy resin composition having the following properties (x) and (y):

(x) the epoxy resin composition after cure has a glass
transition temperature of 150°C or higher; and

{y) the epoxy resin composition after cure has a modulus as
measured at 200°C of 1 MPa or higher.
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