SPECI EI CATI ON SEM CONDUCTOR DEVI CE

AND 5 PROCESS FOR | TS FABRI CATI ON

TECHNI CAL FI ELD This invention relates to a sem conductor device
and a process for its fabrication. 10

BACKGROUND ART In recent years, as a trend of sem conductors,
their packaging in a higher density is being advanced. Wth this
trend, the mainstream of sem conduct3PEAéViI€aTI&kagi ng has 15 shifted
from t hrough-hol e nount packagi ng to surface-nount packagi ng. Al so,

t he nunber of input/output term nals of a package is being nmade |arger
with an i nprovenent in the degree of integration of sem conductors.

H therto, as typical surface- mouREMIFPNEFRRNBEYESE 20 devices, QFP

(quadfl at package) , for exanple, has beenused which is a structure in
whi ch semi conductor el ements are moufl@d on a netallic lead frame, the
whol e of the sem conduct Qr ement i s _encapsul ated after gold wre
bonding is carried out, and %%ﬁgﬁﬁ%a%gRangcE@%ﬁﬂp%$%9§d 25 and are put
out fromthe sides of an encapsul ated portion. However, in order to
make this structure have termnals 1

HC1464 TECHNICAL FIELD
This invention relates to a semiconductor device and
a process for its fabrication.
10
BACKGROUND ART
In recent years, as a trend of semiconductors, their
packaging in a higher density is being advanced. With this
trend,thenminstremnofsemiconductordevicepackaginghas
15 shifted from through-hole mount packaging to surface-mount
packaging. Also, the number of input/output terminals of
a package is being made larger with an improvement in the
degree of integration of semiconductors.
Hitherto, as typical surface-mount type semiconductor
20 devices, QFP (quad flat package), for example, has been used
which is a structure in which semiconductor elements are
mounted on a metallic lead frame, the whole of the
semiconductor element is encapsulated after gold wire
bonding is carried out, and outer leads are cut and shaped
25 and are put out from the sides of an encapsulated portion.

However, in order to make this structure have terminals
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in a larger nunber, the termnal pitch nmust be made snaller. In a

region with a pitch of 0.5 mmor smaller, a high-Ievel technique is
required for their connection to a nother board on whi ch

sem conductor elenments are to be nounted. 5 Accordingly, OWAC
(over-nol ded pad grid carrier) type BGA (ball grid array) where
outer-face devices are arranged in array has been devel oped, and is

bei ng put i ntbnpr detrigesd number usdhe terminal pIhtich BGAtebabhh&de arnianpenent
of external termnals in 10 a |large nunber per unit area, and all ows easy
face-bondi ng In a pe@itoromidh kepaticherfbdabdimalsemeEiabér nga high-level

m ni aturization wWith ease in conparison with the above-nenti oned QFP.
An exanpl e of te®AhB1lQNRAGCS (5gEuBCAd(fer dibedfn eongiegtijon to a'm@hprisoshdwn
in Fig. 2. First, a semconductor elenent 15 1 is fixed onto a

seni conduct ore®| BRER- $ETHIGIRASABSET sllements lar gy taedes msfunkeddhesi ve 3
or the like. Term nals _on the sem conductor elenent 1 are electrically
connect ed3wi tACCOTALIGGLT- pPYFEF ovAtrRelded RaR Pkl tqrrrier) type BGA
sem conduct or - nD tlng substrste through gold wires 8. 20 The

seni conduct or! %$£ 9 3ETRY tﬂ@?r§n836§ﬁl&ﬁﬁf\ﬁﬁWﬂces a%ﬁl%ﬁ@%&ﬂéd in
insul ating encapsulant 5. On_an |nsulat|q9 base material 2, a netallic
wiring patter3t §Y|%§8r§8?§t88“ﬁﬁQQ?d 1513l Re{PECRIILy Litdice REAfieks 2 H
with a senlconductor elenent el ectrode. This netalllc Wi ring pattern

i s constitutet of fine wiring patterns 6 for transmtting electric

signal's. Thwlsr%1%$£§9 PE0nGEREI0 " QRIRIA Y {SIN1R2LS a

10 a large number per unit area, and allows easy face-bonding

mount onto the mother board, also enabling miniaturization
with ease in comparison with the above-mentioned QFP.

An example of this OMPAC type BGA (hereinafter simply

"BGA") is shown in Fig. 2. First, a semiconductor element

15 1 is fixed onto a semiconductor-element-mounting substrate

14 by means of an adhesive 3 or the like. Terminals on the

semiconductor element 1 are electrically connected with

gold-plated terminals 9 formed on the

semiconductor-mounting substrate through gold wires 8.

20 The semiconductor element 1 is further encapsulated with

an organic insulating encapsulant 5. On an insulating base

material 2, ametallic wiring pattern is incorporated which

is electrically interconnected with a semiconductor element

electrode. This metallic wiring pattern is constituted of

25 fine wiring patterns 6 for transmitting electric signals.

These are connected with external connecting terminals 9

2 HC1464



t hrough the insulating base material 2 on the back whi ch IS opposite
to the side on which the sem conductor el enent Is to be nounted. Al so,

in many cases, the fine wiring patterns 6 and Lﬂﬁs@ﬂ%8+%k ng[e

T
material 2 are covered 5 with an insulating protégctiv ﬁ§k§§1§s ar eas
except for t hose of the regi on where the gol dptet-ece—terrr+ral are
arranged for wire bonding and of the external term nals 9. Meanwhi | e,
external ternthabsgiw dhalethsmlatsohdbladeainsteriali 2 amnr aphearteadlorwrdcan
t he substrate. 10 In such a BGA device, nenbers that occupy the
great er parepppsiite BCAtbewhdle ool whéchexbepsemircahisetof ¢ hement
sem conductor elenent 1, fine wiring patterns 6, gold wres 8,
gol d- pl at ed t&fntRalPe PUItedt dekldal | $niMmanyt ecasgani the fimmtweirahg,
and hence these nenbers absorb noisture during 15 the storage of the
devi ce. For PAF§erd8&sénanforthedmiwlating hagsehp@teniad @ @retdevered
noi sture absorption water _content may vaporize at a gap 13 fornmed
between tRe s€hFBoRButEBRLIating PERRC Ul Bmdr¢Hibs hdheat AT 828 0esaane for
cracking or separatiagn 11 in the interior_of the insulating protective
resi st g 20 tgﬂﬁ?a8 d PR TREIENI'EHHRICER? - FRLAr PAG teh g Enabe Atarhe

I nterface between thgi%nsulatingggrqtective resist 4 and the organic

i nsul ati ng ernthpeBP&E AG nERGE PR S pad ot ting l@l"[%%]et%%‘ﬁjl-{l?és 9.
' [ - al h n atjn ncapsul atin
el at g basg gl AL <o 0OR0LC LSSl 1 ShcsEell &g,
Then,  whegeabhby GrACking,Of PRI QML figg extended to the

10

In such a BGA device, members that occupy the greater

part of the BGA's whole volume, except for those of the
semiconductor element 1, fine wiring patterns 6, gold wires
8, gold-plated terminals 9 and solder balls 10, are organic
materials, and hence these members absorb moisture during

15 the storage of the device. For this reason, for example,
as shown in Fig. 2, the moisture absorption water content
may vaporize at a gap 13 formed between the semiconductor
element 1 and the adhesive 3 to cause cracking or separation
11 in the interior of the insulating protective resist 4

20 embraced in the semiconductor-mounting substrate, or at the
interface between the insulating protective resist 4 and
the organic insuiating encapsulating member 5 (at the
interface between the insulating base material and the
organic insulating encapsulating member 5 when the

25 insulating protective resist 4 is not provided). Then,

where this cracking or separation 11 has extended to the

This Sheet Has Been Re

T
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gold-plated termnals 7 for wire bonding as shown in Fig. 2, it may

cause faulty electrical interconnection in the wor st case. 5. .
DI SCLOSURE OF THE | NVENTI ON. The present invention provides a
sem conduct or device whi ch may | ess cause cracki ng when nmount ed by
sol dering and can inprove electrical interconnection reliability.

The sem conduct or device of the present invention 10 conpri ses;

(A) a sem conghidopiletedetemmuneling’ sidistwite bavddgg as sdrewmsin dtidg
base material on which a stated wiring pattern connected electrically
with a senm cohduttomagl emuste faultyeeleodoiivad HertefoehRgctipm in thgp)
a sem conductor el enent bonded to the sem conduct or - el enent - nount i ng
substrat e vi av@ns adaaseve and connected electrically with the wiring
pattern; and (© an organic insulating encapsulant with which the
sem conductor elenent is encapsulated at least at its 20 electrode
portion; (D) the adhesive having an exotherm c-reaction curing
start tenmPerature (Th) of 1BBPELPSERF Yol BUFad NYERTH VY with a
differential scanning cal oripeter éDSC at a _heatin

] - . rate of .
10[err] O mnute.  B5° PreseRf {RESREIPEORHALLGE B BBLGE M [ BT Loe
nvention. o 8% 0P S Sonie s SLATE U SR YD B 8 BP Y S e B RS

can improve electrical interconnection reliability.

The seﬁiconductor device of the present invention

10 comprises;

(A) a semiconductor-element-mounting substrate having
an insulating base material on which a stated wiring pattern
connected electrically with a semiconductor element
electrode has been formed;

15 (B) a semiconductor element bonded to the
semiconductor-element-mounting substrate via an adhesive
and connected electrically with the wiring pattern; and

(C) an organic insulating encapsulant with which the
semiconductor element is encapsulated at least at its

20 electrode portion;

(D) the adhesive having an exothermic-reaction curing
start temperature (Th) of 130°C or below as measured with
a differential scanning calorimeter (DSC) at a heating rate
of 10°C/minute.

25 In the semiconductor device of the present invention,

as the semiconductor-element-mounting substrate (A), used
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i s a seni-conductor-el enent-nounting substrate having an i nsul ating
base material on which a stated wiring pattern connected electrically
with a sem conductor el enent el ectrode has been formed and havi ng an
external connecting 5 termnal conducting to the wiring pattern, forned on
t he back which is opposite to the side on which the wiring pattern

has been forned, and the organic insulating encapsulant (C can be so
appl i ed as toigengapsnliaionddiet ohokgenenitherountisgnsabsdutcitos edeimgt an
(i.e., so applied that the 10 sem conductor elenent surface is not
uncovered). insulatinBheéaathesitwerid) omywhish prefertald ywihauweg pattern
saturation noi sture absorption of 0.18% by weight or less at 30[err]C
and 85%Rtbnnected elelterpeceaddpt wihrerd i embtendpedvirdeslemenbcess for
15 fabricating a sem conductor device; the process conprising t he
steps of; electrodendasgbeen Zorndficsidday seeiadbRFrErablcaEmctbnghe
surface of a sem conduct or-el enent - nounti ng substrate havi ng an

i nsul ati n§ baterwanedi gonsiiGikled HowthenyiFdinerpatpernpad foRMElde to
connect an el ectrode of the _ sem conductor elenment electrically with
the wiring pae@ekihich isppgposite to thegafeaMitigin-iR V&hergeEﬁ*ctern

i nsul ati ng encapsul ant the sem conductor elenment at |least at it

el ectrode porl??ﬁrpeel?gformed' tafed ddife SR NSRS it hd aﬁﬂfé%?%‘élﬁa\yl fhg) an

exot herm c- reactlon Curl start te erature of 130[err
5 can qﬁﬁ_ np 0 encapsulate Ehe k%ole of the

semiconductor element (i.e., so applied that the
10 semiconductor element surface is not uncovered).

The adhesive (D) may also preferably have a saturation
moisture absorption of 0.18% by weight or less at 30°C and
85%RH.

The present invention also provides a process for

15 fabricating a semiconductor device; the proceés comprising
the steps of;

bonding via an adhesive a semiconductor element to the
surface of a semiconductor-element-mounting substrate
having an insulating base material on which a wiring pattern

20 has been formed, to connect an electrode of the
semiconductor element electrically with the wiring pattern;
and

encapsulating with an organic insulating encapsulant
the semiconductor element at least at its electrode portion;

25 the adhesive comprising an adhesive having an

exothermic-reaction curing start temperature of 130°C or
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bel ow_as neasured with a differential scanning cal orineter at a
heating rate of 10[err] C/ m nute. The sem conduct or devi ce havi ng
the construction that the external termnals solder balls 10 are taken
out from 5 the surface of the sem conductor-nounting substrate as
stated previously (Fig. 2) has an advantage that the mul ti-pin
structure can be achieved with ease. However, it on the other hand has
a probl em t habedowarpameadeatredmatiicthna diffeesds ilal eerin g dasdéaihetbEom
the center of the 10 sem conductor device when it is cooled from nolding
t enper at ure tatr aomeleaanpey atate of WoEa/mhautenperature i s raised to
refl ow tenperature, because of the fact that the sem conduct or device
has the constructi BheofeBheosiddetor degricepdein@riiia citperantibectbae of
a great difference 15 in values of physical properties between the

sem conduct or tBReAERCIRRIntI I AL s r a0 ddamd bed sorlgarmine takennsutafron
encapsul ant 5. Hence, a plurality of solder balls 10 havi ng been
so afr an§BE SYTEAMe Oh Fhe S&MdCSIHICERrtReuntgng substrate as

sem conduct or - npunt.i ng substrate conme not to be arranged on the sane
pl ane as the SEATEGn Vo‘r°‘éf%17YCéF&ﬁder2doésa%1 an adKEPﬁa?g?ee derdtnfiheon, to
becone differeni i.n hel ht at sone art. Wien this is tested in a
packagi ng i nsPBCEtoR 2 ﬁru‘:tureac&nf PFc%ﬂ’lPifeﬁﬁg %t FRBeeR Pt helleBRNEE: i bR of
connectors to 2@ agé g | e that suff|C|ent i nspectjon can be
made. Al 8B, thfeR ﬁE e 50ﬁdﬁ€? eHeGP@@ s VagPrES SRRyt Lon

6 tends to oc:Q%ﬁqﬁhlch starts from the center of the

10 semiconductor device when it is cooled from molding
temperature to room temperature or when the temperature is
raised to reflow temperature, because of the fact that the
semiconductor device has the construction of one-side
encapsulation in shape and because of a great difference

15 in values of physical properties between the
semicondu?tor-element-mounting substrate and the organic
insulating encapsulant 5.

Hence, a plurality of solder balls 10 having been so
arranged as to be on the same plane on the

20 semiconductor-mounting substrate come not to be arranged
on the same plane as the semiconductor device undergoes a
warpage deformation, to become different in height at some
part. When this is tested in a packaging inspection step,
a difficulty may arise in the connection of connectors to

25 cause a trouble that no sufficient inspection can be made.

Also, when such a semiconductor device is surface-mounted
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on a printed circuit board, sone balls can not perfectly be connected
to their corresponding wiring |layers in the wor st case, resulting in a
low reliability at connection areas in sonme cases. 5

Accordingly, in the present invention, as the organic i nsul ati ng
encapsulant, it is preferable to use an encapsul ant having a gl ass
transition tenperature between nol ding tenperature and room
tenperature, baviengminted diftaienteanfd 0.$Home 10paLK] /daar ridk opepbevely
between the coefficient 10 of |inear expansion of the

sem conduct or bel @vamegipedt taogtheir suhstesppendndgt e rdoef fiayents ah ltheear
expansi on of the organi c insul ating encapsul ant at a tenperature not
hi gher t Far sthe ag eassresunsiinigodnt enperat e diabnd ikgiatly @ocoecndgon
shrinkage factor of 0.11%or less at the time of the nolding 15 of the
organi ¢ i nsul 8Fef§ et apRne afigses. Use of such an encapsul ant can
make cracking | ess_occur_. when nounted by sol dering and al so can

i mprove el%®ctrical AcCordifEttonredtoPradenbiln(gntppavensi Ajet asganic
sem conduct or | devi ce from causi ng war page deformation. 20 The
organi ¢ i nsul APSHY 3D s SRAP SReFdT-efiet abf yPREFETrable gtaagugpragion

noi sture absorption aof 0 . 36% by wejght or |ess, at 85[err]C and
859RH. The or §afie®S ST RECA SRt tRapsition, tennRed BRES| Yehueena
nmodul us in flexyre of or. bel ow at the nol ding tenperature of

4. 0 CGP
the organic ing ﬁiHQKfeﬁgﬁﬁﬁggﬁguﬁ&ﬂ.r°°m temperature, Having a

7 . H 6 °
difference 0%16.% X 10°°/°C or above between the coefficient

10 of linear expansion of the semiconductor-element-mounting
substrate and the coefficient of linear expansion of the
organic insulating encapsulant at a temperature not higher
than the glass transition temperature, and having a curing
shrinkage factor of 0.11% or less at the time of the molding

15 of the organic insulating encapsulant.

Use of such an encapsulant can make cracking less occur
when mounted by soldering and also can improve electrical
interconnection reliability, preventing the semiconductor
device from causing warpage deformation.

20 Theorganicinsulatingencapsulantmay;meferablyhave
a saturation moisture absorption of 0.36% by weight or less
at 85°C and 85%RH. The organic insulating encapsulant may
also preferably have a modulus in flexure of 4.0 GPa or below
at the molding temperature of the organic insulating

25 encapsulant.
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BRI ‘EF DESCRI PTI ON OF THE DRAW NGS . Fig. 1 is a cross-sectional
i'llustration of the construction of the sem conductor device of the
present invention. 5 Fig. 2 is a cross-sectional view of a BGA
sem conduct or devi ce having caused cracking at the tinme of refl ow ng.
Figs. 3A - 3D are cross-sectional illustrations of sem conduct or

devi ce fabrication steps where a sem conduct or elenent is nmounted on a
10 sem conduct or - nount i IERSEHSDESCRIPTION OF THEDRAWINGS gr aph show ng
the rel ationship between tenperature and calorific value as neasured
with a di fferengi all ssamnicxpcat sechtbanl( BSA)ys whath omeprfe st s
curing behavi or of an adhesive. 15 Fig. 5 1is a perspective view of a
sanpl e used tconsasucdion of htheasemdfcicowdumi et udevabeorgs | Ume oprelent
adhesi ve. Fig. 6 is a graph showi ng the relationship between the
t enper at ure ahdveh&iext.ent of shrinkage of an organic i nsul ating
encapsul ant. 20 BEST MODES FOR PRACTI CI NG THE | NVENTI ON

As a resulst of detBifed déani ¢E®F8nSEF tdopaidiiieshofihrBEA semigrnEE@ERFng
or separation occurs when nounted by sol dering, it has_been_found that
such cracki ngdevisep&eatingh ¢3ugnfeFrpckine Ak ebnpy time i eFeEbAVERT -

absorbed as npoisture and di ffused fromthe back_ of _the .
8 Figs. PB&14648D are cross-sectional illustrations of

semiconductor device fabrication steps where a
semiconductor element is mounted on a
10 semiconductor-mounting substrate.

Fig. 4 is a graph showing the relationship between
temperature and calorific value as measured with a
differential scanning calorimeter (DSC), which represents
curing behavior of an adhesive.

15 Fig. 5 is a perspective view of a sample used to measure
the saturation moisture absorption of the adhesive.

Fig. 6 is a graph showing the relationship between the
temperature and the extent of shrinkage of an organic
insulating encapsulant.

20
BEST MODES FOR PRACTICING THE INVENTION

As aresult of detailed examination of a condition where
the cracking or separation occurs when mounted by soldering,
it has been found that such cracking or separation is chiefly

25 caused by the water content absorbed as moisture and

diffused from the back of the
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sem conduct or- el ement- nounti ng substrate and fromthe organic

i'nsul ati ng encapsul ant and that this water content is easily

accurul ated in the voids of an adhesive |ayer to tend to cause the
cracki ng or separation. 5 Figs. 3A to 3D show sem conduct or device
fabrication steps where a sem conductor element 1 is nmounted on the
sem conduct or - nounti ng substrate. ~ As shown in Fig. 3A a

sem conduct ors emuabndgcudrsie Béreent -moivh timPpes s oteased aalss of hesmwaher
content 12 as noisture from 10 the atnosphere while it is left. Were a
sem conduct ororganiel tnentlatiing leomdgdsu bat hisnd ulisa t ditel d vat e sgpatéesi ve
3 (Fig. 3B] and the device being in this step is heated in order to
cure the adhes$ veasgilyhaceamgladed dmt the ygsicthedf an adpespyetlarefrbm
the surface of the sem conductor-nmounting 15 substrate vaporizes as shown
in Fig. 3C. Uemd hat sausshteme crackiagn@r ifRar&fkéCadhesi ve 3 | ayer
before the adhesive is begun to cure, so that voids 13 are forned in a
| ar ge nunBer BEigShodft £A PPgshgm semiconducypsrdevhees &@Rotithiet of
device is fabricated using as 20 it is the one having the voids 13 forned
in the adhesi ¥&ePS Whgne, A SeqiheepdEghodnte W20 it &1 ¥ SaFSIHe? a8 mbi&t ur e

and diffused fromthe back of the sem conduct or-nounti ng

substrate andS$PdRPRAY SHrYaifRUP heBPasURS idpsul ant 5 may easily be
accunul ated in the voids 13 ol_jittrjne;g3 adhesive 3 (Iiaggr. 25 _As the resu|t,
the cracking or seppsous_ﬁ’ﬂ"‘ghlfl 1med 1 8 SHICORAUCER TR B S RRAS TR EPg.
ac1122 presen£4|tnOV%rétbggclesssbe % sorbs water content 12 as moisture frgm

10 the étﬁosphere while it is left. Where a semiconductor
element 1 is bonded to this substrate 14 via an adhesive
3 [Fig. 3B] and the device being in this step is heated in
order to cure the adhesive 3, the water content 12 adsorbed
as moisture from the surface of the semiconductor-mounting
15 substrate vaporizes as shown in Fig. 3C. This water content
12 may enter the adhesive 3 layer before the adhesive is
begun to cure, so that voids 13 are formed in a large number
as shown in Fig. 3D.
Where the semiconductor device is fabricated using as
20 it is the one having the wvoids 13 formed in the adhesive
3 layer, water content separately absorbed as moisture and
diffused from the back of the semiconductor-mounting
substrate and from the organic insulating encapsulant anay
easily be accumulated in the voids 13 of the adhesive 3 layer.
25 As the result, the cracking or separation 11 comes to tend

to occur as shown in Fig. 2. The present invention is based
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on such a new finding. Fig. BAillustrates how the substrate 14
absorbs the wat er content 12 as noisture fromthe atnosphere while the
sem conductor-nounting substrate 14 is left in the 5 at nosphere. Fig. 3B
is a cross-sectional view of the sem conduct or - nounting substrate 14
on which the sem conductor el enment 1 has been nounted via the adhesive
3. Fig. 3Cillustrates that the water content vaporizes fromthe
surface of thensedtaordumdwrfipdnhgng substrate 10 14 and enters the
adhesive 3 layer while the substrate on whi ch the el enent has been
mount ed, shown in Fig. 3B, ildustratheatiedwi th@ansovshratle d.4 Awssrbs the
across-sectional view show ng that the voids 13 have been forned in

t he adhesi ve Batayecontentafllernst néibdatriend romefhshewmaspiége @i hastheen
conpleted. 15 As stated above, the water content absorbed as

nmoi st ur e sémichedseticnrieenbingogmbisiy stidsti¢ate 1efdones thebe the
cause of formng the voids 13 in the adhesive 3 |ayer. Now, t he val ues
of noi stube adtBppPheFcof F1g. 3BehfcoAnGUOSS—SEstonglsypeM Al tle
commonly used in an 20 atnosphere of 30[err] C and 60%H are shown in Table
1. Here, S eR&COBMUSSTRIUTTIORD b DAt iSHP SSARES at ¢ 28 WRiSsupRerate
conprising an insulating base material which is constituted of an
epoxy resin af@MACERANSTADIH- MR bnl bdeh RegRsmeRrNted WiR IPe idtRSF Y Rg
patterns are grovided and are further 25 covered thereon w th an

i nsul ating protecit9e résidttustrates thal the palenCPREAM A FPATLERE

sem conduct or-nmount|n 0
HC1464 from %hegsurface of the semiconductor—mountang substrate

10 14 and enters the adhesive 3 layer while the substrate on
which the element has been mounted, shown in Fig. 3B, is
heated inan oven. Fig. 3D is across-sectional viewshowing -
that the voids 13 have been formed in the adhesive 3 layer
after the heating step shown in Fig. 3C has been completed.

15 As stated above, the water content absorbed as moisture
in the semiconductor-mounting substrate 14 comes to be the
cause of forming the voids 13 in the adhesive 3 layer. Now,
the values of moisture absorption of a
semiconductor-mounting substrate 14 commonly used in an

20 atmosphere of 30°C and 60%RH are shown in Table 1. Here,
the semiconductor-mounting substrate 14 is a substrate
comprising an insulating base material which is constituted
of an epoxy resin and a glass cloth and on both sides of
which fine wiring patterns are provided and are further

25 covered thereon with an insulating protective resist.

As can be seen from Table 1, the semiconductor-mounting
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substrat.e used in BGA packagi ng begins to absorb noisture rapidly, and
I'ts noi sture absorption reaches nore than 0.1% by weight in few hours
or so. Wien in this stage the adhesive is applied and heated to cure
in the same manner as that 5 in conventional netallic-frame sem conductor
devi ces (QFP and so forth), the water content vaporizes fromthe
surface of the sem conductor-nounting substrate having absorbed as

moi sture the yabetraant asted in BSAtpOEpheirg begenketot Adsorb naglhesuve

| ayer, and there is a possibility of causing voids 10 in a |arge nunber.
Table 1 rapBahgt,rahd 1os taketabsoaipsooptiinnatevdsphesrsogle than 0.1%
30[ err] C 60%=H Moi st ure Moi st ure Ti me
| apsed absor ppyoreighe inapswchabsoost son When in this stdge the aghesive
(WM. % 1 hour 0. 06 6 hours 0.13 2 hours
0. 09 8 houppplied amdtheated tg lsgwpss in the(same manngy pwrthat
0.18 Accordingly, in the present invention, the curing start

15 t enper &t ur Bn For¥iensdivasily aeita lobbt vbFplees §miconsyiatg devicege(QFP
adhesive can be cured at a | ow tenperature before the wat er cont ent
havi ng vapori2ed $9 FRYHR) siriadtrtor arntent YaRREbadact bPMnblRtIpgface
substrate enters the adhesive |ayer, . and thus the adhesive | ayer. can
be prevented ?Fo’i‘ﬁ%aﬁ?é‘?ﬁ‘fbon‘%c$8i‘:d§‘.°%3e“%p%b‘??’?’é%lt?f}a‘f‘hngh%bﬁi’ﬁ\ééﬁtas

i nvention, an adh%%ive havi ng an exqthg;nic-reaction
11 moisture

curin tar
ﬁCY&éEr content in the atmosphere, £o gn%er £he
adhesive layer, and there is a possibility of causing voids
10 in a large number.

Table 1

Substrate moisture absorption in atmosphere of
30°C/60%RH
Moisture Moisture
Time lapsed| absorption | Time lapsed | absorption
(wt.%) (wt.%)
1 hour 0.06 6 hours 0.13
2 hours 0.09 8 hours 0.15
4 hours 0.12 16 hours 0.18

Accordingly, in the present invention, the curing start

15 temperature of the adhesive is appropriately set so that

the adhesive can be cured at a low temperature before the
water content having vaporized from the surface of the

semiconductor-mounting substrate enters the adhesive layer,

and thus the adhesive layer can be prevented f£from causing

20 wvoids.

More specifically, in the present invention, an

adhesive having an exothermic-reaction curing start
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tenperature (Th) of 130[err]C or below as nmeasured with a differenti al
scanning calorineter (DSC) at a heating rate of 10[err]C mnute is
used as the adhesi ve. Here, the curing start tenperature (Th)

i ndi cates, as 5 shown in Fig. 4, the tenperature in the part of a
reaction region of a DSC tenperature/heat flow rate curve and at which
the curve starts to rise abruptly, immediately before it reaches the
maxi mum r at e wdmpeshthirew (The afheso¥% stabksow as tmedsactdamd tture
abruptly, fromthe point of time it has 10 reached this tenperature.

Al so, settingitfifefantdal3@caniihgrcaloribektew fOSOnlat endifladsing rate
achi evenent of the effect of |ess causing the voids, but also prom ses
a superior shofti@f@minutecusahided yasanﬂehedmaihie; is very effective

al so for i mprovi ng production efficiency. The adhesi ve used
in the present in/&E¢enthaychEiag Startaﬁ9m9§§é§qHQJﬁﬁh)a%ﬂﬁkﬁﬁ??%ul%?
limtations as long as it has the curing performance descri bed above.
In order Bo Showpedp TheE-vhi dEher BATBETAG Wauddd Wie tpr?er"é\%\%cﬂ‘ &GP a
sol vent contained in the_adhesive, the adhesive referably be
conprised of Be%HheB 3%s lﬁsﬁﬁﬁ%e%aFBWe/heatvféeys‘?y?ﬁeﬁﬂp ang gt which

sol vent-free txge As the base resi E usabl e are I|c re%% for
exanpl e. Curges St 1d tont+af & E i t3BF ﬁ& @#zxﬁﬁ 1t

accunul ated in th dggs Ve la er_a ter 5 device h

d
been fabri catré%lac FgP2® b’i“ PeFabPet i%nf ! %{%ea%se Y9 B g

ﬁggighve haVqu reagEug%%l ufgnsgfﬁﬁkly, from the point of time it has

12

10 reached this temperature. Also, setting the Th to 130°C or
below not only enables achievement of the effect of less
causing the voids, but also promises a superior short-time
curability., and hence this is very effective also for
improving production efficiency.

15 The adhesive used in the present invention may be of
any types without any particular limitations as long as it
has the curing performance described above. In order to
keep the voids from being caused by the evaporation of a
solvent contained in the adhesive, the adhesive may

20 preferably be comprised of a base resin having a low
viscosity and being of a solvent-free type. As the base
resin, usable are acrylic resins, for example.

In order to control the quantity of water content
accumulated in the adhesive layer after the semiconductor

25 device has been fabricated, it is more preferable to use

as the adhesive an adhesive having a saturation moisture
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~absorption of 0.18% by wei ght or |ess under conditions of 30[err]C

and 85%RH. Here, the saturation noisture abs TEET HAS BERK
in the following way: As shown in Fig. 5, an adhesive % E gcgg
nmeasured i s put between two sheets of sheet glass 51 of—+8—rmrtong,~
18 mMmwi de and 0.2 nmthick and with fl at surfaces, and four sheets
of alum numfoil of 3 mmlong, 3 mmw de and 0.03 mmthick are used
as spacers S53Zpébrption of 0 18%h8rsealse idhddi ckogastdohectd OMBoE and
arbitrarily altered 10 so as to be seen with ease. First, the
mass (wei ght)s®§rHEhe sheet gl ass 51 and that of the al um num foi |
(spacers 53) are accurately neasured up to a figure of 0.01 ng. Next,

50 to 60 ng of thdledéesthe saturd2iicn mdidvetnedadbsbeptio nsHeetme afusddet
glass 51 together 15 wth the spacers 53, and then cured at 180[err]C for -
1 hour. The in themfeldbwilng masud t He sheswnpircBigs acceanalsihe sicesus 2d
up to a figure of 0.01 ng. Thereafter, in an atnosphere of 30C

and 85%RHp t heo testmgdeetefisiFeptitt bedbeemb twy shegetuPph sheet ghrs$ apke
of 3,000 hours on which its nmass cones to little 20 change. The nass of
the test piecefalfemmmdiosdur 8 mm whder pridor % R CErhEEl grfedditred bptt o

a figure of 0.01 ng. The saturation noisture absorption is a value SA
cal cul at ed acfc‘b?@l@ﬁ@st'oatnl‘?e Foty oﬁ\ﬁlﬁatéqﬁét igdipmpigyum £oll of gamm kapg.
Merr] - Verr])/(VMerr] - Vberr (1) 25 SA _Saturation
noi st ure absot (M & 95 ae OadRe By hlc}‘ ar?[‘é??? ARER2OPTHI Afe gfRISIGNd

al um num f oi |
REPL ACENVENT §HE§#3 scale in thickness direction is arbitrarily altered

10 so as to be seen with ease.

First, the mass (weight) of the sheet glass 51 and that
of the aluminum foil (spacers 53) are accurately measured
up to a figure of 0.01 mg. Next, 50 to 60 mg of the adhesive
52 is put between the two sheets of sheet glass 51 together

15 with the spacers 53, and then cured at 180°C for 1 hour. The
mass of the resultant test piece 1is accurately measured up
to a figure of 0.01 mg. Thereafter, in an atmosphere of 30°C
and 85%RH, the test piece is left to absorb moisture up to
the lapse of 3,000 hours on which its mass comes to little

20 change. The mass of the test piece after moisture
absorption is accurately measured up to a figure of 0.01
mg. The saturation moisture absorption is a value SA
célculated according to the following eqguation (1).

SA = {(V, - V, - Vg)/(V, - V,)} x 100 (1)

25 SA: Saturation moisture absorption of the adhesive.

V,: Mass of plate glass and aluminum foil.

This Sheet Has Been

T
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Verr]: Mass of the test piece before noisture absorption. Vierr]:
Mass of the test piece after noisture absorption. The adhesi ve
imay preferably be those having an adhesive force as high as possible
in order to prevent the adhesive 5 from separating on the back of the
sem conduct or el enent or at the interface with the

sem conduct or - nount i ng substrate because of the vaporization and
expansi on of Wnat #ass of cbheereesihinkeee ebefased Ml sherei akserpidtoni ng.
In particul ar, those which do not greatly decrease in adhesive 10
force as a rékul Masts nof sthfe tasSort e AfEepr BRdiSgtEe absorptiofye
present inventors nmade further detail ed exam nation on a condition
wher e the war page dt¢ &Rt bre may pgederay PﬁetggﬁleclbﬁﬂﬁEQO?n GRS Vand

have di scovered that e orggtlon can be ma Ie occur

R T Py L P g Sl esive
IR E: 3 S ‘%aggf%f? e pgrgr oF He “Saé(“"@?%?‘lct& IS D
th h b ht f i

et o Aok B, i B AEEy ﬁﬁage%eu?%eé@%é9@%%?%3.“{0”.fﬁ%u 2911 ng
encapsul ant Al oo vt EBELALUECS, Ohd (QLTILANG STRCLELUES Jh 60U cor

tenperature 1's shown ere a organlc |ns

encapsul ant i.s, fieg ek &, "B Lousbheal GHd noLARdy tsh%flom&' eaggd

fromthe nold t eave it c Irst the organic 28" Asul ating

encapsul ant reagt Ech‘ia&“r en8seWhdRddo not IFREF Y lHeecre?ésIehiﬁ ARG v @

shri nkage caused
HC1464 10 force as a result of moisture absorption are preferred.

The present inventors made further detailed
examination on a condition where the Qarpage deformation
occurs in the semiconductor device, and have discovered that
the warpage deformation can be made less occur when an

15 encapsulant having specific properties is used as the
organic insulating encapsulant 5. The effect of making this
‘warpage deformation less occur is explained below.
First, to elucidate the mechanism by which the warpage
deformation occurs in BGA packaging, an example of a
20 shrinkage curve of an organic insulating encapsulant at
temperatures of from molding temperature to room
temperature is shown in Fig. 6. Where an organic insulating
encapsulant is heated_in a mold to effect curing and then
released from the mold to leave it cool, first the organic
25 insulating encapsulant reacts to cure at molding

temperature. At this stage, a shrinkage caused by the

14 HC1464



curing reaction (hereinafter "curing shrinkage a.") occurs. Next, when
t he nol ded product is released fromthe nold to leave it cool to room
tenperature, a shrinkage based on | i near expansi on of the organic

i nsul ati ng encapsul ant 5 (hereinafter "heat shrinkage b.") occurs. A
shri nkage put t oget her by adding the curing shrinkage a. and the heat
shrinkage b. is total shrinkage c. of the organic insulating

encapsul ant. curing readbvonWieseeihareeganteriiaguslatingagecapsylasdurs.

nol ded 10 on a sem conductor device of one-side encapsul ation

structure |ikend¥, andenhehe inso bdgd epkoduicfreriencee bedasednfrom tthee roladl
shrinkage c. of the organic insulating encapsul ant and the coefficient
of linear expanmsieavefitheosintceondomt bemperatelmme® slyminkage based on
sem conduct or-nounting substrate which are 15 adjoining thereto, a

resi dual strebksnesrpesdicetiom ¢fAethe oxngsangrd oknefilakdngerdinerpisigiont

devi ce to cause war page def ormati on over the whol e sem conduct or
device. 5 (herefipaddesr dheathshmmpeage def'of MATWORS of 2 Hhhbekage put
structures occurs as a result of accunul ation of residual 20  stress in
the interior bpgehbest dctakdsng FBAcEUTIRDrefeFinkaget & r stk ethhelfaipage

defornmation, it is effective to rel ax the residual stress in the
interior of tHeriBkRgSnBuctdtotal shadink@Inrsofti thePFdrr i Adshlahbng
residual stress, it is effective to | ower the nodulus of elasticity of

constituent 9BCABEHEALT 1 n particular, it is effective for the organic

llgsul ating encapsul ant to hgvzxeao\fmgggll;:eglllgglgftlln()gwgnca%sulant ismolded

10 on a semiconductor device of one-side encapsulation
structure like BGA and there is a great difference between
the total shrinkage ¢. of the organic insulating encapsulant
and the coefficient of linear expansion of the semiconductor
element and semiconductor-mounting substrate which are

15 adjoining thereto, a residual stress is produced in the
interior of the semiconductor device to cause warpage
deformation over the whole semiconductor device.

In general, the warpage deformation of laminated
structures occurs as a result of accumulation of residual

20 stress in the interior of the structures. Hence, in order
to reduce the warpage deformation, it is effective to relax
the residual stress in the interior of the semiconductor
device. Also, in order to relax the residual stress, it is
effective to lower the modulus of elasticity of constituent

25 members. In particular, it is effective for the organic

insulating encapsulant to have a wide region of lowering
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of the nmodulus of elasticity in viscoelastic behavior within a
tenperature range of fromroomtenperature to nolding t enperature,
I.e., to have a glass transition tenperature within this tenperature
range. Wth such a feature, it 5 follows that the tenperature region in
whi ch t he nodul us of elasticity of the organic insulating encapsul ant
| ower s in a wde range is enbraced in the tenperature that is in

the course ofo£a0ld @ duA UDOM & EAPLL At el Aftiercparkagec behambdiwhtiorni n
the course of raising tenperature fromroom 10 tenperature in the step of
sol der refl owangempéatudtdierange béEsifdual sdoesseppecadaire nt¢ heoddiinge
can be rel axed and t he warpage defornation can effectively be nade to
| ess occuemperature, iActordimdgigyveia gbaspriesensiitihvantiamperatiuzse
preferable 15 to appropriately use as the organic insulating encapsul ant
an encapsul anvihhinnghd gl tamperanyie granghperdt tip esiight lge feature, it
tenperature range of fromroomtenperature to nol ding t enperat ure.
This is b8caufelipwsuddhalf Hhehtampemadpsd ammgion ipnyhied tHee e pages
deformation to | ess occur on the level 20 of sem conductor devices.

| nci dent al | y, of R1L28hEFLLYNPE Bhe orgappe hBaULas g9 SIngRRTRI§nEntRwers

| onered may preferably be ~about 1/10 of the nodulus of elasticity at
room t enper at 4Pfe2 Wide FEPGend & SRRFatef el faflfr ELEPAAR e WFRAFn1EHED
range of from170 to 180&§rtLC, but is not articularl%ﬁlinite
thereto 25 aERPPoRGUESH t°F SCOPLART £ RRP at BPREFATYE S P WP ENPRRE2TE

ol ding propef Ll es of e orndanis, Lnsyl aLi ng, eneapUl ;o ture from room
10 temperature in the step of solder reflowing. Thus, the
residual stress produced in the device can be relaxed and
the warpage deformation can effectively be made to less
occur.
Accordingly, in the present invention, it is preferable
15 to appropriately use as the organic insulating encapsulant
an encapsulant having a glass transition temperature in the
temperature range of from room temperature to molding
temperature. This is because the use of such an encapsulant
enables the warpage deformation to less occur on the level
20 of semiconductor devices. Incidentally, the lower limit of
the modulu; of elasticity thus lowered may preferably be
about 1/10 of the modulus of elasticity at room temperature.
Molding temperature may preferably be within the range of
from 170 to 180°C, but is not particularly limited thereto
25 as long as it is within a temperature range in which the

molding properties of the organic insulating encapsulant
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are- not danmaged. The substrate and the encapsul ant may al so be
used In appropriate conbination so that the sem conduct or-nounti ng
substrate and the organic insulating encapsul ant nay have 5 a difference
in heat shrinkage within a stated range. This enabl es rel axati on of
the residual stress to nmake small the war page deformation on the |evel
of sem conductor devi ces. As a result of extensive studies, the
present inverd® s snot dahayedli scovered that, taking account of the

i nfluence of 10 the sem conductor elenent nounted on the inner-wall side
of the organi c i nsIHatsutys ensapsahdnthandnthesedtaertt mdy also tod alsed in
shrinkage of the curing shrinkage and heat shrinkage put together, the
organi ¢ i nsulaipngpehaapscbmhtinamyon so phaf drteblsertiaaen dudt bre menge: ing
coefficient of linear 15 expansion, of 0.6 x 10[err]/C or above between

t he senm wrsltcabe- andnthegosyglstiratia sande t hegoegaapsulant masulteateg
encapsul ant at a tenperature not higher than the latter's gl ass
transiti of tendaiffiarencahin heat shringidgetiitdiin |pgda bate r@daght Fhis
war page deformation at the 20 tinme of the cooling from nol ding
tenperature ten&pbaf relaxagpenapfirehe residual ﬁ‘ﬁéeﬁﬁe*é‘éri‘ﬂa]r“hv%?ﬂb%st%ve
al so di scovered that the use of an organic _insul ati ng encapsul ant
havi ng a warpageitebarnatdrreppefibeotekali if SR ARRGECHOR HEWHGRS - 25
of nolding can make snall the vva)gta ge deformatjon on the |.evel of

sem conduct or deviA®& TRERIFRhGREERFLT RS tudies, the present inventors

17 HC1464
have discovered that, taking account of the influence of

10 the semiconductoxr elementlmounted on the inner-wall side
of the organic insulating encapsulant and the extent of
total shrinkage of the curing shrinkage and heat shrinkage
put together, the organic insulating encapsulant may
preferably have a difference in coefficient of linear

15 expansion, of 0.6 x 107°/°C or above between the
semiconductor-mounting substrate and the organic
insulating encapsulant at a temperature not higher than the
latter's glass transition temperature. This can
effectively lower the extent of warpage deformation at the

20 time of the cooling from molding temperature to room
temperature.

The present inventors have also discovered that
the use .of an organic insulating encapsulant having a
specific value of extent of curing shrinkage at the time

25 of molding can make small the warpage deformation on the

level of semiconductor devices. Accordingly., in the
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present invention, it is preferable to use an organic i nsul ating
encapsul ant having a curing shrinkage factor of 0.11% or |ess.

An encapsul ant whi ch undergoes curing shrinkage at an 5 appropriate
extent not only can nake the total shrinkage of the organic insulating
encapsul ant appropriate in extent agai nst the war page deformation
caused when it is cooled fromnolding tenperature to roomtenperature,

but al so can presefi@keniiké tiedpaget dekopiRificn e Stal hsas qassrpariat the
10 tenperature (in general, around nol ding tenperature of about 170 -
180[err] C) atiméurthtihg sakdesuiagithhdwingld cairidwe shrinkage dHicsokdef
ref lowng, to contribute to an i nprovenent inthe reliability of
connecti on wi@hlassubstiestse. f or nmounting. 15 Here, the curing
shrinkage factor is a val ue dP obtai ned in the followi ng way: A test
pi ece constituted &ad encipgldant whiehbendefr @& sl anniopngshBinkegedatanu
1.5 mmthick is nol ded, and fist the nolding cavity size in the

| ongi t udi Ral approgiiedei @xtantordtngnilgnmsanatmaiee akldet ke tedstshyiigteage ze
20 in the longitudinal direction at roomtenperature Jimedi ately
after nol di neartdeeEgaitict | Pt e WindRRsulant BRRYIPEAAIIS HB TEI$PEr
up to a figure of 0.01 nm and a shrinkage factor dL of the whole is
cal cul at ed ack9RénA§ the WaFnage f SeFORMAG IOFuAdeFed 2yhethdrledit f00 ke feat
shrinkage 25 factor_dT at tenperatures of fromnolding tenperature to

room t enper atkiF M BOLALRE| {oRRESE AT G £ EROTR AP FT TS . but also can

18 HC1464
make the warpage deformation as small as possible at the

10 temperature (in general, around molding temperature of
about 170 - IBOT:) at which the solder begins to melt at the
time of solder reflowing, to contribute to an improvement
in the reliability of connection with a substrate for
mounting.

15 Here, the curing shrinkage factor is a value dP obtained
in the following way: A test piece constituted of a single
member of 60.1 mm long, 6 mm wide and 1.5 mm thick is molded,
and fist the molding cavity size in the longitudinal
direction at molding temperature and the test piece size

20 1in the longitudinal direction at room temperature
immediately after molding are accurately measured with a
precision slide caliper up to a figure of 0.01 mm, and a
shrinkage factor dL of the whole is calculated according
to the following equation (2). Thereafter, aheat shrinkage

25 factor 4T at temperatures of from molding temperature to

room temperature separately measured is subtracted from

18 HC1l464



this value dL according to the follow ng equation (3) to cal cul ate the

val ue dP. dL = (L[err] - L)/L[err] THIS SHEBT HAS BEEN
* Mol di ng shrinkage factor of the whole. 5 Llerr]: Mldi ng caeptXcs) ze at
nol di ng tenperature. L: Test piece size at roomtenperature:

dP = dL - dT (3) dP: Curing shrinkage factor

dL: Mol ding shrinkage factor of the whole. 10 dT: Heat.shrinkage factor.
In the presentniiRverdiwd, diNaecdeding contté foRlowingjuanidtyoof (vat &b
content diffused fromthe organic i nsul ating encapsul ant to the

adhesi ve | ayeralidulisste thepwefi@ealdre. to use an organic insulating _
encapsul ant having 15 a saturation noisture absorption of 0.36% by wei ght

or |ess at 85per =] GIand S04 Here, tke)saturation noisture
absorption is a val ue obtained in the followi ng way: A disk (according
to JI S- K6L1)Shomiskagat fdcsora i nghe wkaber of 50 nmm di aneter 20

and 3 mimmthick is dry-treated at 120[err]C for 2 hours as

pretreat ment , LandMpAdinia satebey (dizghe)t imw lxbiong atemperatunfeasured up to
a figure of 1 ng. Thereafter, in an at nosphere of 85[err] C and 85%H,
the test piecé: | Fasgf tpiecabsame at ot stempegp g S he | apse of 3, 000
hours on which its mass 25 comes not to change any Ionger The mass of

the test piece APaft & moi @Ture absorption is accufa@lely measured up to
a . REPLACENMENT SHEET
19 dP: Curing shrinkage factor.

dL: Molding shrinkage factor of the whole.
i0 dT: Heat shrinkage factor. |

In the present invention, in order to control the
quantity of water content diffused from the organic
insulating encapsulant to the adhesive layer, it is
preferable to use an organic insulating encapsulant having

15 a saturation moisture absorption of 0.36% by weight or less
at 85°C and 85%RH.

Here, the saturation moisture absorption is a wvalue
obtained in the following way: A disk (according to
JIS-K6911) constituted of a single member of 50 mm diameter

20 and 3 mm thick is dry-treated at 120°C for 2 hours as
pretreatment, and then its mass (weight) is accurately
measured up to a figure of 1 mg. Thereafter, in an
atmosphere of 85°C and 85%RH, the test piece is left to absorb
moisture up to the lapse of 3,000 hours on which its mass

25 comes not to change any longer. The mass of the test piece

after moisture absorption is accurately measured up to a

19 HCl464
This Sheet Has Been Replaced
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figure of 1 ng. The saturation noisture absorption is a val ue SM

cal cul ated according to the follow ng equation (4). SM= {(W -
Werr])/Werr]} x 100 (4) SM Saturation noi sture absorption
of the organic 5 insulating encapsul ant. Werr]: Mass of the test

pi ece before noisture absorption. W2: Mass aof the test piece after

noi sture absorption. In the step of solder reflowing, in order to
further # ehaxet b nesiglualrid ressuratibe nmdfdt@reobblhaptlibn is a
sem conduct or device when connected with a printed circuit board, the
organi ¢ i nsulvilig seaisdltedaycdisding to pheffs hbbyihagvegaandnl ($)in
flexure of 4.0 GPa or bel ow at a tenperature at which the sol der
begins to nelt, i.8M,= {(W,about)rte} mol tddbng tenperat Ghe. Here, the nodul us
in flexure 15 is a value obtained by nmaking a three-point bending test

on a test piegM: (Sdetorditigont ondisStkeel Bbssorpstiont ed ¢fheg organgengl e

menber of 70 mmlong, 10 mm wi de and 3 nmt hi ck, and cal cul at ed
accordi ngSt o 1heufeitiod rpeapsuisnt(s). = (1 AP)/ (4whAy)

(5 20 E Mdulus in flexure . Span [err]P Load

W Lateral |efgtMa$sthé toet fakeriece Pélflo]ry& Y 5pF AEEMEMS OTRE L PRt ght
of the test piece As the base resin of the organic insulating

encapsul ant, W.: Mags@fcSRSoSAFERERFS 6f taT SPOASTRESI ADFARRGLRP -
bi phenyl 25 skel eton are Qreferred in view of an advantﬁge t hat t he
effect of especial Iy ER&af t¢PsCSeSEMIRE probePViag j 40 order to further

20 relax the ré§§§§§1 stress in the interior of the

10 semiconductor device when connected with a printed circuit
board, the organic insulating encapsulant may also
preferably have a modulus in flexure of 4.0 GPa or below
at a temperature at which the solder begins to melt, i.e.,
about the molding temperature. Here, the modulus in flexure

15 is a value obtained by making a three-point bending test
on a test piece (according to JIS-K691l) constituted of a
single member of 70 mm long, 10 mm wide and 3 mm thick, and

calculated according to the following equation (5).

E = (I‘AP)/ (4wh-Ay) (5)
20 E: Modulus in flexure I: Span
AP: Load w: Lateral length of the test piece

Ay: Displacement h: Height of the test piece
As the base resin of the organic insulating encapsulant,
those composed chiefly of an epoxy resin having a biphenyl
25 skeleton are preferred in view of an advantage that the

effect of especially great wviscoelastic properties 1is
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obtainable wwthin a tenperature range of from nol di ng tenperature to
roomtenperature. In the organic insulating encapsul ant, a materi al
having a rigid structure that can make any free volunetric change
smal|l after curing may 5 preferably be m xed for the purpose of reducing

t he curing shrinkage factor. A filler mxed in the organic insulating
encapsul ant may preferably be in an anmount not | ess than 80% by vol une
in view of thsotaphabhei pdtdfiheat tehpepkgee rand@céoOr fanch muwlsding
absorption. 10 As the insulating base naterial, usable are, e.g.,
organi ¢ i nsultdmpgrhaseenrad erdah SenpEEoSite. el e tha srganla:cnmsnllliasxirrg a
reinforcing material such as glass cloth I npregnated with a synthetic
resin such asmpapyulesitn, a matepalal nMaeing Ppheihgldcstevict umrey tha tuseh
and besides 15 synthetic resin filnms such as TAB (tape autonated bondi ng)
t apemat eri al srElydeasydfress udkunatniat chgbgsermmakl aif ter curhigs® mavi ng a
noi sture absorption as | ow as possi bl e may preferably be used so that
any voi dsScarpirf&epblir bm Békegd for thauredrPAet RE AGRESIIAG | cUninthe
course of the curing 20 of the adhesive and also the water content can be
kept from Shhenkgosi Foased -f r Hr¥ + hi T Pulte deitte P& ORI LB SH@ting

adhesi ve | ayer after_the fabrication of sem conductor devi_ces.
The present|9ﬂ@ﬁ@?6ﬁaﬂﬁlW4¥BRE%%?FBBHYbBFoWn|ﬁQaa@EPnEpEEFfﬁ?ﬁﬁﬂﬁﬂﬁnby
gi vi ng Exanples The present invention X means limted to
t hese. by volume in view of thezgpntrol 1ng heat hq%ﬁﬁﬁﬁﬁ
factor and moisture absorption.
10 As the insulating base material, usable are, e.g.,

organib insulating base materials. Composite materials
comprised of a reinforcing material such as glass cloth
impregnated with a synthetic resin such as epoxy resin,
polyimide or phenolic resin may be used, and besides

15 synthetic resin films such as TAB (tape automated bonding)
tape materials may be used. As the insulating base material,
those having a moisture absorption as low as possible may
preferably be used so that any voids can be kept from being
caused in the adhesive layer in the course of the curing

20 of the adhesive and also the water content can be kept from
being diffused from this base material member to the
adhesive layer after the fabrication of semiconductor
devices.

The present invention will be described below in a
25 specific manner by giving Examples. The present invention

is by no means limited to these.
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Exanmple 1 A sem conduct or - el enent - nounti ng substrate having an

external size of 26.2 mmlong, 26.2 nmmw de and 0.6 mmthick havi ng,
as shown in Fig. 1, an insulating base material 2 5 (a glass cloth-epoxy
resin | am nated sheet available from H tachi Chemical Co., Ltd.; trade
name: E-679) on which fine wiring patterns 6 were forned and an

~insulating protective resist 4 (available from Taiyo Inki K K. ; trade
nane: PSRA00Exdd8b)le whs coated on the surface except for 10
gold-plated termnals 7 and opposite-side external connecti ng
terminals 9, was dyisetixtorn@@¢tor}€lfemreret troomsting subs tirade Il’la'of“tim@rallf)
hour in an atnosphere of 30[err]C and 60%RH. Thereafter,

semi conduct orexteneal Sizt of @h DMy 1ongn 26 .2 Bdeidadandsy - ﬁrﬁ‘ft‘ HitskcKas
mount ed thereon, coating an 15 adhesive 3 (avail|able from Hi tachi

Cheni cal Co. hal-.‘fjdng t #adehown 1RaFdg -EN-X30) 1ot} etéRIbyasEafidt P IR -an?

cl ean oven for hour fromroomtenperature to 180[err C at a constant
heating 3 (raatgala%ﬁocfld‘?'ﬁ]he?PPEﬂY] EREdBY Hedt 1Ryt ¢ 8r SReRGUR VAL StEOm
tenperature of 180[err]C. Thereafter, wire bond| n portl ons, and
seni conduct orfitachy) c%?-&ﬂro&é@vxerté%er B3p6ridEq t7ﬁr)ogahwﬁb?a Fies 8
of 30 [err]min dianeter. umﬁ ﬁlrg EICInSU tln% otect
encapsul ant E‘)’”(Jatr%\gl%?ﬁgef?ﬁ e 5E O’Eﬁ”lﬁ i 2aF B lnﬂl ating protact hife:
CEL- X9600), the se onduct, unt ed ca Iat ed by
transfer nol diFy" fnﬁdg ?86’ (1[ gh Hom falf?S[er}%ﬂ‘ ,‘ 0’ segoﬁdd]e IP% nd'6.9

ch:zi46f40llowedP§ﬁ/4@83tAﬁg nQIas coated on the surface except fc%.2

10 gold-plated terminals 7 and opposite-side external
connecting terminals 9, was dried at 120°C for 2 hours and
then left for 5 hour in an atmosphere of 30°C and 60%RH.

Thereafter, a semiconductor element 1 of 9 mm long, 9 mm
wide and 0.51 mm thick was mounted thereon, coating an

15 adhesive 3 (available £from Hitachi Chemical Co., Ltd.; trade
name: EN-X50), followed by heating in an clean oven for 1
hour from room temperature to 180°C at a constant heating
rate, and further followed by heating for 1 hour at a constant
temperature of 180°C.

20 Thereafter, wire bonding portions and semiconductor
element electrodes were wire-bonded through gold wires 8
of 30 um in diameter. Next, using an organic insulating
encapsulant 5 (available from Hitachi Chemical Co., Ltd.:
trade name: CEL-X9600), the semiconductor element mounted

25 area was encapsulated by transfer molding under conditions

of 175C, 90 seconds, and 6.9 MPa, followed by post-curing
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under conditions of 175[err]C and 5 hours to obtain a ~
sem conduct or devi ce. Exanple 2 A g%ﬂ?%gﬁﬁg@ﬁ JEESr
devi ce was obtained in the sane 5 manner as in Exanptre—t—execepi—that

di fferent adhesive (avail able fromHi tachi Chem cal Co., Ltd.; trade
nane: EN- X52) was used. Exanpl e 3 A BGA

sem conduct or device was obtained in the sane 10 manner as in Exanple 1
except that GEha820Q@oidaeleonaner, 175°c anal lsalblcid4 ot Hobaehin Ghepgxal

Co., Ltd., was used as the organi c insulating encapsulant. In the
present Exanpsemicondudioxli d&éederce bet ween the coefficient of linear
expansi on of the sem conductor-el enent-nounting substrate and the 15
coefficient of |inBaampdgartssion of the organic insulating encapsul ant
at a tenperature not higher than the gl ass transition tenperature is

| ess than 0.6 x 10ReBEN [semicynductor devEcgmWas 4obtained ipA HEA same
sem conduct or device was obtained in the same 20 nmanner as in Exanple 1
except th&t CERLRBFOSES (11 skisamake) 1 excenlvathabl 8 fidfhaienthrdBREFVEal

Co., Ltd., was used as the ~organi c_insul ati ng encapsul ant. The
encapsul ant uéa¥aigable frempHisasbipCdEcRhdCa - culitty shiFakagBaf&ct or
nore than 0.11% and a saturation noisture absorption of nore than 25
0. 36% by wei gBN-&B2d5%&% |¢Safld 85%RH. Exanpl e 5
REPLACEMENT SHEET 23

Example 3

A BGA semiconductor device was obtained in the same
10 manner as in Example 1 except that CEL-9000 (trade namé),
available from Hitachi Chemical Co., Ltd., was used as the
organic insulating encapsulant. In the present Example,
the difference between the coefficient of linear expansion
of the semiconductor-element-mounting substrate and the
15 .coefficient of linear expansion of the organic insulating
encapsulant at a temperature not higher than the glass
transition temperature is less than 0.6 x 107°/°C.
Example 4
A BGA semiconductor device was obtained in the same
20 manner as in Example 1 except that CEL-7700SX (trade name),
available from Hitachi Chemical Co., Ltd., was used as the
organic insulating encapsulant. The encapsulant used in
the present Example had a curing shrinkage factor more than
0.11% and a saturation moisture absorption of more than
25 0.36% at 85°C and 85%RH. |

Example 5
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A BGA seni conductor device was obtained in the sane manner as in

Exanpl e 1 except that CEL-1731 (trade nane), avafl rHi-tach
Chem cal Co., Ltd., was used as the organi c insu g%?%gg%fih ESNt .
The encapsul ant used in 5 the present Exanple had - '
tenperature at the nol ding tenperature or above, where the difference

bet ween the coefficient of |inear expansion of the

sem conduct or - el enBnBGAD wEN TP sdbstoat dearidtd heas obtadefdd cienthef skingear
expansion of the organic insulating 10 encapsulant at a tenperature not

hi gher than thangeasés in Exammslie i brexeeptr thateCEL -l165%] t (amafebname ) ,
10[err]/[err]C. The encapsul ant had a nodulus in flexure above 4.0 GPa
at its mdVaidg tlenfaan dricagnt GhemicaitCon . nbidt ur wagbusegt asnthe
more than 0.36% by weight at 85[err] C and 85%&RH. 15 Exanpl e 6

A BGA seni con8G@Bsi sl abinghbeacadsulrnhe SBne encapsamiant agsed in
Exanpl e 1 except that an adhesive (avail abl e fromH tachi Chem ca

Co., Ltd.? tr‘ég@ RERSSTENERSMP L RA( R 9lasg SRAQFAtIOD hmpeFature at
absorption of 0.18@6%¥ wei ght or nmore at 20 30[err] C and 85%H was used
as the adhesi §Be molding tepparalurge OffRPEe1 where the pdpffierence

sem conduct or dgvice 3§§iobta# ed.in the sanme manner as in Exanple 3

except that aR®ayRES &RFrabFéent of JJReRT KPR AT aPE CBRe Lt d.

trade nane: E havi n 5 a,curing .start tenperature.  (Th) above
130[err]C:masg%égggégqﬁﬁf 'efeﬁﬁﬂéépy§9 ing SUbngaFe dfa (TR

24 coefficient of linear expansion of the organic insulating

10 encapsulant ét a temperature not higher than the glass
transition temperature is less than 0.6 x 10°°/°C. The
encapsulant had a modulus in flexure above 4.0 GPa at its
molding temperature, and a saturation moisture absorp£ion
more than 0.36% at 85°C and 85%RH.

15 Example 6

A BGA semiconductor device was obtained in the same
manner as in Example 1 except that an adhesive (available
fromHitachiChemicalCo.,Ltd.;tradename:EN-4570)having

a saturation moisture absorption of 0.18% or more at 30°C

20 and 85%RH was used as the adhesive.
Comparative Example 1
A BGA semiconductor device was obtained in the same
manner as in Example 3 except that an adhesive (available
fromHitachiChemicalCo.,Ltd.;tradename:EN—4500)having

25 a curing start temperature (Th) above 130°C was used as the

adhesive.
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Physi cal properties, resistance to reflow cracking, and war page

def ormati on of Exanpl es and Conparative Exanpl es were examned to
obtain the results shown in Table 2. 5 Here, the curing start
tenperature (Th) of the adhesive was neasured with a differential
scanni ng cal ori neter (manuf actured by TA Instrunments Japan Inc.; trade
namne: Model 910) at a heating rate of 10[err]C/ m nute. The gl ass
transition tenpera@hyeiochlt perogreganies i nsakbasitrgcel o enefipswl amackdang .
measured with a thernomechani cal anal yzer (manuf actured by R gaku

| nt er nat i onalamGbrparpaigen deffempation pdmExaml 844488, Cwmsamﬂ»ive

Eval uation on the resistance to refl ow cracking and war page

def or mat i on VRisampilesi werreeXanioedngowaytainsthe resylifs pRe¥naR £able
refl ow cracki ng: The sem conductbr device was noi stened for a
stated t4 me under conditions of 85[err]C and 60%RH, and thereafter
reflow-treated three tines at 240[err]C for 10 seconds_in i nfrared
refl ow fuPnace. ARP%®: d'sh%lﬁd‘réfnéizﬁitﬁ&'%fzemﬁﬁraé'éb‘%ﬁ é??‘dnogftff%é”'dé}ﬂ?e’s‘f‘?/e
| ayer, having occurred in th interior of the senlconggé}or devi ce

et o bbser vedias tReaITed Wi a%oﬂﬁéfaeﬁ%%nsa@mag FRIOF IME LR  ch t he
Ki t t d to th ol d- ted-t |
o R er e (R ERE A o S TR oL M %eemfh‘}‘gil g e?am?fen

as a nunerator and _nunber of test devices as ,ﬁ onlna%
10°C mlnu

25 Model 910) Fﬁﬂ Aheatlng rate of glass

transition temperature of the organic insulating

10 encapsulant was measured with a thermomechanical analyzer
(manufactured by Rigaku International Corporation; trade
name: TMA-8141BS, TAS-100).

Evaluation on the resistance to reflow cracking and
warpage deformation was made in the following way.

15 (1) Resistance to reflow cracking:

The semiconductor device was moistened for a stated
time under conditions of 85°C and 60%RH, and thereafter
reflow-~treated three times at 240°C for 10 seconds in an
infrared reflow furnace. Any voids and cracking or

20 separation of the adhesive layer, having occurred in the
interior of the semiconductor device were observed with an
ultrasonic inspection device. Those in which the cracking
or separation extended up to the gold-plated-terminal
regions were regarded as defectives (number of defectives

25 was written as a numerator, and number of test devices as

a denominator).
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(2) warpage deformation: Measured at the diagonal-line central
part on the back of a sem conductor device standing after nount of

t he sem conduct or el ement and before nount of the solder balls. 5
In the roomtenperature region, values at 25[err]C were neasured W th
a surface profile analyzer, and, in the nolding t enperature region,
val ues at 175[err]C were neasured with a non-contact | aser anal yzer.
Then, an average véRleWentpmge defionmbetiof :sanpl es: 4) of nmaxi num val ues of
the extent of 10 deformation on the basis of that of the outernost

ext er nal conndegsugecenti hhksdhagoshdwi iae ceatodlkmant cmrtpagback
def ormati on. As can be seen from Table 2, the sem conduct or

devi ces of Exasplicrndyeteradevdiod rtandimg affewimtsunh dheithe 15
adhesive layers. In particular, Exanples 1 to 3 showed a remar kabl e

i nproverrent | fieMAEOREASE AN @l arer bfdrshbefagid pgunt of thet heldelebahiad,
in Conparative Exanple 1, making use of an adhesi ve having a high
curing start tERPEREQra FeRperature sepddodccuplagsi at e Cadheeimeasayed.
20 I n Exappl es 1a3%%2 naking use of suitabl-e encapsul ants, not

onl'y any voi d&*8Pd3nSETtsf PROFALCadREdiXAeT ayaRd pdft the mpidipge
war page deforpation _at both 25[err]C and 175[err] C was able to be kept
at a smal | ex’f%ﬂ??r%%%p"feﬁﬂ Bal Fglues tafesk’S'C wexanprasuredighth a
e LS M ey 5 2T BN = 00 Seco o e
extent of number of samples: 4) of maximify values of the extent of
HC1464
10 deformation on the basis of that of the outermost external
connecting terminals was shown as the extent of warpage
deformation.
As can be seen from Table 2, the semiconductor devices
of Examples 1 to 5 all did not cause any voids in their

15 adhesive layers. 1In particular, Examples 1 to 3 showed a

remarkableimprovementintheresistancetoreflowcracking.

On the other hand, in Comparative Example 1, making use
of an adhesive having a high curing start temperature (Th),
voids occurred in the adhesive layer.

20 In Examples 1 and 2, making use of suitable encapsulants,
not only any voids did not occur in the adhesive layer, but
also the warpage deformation at both 25°C and 175°C was able
to be kept at a small extent. More specifically, in these
Examples, a high resistance to reflow cracking was

25 achievable on account of a low moisture absorption of the

organic insulating encapsulant, and a small extent of
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war page def ormati on was achi evabl e on account of the gl ass transition
tenperature of the organic insulating encapsul ant, the difference in
the coefficient of |inear expansi on between the encapsulant and the 5
sem conduct or - el ement - mounti ng substrate, the nodulus in fl exure at

nmol di ng tenperature and the curing shrinkage factor which were set
appropriate, thereby obtaining good sem conduct or devi ces which
satisfied t hevarpadardefprmation mas gehisevainle ABEJEIR]) I PF g DRSS n
JEDEC (Joint Electron 10 Device Engineering Council).

PCSSI Bl LI TY GR3MNDLUSTRPALL SSERITTRGFENCE the orgamidedBfFifdd difbve, the

present invention nmakes it possi ble to provide a_sem conductor, device
that nay | esseRABPSEAGEE 'crtélﬁl%fﬁﬁrﬁﬁé?et iife Tre < HRf1FLPRSWiGTy. L1135 so

makes it pOSSI ble to Er ovide an OVWPAC type BGA tpackaged sem conduct or
devi ce that FPPREFEAL (‘J’C‘E’tﬁ?%np&eo?“\ﬁé’rpﬁé’gléa andefBPrati on. Hence, the

f th duct d t
educt i onSof TS EHHANE toH AT SPRLF LGNNI S bR EPng S gAERILES Lo

hggzgzrlm \%¥fgxure at molding temperature and the curing shrlgkage

factor which were set appropriate, thereby obtaining good
semiconductor devices which satisfied the standard of

within plus-minus 150 um prescribed in JEDEC (Joint Electron

10 Device Engineering Council).

POSSIBILITY OF INDUSTRIAL APPLICATION
As described above, the present invention makes it
possible to provide a semiconductor device_that may less
15 cause cracking at the time of solder reflowing. It also
makes it possible to provide an OMPAC type BGA packaged
semiconductor device that can prevent occurrence of warpage
deformation. Hence, the use of the semiconductor device of

the present invention enables reduction of faulty

20 electrical connection, promising a great industrial value.
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d ai ns 1 1. A sem conductor device conprising; 2 a

sem conduct or - el enent - nmounting substrate having 3 ap-lnsul atjng base
material on which a wiring pattern has 4 been for mef;THISSHEET HAS BEEN
sem conduct or el enment havi ng an electrode and 6 bopded tREPLAEED

sem conduct or - el enent - nount i {th an adhesive; said

el ectrode bei ng connect ed 8 mm ml |§A said wiring pattern; and 9
an organi c insulating encaps g at 10 least said

el ectrode; 11 sai d adhesive haV|ng an exothermc-reaction curing 12
start tenperature of 130[err]C or below as neasured with a 13 differential
scanning calorineter at a heating rate of 15 10[err]C/ mnute; and 16

sai d adhesi ve having a saturation noi €fladens 17 absorption of 0.18% by

wei ght or less at 30[err]C and 85%H. 1 2. The sem conductor device
according to claim1l1, 2 wherein; 3 said '

sem conduct or - el enent - nounti ng substrate has 4 an external connecting

term nal gonducting. t @t femiiddi@uc borp@dwei de f:@mpezdlgmnbhe back which is
opposite to the side

REPLACEMERT SHEET 5 semlconductor-element—mountlng substrate having

3 an insulating base material on which a wiring pattern has
4 been formed;

5 a semiconductor element having an electrode, and
6 bonded to the semiconductor-element-mounting substrate
7 with an adhesive; said electrode being connected

8 electrically with said wiring pattern; and

9 an organic insulating encapsulant encapsulating at
10 least said electrode;

11 said adhesive having an exothermic-reaction curing
12 start temperature of 130°C or below as measured with a
13 differential scanning calorimeter at a heating rate of

14 10°C/minute.

1 2. The semiconductor device according to claim 1,
2 wherein;

3 said semiconductor-element-mounting substrate has
4 an external connecting terminal conducting to the wiring

5 pattern, formed on the back which is opposite to the side
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6 on which the wiring pattern has been forned; and 7 said organic

insurating ncapsul at es 8 the sem elare efreRt-t hat
a surface ﬂmg U"I] ME%!Eonductor el ement is not umov%? TﬁAS BEEN
uc

3. The sem eon according to claim1l (or‘'2—=5 LAHER ein s i d
organi c insul ati ng encapsul ant has; 4 a glass transition tenperature
between nolding 5 tenperature and roomtenperature; 6 a difference

of 0.6 x¢6l0[ enr WwHeeh] Eher whoyagbelarcearhh@das/ woehf foirardd of ahidhear
expansion of said 8 sem conductor-el enment-nounting substrate and the 9

coefficient of |iBearda exisi Onwéusaitd mf @i Lpsiantsebatneg penchpselsant
at a tenperature not higher than 11 the glass transition tenperature; and

12 & CUEhRI Sdthi BAud A6E0R 1@mdh 4 1¥nalt |£58upkalhe o 43skiie of the
nol ding of said organic insulating 14 encapsul ant.

REPLACEN%NT §@ﬁ§%onductor element is not unco@@red.

1 3. The semiconductor device according te claim 1 or
2 2, wherein said adhesive has a saturation moisture

3 absorption of 0.18% by weight or less at 30°C and 85%RH.

1 4. The semiconductor device according to any one of
2 claims 1 to 3, wherein said organic insulating

3 encapsulant has;

4 a glass transition temperature between molding

5 temperature and room temperature;

6 a difference of 0.6 x 10°°/°C or above between the
7 coefficient of linear expansion of said

8 semiconductor-element-mounting substrate and the

9 coefficient of linear expansion of said organic
10 insulating encapsulant at a temperature not higher than
11 the glass transition temperature; and
12 a curing shrinkage factor of 0.11% or less at the
13 time of the molding of said organic insulating

14 encapsulant.
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1 4 . The sem conductor device according-to claim3 2 wherein sald

or gani ¢ i nsul ating encapsuITu' uratlon n of
0. 36% by wei ght or |ess " aﬂyznﬂ! k ’85%?H THIS SHEET#IASTHREN
seni conduct or. devi ce accordifig £0 € wHerei nREBAFEDr gani d

I nsul ati ng encapsul ant has a 3 flexural nDdqus of 4.0 GPa or below at the
nolding 4 tenperature of the organic insulating encapsul ant. 1 6.
A processifor fabrjcatTng seadiecwddoebar ded lieri aecdiiki pgotess lenimr4 si ng
the steps of; 3 bondi ng with an adhesive a sem conductor elenent to

4 the SurﬁaCQleéréi%erE&Qﬂdb(ﬁanﬂéeﬂrﬁlét\rl@uﬂﬁbn@ncﬁixﬁslb&hmai endaviang an

I nsul ating base material on which a 6 wiring pattern has been forned, to
connect ag e'@&EEQQQJ.Jn%foié‘@u%%”&ﬁgﬂ(ﬂ%ﬁn%@@rﬁ6€|@ftvfé£§1hh>’oi‘\ﬂlté"s§he
wiring 8 pattern; and encapsul ating at least said electrode of the
10 sen1cgndqg{o§ e&egg&g gg%% an organic insulating 11 encapsulant; 12
sai d adhesi ve conpr|5|ng an a Hesive having an 13 exotherm c-reaction
curing start tenperature of 130[err]C or 14 below as neasured with a

di fferential scanning

REPLACEME SHEET fy e
10[err]C m nute and a T]_JL? S§€% urzi’tcfl m)l S Hrl% a soroa%ag%go?g %éo}mb‘L or
wei ght orzles§

wherein said organic insulating encapsulant has a
3 flexural modulus of 4.0 GPa or below at the molding

4 temperature of the organic insulating encapsulant.

1 7. A process for fabricating a semiconductor

2 device; the process comprising the steps of;

3 bonding with an adhesive a semiconductor element to
4 the surface of a semiconductor-element-mounting

5 substrate having an insulating base material on which a
6 wiring pattern has been formed, to connect an electrode
7 of the semiconductor element electrically with the wiring
8 pattern; and

9 encapsulating at least said electrode of the

10 semiconductor element with an organic insulating

11 encapsulant;

12 said adhesive comprising an adhesive having an

13 exothermic-reaction curing start temperature of 130°C or

14 Dbelow as measured with a differential scanning
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18 at 30[err]Cand 850&H . _ 7. The seniconductor device according to

claim?2, wherein i i c insul ati ng encapsul-ent—has: a
gl ass transition tenper;rl! aﬂgg E Uﬂl di ng 15 tenpel a@‘ﬁ?é”ﬁﬁ? HAS JHREN
t enper at ur e; ax 6 X 10[err]/[=rL1(‘W":r A660e

bet ween t he coefficient of Iinear expansi on of said

sem conduct or - el enent - nounti ng substrate and the coefficient of linear
expansi onsf saildmimatet idtsd ahibag ik rgﬁgawlmﬂcﬁﬁlﬁu&@perature not
hi gher than the gl ass transition tenperature; and a curing
shrinkage factor of 0.11%or less at the tine of the nolding of said
organi c insulating encapsul ant.

31
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