1 SPECI FI CATI ON SEM CONDUCTOR DEVI CE 5 TECHNI CAL FI ELD [ 0001]

The present invention relates to a sem conductor device, and in
particular to an area nounting-type semikonductor device having,
nount ed on one surface of a printed wiring board or netal |ead frane,
10 a sem conductor elenent partially or entirely covered with a
pol yi m de, and being encapsulated with a resin only on the nounting
surface. BACKGROUND ART 15[ 0002] SFECIFIGRTIE®ent market trends
directed to di nensional shrinkage, weight reduction and hi gher
performances of electronic instrunents, sem conductor elenents have
been nore densely integrated year b% ear, with an increasing
opportunity for surface nounti A§Méf §éH§E@RdDEYB$E20 devices. In this
situation, surface nounting-type sem conductor devices have newy

been devel oped, and have gradually replacing those of conventional
structure. Wth the advance of dinensional shrinkage and thinning of
sem condd&EBNI1daLi EEBL.Depoxy resin conposition for encapsul ating

sem conduct or device has been requested to further 25 decrease the

vi scosi tyO8AdIto i ncrease the strength. Fromthe environmental point

of view, the epoxy resin conposition for encapsul ati ng sem conduct or
device is al soThequestad timveatfibaneel2tes et@radarini contiheubrugéfgce, and
flame retarder such as brom ne conpound or antinony oxide. In

addi t i on{nipettiepraoc éssanfammunbiinging-t ipe semcdueitar devieeéshaving,
t here has been an increasing trend of using | ead-free sol der having

hi gher mebtihhgdpei bhethanfddw@brod porie@evienti + Di@lbcsaldder snetd€1£8d frame,
adoption of the solder, nounting tenperature need to be el evated by
apprixi mat séwyi 28Hhdred | 1 drieh i gRvantE1aRAal Peeesel yaRdvhREe with a
consi derably degrades reliability of the sem conductor device after

bei ng nogol gthnids, CRMBEEAgWEABap el Sd GALKSEI M1 OBnly on the mounting

surface.

BACKGRCUND ART
15 [0002]

In recent market trends directed to dimensicnal shrinkage,
weight reduction and higher performances of electronic instruments,
semiconductor elements have been more densely integrated year by year,
with an increasing opportunity for surface mounting of semiconductor

20 devices. In this situation, surface mounting-type semiconductor
deviceshavenewlybeendevelop@d,andhavegraduallyreplacingthose
of conventional structure. With the advance of dimensional shrinkage
and thinning of semiconductor devices, epoxy resin composition for
encapsulating semiconductor device has been requested to further

25 decrease the viscosity and to increase the strength. From the

environmental point of view, the epoxy resin composition for

encapsulating semiconductor device is also requested to be flame



10[ 0003] BGA (ball grid array), and CSP (chip scal e package)

in pursuit of further shrinkage, are the representatives of the area
mount i ng-type sem conductor devices. They have been devel oped for

coping with requirenents for |arger nunber of pins and hi gher 15

oper ational speed, which have been becom ng al nost inpossible to be
satisfied by the conventlonal surface nounting-ty sem conduct or

devi ces r&EpreSeRtedvhiReEP Yids T PRE FricdadRy s S%PaF§W§F¥U5UFPmﬁ@UHd or
package) and so forth. This sort of area nounting-type sem conductor
devi ce mEJTBEOBEt S¥HER - by AR Pt dénitéen BEEEEE SePénBARNBANG nRE 2bhe
surface of a hard circuit board represented by BT resin/copper foi
circuit BERAEORBRSHAF T HeSS s itdATRe ba6sPArY| &R sidauma s neitreodced using
substrate), or flexible circuit board represented by polyimde resin

fi | m coppEPONErEr| PeeacE| Revii ko bogher el thinqraladingg thed that of
encapsul ating the surface having the sem conductor el enent nounted 25

t her ebn, CPREENESONAR| yobRersur fDase tof adbptiobsbfatbeusphgenn epaxying
resin conmposition or the like. On the other surface of the substrate,
opposi t etesprehetsuefaeed havibry dlwaded dondwetroxisbeptpt 260D0ntean & the
t hereon, solder balls are formed so as to be arranged in a two

di nensi opahveahhenal o ddeerssbyndstrald cehsddanebl.yafedmaddiereiltgbility of
substrate on which the sem conductor device is nmounted. Still another
subst r at ehé osembumtdunct dtheteadcet A€ teenbebng usdait el em@ntompaoblefith the
than the organic material -based substrate described in the above,

i ncl udescoetraht ssbstaatensuch as [ ead franme. [0004] The area
nount i ng-type sem conductor device is given in the form of one-side
encapsul acoog]in which only the surface having the 10 sem conduct or

el ement nounted thereon is encapsulated with an epoxy resin

conposi tion, WBGAeHagavhRgdtdierHr.f ace dewi eal%)hgcépé dRrc1lald) lﬁ%@ﬁl

t her eon un- encapsulated Al t hough the netal strate such as | ead

frame ni ghtrhayged encapsdat idik res &elpa_aé%l’en@‘at&%\éer ak %ﬁ@saf?éa
nicroneters al so on the surface havi ng the sol der or med

t her eon, méith 81 MBYt SO AR R RS HQ@?EéEOOdI‘}%?y %Q%eOBSeﬁ' e(l%ped for

encapsulatlng, since a encapsul ating resin having a t

of sever abplwndieds AlonlRhRIE ! 9 58660 'umgg&' befehgﬁg %ﬁdfﬁz{

over the surface haV|ng t he sem conduct enent nou ereo

[0005] 20F, @f 2l %ﬁ%? @Eﬁe{jﬁhiﬂﬁ ﬁi@@b@%ﬁ”ﬁ%ggmﬁfﬁeal%e H%it Phie to be

device is so er processes sucn as | frare Iatl o

reflow, QIE:% £ PIRSE, S9| %ron%n%qgmgal gﬁrfgcgprlnggﬁtlsr? aé}?%l ?$eéqvj\gconductor

occur at the intertace etween the "Surtace of organi

:‘2\8/: Rg t@@vf@é@, Croéia%cste% e%i %gEBE“Pan ntcfdflat{erp%%r]]ca%re] tQSPC sma le%%)gllne
package) and so forth. This sort of area mounting-type semiconductor
device may be obtained by mounting a semiconductor element on one

20 surface of a hard circuit board represented by BT resin/copper foil
circuit board (bismaleimide-triazine resin/glass fabric reinforced
substrate), or flexible circuit board represented by polyimide resin
film/copper metallized circuit board, and by molding and
encapsulating the surface having the semiconductor element mounted

25 thereon, that is, only one surface of the substrate using an epoxy
resin composition or the like. On the other surface of the substrate,

opposite to the surface having the semiconductor element mounted



25 conposition, due to stress ascribable to abrupt vaporization,

under high tenperatures, of noisture retained in the sem conductor
device, incorporated as a result of noisture absorption by the cured
epoxy 4 resin conposition and organic substrate. Accordingly, there
has been a need for a technique of satisfying soldering resistance of
the epoxy resin conpositjon for encapsul ating area nounting-type

sem cond%r@te&eoﬁev?e der Ppo6F are LormpReSeeni dohdift taoirasIoafe s 2atte’o
covered wiith a polyimde fil mover the surface thereof, for the

pur pose GLTEBPARNAY BRFR]E, H& WhEFebiecEhelapbalh 9Ll tandhehel reuit
element, and a ray shielding. In this context, a technique of making

t he pol yPHPEETREST ANpERichk 4le phobcerdidtdy ddvdsatity asuadged. Still
attention. The photo-sensitive polyimde resin is capable of not only

si npl i f yPRGLPaLrt 8rAStHahe nEepriovwssinas tbemsanedhwi shni hendaseonfelement,
usi ng a non-photo-sensitive polyimde resin, but also disusing a

hi ghly t ekherettaAirnghsobuydnhs ramde s it rsmbadrarticagesoes ibrdt énnshe
of safety and environnental 15 preservation. Photo-sensitization of

t he pol yehode, r eschuilgs tthet el oseosxpest edictio de laad frameant

techni que. [0007] On the other hand, the polyimde filmis
unfortundfePy]l ess adhesive to the encapsul ating resin. Reason why

the polyimde film20 is | ess adhesive to the encapsulating resin is
supposed that Thenicad hhand hei-vwege tdmipohyurde Hekitandstfeven in the
encapsul ating resin is weak, or that only a [imted degree o

anchor i nfoehfettones savial Eabhpsduet 10y sahhaassndy dhe ssurhacendfitfiene
polyim de film As for the polyimde resin given with

photxy sessii tondivet bt diemRintomsUppesathdedrhal ancasli1d e }@kh an epoxy
inparting photo-sensitivity, for exanple, may inhibit close

adhesi vengs sn tonidde 1@NGARSHh AL & NG F8%HgNERE QR8s cePhaving tHR KBOMBr balls
techni que for inproving the close adhési veness between %he pol yi m de

film andf&ﬂﬁe@@M@Unﬂg_nEﬁﬁisﬁlE§eBYpiA’Pﬂﬂéﬁr‘qrzﬁft@leaﬁlelﬁ%@j SGLi Gt & uen

surface of the polyimde filmto plasma treat foll owed by resin

encapsul k1 ngkg ACEREGhNGh @ aFPEWNASH s J1BHANY PHsin layer of several tens
of micrometers also on the surface having the solder balls formed

15 thereon, this may substantially be understood as the one-side
encapsulating, since a encapsulating resin layer having a thickness
of several hundreds of micrometers to several millimeters is formed
over the surface having the semiconductor element mounted thereon.
[0005]

20 For the case whére the area mounting-type semiconductor device
is soldered by solder processes such as infrared radiation reflow,
vapor phase soldering and solder dipping, separation would occur at
the interface between the surface of organic substrate having the
semiconductor element mounted thereon and the cured epoxy resin

25 composition, due to stress ascribable to abrupt vaporization, under
high temperatures, of moisture retained in the semiconductor device,

incorporated as a result of moisture absorption by the cured epoxy



5 the technique, irregularity is produced on the surface of the
polyimde filmenough to increase the cl ose adhesiveness wth the
encapsul ating material, and thereby the ¥eliability may be inproved
(see Patent Docunent 1, for exanple). The effect of surface

nodi fication given by the plasma treatnment is, however, less 10
sustainabl e, and is gradually lost with the el apse of tine after the

pl asma t FESLRER™P Nbr and opgapisshbs@dtnentcperdieal ¥, sheaet@s been
of increasing the nunber of processes. [0009] Another proposal has

been nad& HFEPLEYIZEERNBLAYS S §i ki eV INY Frigeringdsfittadasspdhe epoxy
filler, over a cover filmwhich covers the top surface of the

sem cond&EFP BRI O Fel eRREPSUL pAERTI AFGRENQ WL Wi taGrrisembeonductor
el ement is roughened with notable irregularities, the surface area of

t he pol yPRVdESresi n i ncreases enough to inprove the close

adhesi veness wth the epoxy resin, wth an additional effect 20

preventi M§08Packs by virtue of dispersion of stress at saw tooth-Iike
portions of the irregular profile (see Patent Docunent 2, for

exanpl e). The fendotenis;oritbweher elanensatdsf acotverygdsivice & belgiustedtilm
filler may damage the cover film There has been still another

proposal ofrer guot wiumgarhketipeodd EBmfoguthe geiqmome df nge tdrei ippkbyirgsdeetween
filmon the 25 cover film and further providing thereon a polyimde
filmm xedewehbapbelat ushecedin lard the obrireod ,urdeSior ably shnel@asgs 1In
t he nunber of processes. 6 [0010] Still another proposal has
been madense asntext /ips ovectimiequd oS nedhies ere$S19fintile resin per se
encapsul ating resin by prelimnarily adding thereto a sol vent capabl e

of dissopbhg-ides pol yé nge-basettasidttenttiont. NeredyphdPs oyEnd N6 ve
reliability (see Patent Docunent 3, for exanple). Dissolution of the

pol yi m dgobasedds esddlir S.s &gp@%@é,oﬁgaﬁwsﬁugh%iﬁ5&@§§§n§fpQEQMfﬁlﬁakming
of the polyimde filmainmed at rel axi ng stress between fhe

encapsul gtbB8s €8s Ncahsk e &l eeiHe and %&'%EQh%gatB%nebﬁggets%ﬁgfifve
ray ascribable to the encapsul ating 10resin. [001I1] In this

situati opel{ Rl &e %i%eﬁuﬁna%&%i%@ﬂn@g%qﬁm fQk 4 Eeﬂﬁgaysolution,

reliability of the sem conductor device,” by ifparting the epo resin
conposi t4Qa M thd AJHY 8YeEneLa8BuUNEY AHIPSE WhER LY End %A Ml a1
15 preservation. Photo-sensitization of the polyimide resin is
therefore expected to be an important technique.
[0007]
On the other hand, the polyimide film is unfortunately less
adhesive to the encapsulating resin. Reason why the polyimide film
2¢ is less adhesive to the encapsulating resin is supposed that chemical
bond between the polyimide film and the encapsulating resin is weak,
or that only a limited degree of anchoring effect is available due
to smoothness of the surface of the polyimide film. As for the
polyimide resin given with photo-sensitivity, it is also supposed
25 that an additive for imparting photo-sensitivity, for example, may
inhibit close adhesiveness to the encapsulating resin.

[0008]



RELATED DOCUMENT [ Pat ent Docunent] [0012] 20[ Patent Docunent 1]
HO8- 153833 [ Pat ent Docunent 2] HO06-204362 [ Patent Docunent 3] 25
HO5- 275573 Japanese Lai d- Open Patent Publication No. Japanese
Lai d- Open Patent Publication No. Japanese Lai d- Open Patent
Publication No. DI SCLOSURE OF THE | NVENTION 7 [0013] The

pr esent

I nvention is ained at solving the above-descri bed probl ens,

and the obj ect 2o ERCPE1EHCPFN BB RVEEH Id¥habesBradhsA icieng@fischetween
ensures excellent close adhesiveness between the encapsulating 5
resin andPEnBOPHIFH AR del it PROWRTE HERGART L A& UEPaBel Bft WHeally such as
sem conduct or el enment, and excellent sol dering resistance. [0014]

10

15

20

25

subjecting the surface of the polyimide film to plasma treatment,
followed by resin encapsulating. According to a proposal regarding
the technique, irregularity is produced on the surface of the
polyimide film enough to increase the close adhesiveness with the
encapsulating material, and thereby the reliability may be improved
(see Patent Document 1, for example). The effect of surface
medification given by the plasma treatment is, however, less
sustainable, and is gradually lost with the elapse of time after the
plasma treatment. Moreover, the plasma treatment per se is a factor
of increasing the number of processes.

[0C09]

Another proposal has been made on provision of a polyimide film
mixed with crushed filler, over a cover film which covers the top
surface of the semiconductor element. Since the surface above the
semiconductor element is roughened with notable irregularities, the
surface area of the polyimide resin increases enough to improve the
close adhesiveness with the epoxy resin, with an additional effect
preventing cracks by virtue of dispersion of stress at saw tooth-like
portions of the irregular profile (see Patent Document 2, for example) .
The method is, however, not satisfactory since the crushed filler
may damage the cover film. There has been still another proposal
for solving the problem, such as providing the polyimide film on the
cover film, and further providing thereon a polyimide f£ilm mixed with
the crushed filler. The method undesirably increases the number of

processes.



The present inventor found out that the above-described probl ens may

be sol ved and a sem conductor device well matched to 10 the object

may be obtai ned, by encapsul ati ng the seé conductor el enent, covered
with a polyimde, using an epoxy resin conposition containing a

sil ane coupling agent having a specific structure, and reached the
present invention. [0015] 15According to the present invention, a
seniconddgpgp devi ce capabl e of ensuring excellent close adhesiveness
bet ween the encapsul ating resin and the polyimde filmwhich covers

the surface of SthélSERtHHInEPBPSRI dienbeenntdaceeldehp I mPrIRe the close
sol dering resistance, nmay be obtained. The present invention is

t her ef or 89D@s{Eenaes{of g evprRRLIRT )i %ss Inavivn§refé miokyiiAvdedding
filmwhich covers the sem conductor elenent, and in particul ar useful
for areathBtatPmy-a9ipErdesicpohdaecobrdtestelrandhsopboyinidg00d6dd resin,
According to the present invention, there is provided a 25

seni condtiet bhedely cempeoeive gihe d-dlyi aricapsul @een @ad eaénDoondaotoB, for

el enent, partially or entirely covered with a polyimde, using an

epoxy reskampbaposilissoludgicenodpshkeapbigindédecbadadt oestievice whieker,
8 contains an epoxy resin (A), a phenol resin (B), a curing

accel eratoaif €, tlhe pumgrgsmiat foddwersi(d) ,ofantea psillyanedeotiplinngiagenst
(E) represented by the formula (1): 5(in the fornula (1), each of

R, R2 andl&3ingptasentseawédn 4£Heydnoaashidating resin and the element, and

shielding the element from o ray ascribable to the encapsulating

10 resin.
[0011]

In this situation, there has been an accelerating demand for

improved reliability of the semiconductor device, by imparting the

epoxXy resin composition with an improved close adhesiveness with the

15 polyimide film.

RELATED DOCUMENT
[Patent Document]
[0012]

20 [Patent Document 1] Japanese Laid-Open Patent Publication No.

HO08-153833

[Patent Document 2] Japanese Laid-Open Patent Publication No.

HO6-204362

[Patent Document 3] Japanese Laid-Open Patent Publication No.

25 HO5-275573

DISCLOSURE OF THE INVENTION



group, all of themmy be the sane or different fromeach other, and
n represents an integer fromO to 2), and/or a hydrolytic condensate
t hereof. [0017] 10According to one enbodi nent of the present .
invention, in the above-described sem conductor device, the silane
coupling agent (E) and/or the hydrolytic condensate thereof are a
si |l ane couBI ing agent represented by the forrmula (2) bel ow
CH2- CH CHPV@3E3HB- Si (OCH3)2 \tor 15 and/or a hydrolytic condensate
t her eof . [0018%7 According to one enbodi ment of the present _
i nvention, in the RsRRNtdEsTENbéanskmiaddwduet ovoldeivic sher alpdoevilesieibed
silane coupling agent (E) and/or the hydrolytic condensate thereof .
account sPreplenei a0l tlee phOwCHyofbdchiia he mtwlisicepeepicompusitoiratevice
for encapsulating 9 sem conductor device. [0019] Accordi ng
to one ewbsdRmamurss ehee plasentopaadite wiveras o hetwbav shdestradradlating
sem conductor device, the epoxy resin (A) contains 5 an epoxy resin
r epr ésentredibyandiet hiorpel winf3je bl lowwiReRscRerRIthe surface of the
semiconductor element, and excellent soldering resistance.
f0014]
The present inventor found out that the above-described
problems may be solved and a semiconductor device well matched to

10 the object may be obtained, by encapsulating the semiconductor
element, covered with a polyimide, using an epoxy resin composition
containing a silane coupling agent having a specific structure, and
reached the present invention.

[0015]

15 According to the present invention, a semiconductor device
capable of ensuring excellent close adhesiveness between the
encapsulating resin and the polyimide film which covers the surface
of the semiconductor element, and excellent in the soldering
resistance, may be obtained. The present invention is therefore

20 useful for semiconductor device having the polyimide film which
covers the semiconductor element, and in particular useful for area
mounting-type semiconductor device and so forth.

[0016]
According to the present invention, there is provided a
25 semiconductor device configured by encapsulating a semiconductor

element, partially or entirely covered with a polyimide, using an

epoxy resin composition for encapsulating semiconductor device which



(in

the formula (3), each of R4 to Ril is selected froma hydrogen

atom and Cl1-4 al kyl group, all of themmy be the sane or different
fromeach other). 10[ 0020] Accor dithg to one enbodi nent of the
present invention, in the above-described sem conductor device, the
phenol resin (B) contains a phenol resin represented by the fornula

(4):

5(in the formula (4), mrepresents an integer froml

OHOHOH, | 1 )
to 5 anGOR REPPEELAPEXYMTITiedEY + 13 BREFOLor®yin [(Bd213 curang accelerator
above-descri bed sem conductor_device, the polyimde is _obtained b

( ) y
deal cohol'F2at fFBn1BPrEapaF yi it Her pt¥ourdst & eiri@sentcedrdynehagrBEmiEA

(5):

O OH H tui
represented by the formula (1}:

Ep-R'-Si-R2 (OR%),,

Ep: GHCH-CH,O- o o(}

O

(1)

5 (in the formula (1), each of R, R* and R’ represents a C;_, hydrocarbon
group, all of them may be the same or different from each other, and
n represents an integer from 0 to 2), and/or a hydrolytic condensate
thereof.
[0017]

10 According to one embodiment of the present invention, in the
above-described semiconductor device, the silane coupling agent (E)
and/or the hydrolytic condensate thereof are a silane coupling agent

represented by the formula (2) below:

GHy-CH-CH,-0-C3H,-Si(OCH,), (2)

\
O CH;

15 and/or a hydrolytic condensate thereof.
[0C18]
According to one embodiment of the present invention, in the
above-described semiconductor device, ratio of the silare coupling
agent (E) and/or the hydrolytic condensate thereof accounts for 0.01

20 to 1.0% by mass of the whole epoxy composition for encapsulating



-FC-13.12-CNR13-N-1-- R14-0-C 4.0-0-R15 111l 00 (5) 5(in the
formula (5), R 2 is an organic group having at |east two carbon
atons, Ru is an organic group having at 9east two carbon atons, each
of R14 and R15 is an organic group having at |east one doubl e bond,
all of themnmay be the sane or different fromeach other). [0022]
10Accordi ng.to one_enbaodi nent of the present invention, in the
above- deSEMHEUEERPEOHBUEESr devi ce, R12, R15, R14 and R15 of the
poninid% ﬁrgcursor represented by the fornula (5) are groups
represent@ 1 9 the formula (6) below 11 () R12:)01Cl1(6)

According to one embodiment of the present invention, in the
above-described semiconductor device, the epoxy resin (A) contains
5 an epoxy resin represented by the formula (3) below:
RY R® RS RS
CH,-CH-CH,-O- O-CH,-CH-CH, (3)
NS N
O RE R7 RI0 RU ©
(in the formula (3), each of R* to R is selected from a hydrogen
atom and C;.q alkyl group, all of them may be the same or different
from each other).
10 [0020]
According to one embodiment of the present invention, in the
above-described semiconductor device, the phenol resin (B) contains

a phenol resin represented by the formula (4):

OH OH OH
H CH,§ H (4)
C " :
OH

15 (in the formula (4), m represents an integer from 1 to 5, and n
represents an integer from 0 to 5).
[0021]

According to one embodiment of the present invention, in the



?1-13 R14, R15-C2H4-0-C-C=CH2 0 [0023] Accordi ng to one

enbodi mrent of the present invention, there is provided a

sem conduct or device configured as an atBa 5 nounting-type

sem conduct or devi ce, havi ngt hesem conduct orel enent nmounted on one
surface of a substrate, and only the surface of the substrate having

t he sem conductor el enment npunted thereon being encapsul ated with the
epoxy re#’HVEGHﬁSEFfLP% ??ﬂ‘l%ﬂ%ﬂ%ﬂeﬂd%e}ﬁg%m&wl%ﬁ%@btaln@d by
10[ 0024] According to one enbodi nent of the present invention,
there i s95REGPRBELZEEEA) U8RI OFITHER BECERRF P | FEPFCaeNEB0drd LHR- £ la
type sem conductor device, having the sem conductor el enent nounted

on one sUPface of a substrate havi ng an opening, and the surface of

15 substrate having the sem conductor el ement nounted thereon and the
openi ng bei ng encapsyl ated with the epoxy resin conposition for

encapsul ati ng sem co@uct or @vHe. [0 ] 12 According to the

present invention, a"sem conq ctjor devi ge capabl e of ensuring

excel | ent cl ose a%av S ﬁ”j ncapsul ating resin and tqﬁ)
pol yi m de fil m whi g‘%‘r‘s' a he sem conduct or el eneyit/
e

and excel | enhw—tfﬂ_é I (L)i-né-Rﬂi
[

I
O

5 (in the formula (5), R?is an organic group having at least two carbon

atoms, R1S

is an organic group having at least two carbon atoms, each
of R and R™ is an organic group having at least one double bond,
all of them may be the same or different from each other).
[0022]

10 According to one embodiment of the present invention, in the
above~-described semiconductor device, R, R, R and R' of the

polyimide precursor represented by the formula (5) are groups

represented by the formula (6} below:



5 resistance, nay be obtai ned. BRI EF DESCRI PTI ON OF THE DRAW NG
[0026] FIG 1 is a drawing illustrating a cross-sectional structure
10 of an exenplary semni conductor deviceldf the one-side encapsul ating
type, configured using the resin conposition for encapsul ating

sem conductor device of the present invention. DESCRI PTI ON OF THE
EMBODI MENTS 15[ 0027] The sem conductor device of the present
invention is characteristfgally obtained by encapsul ating a
seniconduchﬁr el e art i r entirely covered with a

pol yi m de, gﬂng an ﬁf onposition for encapsul ating

sem conduct or devic C ns 20 an epoxy resin (A), a phenol(§)
resin (B), a curing acCcel erat (©, an inorganic filler (D), and a
silane coupling agent (E) represented by the forrmula the formula (1),
and/ or a conpound obtai ned by hydrglyzing and pol y-condensing it
(hydrol ytic condengate). Distincti effects achieved by the

t hus-confi ggd p At 25 n i decir ose adhesi veness
between th Rcap . a y m whi ch covers
the surface of the=senm conduttor elleme ybe e ced, and that
high reliability such 13 as sol ing resistance nmay be achieved in
particular in the area-nounted sem conductor device. The present
invention will be detailed below | ] 5To begin with, the
pol yi m de and the precursor thereof,I ich are constituent of the

sem conduc i device i n_(;;hE p_@s; E(&\i:n@gti on, will be detailed. The
pol yi m de g ally Pafh ea flol i zati on or dehydration of
its precursor. The polyimde is assified into photosensitive
pol yi m de and non- phot osensitive

[0023]

According to one embodiment of the present invention, there

is provided a semiconductor device configured as an area

5 mounting-type semiconductor device, having the semiconductor element
mounted on one surface of a substrate, and only the surface of the
substrate having the semiconductor element mounted thereon being
encapsulated with the epoxy resin composition for encapsulating
semiconductor device.

10 [0024]

According to one embodiment of the present invention, there
is provided a semiconductor device configured as a board-on-chip type
semiconductor device, having the semiconductor element mounted on
one surface of a substrate having an opening, and the surface of

15 substrate having the semiconductor element mounted thereon and the
opening being encapsulated with the epoxy resin composition for
encapsulating semiconductor device.

[0025]



10 polyim de, and the photosensitive polyimde is further classified
into ester bond-type polyimde and ionic bond-type polyimde. The
pol yi mi de used for the sem conductor de¥fce of the present invention

is not specifically limted, and may typically be a polyinide

obt ai ned by deal coholi zing a photosensitive resin conposition which
contains 15 a polyimde precursor as a ymjor constituent. The ,
pol yi ni de precgpgéFH%Egng? EDRPFELNT VIR dhPSHayrorvicear gepéce
a polyimde ecursor represented by the formula (5). [0029] 0 OH H
tHHI I, - Eépﬁg SO RASURIEY RaACRl k1S ¢ lRge ndhaaivemess) Pespern the
formul a %5), R12 represents an organic group having at |east two

carbon abBREPSREALTBP TRt $PEnLRE R s p LBy REChitcavesst thaosurface

carbon atons, each of R14 and R15 represents an organic groug havi ng
14 of the semiconductor element, and excellent in the so dering

5 resistance, may be obtained.

BRIEF DESCRIPTION COF THE DRAWING
[0026]
FIG. 1 is a drawing illustrating a cross-sectional structure
10 of an exemplary semiconductor device of the one-side encapsulating
type, configured using the resin composition for encapsulating

semiconductor device of the present invention.

DESCRIPTICON OF THE EMBODIMENTS
15 [0027]

The semiconductor device of the present invention is
characteristically obtained by encapsulating a semiconductor element,
partially or entirely covered with a polyimide, using an epoxy resin
composition for encapsulating semiconductor device which contains

20 an epoxy resin {(A), a phenol resin (B), a curing accelerator {(C),
an inorganic filler (D), and a silane coupling agent (E} represented
by the formula the formula (1), and/or a compound obtained by
hydrolyzing and poly-condensing it (hydrolytic condensate}).
Distinctive effects achieved by the thus-configured present

25 invention include that close adhesiveness between the encapsulating
resin and the polyimide film which covers the surface of the

semiconductor element may be enhanced, and that high reliability such



at | east one double bond, all of themnay be the sane or different
fromeach other). [0030] R22 in the fornula (5) represents an organic
group having at 5 | east two carbon atong3 R22 is introduced froma
conmpound having an organic group. If RL2 is a group containing an
aromatic ring or an aromatic heterocycle, the resultant polyimde
wi || have heat resistance. Preferable ex | es of R12 .incl ude
3,3, 4, 4a?b88;88ﬁéﬂgnéet°’éﬁ%%‘é? bBxY 152 r%‘feéjsildhé?af&;}r%ﬂﬁq iify &heo
aci d residue, and 4,4'-oxgdi ht halic acid residue, but not limted
t her et 0. ARBRYCPRERT §?§l,Q?QHQB%ﬁi%%%%ﬁ%ﬂeTP§tPé@é?ﬁ@x?PV%nﬁbPﬂ will Dbe
residue is_prefer bhe fromthe viewpoi nt of heat resistance of the
resultangeEgFiPﬁiE%.OWhey may be used al one or in conbination of two
or nore species. 15[0031] In the formula (5), R13 is an
organic é Baﬁ]having at |east two carbon atons. R13 is introduced
froma conmpound having an organic group. Simlarly to R22, fromthe
vi ewpoi nt of heatPeEidi stlahe et RNy eisly eadt tholpradudsorRtBereof, which
ispreferably a group having an aromatic 20 ring or an aromatic
het er ocyéFe.cogfaditiice tapil tpeet et b dutanptievsioe R1Bhe paleseet invention,
bi s[ 4- (4- am nophenoxy) phenyl ] sol f one resi due,
bi s[ 4- ( 3wahi nepheaoxy}ehenylies ploflonaidesidugendralldi ant aodepHeny|
sol fone residue, 3,3'-diam nodi phenyl solfone residue,
4, 4" - bi sfdaldechnl hopheroxy) phbpdxyi dophehyilt sspl¢ones@b. r @iedpelyimide is
4,4' -di am de di phenyl sul fide residue, 4,4'-diam nodi phenyl ether
r esi due, caads pf phe nih em goh @ sen gigsivdugo Initninet ahidmnbedphbesetsitive
Anong them 15 bis [4- ( 4-am nophenoxy) phenyl] sol fone residue is
pr efigr abpel firmid hearnd evipoiptiotafschedt: ives pslgnpedef i & heureset t@lNdssified
pol yi m de. They may be used al one or in conbination of two or nore
speci es. i 003 t&t mdrhe tiypenpbayih) deeasd dniR boadid tFp2 polyimide. The
i ndependently represents

polyimide used for the semiconductor device of the present invention

is not specifically limited, and may typically be a polyimide obtained
by dealccholizing a photosensitive resin composition which contains

15 & polyimide precursor as a major constituent. The polyimide
precursor is not specifically limited, and may typically be a
polyimide precursor represented by the formula (5).

[00629]

0 on
~+C-RI2-C-N-R1%-N|- ®)

RI.O-C C-O-R'
Il Il
S &

20 (In the formula (5), R' represents an organic group having at least
two carbon atoms, R™ represents an organic group having at least two

carbon atoms, each of R and R' represents an organic group having



an organi c group having at | east one double bond, and preferably a
phot osensitive group having one to three acryl (methacryl) groups.
Conmpounds used for introduci ng Rl4and RAfi ncl ude 2-hydroxyet hyl
nmet hacryl ate, 2-hydroxyethyl acrylate, glycidyl nmethacrylate, 10
gl ycidyl acrylate, 2-hydroxypropyl nethacryl ate, 2-hydroxypropyl
acrylate, .pentaerythrytal_triacryl ate, pentaerythrytol ,
trimet ha@rtyﬁﬁ?é,% %%‘ﬁt%%lﬁﬁ/][% ’ é@ﬁypgt R A H RS g §ame or different
pent aerythrytol diacrylate nethacrylate, glycerol diacrylate,
glycerolfﬁpﬁe?ﬁﬁ r9Fé¥€?'glycerol acryl ate nethacryl ate, 15
trimet hyl gl propane di acryl at e,
1,3-diacﬂ§p§9ﬂethy1-5-hydroxyethylisocyanurate,
1, 3-di net hacryl| at e- 5- hydr oxyet hyl i socyanurate, ethylene
gl ycol - nodi fi el pént ABRyfarMebe {3 aanasfatpesppireagic group having at
glycol -nodi fied pentaerythrytol triacrylate, trimethylolpropane 20
di acry| atéastrivretdaasipeopane di methaertyosieedpbrgmisyiospeund having an
gl ycol -nodi fied nethacrylat%g pol yet hyl ene gl ycol -nodi fied acryl at e,
pol ypr opgreaeigl yeotr modiff Red igcrybavey <ot ol epykenmatic ring or an
gl ycol -nodi fi ed nethacrylate, but not limted thereto. Anong them
2- hydr oxjeohgtioehéberytwt s, schpy efendbiaetf pomytiing dei ewpdi htvef hast
reactivity. They may be used al one or in conbination of two or nore
speci es. rE808B3ncd6 Preferaliengxtheiescofipatidschadeng t he groups
|isted below for RI12 to R15 in the fornula (5) are preferable. ()
R12: DCE, §6)4, {4 003} z&istriods teft qarcaditeixyg ithecpal yésides pregtssarliitic
(5) may be any

10 acid residue, and 4,4’ -oxydiphthalic acid residue, but not limited

thereto. Among them, 3,3’,4,4’-benzophenone tetracarboxylic acid
residue is preferable from the viewpoint of heat resistance of the
resultant polyimide. They may be used alone or in combination of
two or more species.

15 [0031]

In the formula (5), R" is an organic group having at least two
carbon atoms. R" is introduced from a compound having an organic
group. Similarly to R*?, from the viewpoint of heat resistance of
the resultant polyimide, R is preferably a group having an aromatic

20 ring or an aromatic heterocycle. Specific and preferable examples
of R include bis[4-(4-aminophenoxy)phenyl] solfone residue,
bis[4- (3-aminophenoxy) phenyl]solfone residue,

4,4’ -diaminodiphenyl solfone residue, 3, 3’-diaminodiphenyl solfone
residue, 4,4'-bis[4-(4-aminophenoxy)phenoxyldiphenyl solfone

25 residue, 4,4’-diamide diphenyl sulfide residue,

4,4’ -diaminodiphenyl ether residue, and p~phenylenediamine residue,

but not limited thereto. Among them,



of publicly known ones, w thout special limtation. One exenplary

met hod of producing polyimde is as foll ows. A conpound having

al cohol groups for introducing the photédSensitive groups R-14 , R15

| s dissolved into a solvent, an excessive anount of an acid anhydride
10 or a derivative thereof is allowed to react therewith, and the

resi dual ,carhoxyl grou and acjd dride groups are allowed to

eact w B A e RO ERe R T oaehel [ VoLt Gr i BRe cimpaeFEramLe From the
containi%% the.gglginide may be added with photo-sensitizer,

i ni tiat or -¥PEAabi ft%e?Fqﬁ%%kﬁﬁanéﬁheéi§€eaﬁﬁ$m1%ﬁgé QHNimigs., They may
| evel i ng_agent, and various 15 fillers, for the purpose of inproving

|i t hogr apfi &SEHaraeREr PEL +1 sCAMRMN A Yo rfaf 1WA (3F AT SPSICiesen.

[ 0035] Met hods of covering the sem conductor elenment with the 17
photosenéppﬁgé pol yi m de conposition nmay be any of publicly known

ones, W thout special limtation. One exggplarxsqethod of coating is

as foll ows. FifBttheafprBHbdaelsi L paehpo] Ri mbde R ompeksicengenitd yooepeesents
on an appropriate support, such as silicon wafer, ceramc 5

subst rat 80 argailhea s theati@goatt heast kene Mituidds bohdgoandngreferably a
adopt abl e herein include spin coating using a spinner, spray coating

usi ng a Bppagsenateive dippim@pavpnignbhagso andreslecrydatmaghadhy tk nessaps .
of coating may be adjustabl e depending on neans of coating, solid
concent r Gpinpaunds t heed ofpositt orjudny \H'S casd t8Y geaendd | J-hydtdie ithyl
range from1l to 30 pm Next, the coated filmis dried by pre-baking

at | ow tBeapeaatuieser ahthydrdxyemisl teaaB8AGteandliveithenmnerhadiral ede,

wi th chem cal beam according to a desired pattern. The chem cal beam
adopttabl glheiéyh accylaies, X +ray ralygtagn heamacuhl kae, obehydroxypropyl
radi ation, visible light and so forth, preferably having a mavelengt%
15 of zoacrpléﬂ@,n@@nﬁka&ytﬁﬁyxdynﬁﬂﬁaaﬁyraiepoE@h@aek§thggeaﬂd by
dissolving it into a developing solution, to thereby obtain a relief

pat t er n. t Fhvee tievet Ppi 1y, Snddan 1adepiablefeneiendinetHIESy1ate,
N- net hyl - 2- pyrrol i done, N, N-di met hyl acet am de, N,N—dlnetthfornanlde,

met hanol pexyh&ReEhBOPT OPatoly ] M ehe t ARE¢0a 8L Kak 1, AGUEOUS; SO Q.

and they may be used alone or in conbination of two or nore species.

Met hods gf ydevs] apimstn adaptakl e igiei i %%lrgﬂgtghméﬁhggkgg%g?e of

sprayi ng, puddle formation, dipping, ultrasonic wave a orth.

Nexty,s th§r£@%{ﬁ§l$§5géﬁéhéﬂgfg Ry the devel opnent is rinsed with a
rinsing solution. The rinsing 25 sol Uti on adoptabl e herein includes

oI, B0 by SR UL LB on, e
obt ai n alfi'éD@im%é@fﬂate-S—hydroxyethylisocyanurate, ethylene
glycol-modified pentaerythritol triacrylate, propylene
glycol-modified pentaerythrytol triacrylate, trimethylolpropane
20 diacrylate, trimethylolpropane dimethacrylate, polyethylene
glycol-modified methacrylate, polyethylene glycol-modified
acrylate, polypropylene glycol-modified acrylate, and polypropylene
glycol-modified methacrylate, but not limited thereto. Among them,
2-hydroxyethyl methacrylate is preferable from the viewpoint of
25 reactivity. They may be used alone or in combination of two or more

species,

[0033]



18 excellent in heat resistance. Annealing tenperature is preferably
70 to 450C, and nore preferably 150 to 400C. [0036] The sem conduct or
el ement partially or entirely covered wéh 5 the polyinmide in the
context of the present invention also includes the case where, for
exanple, the polyimde is renoved on el ectrode pads, through which

el ectrical conggctiog wth the external,L is established, so as to 12
expose them [0837f 1BRBxt SOOI WIRG FDEoRBEYPEi bhSEed below for R
encapsul ati ngs sem conduct or devi ce, used _for the sem conductor device
of the p QSBnt1Ph$%ﬁti8ﬁ?“%?lK5Beaﬂ%tﬁF?€%¥aﬁ%%-epoxy resin
conposition for encapsul ati ng sem conduct or device of the present

i nvention contains an epo§Y resin (A), a phenol resin (B), a curing

accel erator. ,15(0C), Lhornpani tller (D), and a silane coupling
agent (E) Rﬂ resent E? la (1) and/or a hydrolytic
condensate. [0038] xy resin (A adoptable to the epo{ﬁ)
resin conposition fFor™encapsul*atinhg sem conductor device of the

present invention is 20 not specifically limted, and exanpl es of
whi ch include crystalline epoxy resjn such as bi phenyl-type epoxy
resin, bisphenol - A resiy, and bi sphenol F-type epoxy

resin; novgl.gc-ty ROX sugh en ac-type epoxy
resin, andﬁégéso - G y : ﬁi ti onal epoxy
resin such as tri ptre 25 fanell t yp poxy re 7 and al kyl

nodi fied tri phenol nethane-type e y resin; aral kyl -type epoxy resin
such as phenol aral kyl -type epoxy resin having a phenyl ene skel et on,
phenol aral kyl -type epoxy 19 resin vi ng a bi phenyl ene skel et on,
and napht hol aral kyl -type epoxy res Aavi ng a phenyl ene skel et on;

epoxy resin, havi a napht pal ere | e such as napht hol
novolac-tﬂgédedaggZresrﬂﬁzgﬂﬂigrg?gé-' pht hal ene-type epoxy resin;
epoxy resin having a triazine é}

[0034]

5 Methods of producing the polyimide precursor (5) may be any
of publicly known ones, without special limitation. One exemplary
method of producing polyimide is as follows. A compound having
alcohol groups for introducing the photosensitive groups R, R' is
dissclved into a solvent, an excessive amount of an acid anhydride

10 or aderivative thereof is allowed to react therewith, and the residual
carboxyl groups and acid anhydride groups are allowed to react with
a diamine. The photosensitive polyimide composition containing the
polyimide may be added with photo-sensitizer, initiator, storability
improver, adhesive auxiliary, inhibitor, leveling agent, and various

15 fillers, for the purpose of improving lithographic characteristics
such as sensitivity and resolution.
[0035]

Methods of covering the semiconductor element with the



5 nucl eus such as triglycidyl isocyanurate, and nonoallyl diglycidyl

i socyanurate; and bridged cyclic hydrocarbon conpound-nodifi ed,

phenol -type epoxy resin such as di cycl opént adi ene- nodi fi ed,

phenol -type epoxy resin. They may be used al one or in conbination of

two or nore species. 10[0039] Anong them bi phenyl -type epoxy
resin represented. the formula (3) is preferable as the epoxy resin
(A 1 i EEeRsr s ket TGRS Fiow S Agt ORubLRbLC R knoun

and R11 in the fornula (3),,, and.a hydrogen atom for each of R6, R7,
R8 and an?§'n%%553?tf%é%§ﬂ%§Eiﬁ?l?ﬁF§°§ortO%ﬁ SHFBL A e thed af| eerting
viscosity, and therefore contain a |arge anount of filler, to .
t her eby %édﬁéefa2¥gwsab§3ﬂﬁﬁhoﬁ'E@Péoéﬁnﬁﬁ 1¥BoRy Ly eBiAe FAReRiEiom, s
since they are bifunctional and has a highly heat-resistant skeleton,
sol deri nG°REEFsPANRR FBRTPRFIHe? BERIroveEh RS RS IRCRY wafer, ceramic
CH2- CH- CH2-0-0-CH2-CH-CH2 \0O/NO R6 R7 RL R11 (3) 20 (In the _
formd a EBPsStrahen dtumyngn FALstmie|acttde lidm-hydebaeds a2 Hrgoatnihy
Cl-4 al kyl group, and may be the same or different fromeach other) .
[ 0040] 29dOPB?bgﬁé‘rﬂ@ﬂ%@ﬂﬁéU@@rﬁméhégétbﬂgdrﬁﬁirt%ao‘ipitmlpr epeAy coating
invention is not specifically limted, and exanples of which include
novol ac- B§ped respray gohtes , phiwwinmopoiatingsiamd wsntl cresohgnovitiiatkness
resin; nulti-functional phenol resin such as triphenol nethane-type
resin, 5o&ndogbpod ywey kf adiyshendle nepkadéntyype madnphefiotoating, solid
novol ac-type resins; aral kyl-type resin such as phenol aral kyl-type
phenol resheehest hon phierHeemengicalietion, oanki pheaykete, skehetan)y andhe
napht hol aral kyl resin; and nodi fied phenol resin such as
t er péne- nengé | fecbrphenol 30 emi.n, Nart, ditey cbapent adienes mediehi od mhsnelking
resin. They may

at low temperatures ranging from 60 to 80°C, and is then irradiated

with chemical beam according to a desired pattern. The chemical beam
adoptable herein includes X-ray, electron beam, ultraviolet
radiation, visible light and so forth, preferably having a wavelength
15 of 200 to 500 nm. Next, the unirradiated portion is removed by
dissolving it into a developing solution, to thereby obtain a relief
pattern. The developing soclution adoptable herein includes
N-methyl-2-pyrrolidone, N,N-dimethylacetamide,
N,N-dimethylformamide, methanol, xylene, isopropanol, water, and
20 alkali aqueous solution, and they may be used alone or in combination
of two or more species. Methods of development adoptable herein
include those making use of spraying, puddle formation, dipping,
ultrasonic wave and so forth. Next, the relief pattern obtained by
the development is rinsed with a rinsing solution. The rinsing
25 solution adoptable herein includes methanol, xylene, ethancl,
isopropanol, butyl acetate and water. Next, the relief pattern is

annealed to form imide ring, to thereby obtain a final pattern



10 be used alone or in conbination of two or nore species. [0041]
Anmong them the multi-functional phenol resin represented by the
formula (4) is preferable as the phenol 1fesin (B). By using this sort
of multi-functional phenol resin, warping characteristics of 15 the
area nounting-type sem conductor device may be inproved, and thereby

th | deri i st further be i oved. OHOHCH . (In th
For mil o FAPC U Popt BOT S TR FHPEGEr RO T9 8 ot 4 wEpd BSBHR SERHPLY

i nt eger omO »D) . 20[ 0042] 1 of the whole epoxy resin and the
nunber o?bpgénékﬁcéhyﬁngWoﬁ?o%ﬁ%g%?é%l¥ﬁ1§QK¥qmﬂﬂd§Cbhenol resin used
for the $8§ﬁé]r65in conposition for encapsul ati ng sem conduct or

device o present invention is preferably 0.5 or larger and 2 or
smaller, and particularly preferably 5 0.7 or_|larger and 1.5 or

smal | er. By adfBetTFiNnEuhnn sleneatraarelahly e shdvaedysepypeed with
ranges, the noisture resistance and the curability may be prevented

f r omdegFhai PRyl Y TOOMR i nERhApF @t @t e tharprrpeit dreeattdon( €).so includes
adoptable to the epoxy 10 resin conposition for encapsul ating

sem condb@eorasevitareof foecprapéat v anivmidelisdeemoved on electrode
di azabi cycl oal kene and its derivative such as

1, 8- di azadileyctlofsudh ofluhde celrecty; i amlgaminneghiosphiviehstibk agsternal is
tri phenyl phosphi ne, net hyl di phenyl phosphi ne; tetra-substituted
phosphonésipdlp et slaedubse i autted dgrate tSwoh as tetraphenyl

[C037]

10 Next, the epoxy resin composition for encapsulating
semiconductor device, used for the semiconductor device of the
present invention, will be detailed. The epoxy resin composition
for encapsulating semiconductor device of the present invention
contains an epoxy resin (A), a phencl resin (B), a curing accelerator

15 (C), an inorganic filler (D), and a silane coupling agent (E)
represented by the formula (1) and/or a hydrolytic condensate.
[0038]

The epoxy resin (A) adoptable to the epoxy resin composition
for encapsulating semiconductor device of the present invention is

20 not specifically limited, and examples of which include crystalline
epoxy resin such as biphenyl-type epoxy resin, bisphenol A-type epoxy
resin, and bisphenol F-type epoxy resin; novolac-type epoxy resin
such as phenol novolac-type epoxy resin, and cresol novolac-type
epoxy resin; multi-functional epoxy resin such as triphenol

25 methane-type epoxy resin, and alkyl modified triphenol methane-type
epoxy resin; aralkyl-type epoxy resin such as phenol aralkyl-type

epoxy resin having a phenylene skeleton, phenol aralkyl-type epoxy



15 phosphoni unit et raphenyl borate,

t et raphenyl phosphoni uni t et rabenzoi ¢ acid borate,

t et r aphenyl phosphoni unt t et r anapht hoi ¢ aéPd bor at e,

t et raphenyl phosphoni uni t et ranapht hoyl oxy borate, and

t et raphenyl phosphoni uni t et ranapht hyl oxy borate; and adduct of 20
phosphi ne_conpound an i none conpound. They may be used al one or in
oty nat SR IO MO HoP A Cp iRt S OREL66aE] SRR HBE S - oY) eposy
adoptabl e to tge epox esin conposition for encapsul ating

sem conddECSP %Wg% %PE‘FHElSngglﬁ%l%%orPh\?@?ﬁyoﬁeﬁéy RV iy 2onaphblalene
general |y used as epoxy resin conposition for encapsul ating
senicond&é?EFtBEVFBEh BR aRPPRENSE RPECIITigEE EHIEY eresim)y iamel ude
fused spherical silica, fused crushed silica, 22 crystalline

silica, FaP¥ITgKYRRRACNALEART EWPMFPOSYATRE ST FEORY asindbavingmgtriazine
whi ch fused spherical silica is nost preferably used. These inorganic
fill ets REFLBESUZeEh 8D ier vicAdydnbspaydoaratc ¢ wacbmonored 1gpedigbycidyl
They may be surface-treated with a coupling agent. The 5 inorganic
filler (Dpoprenerabey had bridepadteycbos diwinoanises iconpaunde mophéied,
and has a broad grain size distribution, in view of inproving the

f1ui di t ypheontiehyref epbey i nesgansect idd etiqyd)) apsed adi cnieempridgsent],
invention is 83% by nass or nore and 95% by nmass or |ess of the total
epoxy rephanconpyse t¢wrrky aresinor eThegf mapliby BED B0.dby pmss$nocommieat ion
and 93% by mass or |ess. By adjusting the content of the organic

filler (BfF wwohon mbee apoweieescri bed ranges, the resultant resin
conposition will have | ow hygroscopicity, |ow thermal expansion,

suf ficci ef0038®] deri ng resi stance, and good warpi ng characteristics,

whil e al so successfully suppressing degradation of 15 fluidity,

inconpl ete filAndgydttiémg wrobedng. -k defanasan ekpgekdnwhresyi fhe
t he sem conduct or device due to high viscosity. [0045 ¥he

epoxy I esbimEDAPES) tiOrpddic apsyl aticnapsay eepdHC Rl , devh c&0fy thesin
present invention contains silane coupling agent (E) 20 represented

by the fRaduh@ 4 ethyl group for each of kY, R%, R® and R in the formula

(3), and a hydrogen atom for each of R?, R’, R® and R*® is more preferable.

15 This sort of epoxy resin has a low viscosity, and may therefore contain

a large amount of filler, to thereby reduce water absorption rate

of the epoxy resin. In addition, since they are bifunctional and

has a highly heat-resistant skeleton, soldering resistance may

further be improved.
R* R> R¥ RS

CH,-CH-CH,-O- O-CH,-CH-CH, (3)
\c)/' ‘\ij
R6 R7 Rio RM

20

(In the formula (3), each of R® to R is selected from hydrogen atom,
and C;-¢; alkyl group, and may be the same or different from each other).

(0040]

The phenol resin (B) adoptable to the epoxy resin composition



23 represents an integer fromO to 2) and/or hydrolytic condensate
thereof. [0046] Exanples of the silane coupling agent include
5(y-gl yci doxypropyl )tri met hoxysil ane, 29

(y-gl yci doxypr opyl ) et hyl di net hoxysi | ane,

(y-gl yci doxypr opyl ) di et hyl net hoxysi | ane,

- gl i I ieth i , _
é%z& g:c:: gg%ggﬁg%?%{{é’lf%QI Eﬁ:] Tl@%qtﬁ{egev1ce of the present invention is
y-glycl aoX ropy | e oxXysl | ane . )
(y-gl yci 88&&%5%%%@} Fﬁgxfg‘iq gﬁ@r}lples of which include novolac-type

(y-gl yci doxypropyl ) di et hyl net hoxysi | ane, _
(y-gl yci ag;;gr 6§§P) ] hgljl%rp%} hXyetd@neesin, and cresol novolac resin;
y glycidoigpropyl di et hyl et hoxysi | ane, 15

, 4- epoxycycl ohexyl ) propyl tri et hoxysi | ane,

, 4- epoxyrycl ohexyl ) propyl met hyl di et hoxysi | ane,

, 4- epoxycycl ohexyl ) propyl di met hyl et hoxysi | ane,

, 4- epoxy cymhaie ek eaxl byl df Bt hoxysl @015 resin represented by
, 4- epoxycycl ohexyl ) propyl di et hyl met hoxysi I'ane,

, 4- epex yoyahaBexy| )ipy ppykethyl 8iH] baxysiddNere898 (8). By using this
3, 4- epoxycycl ohexyl ) propyl di et hyl et hoxysi | ane. Al so conpouﬁés,

bt ai neds by A Mz -G8 otlah 28 a8YPkLL89n 20601 o, st

pol y- condensi ng the]hydrolysaﬁé,ﬁngybe adop?éble.p%ﬂ%se %ﬁﬁ%ﬁﬁﬁﬁﬁ?%ﬁf of

may jBe used 2ONano @t 1idy-G]RR %‘}grii%n%ﬁlctt %v%éeﬁ?gﬁé Iegm%[:gx%g,] and

Anong them preferable I's a“hy ytic condensate,

i | Zzi : il i t ed
compound obiol ped b uial) 18 e S cane, oUpLL g BIeTloEspLgsent

OH OH OH
@LH @] [CHE @iH )
C - h
OH

(In the formula (4), m represents an integer from 1 to 5, and n

WWWwWwww

(y- . .

y- (2, 3- ePBky eyEFOREXTF RSBty FRELAGYE] Rankeriphenol methane-type resin,
y- (2, 3-epoxycycl ohexyl ) propyl nmet hyl di met hoxysi | ane,

y- (2,3- epBRYEJRP BYERY | §briopiplrnrt Mmatharsoaysd ane, phenol novolac-type
y- (2, 3-epoxycycl ohexyl ) propyl tri et hoxysi | ane,

y- (2, 3- epofyey el ) prvmsy kret nyseitelsorpshd Aresa Iy 1 -type phenol resin
y- (2, 3- epoxycycl ohexyl ) propyl di net hyl et hoxysi | ane,

y- (2, 3- epoxyeyes | wihexyd 9rpr opsa lettoyl dinmbtibbeyyilkareskeleton), and naphthol
y- (2, 3-epoxycycl ohexyl ) propyl di et hyl net hoxysi | ane,

y- (2, 3- epoxykyt| ohexyl )promddthbdipkicholy seEdnesuch as terpene-modified
y- (2, 3- epoxycycl ohexyl ) propyl di et hyl et hoxysi | ane, 25

y- (3, 4- epoxycy ceshexydngdopytlopapt hakysetmanei fied phenol resin. They may
y- (3, 4- epoxycycl ohexyl ) propyl et hyl di net hoxysi | ane,

y- E 3,04- epoxysye | ahexy | priopyaivietdryloreidfoxysi banfore24pecies.

y_

y-(

y-(

y-(

y-(

y-(

y-(

0

represents an integer from 0 to 5).

20 [0042]

Eguivalence ratio (EP/OH) of the number of epoxy groups (EP)



15 hydrol ysate. By using the conpound, the soldering resistance may
be inproved as a result of inprovenent in the close adhesiveness with
the polyimide film even if the epoxy résin conposition for
encapsul ati ng sem conductor device, containing a resin |less durable
to sol dering, such as a conbination of biphenyl-type epoxy resin and
20 phenol olac resin,  were .used. 2-CHCH2- O Cit-Si (OCH3)2 \o/d" "
C B (2 O BHRaRobE Tuh Rits SO ECeTURIET rRE B RYdorytrey Groups
reaction. anpl es of the catalyst jnclude protonic acid such as

Cﬁﬁaﬁg g%%

formc adi O LE PRSP & S5 He iU L ER L ak 2 SRATIL FEShPoF PHROS 1t ion

and iron _chloride; and, basic catalyst such_ as triphenyl phosphine, _
and 51, 8187asaBrEyRlOF 519 HRRIMEOT (BBiFe pHOMe) Presentpapvgnbion is
the silane coupling agent (E) and/or the hydrolytic condensate

ther eof PEFAEFGRLEQ (her LOraPTCOIDASIR PBAL ] 8 pPEFeal o 0. L 1 prasenebly
by mass, and nore preferably 0.1 to 0.5% by nmass. By 10 adjusting the
cont eht Of 'tPie 18§ BEAARDUpoi 9 SHGEREL(-E) Baridlios ting Hydleeyimiad ence ratio
condensate thereof within the above-described ranges, the resultant
resin cofPosinEi BROWET Hepavibet Taprvvedtd ovd sdtnssiresiesenaiet Antlhehe
polyimde film and a good soldering resistance, while successfully
suppr essFR§2hbAIEBNPaY e | rsevereted st tegrdaimtadima.n t he 15 nechani cal

strength. [0050]
[0043]

Examples of the curing accelerator (C) adoptable to the epoxy
10 resin composition for encapsulating semiconductor device of the
present invention include diazabicycloalkene and its derivative such
as 1,8-diazabicyclo[5.4.0]undecene-7; organic phosphine such as
triphenylphosphine, methyldiphenylphosphine; tetra-substituted
phosphonium/tetra-substituted borate such as tetraphenyl
15 phosphonium/tetraphenyl borate,
tetraphenylphosphonium/tetrabenzoic acid borate,
tetraphenylphosphonium/tetranaphthoic acid borate,
tetraphenylphosphonium/tetranaphthoyloxy borate, and
tetraphenylphosphonium/tetranaphthyloxy borate; and adduct of
20 phosphine compound and quinone compound. They may be used alone or
in combination of two or more species.
[C044]
The inorganic filler (D) adoptable to the epoxy resin
composition for encapsulating semiconductor device of the present
25 inventionmaybeanyofthosegenerallyusedasepoxyresincomposition
for encapsulating semiconductor device. Examples of the inorganic

filler (D) include fused spherical silica, fused crushed silica,



In the present invention, other silane coupling agents may be used
therewith, so long as they will not inpair the effects of the silane
coupling agent (E) and/or the hydrolyti82condensate t hereof. 20 The
silane coupling agent possibly used therewith is not specifically
limted, and exanples of which include silane coupling agent such as
mer capt osj_| ane,. -ani nosj | ane | kyl.si l.ane, .ureidosilane, and,_ . o
vi nyl si | an ;Stg% *E6upt ilncga’agﬁﬂ?’ é&@WlQE’ﬁJt R E PRE Sigeifon nitride,
al um num_coupl i gent, .and al.um_num.zi rconi um coupl i ng agent.

25] 0051] 565 §P LERC AP AT Seth Comdhe oF eV dP e taRd thieeen; These
inventionh de endigfkﬁg needs. Exanpl es of the additives include nold
rel easi ng"&§8ATFn T Rt BF diS SRR LOnehoR s &PHRGBA THAR, O & yitchetireore
wax such as pol yet hyl ene wax, higher aliphatic acid and netal salt

t her eof SP§GERSas BHRVAMAY R FUHER@CH reesitedr Hiéh angopatangi agent. The
col orant ,such as carbon bl ack and red iron oxide; flane retarder such
as brdni AEPEFABRExXTLFERT niDlamreksagblyi Baf de, veamatimupClydbdyi depsest to
magnesi um hydr oxi de, zinc borate, zinc nolybdate, and phosphazene;

i nor gani EXPBnSERERANGRY By he dRreAd mkdi o ide Widgtatidutapd, in view of
anti oxidant. 10[ 0052] The epoxy resin conposition for

encapsul al'PEGVERE condiitebilideyi €ensenthefpkbsehnorasenti Bhller (D) used
adjustable in terns of dispersibility, fluidizing characteristics and
so fort hinpyheixierenthe nivegrtddinentss883) by ond 9 ,cramdret her a8di by vesss or
if necessary, 15 typically by using a mxer or the |ike at nornal

t enper at ees @hd-ly toteddepgxyndes iheatripus itsiorg ankneader psetdrasly 87%
roll kneader, extruder or the like, followed by cooling and crushing.

[ 0058] Nextmas$heosemmorduc98f Heviiees ofr thesqur egenkdij nvenid othaMddntent
20 be detailed. The sem conductor device of the present invention nmay
be obt ai n&dthy engapswl £iing: aiD)eldationitheC elpaRe Ak seueBeaSrhhges, the
sem conductor el ement using the above-descri bed epoxy resin

conposi t resul tanemrespau@aigdig Sem wONHeker] deMy§Losasi By $ Ul bd Hdiga1
resin by a conventional nolding nmethod such as transfer nDIdﬁng, 25
conpr ességpai®] ¢h Ngsuf M i oBsImladiing destiReahicke. 2Rhhghoaspesh snof

t he net hod of manufacturing of the sem conductor device nmay be any” of

the publ ¢igdyadtomstrihodsi 12he fe8lLeeBdYeLT A8 R JBY P8egradation of
15 fluidity, incomplete filling during molding, and deformation of gold
wires in the semiconductor device due to high viscosity.
[0045]
The epoxy resin composition for encapsulating semiconductor
device of the present invention contains silane coupling agent (E)

20 represented by the formula (1):

Ep-R'-Si-R2 (OR3),,

Ep: C\HQ}CH-CHE-O- or OO

O

(1)

(In the formula (1), each of R!, R? and R’ represents a C;.; hydrocarbon

group, all of them may be the same or different from each other. n



27 obtained also by integrally encapsulating and nolding a plurality
of sem conductor elenents, and then individualizing them
Exanpl es of the semi conductor el enent té&3be encapsul ated 5 include
integrated circuit, large-scale integrated circuit, transistor

[ 0054]

ude dual 10

outline

thyristor, diode, and solid inmaging device, but not [imted thereto.

[ 0055] Exanples of the.resultant sem conductor, device incl,

[l ne pACKAGESTOPPF! BPLSUPE.fEdRed Chip GHITA W TRV Gusgnreasate
package %ggg),flow profile quad flat package (LQFP), small

package YO smal | outline J-1eadpackage (SQJ), thin small outline
package gﬁsgPﬁ, thin quad flat package (TQFP), tape carrier package
(TOP), b 8 idarray (BOA), chip size package (CSP), and 15

boar d-on-chi p (BOO _package, but_not limted thereto. Exanples of the
seni conduct or G&FMEESBLPAI He® wFtae HEURL ert Assntatidglade nol di ng

using the resin conposition for encapsul ati ng sem conductor device,
and bei ndYr AdYGLaaayREaPY heF it et ididichal | grid array (BQR),
e chip size package(CSP), and MAP-type quad flat 20 non-Iead

MAP-typ
(QFN).

[ dg561 ycidoxyprpay ke dankiicteithated id@nehavi ng t he

sem conduct or el ement encapsul ated therein by a nolding nethod such
as transf¥rghpridayypsenygl r@snet nolmpadiasiven lfeore ,encapsul at i ng

sen con

ductor device, is 25 allowed to stand as it is, or

at around a

t enper at UvegbycB8ACkyRrQOVD torierroundifaore,approxi mately 10 minutes to
S so as to conpletely cure the resin conposition, and is then

10 hour
nount ed

10

is5

20

25

(g-ghyeldcxypropyl 28t meltdietentx ol liame,, | i ke.
(y-glycidoxypropyl)dimethylethoxysilane,
{y-glycidoxypropyl}ethyldimethoxysilane,
(y—glycidoxypropyl)diethylmethoxysilane,
(y—glycidoxypropyl)ethyldiethoxysilane,
(vy—glycidoxypropyl)diethylethoxysilane,

y— (2, 3-epoxycyclohexyl)propyltrimethoxysilane,
y—{2, 3-epoxycyclohexyl)propylmethyldimethoxysilane,
Y- (2, 3—epoxycyclohexyl)propyldimethylmethoxysilane,
Y—(2, 3—epoxycyclohexyl)propyltriethoxysilane,

y— (2, 3-epoxycyclohexyl)propylmethyldiethoxysilane,
Y- (2, 3-epoxycyclohexyl)propyldimethylethoxysilane,
Y- (2, 3-epoxycyclohexyl)propylethyldimethoxysilane,
y- (2, 3-epoxycyclohexyl)propyldiethylmethoxysilane,
y—- (2, 3-epoxycyclohexyl)propylethyldiethoxysilane,
Y- (2, 3-epoxycyclohexyl)propyldiethylethoxysilane,
y— (3, d-epoxycyclohexyl)propyltrimethoxysilane,

v— (3, 4-epoxycyclohexyl)propylmethyldimethoxysilane,

Y- (3, 4-epoxycyclohexyl)propyldimethylmethoxysilane,



[ 0057] FIG 1is adrawing illustrating a cross-sectiona
structure of an exenplary sem conductor device of the one-side
encapsul ating 5 type, configured using £Re resin conposition for
encapsul ati ng sem conductor device of the present invention. A solder
resist 5is provided to the surface of a substrate 6 so as to be

stacked theregn, and a sem conductor elenent 1 prelimnarily covered
with a pgﬂ i3m%dSF’P?P’W@PE‘GH%W%W%%% YoFs 1%t 5 while placing

a cured die-bgnding 10 erial2 in between, Portions of the
pol yi ni d& fir ‘§p8%Y8V8g$ﬁ8ﬁ%fL%’a%P Tty KA it Gneel enent 1 and
portions of3t e solderﬁie ist.5 on g{eptrode pads of the substrate 6
are renoved bg”889§V8¥ REex¥d) REOR KL LRI hatdiaatvsdilede pads, in
order to e ha i sh el ectronic_contact between the sem conduct or
el enent Y"g d T RBOZYUB¥EE + JRex Bl ) BFRPyI e dum Hdrrihcrus ideviece
illustrated_ in FIG 1 is, therefore, designed to connect the
el ect} od¥~padé—BPOXKEY St enHLRERY K iatenlme thekvstid agicect r ode pads
on the substrate 6 by bonding wires 3. By encapsulating the
seni cond¥ct 8r 408RPEECYST Plae k) iy & tdw Il ieshseyistiilemef, opnd
encapsul ati ng sem conductor device so as to forma 20 cured article
4, the s¥niéofdaepsycreldleexehozpny ladiat orlor hoxvend ager. f akksof carmounds,
substrate 6, having the sem conductor elenent | nounted thereon, nmay
be obt ai AeEaimae kY ekydveky phus ©Wre tdid substoaie ng agentoandcbgd
internally through the substrate 6 to solder balls 7 arranged on the
non- encapsiyateddsus fagdehe2b5yfiExapphed, G5B a®%Pptable. Thespresgunds
invention will be explained below referring to Exanples, w thout
bei ni@ | i mayeldet heedtalort) omtiroscafbimating wil ltwhe ogi menei Bppaiés. by
mass. [0059] 5 Exanple 1 Materials |listed bel ow were m xed
using a M&&¥] kneaded using a two-roll mlIl wth the surface
tenperature respectively adjusted to 90C and 45C, and then cool ed and
crushed, to prEpst® EHepERe feasiblecarpashltenlyihe ebta@énesk £PYich is
resin conposition was

a compound obtained by hydrolzing the silane coupling agent

represented by the formula (2) below, and by poly-condensing the
15 hydrolysate. By using the compound, the soldering resistance may
be improved as a result of improvement in the close adhesiveness with
the polyimide film, even if the epoxy resin composition for
encapsulating semiconductor device, containing a resin less durable
to soldering, such as a combination of biphenyl-type epoxy resin and

20 phenol novolac resin, were used.

C\Hg;pH-CHE-O-CE,HE-?i(OCHa)g (2)
O CH;
[0048]

Methods of hydrolyzing the silane coupling agent is not

specifically limited. An acidic or basic catalyst may be used for



10 evaluated by the nethods bel ow. Results are shown in Table 1.

Epoxy resin 1: biphenyl-type epoxy resin_represented by the fornula
(3) (YX4000K, from Japan Epoxy Resin Co?? Ltd., mel ting point =105C,
epoxy equi val ent wei ght =185, havi ng nethyl groups for R4, R6, RO and
R11, and hydrogen atons for R5, R7, R5 and Rl in the fornula 15(3)):

L LD LTS, . QL GHC 1000, R0 graravoliel.,
Phenol RS RISRET Lo e OIS (10, (HEOLO 20, 1 oy WAtEr
parts bya%?é? ngig}ggﬁgisuch as aluminum chloride, and iron chloride; and
basic catalyst such as triphenyl phosphine, and
5 1,8-diazabicyclo!5.4.0]jundecene-7 (DBU).
[0049]

Ratio of the silane coupling agent {E) and/or the hydrolytic
condensate thereof relative to the total composition is preferably
0.01 to 1.0% by mass, and more preferably 0.1 to 0.5% by mass. By

10 adjusting the content of the silane coupling agent (E) and/or the
hydrolytic condensate thereof within the above-described ranges, the
resultant resin composition will have an improved close adhesiveness
with the polyimide film, and a good scldering resistance, while
successfully suppressing non-conformities such as degradation in the

15 mechanical strength.

[0050]

In the present invention, other silane coupling agents may be
used therewith, so long as they will not impair the effects of the
silane coupling agent (E) and/or the hydrolytic condensate thereof.

20 The silane coupling agent possibly used therewith is not specifically
limited, and examples of which include silane coupling agent such
as mercaptosilane, aminosilane, alkylsilane, ureidosilane, and
vinylsilane; and coupling agent such as titanate coupling agent,
aluminum coupling agent, and aluminum/zirconium coupling agent.

25 [0051]

Besides the above-described ingredients (A) to (E), various

additives may appropriately be added to the epoxy resin composition



[ 0061]

Curing accel erator: curing accel erator represented by

the formula (7) below 0.3 parts by nass (7) 5 OH [0062]
Fused spherical silica (average grain sffe=20 pm: 88.0 parts by mass
Si |l ane coupling agent 1: silane coupling agent obtained by 10
hydrol yzi ng a silane coupling agent represented by the forrmula (2)

bel ow (A%—6137

on Uni car

A NI, Co., Ltd,), and by pol y-condensing
t he hydroP%égpggpgg aﬁgg ssﬁvlﬁﬁggu%?@¥Cé$Y}%?(9?1ﬁ%%ﬂ9¥§§%§ﬁ2an@@Flonr

10

15

20

25

depending on needs. Examples of the additives include mold releasing
agent including natural wax such as carnauba wax, synthetic wax such
as polyethylene wax, higher aliphatic acid and metal salt thereof
such as stearic acid and zinc stearate, and paraffin; colorant such
as carbon black and red iron oxide; flame retarder such as brominated
epory resin, antimony trioxide, aluminum hydroxide, magnesium
hydroxide, zinc borate, zinc molybdate, and phosphazene; inorganic
ion exchanger such as bismuth oxide hydrate; and antioxidant.
[0052]

The epoxy resin composition for encapsulating semiconductor
device of the present invention is adjustable in terms of
dispersibility, fluidizing characteristics and so forth, by mixing
the ingredients (A) to (F), and other additives if necessary,
typically by using a mixer or the like at normal temperature, and
by kneading under heating using a kneader such as roll kneader,
extruder or the like, followed by cooling and crushing.

[0G53]

Next, the semiconductor device of the present invention will
be detailed. The semiconductor device of the present invention may
be obtained by encapsulating an electronic component such as the
semiconductor element using the above-described epoxy resin
composition for encapsulating semiconductor device, and by curing
the resin by a conventional molding method such as transfer molding,
compression molding, injection molding or the like. Other aspects
of the methed of manufacturing of the semiconductor device may be

any of the publicly-known methods. The semiconductor device may be



CH3 31 Mol d rel easing agent: glycerin trinontanate (Licolub
(registered trademark) WE4, from C ariant Japan K K ): 0.2 parts by
mass Car bon bl ack (MA600, frém M tsubishi Chenica
Corporation): 5 0.3 parts by nass [0063] Eval uati on Met hods

Spiral flow. The epoxy resin conposition was injected into a die for

measurin i.ral, flow, accordin 0 ANSI/ASTM.D 3123-72 using 10.a _,
|OM/preS§8?§lPan§#8P H%I%W?EPFéhiﬁrﬁ??ﬁ?ﬁgiﬁilnﬁfSHQKGHQQRPQ a plurality
Corpoartiqn), at a die tenperature of 175C, an injection pressure of

6.9 NPa, OndeHLEARRREEDF el Ot stbridier A sna g daem-

measur ed i@s ntimeter. [0064] 15Sol dering resistance 1: A 352-pin
BGA (a 0lB thick bismaleimde-triazine resin/glass fabric
reinforced substrate, with a package of 30 mx30 mmin size, 1.17 nm

thick) was nol B28REFRCE v $REESRIR G Slememndl dongengarrreulyted
Series, from TOM Corporation), at a die tenperature of 175C, an
i nj ect i oh"prBEUERL2DTRFCR. Gl st ankh e idadg tinkegsRtednicabcast, and
then cured at 175C for 4 hours, to thereby obtain sanples. Ten
t hus- obt AF AR81phekageRy Wet el |BvrdE t+ Grebsorli ddimelodng devamge, but not
environnent at 60C, 60%:H for 120 hours, and then subjected to IR
refl ow atimipedkthenpieeature of 260C (held for 10 seconds at 255C or
above). Separation between 25 the polyimde filmon the surface of
t he senmi £BRBBEt or el enent and the encapsul ating resin was observed
using a ultrasonic flaw detector (m-scopelO, fromHitach
Constructi on Macdmmbsy «@0.thd trebsultEndseemld2onductor device include dual
10 inline package (DIP), plastic-leaded chip carrier {PLCC), quad flat
package (QFP), low profile gquad flat package (LQFP), small outline
package (SOP), small outline J-lead package (S0J), thin small outline
package (TSOP), thin quad flat package (TQFP), tape carrier package
(TCP), ball grid array (BGA), chip size package (CSP), and
15 board-on~-chip (BOC) package, but not limited thereto. Examples of
the semiconductor device obtained after being encapsulated and
molding using the resin composition for encapsulating semiconductor
device, and being individualzed, include MAP-type ball grid array
(BGA), MAP-type chip size package(CSP), and MAP-type guad flat
20 non-lead (QEN).
{00586]

The semiconductor device, having the semiconductor element
encapsulated therein by a molding method such as transfer molding
using resin composition for encapsulating semiconductor device, is

25 allowed to stand as it is, or at around a temperature of 80°C to 200°C

or around, for approximately 10 minutes to 10 hours so as to completely

cure the resin composition, and is then mounted to an electronic



causing the separation were judged as defective packages, and denoted
as n/ 10, using the nunmber n of defective packages. Sol deri ng
resistance 2: Measured similarly to Sol d8ring resistance 1, except
that the time of noisture absorption was set 5 to 168 hours. [0065]
The above-descri bed sol dering resistances 1 and 2 were eval uated
using the s niconguctor ment shown bel ow, having a 5 pmthick

e
pol yi mi deé"Fi-EFotned EUEr?%h%'entire surface. 10Seni conduct or
el enent : hg nx10 mmin size, 0.35 mmthick. Polyimde film obtained
by deal c¢ pﬂﬂing a dehydrat ed condensate (polyimde precursor)
formed between_2- hydroxyet hyl nethacrylate diester of 3,3, 4, 4
- benzophenone Féfratatboxfrryiagi #langtrating a cross-sectional structure
bi s[ 4- (4- am nophenoxy) phenyl ] sul fone. 15[ 0066] Amount of
var pi ng 8f PAcKERER 13D Rerisonseicghe- dbgsecdi of ddw ros-sfitenceaapsweiating
the sanples, nolded simlarly to the nmethod described in the
sol deti n§YPesi SPRAESUTreRres pastred ¢Fin omtiasddtiicon fdiragorabbylhtdmy
the gate of each package, using a surface texture 20 and contour
measur i ngeinhserduwehor (SUYRRCOM A082¢ dragnrokyoy eBeiimnt. SUA Cooldét dedsist 5
and the | argest value of dislocation in mcroneter was determ ned as
t he anpuht rofowiaiepi ng Lhe0H67adexafi@ esb2:tatd 6, sand tCospartaldkee thereon,
Exanples 1 to 3 25Epoxy resin conpositions were prepared according to
fornul at aod d sstédonhdudabl e lkemesitil| @rd Vi misnadeslor cbedred W@l golyimide
and simlarly evaluated. Results are shown in Table 1. 33 [0068]
film 8 is fixed on the solder resist 5while placing a cured die-bonding
10 material 2 in between. Portions of the polyimide film 8 on electrode
pads of the semiconductor element 1 and portions of the solder resist
5 on electrode pads of the substrate 6 are removed by development,
so as to expose the electrode pads, in order to establish electronic
contact between the semiconductor element 1 and the substrate 6. The
15 semiconductor device illustrated in FIG. 1 is, therefore, designed
to connect the electrode pads of the semiconductor element 1 and the
electrode pads on the substrate 6 by bonding wires 3. By
encapsulating the semiconductor device using the epoxy resin
composition for encapsulating semiconductor device so as to form a
20 cured article 4, the semiconductor device encapsulated only on one
surface of the substrate 6, having the semiconductor element I mounted
thereon, may be obtained. The electrode pads on the substrate 6 are
connected internally through the substrate €6 to solder balls 7
arranged on the non-encapsulated surface.
25
[Example]

[0058]



I ngredi ents other than those used in Exanple 1 are |isted bel ow

Epoxy resin 2: ortho cresol novol ac-type epoxy resin (N660, from

DI C Corporation, softening point-62C, ep8xy equival ent 5 wei ght=210)
Phenol resin 2: phenol novolac resin (PR HF-3, from Sum tono Bakelite
Co., Ltd., softening point=80C, hydroxy equival ent wei ght=104) [0069]
10Si | ane coupl égg a%ent 2:.silane coupling agent (AZ-6137, from

Ni ppon Uni car €8%, PEEGS)tr preRehtrd'by! the F5iAined Pelspw grferring to
CH2- CH 2-0-$3H6-3KOCHS 2 \\a/ CH3(2) [0070] _Silane .
coupl i ng“ZGERLCSy R BGIPG hdhabeAttRki fredBby 1Bt igRIRE MirAgIavill
sil ane coupling agent (A-187, from N ppon Unicar Co., Ltd.)

r epr esenP&IIBYERhENT BRHLF aPY 9%ad%@ ow, and then pol y- condensi ng t he
hydrol ysate. Silane coupling agent 4: silane coupling agent (A-187,
from Ni pp8RSBhi car Co., Ltd.) represented by the fornula (8) below C

C C H2-0. - C3H6- SKOCH3) 3
5 Example 1

Materials listed below were mixed using a mixer, kneaded using
a two-roll mill with the surface temperature respectively adjusted
to 90°C and 45°C, and then cooled and crushed, to prepare an epoxy
resin composition. The obtained epoxy resin composition was

10 evaluated by the methods below. Results are shown in Table 1.

Epoxy resin 1: biphenyl-type epoxy resin represented by the
formula (3) (YX4000K, from Japan Epoxy Resin Co., Ltd., melting point
=105°C, epoxy equivalent weight=185, having methyl groups for R?,
R®, R? and R™, and hydrogen atoms for R’, R’, R® and R in the formula

15 {(3)y: 7.1 parts by mass
R¢ R RE RS
CHy-CH-CH,-O- O-CH,GH-CH, (3)

© RE R7 RI0 RN ©

[0060]
Phenol resin 1: multi-functional phenol resin represented by
the formula (4) (HE910-20, from Air Water Inc., softening point=88°cC,

20 hydroxy equivalent weight=101): 3.9 parts by mass



\Po/ (8) 20 [0071] 34 Silane coupling agent 5: silane coupling
agent (A-186, from N ppon Unicar Co., Ltd.) represented by the
formula (9) below O0C H -Si (0OCH3)3 [0072f 5Silane coupling agent 6:
sil ane coupling agent (KBMb73, from Shin-Etsu Chem cal Co., Ltd.)
represented by the formula (10): NH C3H6- SKOCH3) 3(10)

OH OH OH
H CH; H @
c . :
OH

[COel]

Curing accelerator: curing accelerator represented by the

formula (7) below: 0.3 parts by mass

O.__
PhyP/ (7)

OH

{0062]

Fused spherical silica (average grain size=20 um): 88.0 parts

by mass
Silane coupling agent 1: silane coupling agent obtained by
10 hydrolyzing a silane coupling agent represented by the formula (2)

below (AZ-6137, from Nippon Unicar Co., Ltd.), and by poly-condensing

the hydrolysate: 0.2 parts by mass

GH,CH-CH,-0-C;H;-Si(OCHS), (2)

O CH,



Conparative 034 04/8 01104 OE4 | 044 04/L 04/04 004 924

10

15

20

25
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Mold releasing agent: glycerin trimontanate (Licolub
(registered trademark) WE4, from Clariant Japan K.K.): 0.2 parts by
mass

Carbon black (MA600, from Mitsubishi Chemical Corporation):
0.3 parts by mass
[0063]

Evaluation Methods

Spiral flow: The epoxy resin composition was injected into a
die for measuring spiral flow, according to ANSI/ASTM D 3123-72 using
2 low pressure transfer molding machine (KTS-15, from Kohtaki.
Corpoartion), at a die temperature of 175°C, an injection pressure
of 6.9 MPa, and a curing time of 120 seconds, and flow length was
measured in centimeter.

[0064]

Soldering resistance 1: A 352-pin BGA (a 0.56 mm thick
bismaleimide-triazine resin/glass fabric reinforced substrate, with
a package of 30 mmx30 mm in size, 1.17 mm thick) was molded using
a low pressure transfer molding machine (Y Series, from TOWA
Corporation), at a die temperature of 175°C, an injection pressure
of 6.9 MPa, and a curing time of 2 minutes, and then cured at 175°C
for 4 hours, to thereby obtain samples. Ten thus-obtained packages
were allowed to absorb moisture in an environment at 60°C, 60%RH for
120 hours, and then subjected to IR reflow at a peak temperature of
260°C (held for 10 seconds at 255°C or above). Separation between
the polyimide film on the surface of the semiconductor element and
the encapsulating resin was observed using a ultrasonic flaw detector

(mi-scopelQ, from Hitachi Construction Machinery Co., Ltd.). Those
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causing the separation were judged as defective packages, and denoted
as n/10, using the number n of defective packages.

Soldering resistance 2: Measured similarly to Soldering
resistance 1, except that the time of moisture absorption was set
to 168 hours.

[0065]

The above-described soldering resistances 1 and 2 were
evaluated using the semiconductor element shown below, having a 5
pm thick polyimide film formed over the entire surface.

Semiconductor element: 10 mmx10 mm in size, 0.35 mm thick.

Polyimide film: obtained by dealcoholizing a dehydrated
condensate (polyimide precursor) formed between 2-hydroxyethyl
methacrylate diester of 3,37, 4, 4" ~benzophenone tetracarboxylic acid
and bis[4-(4-aminophenoxy)phenyl]sulfone.

[0066]

Amount of warping of package: Amount of height-wise
dislocation of ten each of the samples, molded similarly to the method
described in the soldering resistance, were measured in the direction
diagonally from the gate of each package, using a surface texture
and contour measuring instrument (SURFCOM 408A, from Tokyo Seimitsu
Co., Ltd.}, and the largest value of dislocation in micrometer was
determined as the amount of warping.

{0067]
Examples 2 to 10, and Comparative Examples 1 to 3

Epoxy resin compositions were prepared according to
formulation listed in Table 1, similarly as described in Example 1,

and similarly evaluated. Results are shown in Table 1.
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[0068]

Ingredients other than those used in Example 1 are listed below.

Epoxy resin 2: ortho cresol novolac-type epoxy resin (N660,
from DIC Corporation, softening point=62°C, epoxy equivalent
welght=210)

Phenol resin 2: phenol novolac resin (PR-HF-3, from Sumitomo
Bakelite Co., Ltd., softening point=80°C, hydroxy equivalent
weight=104)

[0069]
Silane coupling agent 2: silane coupling agent (AZ-6137, from

Nippon Unicar Co., Ltd.) represented by the formula (2) below:

CH,-CH-CH,-0-C,Hg-Si(OCH,), (2)
~ 7 I
O CH;
[G070]

Silane coupling agent 3: silane coupling agent obtained by
hydrolizing a silane coupling agent (A-187, from Nippon Unicar Co.,
Ltd.) represented by the formula {8) below, and then poly-condensing
the hydrolysate.

Silane coupling agent 4: silane coupling agent (A-187, from

Nippor: Unicar Co., Ltd.) represented by the formula (8) below:

C\I—(I:i}CH-CHz-O-C;., Hg-Si(OCH;), (8)

[0071]
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Silane coupling agent 5: silane coupling agent (A-186, from

Nippon Unicar Co., Ltd.) represented by the formula (9} below:

o[y G SOCH), (9)

[0072]

5 Silane coupling agent 6: silane coupling agent (KBM573, from

Shin-Etsu Chemical Co., Ltd.) represented by the formula (10):

@-NH-caHE-Si(oc:Ha)a (10)
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37 [0073] The epoxy resin conpositions of Exanples 1 to 10
i ncludes the epoxy resin (A), the phenol resin (B), the curing
accelerator (C, the inorganic filler (D), and the silane coupling
agent (E) 5 represented by the fornula (1) and/or the hydrolytic
condensate thereof. Species and anounts of the silane coupling agent
(E) and/or the hydrolytic condensate thereof, and species of the
epoxy resin (A and the phenol resin (B) are listed in Table 1. Al
of the sem conductor devices encapsulated with the epoxy resin
conposi tiong 10 of afrripl &S [1 to 10 were found to cause no separation
' I

bet ween t he {polly nzon he| surface of the sem conductor
el enment and |t ep r8s$iH [cofpositi on under the conditions of the
sol dering resgs e——proying—gpbod cl ose adhesi veness. Exanples Ito
8, using epcxfg resi i [l @hiZh is the bi phenyl -type epoxy resin
represent ed |bg |15 | Fe| foy nBilla €3)| as the epoxy resin (A), and using
phenol resin Ewhi C s the|multilfunctional phenol resin represented
by the formul@|(4) the phenol resin (B), gave good results which
are represented by ST separ §2i on between the polyimde filmon the
surface of the |seni condfucton el enent and the encapsul ating resin, and
only smal |l 20 gnounts| of [warpi ng jof packages, even under the
conditions of the sE@d&irfd|registance 2. In addition, Exanples 1 to
3 and 8, usiing |epoxy fe|{m51 as the epoxy resin (A), phenol resin 1
as the phenol rlestr{(B)s+andésitane coupling agent 1, which is a
si | ane coupl|i ng age&t abt abnedgsby| hydrol yzi ng the sil ane coupling

2

e s

AP

195% F 516 1

agent represent|e® bys g |f&mil a (2) and pol y-condensing the
hydrol ysate,| ag_th i lape couplijng agent (E) and/or the hydrolytic
condensat e thereof|, were Eéund tg give excellent effects, causing no
3
d <

separati on bet Wween fher bolyinide filmon the surface of the

sem conduct or ¢l eneht| &h ne enclapsul ating resin, even under the
conditions of thesolderfngresigtance 2, irrespective of the anount
of mxing of the giian& c@plikng lagent 1, and presence or absence of
ot her silan¢ couplli fig & pgent $ [|0074] In contrast, the

n)
sem conduct or devilces! of | Copparat|i ve Exanples 1 to 3, using the epoxy
regin conpositilong whi eh| eont a}:i)n nei ther silane coupling agent (E)
repr esent ed tRe ﬁor@ % 1x<ngr the hydrolytic 10 condensate
thereof, werecfiound tjo show | argg nunbers of separation between the
pol yi m de fi I@on the surfafe of |[the sem conductor el enment and the
encapsul at i ngun esi|nG uﬁ__’deg :orp:\di tli ons of both of the soldering
resi stances|1l and (27 |[pFoyihg poor| cl ose adhesi veness.
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39 CLAI M5 1. A sem conductor device configured by

encapsul ati ng a sem conductor el enent, Eart lally or entirely covered
with a polyimide, 5 using an epoxy resifA’conposition for .
encapsul ating seni conductor device which contains an epoxy resin (A),
a phenol resin (B), a curing accelerator (C), an inorganic filler

(D), and ) §i3l ane coupling agent (E) represented by the fornula (1):
10(in the[ foorr]rula (1), each of Rl, RZ2 and R3 represents a Cl-4

hydr ocar bon of .them ma\?/tfe t he sjiama or different from each

| . .
ot her, and ngﬁrggf%%%ﬂsreﬁ?nﬁ FOBHEPLF 81T P} &P L1e%d A or© d thyaFdrgescthe

condensate thereof. 152. The sem conductor_device according to Claim
1 BRidr BRALE TS 1At PN AGABeHE) oo toioat 8% REPEOPEASOR (C)

[ [ I 2) below CH2-CH CH2-0-C H SKOC |-13)2
si | ane C%Hglkggrggﬁgg %i l%r (D}, and the silane coupling agen% {E)

5 represented by the formula (1) and/or the hydrolytic condensate
thereof. Species and amounts of the silane coupling agent (E) and/or
the hydrolytic condensate thereof, and species of the epoXy resin
(A) and the phenol resin (B) are listed in Table 1. 2All of the
semiconductor devices encapsulated with the epoxy resin compositions

16 of Examples 1 to 10 were found to cause no separation between the
polyimide film on the surface of the semiconductor element and the
epoxy resin composition under the conditions of the soldering
resistance 1, proving good close adhesiveness. Examples 1 to 8, using
epoxy resin 1 which is the biphenyl-type epoxy resin represented by

15 the formula (3) as the epoxy resin (a4), and using phenol resin 1 which
is the multi-functional phenol resin represented by the formula (4)
as the phenol resin (B), gave good results which are represented by
less separation between the polyimide film on the surface of the
semiconductor element and the encapsulating resin, and only small

20 amounts of warping of packages, even under the conditions of the
soldering resistance 2. In addition, Examples 1 to 3 and 8, using
epoxy resin 1 as the epoxy resin (A), phencl resin 1 as the phenol
resin (B), and silane coupling agent 1, which is a silane coupling
agent obtained by hydrolyzing the silane coupling agent represented

25 by the formula (2) and poly-condensing the hydrolysate, as the silane
coupling agent (E) and/or the hydrolytic condensate thereof, were

found to give excellent effects, causing no separation between the



%No/" | C H3 (E) and/or the hydrolytic agent represented by the (2)
40 3. The sem conductor device according to daimil, wherein
rati o of the silane coupling agent (E) afd/ or the hydr ol ytic
condensat e thereof accounts for 0.01 to 1.0% by mass of 5 the whol e

epoxy conposition for encapsul ati ng sem con\c,i\zct or device. 4. The
sem condygt Vi ccordin erei e e o resin

(A) cont ﬁbnl léﬂg%ep%%%ré%'&e gs&r%s%rﬁ é’%] %QGtﬁ%mjf%‘?l?ﬁE.H 3)e 96’\}& and the
R4 R5 R6 R7 Ro R11

- CH- 2- CH CH (3)
G he PR L Tl kB O BT Thaa | A U o e ring

hem may be the sanme or different
?f, gm ZggﬁCéF%Eal)nkgl 2gr rgésglecl:t%freto? the amount of mixing of the silane

coupling agent 1, and presence or absence of other silane coupling
5 agents.
[0074]
In contrast, the semiconductor devices of Comparative Examples
1 to 3, using the epoxy resin compositions which contain neither silane
coupling agent (E) represented by the formula (1) nor the hydrolytic
10 condensate thereof, were found to show large numbers of separation
between the polyimide film on the surface of the semiconductor element
and the encapsulating resin, under conditions of both of the soldering

resistances 1 and 2, proving poor close adhesiveness.



155. The sem conduct or device according to Caim1l, wherein
t he phenol resin (B) contains a phenol resin represent ed by the
formula (4): OHOHOH 91 (in the f or nul &2 (4), mrepresents an integer

froml1l to 5 and n represents an integer fromO to 5). 6.
The sem conduct or device according to Claim1, 5wherein the polyimde
i s obtai deal cohol i zation of a polyim de precursor represented

by the fornutra (5): 0 OHH 4C-1702-C- N-R13-N-E R14-0-et \C-0-R15 Itl]
00 (5) (in the formula (5), R 2 is an organic group having at | east
two carbon atoms, RI3 is an organic group having at |east two carbon

atons, each 10 of 4 an 5 IS ap organi ctgroup havi ng at | east one
doubl e bond, aIlI P4 1HEVsTe GRTIOEEFeRY PREAPEHEATING a
ot her).

semiconductorelement,partiallyorentirelycoveredwitha;xﬂyimide,
5 using an epoxy resin composition for encapsulating semiconductor

device which contains an epoxy resin (A}, a phenol resin (B), a curing
accelerator (C), an inorganic filler (D), and a silane coupling agent

(E) represented by the formula (1):

Ep-R'-Si-R2,(OR?),

Fo: -CH- ~(- or
p: GHyCH-CH,O o:O-

O

(M

10  (in the formula (1), each of R', R* and R® represents a C;-4 hydrocarbon
group, all of them may be the same or different from each other, and

n represents an integer from 0 to 2), and/or a hydrolytic condensate

thereof.

15 2. The semiconductor device according to Claim 1,
wherein the silane coupling agent (E) and/or the hydrolytic
condensate thereof is a silane coupling agent represented by the

formula (2} below:

CHHE}CH-CHZ-O-CBHB-SIi(OCH:_,)g (2)

O CH;

20 and/or a hydrolytic condensate thereof.



7. The sem conductor device according to Claim6, wherein R12, R13,
R14 and R15 of the polyimde precursor 15 represented by the fornula
(5) are groups represented by the f or mul*g (6) below 42 0 CH3
R14, R15: -C2H4-0-C C=CH2 8. The sem conduct or device
according to Claim1l configured as an area nounting-type

sem conduct or device, having the 5 sem conductor el enment nounted on
one surface of a substrate, and only the surface of the substrate

havi ng the semi,conguctor el enent nounted thereon, being encapsul at ed
with the epoxggregf%eC%ﬂ%ﬁ%??ﬁﬁﬁbuFﬂ%ﬂéﬁb§ﬁF8FgﬁﬁgsEgiEgﬁa ctor
devi ce. wherein ratio of the silane coupling agent (E) and/or the

hydrolytic condensate thereof accounts for 0.01 to 1.0% by mass of

5 the whole epoxy composition for encapsulating semiconductor device.

4. The semiconductor device according to Claim 1,
wherein the epoxy resin (A) contains an epoxy resin represented

by the formula (3) below:

R! RS R: R?

CH,-CH-CH,-0O- O-CH,~-CH-CH (3)
2 2 2 2
\(3/' \t)/'
RE R7 R0 RU
10
(in the formula (3), each of R' to R™ is selected from a hydrogen
atom and C;-4 alkyl group, all of them may be the same or different
from each other).
15 5. The semiconductor device according to Claim 1,

wherein the phenol resin (B) contains a phenol resin

represented by the formula (4):

OH OH OH

H CH; H @)
c . :

OH



109. The sem conduct or device according to Claim1 configured as a
boar d-on-chi p type sem conductor device, having the sem conductor

el ement nounted on one surface of a subdtrate havi ng an openi ng, and
the surface of substrate having the sem conductor el enment nounted

t hereon and t he openi ng being encapsul ated with the 15 epoxy resin

ConpOSithqg Eﬂ% %BE%B%H'?55PngFngé%%%%écangﬁ@ééér from 1 to 5, and n

represents an integer from 0 to 5)}.

6. The semiconductor device according to Claim 1,
5 wherein the polyimide is obtained by dealccholization of a

polyimide precursor represented by the formula (5):

TSR,
| C-RZ-C-N-R"3-N}- ()

£\
R*Isi_o_l(l:; (;_I;_Q_Rm
0 O

(in the formula (5), R¥? ig an organic group having at least two carbon
atoms, R is an organic group having at least two carbon atoms, each
10 of R" and R'® is an organic group having at least one double bond,

all of them may be the same or different from each other).

7. The semiconductor device according to Claim 6,
wherein R, RY, R'" and R' of the polyimide precursor
15 represented by the formula (5) are groups represented by the formula

{6) below:



10

15

42

R @E@[ (6)
Q

00 -0ro-0-

i
R"]ii\ R15 : -Cijl-O-%-C:CHz
Q

8. The semiconductor device according to Claim 1 configured
as an area mounting-type semiconductor device, having the
semiconductor element mounted on one surface of a substrate, and only
the surface of the substrate having the semiconductor element mounted
thereon being encapsulated with the epoxy resin composition for

encapsulating semiconductor device.

9. The semiconductor device according to Claim 1 configured
as a board-on-chip type semiconductor device, having the
semiconductor element mounted on one surface of a substrate having
an opening, and the surface of substrate having the semiconductor
element mounted thereon and the opening being encapsulated with the

epoxy resin composition for encapsulating semiconductor device.



