- h JAN 2004 1 SEM CONDUCTOR DEVI CE AND PROCESS FOR PRODUCI NG THE SAME, AND
TABLET COVPRI SI NG EPOXY RESI N COMPOSI TI ON 5 BACKGROUND OF THE | NVENTI ON
Field of the Invention The present invention relates to a tablet forh JAN 2004
produci ng a one-sided sealing- type sem conductor device, conprising an
epoxy resin conposition with suppressioh in the generation of bow ng and
high reliability, a wafer with a resin 10 | ayer and a sem conductor device
produced by using the tablet. Discussion of the Related Art Conventionally,

a cured resin layer is for gﬁéﬁbm{%ﬁgﬁ{%E%&% %NDcorrpri sing a plural
jecting a table

proj ected el ectrodes by su t~conprising an 15 epoxy resin
conposition to hot pr ldi i LRSI nposition is
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in which a cured regj j [ ri bed above,
there arises a pr6@%@E¥5ﬁ§?5kﬁﬂ$ﬁgﬂﬁgq@3§§5§€§%3ﬁ§§%@$?¢§§1 y, when a cured
resin layer is forned by using the above-nentioned tablet, the bow ng of 20
the wafer with a resin layer is undesirably caused because the physical

propefties such as a co GA i X i a cured product of
an epsfz)xy resin conposi t%bﬂ(ﬁﬁwg tcﬂ@agﬁegemcﬁgyer, are different
fromthose 0f a, L [ e The wafer with a resin layer in which the bow ng
descri bed ﬁmg%d causes troubl es during conveyi ng and di ci ng,
and has a defectthat its 25 applicabili to.the substrate hec . poor .
Further, there Iéeoprgﬁ?rgénggq{b& elatdto | Sb1s ok pro&ucmg a one—sﬁe&) TR o-

type semiconductor device, comprising an epoxy resin composition with

suppression in the generation of bowing and high reliability, a wafer with a resin

10 layer and a semiconductor device produced by using the tablet.

Discussion of the Related Art

Conventionally, a cured resin layer is formed on one side of a wafer

comprising a plural projected electrodes by subjecting a tablet comprising an

15 epoxy resin composition to hot press molding, wherein the epoxy resin
composition is obtained by cold pressing molding. However, in the wafer with a
resin layer in which a cured resin layer 1s formed by.using the tablet described
above, there arises a problem that bowing is generated. Specifically, when a
cured resin layer is formed by using the above-mentioned tablet, the bowing of

20 the wafer with a resin layer is undesirably caused because the physical properties
such as a coefficient of linear expansion of a cured product of an epoxy resin
composition, which is the cured resin layer, are different from those of a wafer.
The wafer with a resin layer in which the bowing described above is generated
causes troubles during conveying and dicing, and has a defect that its

25 applicability to the substrate becomes poor. Further, there also arise some



problens that a stress is generated at the interface of the wafer and the
cured resin layer, so that its reliability is inpaired. In addition, in the
techni que of packaging (sealing) a semiconductor -5 JAN 1004 el enent jpR 28ghe
field of sem conductor devices in the recent years, one-sided 5
seal i ng-type sem conductor devices, for instance, have been remarked and
actual ly used. A sem conductor device in which a sem conductor elenent is
seal ed by a cured product of an epoxy resin conmposition has excell ent

mass- pr odugiobidms thatadtieosicgatesatedar themterfae abbeovatentndtiezicard- si ded
seal ing type sem conductor device can have hi gh performance by highly 10

i nt egr at i ngsichiaysesochatditctedrabditymemhpairadaddi ti on, in a met hod of nounting
a semconductor elenment to a board, which is the insulating substrate
mentioned abovik addiiofy] inpthe ieghmmumnef packaging (seeling)d peraicoadhownt nanner,
sealing is usually carried out by one-sided sealing in a state of

i ncor por at ¢lsgehhén genfiddrdyeindcondicesreddvicadrinaht esaeat yealsy otw-sideld i ng a
nolten thernosetting resin conposition in a 15 void between the insul ating

substr at e @alingteps esmtcnductorrdetizes Cranstastd,i hgve idea reatplesd andn. However,
t hese sem conductor devices have sone problens of generation of bow ng of

t he packagsctaalysasedyAcsskiiogndiviondéagde: af waideakémgondasion el@nentiscongr uence
in the coefficients of |inear expansion of the insulating substrate and the
seal i ng resjaled byaetr@d prbdetc) of hm epbey sesin compositon lds\wixeellem 20 which the
bow ng descri bed above 1s generated, pealing or the like is caused at the
seal i ng i ningsd-peRrludibilibeasd fes sostye RuetHeewhe gbose-nidiatonetdoneedidedi ity is

| owered, thereby resulting in poor applicability to a substrate. Therefore,
a sol uti onsealing 3ypd sémpondhetor idevide siahdthve 2g\pedbjBgicedty llljbr esent

invention to provide a tablet conprising an epoxy - 5 JAN 200

10 mtegrating the semiconductor element. In addition, in a method of mounting a
semiconductor element to a board, which is the insulating substrate mentioned
above 1in a flip chip manner or a direct chip attachment manner, sealing 1s usually
carried out by one-sided sealing in a state of incorporating the semiconductor
element, or alternatively by filling a molten thermosctting resin composition in a

15 void between the insulating substrate and the semiconductor device and curing
the composition. However, these semiconductor devices have some problems of
generation of bowing of the package caused by curing shrinkage of a sealing
resin, and incongruence in the coefficients of linear expansion of the msulating
substrate and the sealing resin (cured product). In the semiconductor device in

20 which the bowing described above is generated, pealing or the like is caused at
the sealing interface by the stress due to bowing, so that its reliability is lowered,

thereby resulting in poor applicability to a substrate. Therefore, a solution to

such a problem is desired.

25 An object of the present invention to provide a tablet comprising an epoxy



resin conposition for producing a one-sided sealing-type sem conductor
device wth suppression in the generation of bow ng and high reliability.
Anot her object of the present invention is to provide a wafer and a-5 AN 7004
sem conduct or devi ce produced by using 3 tabl et conprising an epoxy resin 5
conposition, and processes for producing the tablet and the wafer. Stil

anot her object of the present invention is to provide a nmethod of

preventing generation of bowi ng of the wafer and the sem conductor devi ce.
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comprising an epoxy resin composition for preventing generation of bowing of
10 the wafer and the semiconductor device.

These and other objects of the present invention will be apparent from the

following description.

SUMMARY OF THE INVENTION

15 The present inventors have again studied on causation of bowing of the
wafer with a resin layer from various angles. As a result, they have found that an
amount reduced by heating of the tablet before molding is one of causations of
bowing as well as conventionally known causations of curing shrinkage of the
cured resin layer and incongruence in coefficients of linear expan-sion of the

20 wafer and the cured resin layer. It is thought that the shrinkage of the resin is
caused by exhalation of volatile components remaining in the internal of the
cured resin layer when pressure-releasing.

The same can be said for the causations of bowing of the package. As a

result of further studies based on these findings, in order to suppress the

25 generation of the above-mentioned bowing, the present inventors have found that



it is effective to reduce volatile conponents in the tablet usable for
formation of the cured resin |layer of a wafer with a resin |ayer, 95 h“e
vol atil e conponents in the tablet before curing usable for sealing JAN 2004
sem conductor elenment on the insulating,substrate, and to di mnish the
anount reduced by heating the tablet. %herefore the present inventors
have found that by using a tablet haV|ng an anount reduced by heating | ower
than a specified amount of the volatile conponents, the shrinkage of the

resin due oq %ﬂ%fa;{l% t§ PedM&%Wo@ﬁtﬁ%%‘dhg)on%hﬁ%'tﬂg tafleudB] déﬂ%@oﬁ%ﬁﬁﬁn ogher eby
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In addition, the present inventors have found that by using as the tablet
one obtained by preparing a molten producf comprising an epoxy resin
composition and cooling and solidifying the molten product, the compression

15 ratio of the tablet is made large and the resin of the tablet i1s made very dense, so
that the tablet 1s less likely to be hygroscopic, whereby a tablet having a small
amount reduced by heating can be obtained. Therefore, they have found that
when a tablet of which compression ratio is very high and cured product has a
glass transition temperature of not less than a particular value is used, a

20 semiconductor device with more effective suppression of the generation of
bowing and high reliability can be obtained. Further, they have found that a
semjcénductor device having high reliabiﬁty can be obtained because the voids
in the molded product can be reduced by having a low volatile component

content and a high compression ratio. The present invention has been

25 accomplished based on these findings.



C (1) Concretely, the present invention pertains to the follow ng: a tabl et
for producing a sem conductor device with substantially no bow ng, -5 JAN 2004
conpri sing an epoxy resin conposition conprising an epoxy resin and a

curing agent, wherein the tablet has the.follow ng characteristic (A: (A):
an anmount reduced by heating being |Iess {han 0.05% by weight; (2) the tablet
according to item (1) above, obtainable by a process conprising preparing a
nol ten product of the epoxy resin conposition in an uncured state, and

t hereafter cool i(;ln&tc?%ggﬁQ%ég;g%hp&%gﬁ?ﬁébgﬁg%qﬂyg(ﬁli?‘(,@ort he t abl et

according to ite above, “having east one 10 _
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and thereafter cooling and solidifying the molten product;
(3)  the tablet according to item (1) or (2) above, further having at least one
10 characteristic selected from the group consisting of:
(B): acompression ratio of the tablet being 98% or more; and
(C): a glass transition temperature of a cured product of the tablet being 120°C
or more;
(4)  a wafer with a resin layer comprising a plural projected electrodes and a
15 cured resin layer formed on a projected electrode-mounting side of the wafer,
wherem the cured resin layer is formed by the tablet of any one of items (1) to
(3) above;
(5)  asemiconductor device obtainable by a process comprising dicing the
wafer with a resin layer of item (4) above into a given size;
20 (6)  asemiconductor device comprising an insulating substrate, a
semiconductor element mounted on one side of the insulating substrate, and a
cured product of an epoxy resin composition, the semiconductor element being
incorporated in and sealed by the cured product, wherein the cured product of an
epoxy resin composition is formed by the tablet of any one of items (1) to (3)

25 above;



incorporated in and seal ed by the cured product, wherein the cured product
of an epoxy resin conposition is formed by the tablet of any one of §ijpgs)
(1) to (3) 25 above; - 5 JAN 2094 6 (7) a sem conductor device conprising an
insul ating substrate, a sem conductor elenent nounted on one side of the
insul ating substrate via a plural connecting electrodes, and a cured resin
| ayer sealing a void between the insulating substrate and the sem conduct or
el enent, wherein the cured resin layer 5 is forned by the tablet of any one

of itens (%b)toa(s&%igsﬂer tof Bviee ROAGAR AT iRUPANE Absiaiaher WiLh a resin

| ayer conprising a ural projected ecttodes and-a cured resin |ayer

formed on %eﬂﬁ@érﬁ&tﬁ&ﬁ e?{:)xfxg%{ @gﬁgtnég%{%h@Bid%ioqfihé’irzstu'l‘e?dr}/)gﬁ%lﬁfstra?@mfd sing the

steps of putting the ta one of itenms (1) t 3) above on the
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device co I'ng an 1nsulating a sem conductor elenment nounted
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of items (1) to (3) above on the projected electrode-mounting side of the wafer,
10 and heating the tablet to be melt-cured, thereby forming the cured resin layer;
(9)  aprocess for producing a semiconductor device comprising an insulating
substrate, a semiconductor element mounted on one side of the insulating
substrate, and a cured product of an epoxy resin composition, the senﬁconductor
element being incorporated in and sealed by the cured product, comprising the
15 steps of putting the tablet of any one of items (1) to (3) above on the
semiconductor element, and heating the tablet to be melt-cured, thereby forming
the cured product;
(10) a process for producing a semiconductor device comprising an insulating
substrate, a semiconductor element mounted on one side of the insulating
20 substrate via a plural connecting electrodes, and a cured resin layer sealing a void
between the insulating substrate and the semiconductor element, comprising the
steps of heat-melting the tablet of any one of items (1) to (3) above, and filling
the void and curing the tablet, thereby forming the cured resin layer;

(11) amethod for preventing generation of bowing of a wafer, comprising

25 forming a cured resin layer on a wafer by using the tablet of any one of items (1)



bet ween the insul ating substrate and the sem conductor el enent, conprising
the steps of heat-nelting the tablet of any one of itenms (1) to (3) above,
and filling the void and curing the tablet, thereby form ng the cured resin
| ayer; (11) a method for preventing gene?ation of bowing of a wafer;d JAN 2004
conprising 25 formng a cured resin |ayer on a wafer by using the tablet of
any one of itens (1) 7 - 5 JAN 2004 to (3) above; (12) a nethod for
preventing generation of bowi ng of a sem conductor device, conprising

seal i ng ser@gﬁn%uoc‘; or elenents on one side of an insulating substrate by
using the t e ofe’any one of itens (1) to (3) above; 5 (13) use of a

bl f i . . : i. i f

bowi ng_ of L okt &rmrrogBP Brodih® st RRT fipBiof SAamiRtne REPESEES, T
I is f d. he. waf er.: f ahl et - Lt
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one e§<arrplcgi§f élsﬁlpgﬁgf'é_ﬁe fi* 44% Ogﬁﬁlg%_gr es(le :5(? (%P%b%gfﬁg?’ég‘{ : Vlgte ch_rrg\r,\? Qigng
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showi ng anot her exanpl e eg{( a vvafei .with aresin layer; 20 Figure 4 is a
per spect i véeWéWeéfIggW I HVEET %% i conduct or  devi ce;

(14) use of a tablet of any one of items (1) to (3) above for preventing

generation of bowing of a semiconductor device in the production of the

10 semiconductor device in which semiconductor elements are sealed on one side of

an insulating substrate.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is an explanatory view showing one example of a production
15 apparatus for producing a tablet comprising an epoxy resin composition;
Figure 2 is a cross-sectional view showing one example of a wafer with a
resin layer;
Figure 3 is a cross-sectional view showing another example of a wafer
with a resin layer;
20 Figure 4 is a perspective view of one example of a semiconductor device;
Figure 5 is a cross-sectional view showing a state in which a
semiconductor device is mounted on a printed circuit substrate;
Figure 6 is a cross-sectional view showing one example of a one-sided
sealing-type semiconductor device;

25 Figure 7 is a cross-sectional view showing one example of a



Figure 5 is a cross-sectional view showng a state in which a sem conductor
device is nounted on a printed circuit substrate; Figure 6 is a
cross-sectional view showi ng one exanple of a one-sided seali ng-tygie '

sem conductor device; 25 Figure 7 is a cgoss-sectional view show ng ‘OMEN 2004
exanple of a 5 JAN 2004 8 sem conductor device having a face down structure;
Figure 8 is a cross-sectional view show ng a production process of a

sem conduct or device having a face down structure; Figure 9 is a

cross-sectional view show anot her exanple of a 5 sem conductor device
havi ng a féggqu&%cﬁrr%&qﬂ}g%v% 83&%6 %%‘%F§EEC§’F8’55- sectional view show ng
still another e |l e, of a sem.conductor, device having a fac wn
Structure: F guiaee s § o fosSSR AR MR ORI ERRHERa 8RS R ni cn
bowing of a wafer with a resin |layer,is determned; 10 Figure 12 is a

cr oss- sect PORC -ugt\%r me@@%@%’%ﬁa ii%wmf%lﬁ{%w ng of a wafer with a
resin |ayer is termned; and Figure.13 js a cross-sectional. view show ng a
state in which BOSHRg brad FoSkareht ltvhe\%sb%gfp}g Pt ?’?Iﬂglteé}frﬁ ned. 15

DETAI LED DESCRI PT] ON THE | NVENTI ON, The tabl et conprising an epoxy resin
conpodi t i ofeRAnGuSEaTdevics haying Adpes AQWNSHUSHIE: apl et "] of the present

i nvention has t fol] ow ng characteristic A): . an_anount reduced by
heating being | d38WEHkhisH EssBGCtRaag AW shox&ruzg stglﬂmo T exampfeo a

semiconductor device having a face down structure;
Figure 11 is a cross-sectional view showing a state in which bowing of a
wafer with a resin layer is determined,;
10 Figure 12 is a cross-sectional view showing a state in which bowing of a
wafer with a resin layer is determined; and
Figure 13 is a cross-sectional view showing a state in which bowing of a

~ wafer with a resin layer is determined.

15 DETAILED DESCRIPTION OF THE INVENTION
The tablet comprising an epoxy resin composition [hereinafter simply
referred to as “tablet”] of the present invention has the following characteristic
(A):
(A): an amount reduced by heating being less than 0.05% by weight.
20 The epoxy resin composition usable for the preparation of the tablet comprises
an epoxy resin and a curing agent.
The above-mentioned epoxy resin is not particularly limited, and
conventionally known various epoxy resins, for instance, cresol novolak epoxy
resins, phenol novolak epoxy resins, bisphenol A epoxy resins, naphthalene

25 epoxy resins, biphenyl epoxy resins, and the like can be used. Among the



20 The epoxy resin conposition usable for the preparation of the tabl et
conprises an epoxy resin and a curing agent. The above-nenti oned epoxy
‘resin is not particularly limted, and conventionally known various epoxy
resins, for instance, cresol novolak epexy resins, phenol novol ak ep®X¥N 2004
resins, bisphenol A epoxy resins, naphthal ene 25 epoxy resins, biphenyl
epoxy resins, and the |ike can be used. Anbng the 9 various epoxy resins, it
is preferable that the epoxy resin represented by the follow ng general

formul a (Uv%éo&slé%%gﬂ% i?ﬂre@&'ﬂ%ﬁ‘@é‘t tH éﬁo‘xy@eﬁﬁ'\%é?&@n%@l%;ﬂﬂh each of Ri

to R5, which may entical “or different, 'is hydrogen atom 10 or an al kyl
group havi 19 ;and inis 0 or a positive nunber of 5 or
| ess, is ug@ﬂ%°§%fleﬁaglfgﬁ%§rragm& t he epoxy resin conmponent, fromthe

vi ewpoi nt of reducing the bow ng by inprovenent in the glass transition
tenperature. A prefgeiogbie curifg pageicihi chmi s usabbeyjcaget her with the
above 15 nenti oneﬁye Xy resinjiin Iu?lg/s a phenolic resin /The curing agent
is not particularlly Ipmted th r;{o, nd any \bnally known ones

of conventi
can lge used. Th@uu_ngcﬁ Cfl er—-nst-anke)] phenol novol ak,
cresol novol ak, sphen A npv k, napht ho K, triphenyl met hane
type phenolic regins, - ol

ral kyl rESihs,|@nd the Rj ke.
- (D)
R.  OCH,CHCH, R,  OCH.CHCH,

\b/
‘wherein each of R; to Rs, which mﬁy be identical or different, is hydrogen atom

10 or an alkyl group having 1 to 5 carbon atoms; and m is 0 or a positive number of
5 or less,
is used as all or a part of the epoxy resin component, from the viewpoint of
reducing the bowing by improvement in the glass transitionltemperature.

A preferable curing agent which is usable together with the above-.

15 mentioned epoxy resin includes a phenolic resin. The curing agent is not
particularly limited thereto, and any of conventionally known ones can be used.
The curing agent includes, for instance, phenol novolak, cresol novolak,
bisphenol A novolak, naphthol novolak, triphenylmethane type phenolic resins,
phenol aralkyl resins, and the like.

20 ' It is preferable that the formulation ratio of the above-mentioned epoxy
resin to the above-mentioned phenolic resin is adjusted such that hydroxyl
groups in the phenolic resin is from 0.7 to 1.3 equivalents, and especially from
0.9 to 1.1 equivalents per one equivalent of the epoxy group 1n the above-
mentioned epoxy resin. |

25 It 1s preferable to further use an inorganic filler together with the above-



20 It is preferable that the fornulation ratio of the above-nentioneg 3&0 g
resin to the above-nentioned phenolic resin is adjusted such that hy H ﬂﬁA
groups in the phenolic resinis from0.7 to 1.3 equival ents, and especially
from 0.9 to 1.1 equivalents per one equhyalent of the epoxy group in the
above- nentioned epoxy resin. 25 It is preferable to further use an
inorganic filler together with the above - ti JAN 2004 to nentioned epoxy
resin and the phenolic resin. The inorganic filler includes those in
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10 in the range of from 0.1 to 50 um as determined by laser particle size analyzer,
more preferably from 0.1 to 30 um, still more preferably 0.5 to 10 um.
It is preferable that the content of the above-mentioned inorganic filler is
adjusted to make up 60 to 95% by weight of the epoxy resin composition.
In the above-mentioned epoxy resin composition, besides the
15 above-mentioned epoxy resin, the phenolic resin and the inorganic filler, there
can be optionally properly added a curing accelerator, a pigment, a mold-
releasing agent, a flexibility imparting agent, a coupling agent such as a silane
coupling agent such as silane coupling agents containing epoxy group, amino
group, mercapto group, vinyl group or methacryl group, such as
20 v-glycidoxypropyl trimethoxysilane; an ion trapping agent, a flame retarder, a
tackifying agent, and the like.
The above-mentioned curing accelerator is not particularly limited, as
long as the curing accelerator acts to accelerate the reaction between epoxy

group and hydroxyl group. The curing accelerator includes, for instance,

25 diazabicycloalkene compounds such as 1,8-diazabicyclo[5.4.0Jundecene-7,1,5-



group, mercapto group, vinyl group or nmethacryl group, such as 20

y- gl yci doxypropyl trinmethoxysilane; an ion trapping agent, a flanme refakhiepl
a tackifying agent, and the |like. The above-nentioned curing accelerator is
not particularly limted, as |ong as thFlcuring accel erator acts to

accel erate the reaction between epoxy group and hydroxyl group. The curing
accel erator includes, for instance, 25 diazabicycl oal kene conpounds such as
1, 8-di azabi cycl o[ 5. 4. 0] undecene-7,1,5 -~ ] AN 2004 1|

ol Lo BladaticBPLS Minched L5 defiaty ATAED OutCAl AR VIGLAMLERES o N

i m dazol es su a i mdazo orus-contal ni ng conpounds such

as tri phe”yl’fn%%cﬁ@% Sich Qﬂ“ﬂ-rﬁ&ﬁ%ﬂhﬁ&a@%}ﬁ@%ﬁﬂ%@%ﬁai@ﬁg d&gp’géﬁ‘x’dsaéd?:ﬁe or in

adm xture of two Or nore conpo ove-ment ment 1 ncl udes

carbon bl acﬁsﬁip%ehgﬁ)hﬁﬁtﬁéiag%l% Eah?qu( : h?hége%%mﬁl@giis hcb]qg)ﬁgﬁ%ﬁeﬂﬁé"&f gped

nol d-r el easi'ngtage nauba Wax, waxes, paraffins,
esters of f i S 0 cids, and the like. The

above- nent i %&r{é%(tﬁl%eomq @t{r}%f?’r%%r ?lgﬁ%dsggent i ncl udes various silicone TO
conpounds, acrylaonitril e-but.adi ene rubber ke, . bovq- nenti oned
ion trapping ageﬁﬁe I%hﬂﬁ;ggg&@pg%?@ﬁ@ﬁg@flgg?afbﬁ;?}aﬂrlg%lgﬁ, éliq}gu@o%ga’nds, and
the like. The, gahgue- tigned flame retarder,includes bronnated novel ak
epoxy resi dé}@ﬁﬁ?ﬁ rr;gfsgd i & Vghran%OIé%() [dr'éeg%ss}l,lg ﬁ%?%lmﬁl%%g%@ugﬁch as
antinony 15 trigxide, antinon t oxi de tal hydroxid uch. as

magnesi um hY&FbG & Ffdlea‘lvﬁ’ﬁqsnéﬁf)aﬁﬁﬂﬁ’o%fed%??‘f@ Eﬁ‘%é’pﬁt}sd’ ra acid3 and
phosphorus-@g?t ai ni ng conpounds such as phosphates, and the |ike. These
flame retar ®can be used alone or in

The above-mentioned flexibility imparting agent includes various silicone
10 compounds, acrylonitrile-butadiene rubber, and the like.
The above-mentioned ion trapping agent includes bismuth hydroxide,
hydrotalcite compounds, and the like.
The above-mentioned flame retarder includes brominated novolak epoxy
resins, brominated bisphenol A epoxy resins, metal compounds such as antimony
15 trioxide, antimony pentoxide, metal hydroxides such as magnesium hydroxide
and aluminum hydroxide, red phosphorus, phosphorus-containing compounds
such as phosphates, and the like. These flame retarders can be used alone or in
admixture of two or more kinds.
Further, as a flame retarder other than the flame retarders mentioned
20 above, there can be used composite metal hydroxide having a polyhedral shape

represented by the general formula (2):
M;.xQx(OH), (2)

25 wherein M 1s at least one metal atom selected from the group consisting of Mg,



adm xture of two or nore kinds. Further, as a flanme retarder other thgplhpﬁ
flame retarders nentioned 20 above, there can be used conposite netal - J 04
hydr oxi de havi ng a pol yhedral shape represented by the general forrmula (2):
M-xQX(OH) 2 (2) 25 wherein Mis at |east, pne netal atom sel ected fromthe
group consisting of My, - . JAN 2004 12 , Sn and Ti; Qis at |east one
netal atom selected fromthe group consisting of M, Fe, Co, N, Cu and Zn;
and Xis a positive nunber of 0.01 to 0.5. This conposite netal hydroxide has

convent i onarongh AR d T aF leeRs PO R Bbm selielia ipyf BRCerBR AR it e
os scaly TR §9r g Sk AL R EL U R LR o0 T RS 10 0
et udi ng, T8 CoRsAEEN RN toy e Pty SERGRERE el sl C ar e
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o) ansar on, b AekadReue e bl BRRE for ey A FRAERLcRge. TERRE (CR o
Chi ckness (Leamptify ekl Pyl uBe paf ety ot Pistifininahe ditBiiin ogs ' "
cont ol 11 ng oo Rh aeRBRY R EHeS b el e RUEBERG e Compoti t e
retal, o5 B%5n T BB, NN TLAHIS O MR RS e IR ©
to resemble steric and spherical form by the crystal growth of a platy crystal in
10 the direction of thickness (c-axis direction), the granular crystalline forms
including, approximate dodecahedron, approximate octahedron, approximate
tetrahedron, and the like.
For instance, the composite metal hydroxide having large crystal growth
in the direction of thickness (c-axis direction) as well as in the length and width
15 directions, and a desired polyhedral crystalline form, can be obtained by
controlling various conditions in the manufacturing process of the composite
metal hydroxide, and may be usually a mixture of various shapes.
Concrete representative examples of the composite metal hydroxide
include a hydrate ‘of magnesium oxide and nickel oxide, a hydrate of magnesium
20 oxide and zinc oxide, a hydrate of magnesium oxide and copper oxide, and the
like.
In addition, the composite metal hydroxide having a polyhedral form has
an aspect ratio of usually from 1 to 8, preferably from 1 to 7, especially
preferably from 1 to 4. The aspect ratio referred to herein is expressed by a ratio

25 of length to width of the composite metal hydroxide. In other words, in a case



include a hydrate of magnesi um oxi de and ni ckel oxide, a hydrate of
magnesi um 20 oxide and zinc oxide, a hydrate of nmgnesium oxi de and copper
oxide, and the Ilike. In addition, the conposite netal hydroxi de having a

pol yhedral formhas an aspect ratio of usually from1l to 8, preferam&dM%EWn
1 to 7, especially preferably froml to 4. The aspect ratio referred to
herein is expressed by a ratio 25 of length to width of the conposite netal
hydroxi de. In other words, in a case 13 5 ] AN 2004 where the aspect ratio

exceeds 8, \‘/ﬂ%ﬁ%é ggé%??%t?ongfﬁﬁﬁ%e% o £ czcco(?lszi. H¥C£ﬁ§é8i?1§§fce |sb% san epoxy

resin conpositron C e conposi net a nelted. The

tabl et mdﬁ)o]:g)%%ﬂetnhﬁl gyg&éﬁfﬁﬁﬁ'f gérhg{)%ﬁ?!&oﬁgyéﬁgg%ﬁfe%m Hitel Agtance, as 5

foll ows. | her  wor e abov io Xy resin conposition is

dry- bl ende ' gﬂgﬁg for instance, a Henschel m xer, and the resulting
m xture is%,})él}f‘ﬁ’@ﬁgéa egtre\(/ivith a kneadi ng extruder. Thereafter, the nolten

product is filleg | gntb?et%ﬁ LEh %ngg[%téﬁ?%fdahlb%s%@éﬁ%ﬁr i&ﬁtaﬂ%@,sz?sed

with cooling the above-nentioned T W ng rt | ow t hriough the
the ot d ¢ delpve: o 8t gROaEnchE e RS Fo R b sbiBE s, 1177
Phat = ol i 1ehohe Wb e R el % P! iRl st o T20c
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the above-mentioned mold by allowing water to flow through the mold. After
10 termination of cooling, the formed tablet is taken out from the mold to give a
tablet.
In the above-mentioned preparation steps, it is preferable that the melt-
kneading temperature is adjusted to 60° to 150°C, that a molten resin
temperature during filling is adjusted to 80° to 120°C, and that a mold
15 temperature is adjusted to 5° to 50°C, respectively.
In the pressure-molding of the molten resin within the above-mentioned
mold, a preferable method comprises arranging the upper and lower plungers in
the tablet mold so that the mold can be closed with the motion of the plungers,
and molding a molten resin composition fed to the tablet mold by the operation
20 of the plungers, with pressing at a pressure of 490 x 10 to 2940 x 10* Pa or so.
Further, the production process of the tablet will be explained more
concretely hereinbelow. Figure 1 is a view showing one examplé of a production
apparatus for producing a tablet. 11 Is a kneading extruder, which comprises a

cylinder 12 in which a screw (not illustrated in the figure) is installed. 13 Is a

25 mold holder which moves in left and right directions along a tracking rail 14, and



the tablet nmold so that the nold can be closed with the notion of the

pl ungers, and nolding a nolten resin conposition fed to the tablet nold by
the operation 20 of the plungers, with pressing at a pressure of 490 x 104
to 2940 x 104 Pa or so. Further, the prgduction process of the tablety wlp,
be expl ained nore concretely hereinbelow. Figure 1 is a view show ng one
exanpl e of a production apparatus for producing a tablet. 11 Is a kneading
extruder, which conprises a cylinder 12 in which a screw (not illustrated
inthe fig i s . jinstal | 4 a | i &h; ' ft and
ri ght direggg %%ﬁgpgﬁgégcggggﬁ'%%éﬁal 12?‘3% %%ghﬂﬁﬁﬁﬁﬁﬁg%%3§?§ﬂééﬁipped

wih @ <oy achEluc st dle Aughl Ry, [Bich Hbhated syl enedebis a0
tip end of tIeJd‘&l&Xf{H%d@ifl'sc r 95 o‘f'}ﬁ% F@?ﬁ%@%x&ﬁ{iéﬂjf’ linkthich é’éﬁfdé}*lsa stirrer

is install and a arge ou I's slrdabl'y contacted to an upper

o 5r couea 1 PRSP i Lh0sE A Shel St oy o
compotient o W th 3 HEREaRar ! R S TS aetfver ed into a

nopper (ot 1 11sial 6 LRuLDS NGHEE) Bl AePRRsig SbEHIEcKtnind Lhe
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extruder 11 by rotation of a screw installed in the cylinder 12. The resin

composition is kneaded with heat melting at a temperature of from 60° to 150°C,
and the molten epoxy resin composition is filled in a tablet mold 16 via a resin
feed pipe 19 by an extrusion force of the screw. Thereafter, after the filling of
15 the molten epoxy resin composition in the tablet mold 16 is completed, a mold
holder 13 moves right (or left). When the left (or left) tablet mold 16 reaches the
position of a discharge outlet 20 of the resin feed pipe 19, the mold holder 13 is
stopped. The molten epoxy resin composition filled in the tablet mold 16 moved
right (or left) is molded with pressing with an upper plunger 17 and a lower
20 plunger 18 at a pressure of 490 X 10* to 2940 X 10* Pa or so. Cooled water of
which temperature is adjusted to 5° to 50°C is circulated through the cooling
jacket of the mold holder 13.
Next, the cooled resin (25° to 60°C or so) is ejected upwardly by the
lower plunger 18, and the ejected resin, i.e. the tablet, was discharged in a

25 forward direction by a tablet delivery mechanism 21. Thereafter, on completion



stopped. The nolten epoxy resin conposition filled in the tablet nold 16
nmoved right (or left) is nolded with pressing with an upper pl unger-5T7ANagik
a lower 20 plunger 18 at a pressure of 490 x 104 to 2940 x 104 Pa or so.
Cool ed water of which tenperature is adjusted to 5 to 50C is circul ated

t hrough the cooling |acket of the nold ﬁolder 13. Next, the cooled resin
(25 to 60C or so) is ejected upwardly by the |ower plunger 18, and the
ejected resin, i.e. the tablet, was discharged in a 25 forward direction by
a tabl et deli FRGNAR| : ' £ 004 15 of
filling of O (R o B AR ‘l:%fl?ﬁr?g{ ﬁgﬁgﬁ{l?ld?gf%?@%g{dn‘gﬁélg#gééﬁmfﬁbht (or
left), an 2= at i |eStdERERL be produced
in a contgﬂggﬁggﬁgﬁﬁgﬁgﬁ%ﬁ%l?ﬁ%#%w&%rodh@gﬁuggﬁggggF%gggggiﬁggp?s required
to have th%oﬁﬂ#ﬁ&ﬂgﬁl & characteristic (A): (A): an anmount reduced by
heating being I ess than 0.05% by wei ght. The anmpbunt reduced by hearing is

preferably 0.04%ay, Yk ﬂP&du%fl'a%%@F%ﬂ%%@Feeifs%@@é%‘d ﬁoaﬂé%% H%é RoHha OF

| ess. Further, it 1s nore prefera he ta s at least ong

charagcteri st| selyected fromthe group consisting of. (B): a conpression
ratigscof t?\s}elh'tcdgﬁq}fe%%l%géshg 98% or nore, preferably 99% or nore, nore
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above-menti oned ﬁ@&({ﬁgﬁn rriealtlézecf b}g ﬁ%at?rpgdis(ﬁ)zfer%'@ 8B4, Bg)?ve?gﬁu&tless,
more preferably 0.03% by weight or less.
Further, it is more preferable that the tablet has at least one characteristic
10 selected from the group consisting of:
(B): acompression ratio of the tablet being 98% or more, preferably 99% or
more, more preferably 99.3% or more; and
(C): aglass transition temperature of the cured product being 120°C or more,

preferably 130°C or more.

15
In the above-mentioned characteristics (A) and (B), the more the amount
reduced by heating [characteristic (A)] approximates 0% by weight, the more
preferable, and the more the compression ratio of the tablet [characteristic (B)]
approximates 100%, the more preferable.
20 The amount reduced by heating in the above-mentioned characteristic (A)

1s obtained as follows. Specifically, the obtained tablet is heated at 175°C for
1 hour, and the weights before and after heating are determined, and the amount

reduced by heating is calculated as follows:



reduced by heating [characteristic (A)] approximtes 0% by wei ght, the nore
preferable, and the nore the conpression ratio of the tablet [characteristic
(B)] approximates 100% the nore preferable. 20 The amount reduced by
heating in the above-nentioned character| stl c (A is obtained as fol-l50A8.2004
Specifically, the obtained tablet is healt ed at 175C for 1 hour, and the

wei ghts before and after heating are determ ned, and the anmount reduced by
heating is calculated as follows: 16 - 5 JAN 2004 Anobunt Reduced by

Heating (% byAwmught) (Initial Wight) - (Wight after Heating) x 100
(Initial Wei ghRédJMIgﬂﬁpreSS{hﬁﬂarWelgh@n—th@V@i@ft@cfteeH@tmg)(?g Bf the
tablet is obt fol Tows. —SpeciTi %ﬁ)corrpresm on ratP8 of the
above-nmenti one g E)g ratio of a appare specific gravity of the
tabl et and a :g ‘Vﬁloa)aw ty where 5 voids inside the tablet are zeroed
(true specific gravity). For instance, when a specific gravity of the resin
cured product of the tablet is denoted by p, a volune of the tablet is

denoted by V, anﬂx@cc‘hﬁhﬁk‘%loﬁflahBQn&H@E%abt%n@ﬁ@QB?@f e (b1t heobeiad #5si on
ratio of the tablet can be calculated by the follow ng equation: i

Conpr essi orfofais0 Spleckraligt tHP@omPreksi¥n ratio of the above-mentioned tablet is a

ratio of an apparent specific gravity of the tablet and a specific gravity where

voids inside the tablet are zeroed (true specific gravity). For instance, when a

wn

specific gravity of the resin cured product of the tablet is denoted by p, a volume
of the tablet 1s denoted by V, and a weight of the tablet is denoted by W, the
compression ratio of the tablet can be calculated by the following equation:

Compression Ratio | _(Wihp) 1, 100
of Tablet (%) L N

10
The above-mentioned resin cured product of the tablet can be obtained by curing
the resin composition with a transfer molding machine at 175°C for 10 minutes
under a pressure of 1960 x 10° Pa or so.

The glass transition temperature in the above-mentioned characteristic (C)

15 of the cured product is obtained as follows. Specifically, the above-mentioned
tablet 1s cured by a transfer molding machine at 175°C for 10 minutes, to give a
resin cured product (size: 4 mm X 3 mm X thickness 20 mm). The resin cured
product is cured at 175°C for 5 hours, and then dried at 95°C for 24 hours.
Thereafter, the elongation of the above-mentioned cured product of the epoxy

20 resin composition is determined by using a thermomechanical analyzer (TMA

device commercially available from Rigaku, model number MJ-800GM) in a



(Wgyp) x 100 The above-nentioned resin cured product of the tablet can be
obtained by curing the resin conposition with a transfer nol ding machi ne at
175C for 10 minutes wunder a pressure of 1960 x 10 Pa or so. The gl ass
transition tenperature in the above-nentjponed characteristic (C) 15 of jahe)p
cured product is obtained as follows. Specifically, the above-nentioned
tablet is cured by a transfer nolding nachine at 175C for 10 mnutes, to
give a resin cured product (size 4 mm x 3 mm x thickness 20 mm. The resin

cured prody ur.ed J al{lﬁ ffor

hour s. Thgr e%}e C%FC)?’% g |on o’f g‘g%\%ﬂrsrltgﬁﬁqgn cur edﬁgr oduct of
t he epoxy A e Eé?ﬁlm? cal
anal yzer (%&glﬁgg%oﬁﬁ@gmérm a#tforgaggéllag rom EOﬁtpﬁeﬁgg?Rﬁg

M- 800GV "?fé&i JAN 2004 tenperature range of 30 to 250C, and a gl ass
transition 'e can be obtained fromthis determ nation. The

determ nation condition is a heating rate of 5C mnute. 5 A first
enbodi ment of the present invention pertains to a wafer with a resin |aver

produged by, usi 19 5ot Shb S 1R RGPk st A Pt e, LS5
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wafer 1. In the present invention, a wafer refers to a thin plate semiconductor in
10 which an electrode layer as well as the above-mentioned projected electrodes 2 1s
mounted on the surface thereof.

Figure 3 is another example of the wafer with a resin layer of the present
mvention. Specifically, a wafer with a resin layer is formed such that a surface
of a cured resin layer formed on a wafer 1 shares the same plane with a tip end of

15 the projected electrodes 2.

The material for the above-mentioned plural projected electrodes 2 is not
particularly limited. The material includes, for instance, gold, silver, copper,
aluminum, nickél, chromium, tin, lead, solder, and alloys thereof. In addition,
the shape of the above-mentioned plural projected electrodes 2 is not particularly

20 limited. It is preferable that the surface of the electrodes has projected shape.

The material for the above-mentioned wafer 1 is not particularly limited,

and there are mncluded any of ones conventionally used, for instance, GaAs wafer

2

S1 wafer, and the like.
The above-mentioned cured resin layer 3 is formed by using the tablet of

25 the present mvention, and the feature of the present invention resides in that a



of a cured resin layer fornmed on a wafer 1 shares the sanme plane with a tip
end of 15 the projected electrodes 2'. The material for the above-nentioned
plural projected electrodes 2 is not particularly limted. The materi al

i ncludes, for instance, gold, silver, copgper, alum num nickel, ChquUHWWML
tin, lead, solder, and alloys thereof. [T addition, the shape of the
above-nentioned plural projected electrodes 2 is not particularly 20
limted. It is preferable that the surface of the el ectrodes has projected

h . The nat.erial f t he above- ti f 1.i05s. ticularl
i ed, artrtre et ey Bog  Roriaate HiiGandeRiPR B8, For
instance, GaAs wafer, . Si. wafer gnthe I'tke. EIThe abg)ve-menti ci%ned.cu.red
resin layer 3 istolSSEH™BH %&aﬁﬁ(ﬁﬁ © PLbicat Worntion erﬂ”é%aerﬁfi INveiei on,
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resin with a wafer. of. the pregsent, invention can be prepared by using the
above- ment | RUFCFHBN LOTMIRg,PT ﬁlgl PGS ¢ %Fé[]ayﬂ/ oﬁéa‘ﬁg R aqcilﬁ%]ﬁ%ﬂ‘e
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tenperature at which the tablet is heated and nelted to give a nolten state

is preferaBFWlilﬁY%f-range of from 130 to 200C, especially preferably from

150 to 190C. Th eating t erature at which the above-nentioned resin
| ayer is fn rt]he proc%ss for;ppro ucing tﬁe above-mentloneg waefer with a resin aner,

10 the heating temperature at which the tablet is heated and melted to give a molten
state is preferably in a range of from 130° to 200°C, especially preferably from
150° to 190°C.

The heating temperature at which the above-mentioned resin layer is
cured to form a cured resin layer is preferably in a range of from 150° to 190°C.

15 In the wafer with a resin layer obtained by using the above-specified
tablet, the size of the wafer, for instance, is such that the diameter is usually in
the range of 12.7 to 30.48 cm.

In the preparation of the wafer with a resin layer formed by the above-
mentioned compression mblding method, there is employed a method of

20 exposing a tip end of the projeCted electrodes from the side of the cured resin
layer by using, for instance, a film, without being limited to this method.

Besides the above-mentioned method using a film, there is included, for instance,
a method comprising irradiating laser beam on the cured resin layer-forming side
of the wafer with a resin layer which is in a state such that all of the projected

25 electrodes are embedded in the cured resin layer to remove the surface of the



cured to forma cured resin layer is preferably in a range of from 150 to
190C. 15 In the wafer with a resin | ayer obtained by using the
above-specified tablet, the size of the wafer, for instance, is such that
the dianmeter is usually in the range 0f912.7 to 30.48 cm 1In the -5 0
preparation of the wafer with a resin |ayer forned by the above- nenrr@Né@
conpression nol ding nethod, there is enployed a nethod of 20 exposing a tip
end of the projected electrodes fromthe side of the cured resin |ayer by

using, forcirBgtredifigaye, flick&by E&Mmﬂ% a g ditl of thetR8jccted dlestroddshem tBesi des
t he above-nentioned nethod using a film there i's 1 ncluded, for instance, a

met hod conpiredirBdnilsy@duafacBg A Siibdeae diaidt®eati @fhdi/idmmleayioned or m ng
side of the wafer wth a resin layer which is in a state such that all of

the proj eciirfle2the@b CidcPElRS AhRteIDERPRN ih§ etchive GUA@tknt SRethdrdydr to renove
the surface of the 19 5 JAN 2004 cured resin |ayer, thereby exposing a tip

end of thepRihiRs IRt LEEARIAAS of HRMikdeIn HigrIaskr RN ir @ &iorf Hehfiefed AS a
substitute of |aser beam eradi ati on nenti oned above, there is included a

net hgd enphigweny £69RERIcArbeAtdIBe gg‘gm%ﬂi SRlimePRIskS b M8k 1iRE 384 bRY

treatnent or the [ike. 1n the laser am eradi ation nmentioned 5 above, YAG
| aser, car glo§jeﬁ?<i de gas laser, exciner laser, or the like can be
enpl oyed. Theréafter, the wafer with a resin | ayer obtained by the above

process s di Cfleldafir nQWaer Wit feSi yf oBAMEPRIINE Riovel BN iyni 1),

whereby a seniconductdr device-can be obtained, in which as shown in Figure

£ g, o OSBRSSk, gy ) St hectoces
above- ment {Hnedn@iabeatfde cgh BeldRAIREd Zn' WhRKPRSEdwn in Figure 4, a cured
10 resin layer 3 is formed on a plural projected electrodes 2-mounting side of a
semiconductor element 6 so that a tip end of the above-mentioned projected
electrodes 2 is exposed.
The method for dicing the above-mentioned wafer with a resin layer to a
given size is not particularly limited, and any of coﬁventionally known methods
15 such as diamond scriber method, laser scribe‘r method, blade dicing method, and
the like can be employed.
The above-mentioned $emiconductor device obtained by dicing the wafer
nto a given size can be used in an embodiment, for instance, as shown in Figure
5, a semiconductor device is mounted on a printed circuit substrate 7 so that a

20 connecting electrode 4 of the printed circuit substrate is bonded with a projected

electrode 2 of the semiconductor device.

A second embodiment of the present invention pertains to a one-sided
sealing type package which is a semiconductor device comprising an insulating

25 substrate, a semiconductor element mounted on one side of the insulating



The met hod for dicing the above-nentioned wafer with a resin |layer to a
given size is not particularly limted, and any of conventionally known

met hods 15 such as di anond scriber method, |aser scriber nethod, blade
dicing nmethod, and the |ike can be enphgyed. The above-nenti oned 75JANgm4
sem conduct or device obtained by dicing the wafer into a given size can be
used in an enbodi nent, for instance, as shown in Figure 5, a sem conductor
device is nounted on a printed circuit substrate 7 so that a 20 connecti ng

el ectrode 4,Btrdibears 4 phued d;ﬁ-bﬂﬁdsti 3f the sBIERS etk préRne atventibh, thepr 0j ect ed
el ectrode 2 of the sem conductor device. A second enbodi ment of the present

invention Refi@ndhctd? elerRB-tidifle theopstatdddint atidescRRUKIAG thehiired prodict.
sem conductor device conprising an insulating 25 substrate, a sem conductor

el enent NMOUNYREORxIMPIS! FahOlein@ridustdralevt@ Alhe P?esl:ﬁ’c\'hﬁ@ﬁﬁoﬁliﬂs'[ rate, and

a cured product of the tablet of the present invention, the sem conductor
el ement beigch REOSRRHCAhBEtbP A S 8AIREr R afedbn GHESLaRUH M curé@ncr et e

exanpl es of the sem conductor device of the present invention in which the

sem conductoqdh Bl bonldanEREAEHhdAeaRs A Rh B SohaRUr s, pr oduct

i ncl ude sem conductors i n package forns ®hich are so-cal |l ed "BGA (Ball Gid

array) . AsBANNId i) SUSBwil Th Fiphte 88T BARMLEA IR (R, 2

sem conduct'or el enent i s nmounted an insulating substrate 5, and the

above-  entEARSHET SRRl SbEMRA'aRul heiRRbEd BNARS chha Bbagct © of

t he tabl et present 1nvention. e sealin époxy resin
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Figufe 6, 10t bﬁl)ﬂomﬂeesenﬁconductor element 6-mounting side of the insulating
substrate 5 (one-sided sealing). An approximate spherical connecting electrode 4
is provided on the side opposite to the side of sealing the semiconductor element
of the insulating substrate 5. In Figure 6, 10 is a wire.
The above-mentioned substrate material is not particularly limited, and
15 any of various conventionally known substrate materials can be used. Concrete
examples thereof include bismaleunidotriazine (BT) resin/glass cloth substrates,
epoxy résin/glass cloth substrates, polyimide substrates, ceramic substrates, and
the like.
The process for production of the semiconductor device of the present
20 invention in which the semiconductor element is incorporated in and sealed by a
cured product of the epoxy resin composition is not particularly limited, and the
semiconductor device can be produced by a conventionally known method, for
instance low-pressure transfer molding method or the like. Specifically, the

semiconductor device can be produced by putting the tablet of the present

25 mvention on a semiconductor element, and heating to melt and cure the tablet, to



The above-nentioned substrate material is not particularly limted, and 15
any of various conventionally known substrate materials can be used.

Concrete exanpl es thereof include bisnaleirnidotriazine (BT) resin/glass
cloth substrates, epoxy resin/glass cloth substrates, polyinide subst¥ AN
ceram c substrates, and the |like. The process for productlon of the

sem conduct or device of the present 20 invention in which the sem conductor
el enent is incorporated in and sealed by a cured product of the epoxy resin
conposi ti O'i'oﬂn§a'%%ecpﬁfddu%ﬂbﬁfﬂeyeﬂd@ﬂe@ﬁm cdfpodifién. sem conductor device can
be produced by a conventionally known nethod, for instance |ow pressure
transfer nolding nethod or the I|ike. SpeC|f|caIIy, the sem conductor device
can be produced by putting the tablet of the present 25 invention on a

sem conduct or elseiRAt em%éuﬂ@rﬁtdﬂ}ﬁe?f’es%ﬁ{Env%ﬂﬂoﬁ%ﬁa&ﬂ%taaééhﬁbon&ﬁbt@ﬂ form
a cured product of the epoxy resin conposition 9 JAN 2094 A third

enbodi ment gfict he WAHiER el BYERICHA e IPRIEhRIsRotifted o‘iﬁfﬁ&ﬁﬂé‘ @@ta%oﬂ@w cein

whi ch a sem conductor elenent 1s nounted on one si d a nother 5 board or
a daught er ,BoRf gk 4 aa@oﬁtéﬁﬁoﬁa\fm Stalcl owresthddriufe @lp fn'é&ﬂ)d Q@€ Ehiphi P
attachnent method, or“th , and a process for pr duci ng’t he

sen conductaaachrﬂsmrﬁethoahsr NGNE b ProdRYIFGEpRANLIHE fhelsBRACERMESL Ut ur e

of the present inventioh, as shown in’Figure 7 has a structure in which a

seni CO”dUCH?{acee'ﬁﬁ%&hu@oh&ud%@#@éﬁ@e A8 ﬁbé"ao% QRudisUlAhb Mesupst rate 5

via a plural 10 connecting el ectrodes “Therefore, a cured resin layer 'a
is formed het. pt- d 8 thdtdhd t he
sem conductlaer \P@I%gh%%%mgﬁ%ﬁ%%ovéﬂﬁgntspgﬁeé tu:lura ggnnecu ng%gldect rodes 4

ani ch el ool eabless (EORTET bl 1 AROUE ARIAES shR5ULaS ViBa st ot e 5 wi th

t he sem conductor
10 connecting electrodes 4. Therefore, a cured resin layer 3 is formed between the

above-mentioned insulating substrate 5 and the semiconductor element 6.

The above-mentioned plural connecting electrodes 4 which electrically
connect the above-mentioned insulating substrate 5 with the semiconductor
element 6 may be previously mounted on the side of the insulating substrate 5, or

15 the plural connecting electrodes 4 may be respectively mounted on the side of
the insulating substrate 5 and the side of the semiconductor element 6.

In the present invention, the connecting electrode may be referred to those
only composed of known electrodes, and also include those composed of an
electrode and a conductor equipped with the electrode such as joint ball.

20 Therefore, in general, the connecting electrodes of the insulating substrate may
be communicated with the connecting electrodes of the semiconductor elements
only by electrodes. However, it is preferable that the electrodes of the
connecting electrodes are usually communicated in such a manner that the
connecting electrode comprises a plural electrodes and a joint ball attached to at

25 least one side of the electrodes.



el ement 6 may be previously nmounted on the side of the insulating substrate
5, or 15 the plural connecting el ectrodes 4 may be respectively nounted on
the side of the insulating substrate 5 and the side of the sem conductor
element 6. In the present invention, thesconnecting electrode may be-§5 JAN 2004
referred to those only conposed of known el ectrodes, and al so include those
conposed of an electrode and a conductor equi pped with the el ectrode such
as joint ball. 20 Therefore, in general, the connecting el ectrodes of the

i nsul ating substTiareforayin dpreferipdiBinbatienti tHe plofal connectinggleetredéy ¢des of
the sem conductor elenents only by el ectrodes. However, it is preferable

that die elggichetiesriedlly b@nneswtmeﬁl@hlwnglsabgﬁale@sw&hehusmidoylduomruni cated
in such a manner that t'he connecting electrode conprises a plural

el ectrodes ciiflet 6 BiaRtbddpidvidislppiRdddwith a it Rasp, HitEnsbaleopthd hike
el ectrodes. 22 - 5 JAN 2004 Therefore, in a preferred enbodi nent, the plural

connecti ng & @etsiRAestd invlhtihg 8LBGEdte Sabt PrRMERitht hpinttuhpt a Rnsubstrate
5 with the sem conductor elenent 6 nay be previously provided with a joint

bunp, sa | oigal] fakk 1 d@iel dikSof Bt b@laiihdQubitdtb® iMatlca! ihegplatstrate 5,
or provided with a joint bunp, a joint 5 Ball or the like on'the side of the

i nsul ati ng ; F1 ehesink 8RRy be
bot h provi dcggﬁé\%tglﬂé glejég?%g%%rﬁg{e Badiﬁg?éﬁﬁggﬁlﬂg?@%ebﬁ%pke?on t he sri de of

the i nsul atjiagypithstiaebpur Asulienb sABsPRolNR Fels oh thbsidesghgonduct or

el ement 6. e materials tor the dbove-nentioned plural connecting

el ectrodes @yiddhduc®iridleRdAPs J 0i nt ball or the like) are not particularly
limted. Thenunaterdlcg(?s el'ltﬁhere'for i nclude a stud bunp nade of gold,

o 170,00 A SRR s 2 b
a cagg I n Wi RAbN diftvall 98t liktd)&re not particularly limited. The materials
therefor include a stud bump made of gold, low-melting point and high-melting
point bumps made of soldering, a bump comprising a copper-nickel core and
gold plating formed thereon, excluding a case in which both the side of the
semiconductor element and the side of the insulating substrate are subjected to
15 gold plating or take the form of stud bump made of gold.
In addition, the materials for the above-mentioned insulating substrate 5
are not particularly limited and include ceramic substrates and plastic substrates.
The plastic substrate includes, for instance, epoxy substrates,
bismaleimidotriazine (BT) resin/glass cloth substrates, polyimide substrates, and
20 the like.
Accordingly, the above-mentioned cured resin layer 3 is formed by using
the tablet of the present invention, and thé feature of the present invention resides
in sealing the semiconductor element by using the tablet described above.

The semiconductor device having a face down structure of the present

25 invention can be, for instance, produced in the following manner.



sem conductor elenent and the side of the insulating substrate are subjected
to 15 gold plating or take the form of stud bunp nmade of gold. In addition,
the materials for the above-nentioned insulating substrate 5 are not
particularly limted and include ceram gjsubstrates and plastic subst r'ﬁtJW'ZDUI,
The plastic substrate includes, for instance, epoxy substrates,

bi smal ei m dotriazine (BT) resin/glass cloth substrates, polyimde

substrates, and 20 the like. Accordingly, the above-nentioned cured resin

llayer 3 is fornmedrftyadisidion id FenkdRl glseRficdliRicRiradement A YLRuafbd &ant he
feature of the present invention resides in sealing the sem conductor

el ement by iHﬂlBﬂn% bEb e §tvigﬁ§§66&%@tﬁ§%¥&troﬁ@§4§ﬁfé mQHRHGEQUbSeNMECE havi ng
a face down structure of the present 25 invention can be, for instance,

produced i nyr {8idHoh e SpEeABANYnnedBng cleetrddd GORA Vals 4 ardfmoshes i n Figure
8, a sem conductor” elenent 6 is nounted on an "insulating substrate 5 via

the CPnneCtSdlﬂe&lh&ﬁI}f,% citied f3Blek RS Fdaht NS n%dlﬁﬁfg’ﬁfa@hiﬁe, QRrdMFes thR! ur al
spherical connecting electrodes (joint balls) 4 are nounted. Subsequently,

a spegi fi edapRPiChedtndigd fo”%i%% Bkl BetdTRaRIRE mdlRer HalLSristhbsed. t abl et

is heat-nelted to give a nolfen state, and the nolten product i s pressed.

The voi d betyeen dthewabonts %vemegﬁoﬁ@dw; PHYGLBF erelkxﬁémra;taxﬁi BRhbhe- above-

mentioned insulating substrate is filled wth the tablet in the nolten

state, and B&;ofROM¥ulaBiil ubHRE _ﬁ!l@@ with B¢ @61k O $RAMOIEE s¥k CadtPihlel Oned

above, thereby formng a“cured resin layer | As described above, a

ser conduct g, JRULRS ARkl SRR tELGHTS, TofBfeREoRiPAGRI thdigpaddi ti on,

in the process for producl ng the above-nenti one sem condu¢t or device, the

heating t enBah At @uf’g‘a%si&ﬂﬁyélb?y?{srﬁ?e%ljﬁ&?gbé@e?la%temiconductor device as
10 shown in Figure 7 can be produced.

In addition, in the process for producing the above-mentioned
semiconductor device, the heating temperature when the above-mentioned tablet
1s heated and melted to give a molien state is preferably in the range of 70° to
300°C, especially preferably in the range of 120° to 200°C, in consideration of

15 deterioration of the semiconductor element 6 and the insulating substrate 5, and
- the like. The heating means include infrared reflow furnace, dryer, hot-air fan,
hot plate, and the like.
. Further, when the above-mentioned tablet in the molten state 1s filled in
the void between the above-mentioned semiconductor element 6 and the
20 mnsulating substrate 5, it is preferable that the molten tablet is pressed as
mentioned above. The pressing conditions can be properly adjusted by the
number of the connecting electrodes (joint balls) 4, and the like. Concretely, the
pressure is adjusted to a range of preferably 490 x 10* to 1960 x 10° Pa, more
preferably 588 x 10* to 1176 X 10° Pa. Figure 9 and Figure 10 each is a cross-

25 sectional view showing an example of a semiconductor device having a face



is heated and nelted to give a nolten state is preferably in the range of

70" to 300'C, especially preferably in the range of 120' to 200'C, 8 JAN 2004
consi deration of 15 deterioration of the sem conductor element 6 and the

i nsul ating substrate 5, and the |ike. THe heating neans include infrared
refl ow furnace, dryer, hot-air fan, hot plate, and the |ike. Further, when
t he above-nentioned tablet in the nolten state is filled in the void

bet ween t he above-nenti oned sem conductor elenment 6 and the 20 insulating
substrat e Slowr stinsctpres fvehieabinethe matmerhls repicsented hbfan are the swseds dwse in

menti oned above. The pressing conditions can be property adjusted by the
number of thhguredhnecting el ectrodes (joint balls) 4, and the |ike.
Concretely, the pressure is adjusted to a range of preferably 490 x 104 to
1960 x 104 Pa, rarke s@midhduotot Gévigeaiberiabd hyaRdgthelspecifiddatabktguie 9 and
Figure 10 each is a cross- 25 sectional view show ng an exanple of a

sem conductppefedehie ceatithy isirg of thasembcohAdcb @lenzdntdnior sistarceyiseysuatigr ei n t he
nuneral s represented herein are the sane as those in Figure 7. In the

sem conductadiustayice sizbtofi ned3 by s RGdthh e t6 BOcinin 'ﬁﬂldngﬁi,@ll té 0.8 ;um in
preferable that the size of the sem conductor elenent 6, for instance, is
usual 'y 5 allickaésd Inadditorgdt Bf profdrabldqhatuhe size off ik insatige Sebdtane 5n
length, 0.1 to 0.8 mmin thickness. In addition, it is preferable that the

si ze of thevhiohWbahé Bevistbsdifcaitcorbwhidh GB skant@nductdr élBgesit 6¢3ioudredvhi ch
the sem conductor elenent 6 is mounted is usually adjusted to a size of 10

to 100 mm iipuyialihadidGe 9o H09,dTHH 101td €OGhm in #AdHHD. 1D 001 () AniTMA [ehgtii ckness.
It is preferable’that the distance of the void
and 0.1 to 3.0 mm in thickness. It is preferable that the distance of the void
10 between the semiconductor element 6 and the insulating substrate 5 to which the

molten sealing resin 1s filled is usually adjusted to 5 to 100 pm.

EXAMPLES
Example A
15 First, prior to carrying out the Examples, each of the following

components was prepared.

[Epoxy Resin A]
An epoxy resin (epoxy equivalence: 170, softening point: 60°C)

2

20 represented by the following formula:
OCH . CHCH, [~ OCH.CHCH. ] OCH . CHCH.,
| %/ /K %/ ES %/
@ CH & CH— )
Q L= al
OCHZCH}‘HZ OCH,CHCH.,

0



10 between the sem conductor elenent 6 and the insulating substrate 5 to
which the nolten sealing resinis filled is usually adjusted to 5 to; ] ZUU#
um EXAMPLES Exanple A 15 First, prior to carrying out the Exanples, each o
the follow ng conponents was prepared. 2bEpoxy Resin Al An epoxy resin
(epoxy equival ence: 170, softening point: 60C), 20 represented by the
follow ng formula: OCH2CHCH? OCH, CHCH2 - 5 JAN 2004 25 5 [Epoxy Resin B] An
epoxy resin (epoxy equival ence: 175, nelting point: 142C), represented by
the following fornula: 0 /\ OCH2CHCH2 C(CH3)3 (CH3)3C OCH2 CHCH7 10 15

[ Curing Agent] A phenol novol ak resin (hydroxyl group equival ence: 105,
sof t eni ng pBpoky Resin B] :

An epoxy resin (epoxy equivalence: 175, melting point: 142°C),

represented by the following formula:

0
/\
OCH . CHCH.,
C(CH4) s
(CHa)sC
OCH . CHCH .
-/
10
[Curing Agent]
A phenol novolak resin (hydroxyl group equivalence: 105, softening point
60°C)
15

[Cuxirig Accelerator]
1,5-di-azabicyclo[4.3.0]nonene-S (DBN)
Tetraphenylphosphonium tetraphenylborate (TPP-K)

20 [Spherical Silica Powder]

Spherical fused silica powder (average particle size: 3 um)

[Coupling Agent]
y-Methacryloxypropyltriethoxysilane



60C) [Curing Accelerator] 1,5-diazabicyclo[4.3.0]nonene-5 (DBN)

Tet raphenyl phosphoni um t et raphenyl borate (TPP-K) 20 [ Spheri cal Slllcg
Powder] Spherical fused silica powder (average particle size: 3 um - 5 JAN 7004
[ Coupling Agent] y-Meth acryl oxypropyltricethoxysilane 25 - 5 JAN 2004 26
Exanples Al to A6 Each of the conmponents shown in Table 1 given bel ow was
supplied to a Henschel mxer in proportions shown in the sane table, and

t he conponents were mixed therein for 30 m nutes. Thereafter, the resulting
m xture waganlePhilad Aeto a kneadi ng extruder shown in Flgure 1 descri bed
above, and a tabl'et conprising an epoxy resin conposition was prepared in

the manner desqiched BEQY¥RpoRPREIshbGal inyTatle gaméﬁ salorv@%@ sﬁggﬂe@té RON was
injected into a tablet g (1 nner dianeter: hei ght with an

extrusion }Pé&@hel%ﬁ{e}%qgia%lp&rﬂege g ung%tﬁ(giﬂg%lead?ﬂﬂle%ohgﬂ(ﬁféhﬁd resin

conposi tion was 10 press er a pressuré of Pa, with

ci roul at i ng, &oohdaal el | dsotl%ﬁu{f@é dTholeABty Ahe fohMIMERALEE w0l 20C The

resul ting tablet was ejected from the nge of the | ower

p' unger, t%uﬁfﬂ‘{fd Bﬂo U@ Tk S&ﬁ?@ﬂ@%hﬁh‘%’?o&x%bﬂ &éscn%@%%i%%ﬁ?ﬁd e Exanpl es

to A3 Eac e conponents own I n TabPe 2 given ow was or mul at ed
' n tablet comprising an epoxy resin composition was prepared in the manner

described above. Specifically, the molten resin composition was injected into a
tablet mold (inner diameter: 13 mm, height: 20 mm) with an extrusion force
exerted by the kneading extruder, and the injected resin composition was

10 pressure molded under a pressure of 1 X 107 Pa, with circulating cooled water in
the mold holder at a temperature of 20°C. The resulting tablet was ejected from
the mold by the upward lunge of the lower plunger, to give an epoxy resin

composition tablet.

15 Comparative Examples Al to A3

Each of the components shown in Table 2 given below was formulated in
proportions shown in the same table and melt-kneaded in a mixing roller at a
temperature of 100°C for 3 minutes. The melt-kneaded mixture was cooled and
solidified, and thereafter pulverized and tableted, to give an epoxy resin

20 composition tablet.

Comparative Example A4

Each of the components shown in Table 2 given below was formulated in
proportions shown in the same table. Each epoxy resin composition tablet was

25 prepared in the same manner as Examples A1 to A6 so as to have an amount



proportions shown in the sane table and nelt-kneaded in a mxing roller at a
tenperature of 100C for 3 minutes. The nelt-kneaded m xture was cool-édANrg)L
solidified, and thereafter pulverized and tableted, to give an epoxy resin
20 conposition tablet. Conparative Exanple A4 Each of the conponents shown
in Table 2 given below was fornmulated in proportions shown in the sane
tabl e. Each epoxy resin conposition tablet was 25 prepared in the sane
manner as Exanples Al to A6 so as to have an anount 5 JAN 2004 27 reduced by
heating andcau&NPy BeSiandhicOnitesichtidasTdiveh # ThiSlery each epoxy resin
conposition tablet” as obtained above, the anount 5reduced by heating, the
conpression ratio, the glass transition tenperature of the cured product
were respectively determ ned in accordance with the nmethod descri bed above.

The results are gy e'abﬂ\é'gowféfﬁ%sﬁlpbsﬁﬂm t8blef a9 bBtaldRPAB Sveb Yhd\Bing ki
Exanpl e No. Al A2A3A4ASA6 Epoxy Resin A10010010010010030 Epoxy Resin B----- 60

Br oni nat ed i .15 F i 111-
e L T

Agent 3. 81. &1, 84 pBat whrCA DB R AfAdd in accordance with the method

described above. The results are also shown in Tables 1 and 2.

Table 1
(parts by weight)

Example No. Al A2 A3 A4 AS A6
Epoxy Resin A 100 100 100 100 100 30
Epoxy Resin B - - - - - 60
Brominated Epoxy Resin 13 13 - - - 15
Phenol Novolak Resin 60 60 60 60 . 60 60
DBN 1 1 1 1 1 -
TPP-K - - - - - 7
Spherical Silica Powder 1200 680 700 700 700 680
Coupling Agent : 1.8 1.8 1.8 1.8 1.8 1.8
Carbon Black 7 7 7 7 7 7
Antimony Trioxide 11 14 - - - 14
Carnauba Wax 1 1 1 1 1 1
Amount Reduced by 0.04 0.03 0.03 0.02 0.03 0.04
Heating (% by weight)
Compression Ratio (%) 99.5 995 995 995 980 995
Glass Transition 180 178 178 178 178 145

Temperature (°C)

10



Antinmony Trioxi dell1l4--14 Carnauba Wax11ll111 Amount Reduced by

0. 040. 030. 030. 020. 030 04 Heating (% by wei ght) Conpression Ratio JAN 2004
(99 99.599. 599. 599.598.099.5 @ ass Transition 180178178178178145 Tenper:';\t Mjé
(GO 10 5 JAN 2004 28 Table 2 (parts by yeight) Conparative Exanple

No. Al A2ZA3A4 Epoxy Resin A10010010040 Epoxy Resin B---80 Brom nated Epoxy

Resi n---- Phenol Novol ak Resi n60606050 DBN1111 TPP-K---- Spherical Silica
Powder 700700700700 Coupling Agent1.81.81.81.8 Carbon Bl ack7777 Anti nony
Trioxide 1111 Table 2
(parts by weight)

Comparative Example No. Al A2 A3 A4

Epoxy Resin A 100 100 100 40

Epoxy Resin B - - - 80

Brominated Epoxy Resin - - - -

Phenol Novolak Resin 60 60 60 50

DBN 1 1 1 1

TPP-K - - - -

Spherical Silica Powder 700 700 700 700

Coupling Agent 1.8 1.8 1.8 1.8

Carbon Black 7 7 7 7

Antimony Trioxide - - - -

Carnauba Wax 1 1 1 1

Amount Reduced by 0.06 015 019 0.12

Heating (% by weight)

Compression Ratio (%0) 98.0 98.0 930 995

Glass Transition 175 175 175 129

Temperature (°C)

Thereafter, the wafer with a resin layer was prepared in the following

W

manner by using each epoxy resin composition tablet obtained above.
Specifically, a wafer comprising a plural projected electrodes was mounted on a
lower mold of the molds for producing a semiconductor device comprising an
upper mold and a lower mold in such a manner that the projected electrodes were
facing the upper mold. At the same time, the above-mentioned epoxy resin

10 composition tablet was mounted on the wafer, and a film commercially available

from NITTO DENKO CORPORATION under the trade name MPS-31 was



Car nauba Wax Anount Reduced byO0. 060. 150..190. 12 Heating (% by wei ght)

98. 098. 093.099. 5 Conpression Ratio (% dass Transitionl175175175129-45 JAN 2004
Tenperature (C) Thereafter, the wafer with a resin | ayer was prepared in the
following 5 manner by using each epoxyspesin conposition tablet obtained
above. Specifically, a wafer conprising a plural projected el ectrodes was
nmounted on a |ower nold of the nolds for producing a sem conductor device
conprising an upper nold and a |lower nold in such a manner that the

proj ected hGiHEQBLEN NN s {amétraﬂdtm@u?paexhorml MexAantdigirs addtwae, the
above-nmentioned epoxy resin 10 conposition tablet was nounted on the wafer,

and a fil meemuapGiBbCybyaYaht aHaterinaadl RN EORRGRATION fiider the
trade nane MPS-31 was - 5 JAN 2004 29 provided between this tablet and the

upper nol dprieiding e QMicbRINGRbE dWASe, difiethedatiler WAS ComprescAGt a preaues
installed in the above-nentioned nold for producing the sem conductor

devi ce, an%ftda@otNl%b%-op@ﬁggﬁggggéﬁﬁ@kﬂaoa«nwa?@@g;& reh 1830 QuitdedsineRrpi ng

t he upper nold downward n layer (uncuréd) was 5 forned on” a

projegted ghggtd eﬂea-ﬁfe}&ftédﬁaeéérg@e-ﬁfomﬁgwe%f thed Wﬁ'feﬁosﬁﬁh%%%is;ggssigﬁf or ni ng

the tabl et softened by heating. By repeating the above proces resin

eve ! Bparkthckons oAty By ea g cosausde garersous, ol oo o
heating (1¢8&hlag& having a thickness of 100 um is formed on a side comprising
projected electrodes of the wafer.
Next, the above-mentioned resin layer was cured by heating (175°C), to
10 form a cured resin layer. Thereafter, the wafer with formed cured resin layers
was taken out of the mold, and the film commercially available from NITTO
DENKO CORPORATION secured to the cured resin layer was peeled off,
whereby exposing tip ends of the projected electrodes in an embedded state to
the film. Thus, there was prepared a wafer with a resin layer as shown in Figure
15 2 comprising a plural projected electrodes 2 and a cured resin layer 3 formed on

a projected electrode-mounting side of the wafer 1.

Wafer used: 8 inch (20.32 cm) wafer, thickness: 680 um, made of Si

The bowing of each wafer with a resin layer as obtained above was
20 determined by the method described below. The results are shown in Tables 3

and 4.

[Determination of Bowing of Wafer with Resin Layer]
The bowing was determined for each of the resulting wafers with a resin

25 layer by measuring an extent of bowing L shown in Figure 11 using a



10 forma cured resin |ayer. Thereafter, the wafer with fornmed cured resin

| ayers was taken out of the nold, and the filmcomercially available éN

NI TTO DENKO CORPORATI ON secured to the cured resin |ayer was peel ed o# ,
wher eby exposing tip ends of the projectyed el ectrodes in an enbedded state
to the film Thus, there was prepared a wafer with a resin | ayer as shown
in Figure 15 2 conprising a plural projected electrodes 2 and a cured resin
| ayer 3 fornmed on a projected el ectrode-nmounting side of the wafer 1. Wafer
used: 8 i ngficfoRp2 M. Viaf Bigurd i ck ives sured8Osim lay@d@uadd fodhbeobani ng of
each wafer with a resin Iayer as obtai ned above was 20 determ ned by the

net hod desepokedediglcomiposition)etid b svafes and@us projetedd elsctdodaand 4.
[Eeternlnatlon of Bowi ng of Wafer with Resin Layer] The bowi ng was

determ ned for each of the resulting wafers with a resin 25 | ayer by
measuring an extent of bowing L shown in Figure 11 using a 5 JAN 2004 30

m crodepth neter. In Figure 11, 3 is argylegd resin layer (cured product of
an epoxy resin conposition) l is awvafer and 2 is prolected ¢l ectrodes.
Tabl e 3 Exanpl e NdExampledioA3: A41‘AB A6 *Bowi n§3L (nﬁq‘) 1 55f3 A65 1.4 1.5 1.9
5 Tabl e 4 Conpar atd A S ) i 4 3.0 4.5 5.2

o A

V

‘
Bowing L MM

Table 4

Comparative Al A2 A3 A4
Example No.

Bowing L (mm) 24 3.0 4.5 52

As 1s clear from Tables 3 and 4, it can be seen that the products of
Examples have very small values of bowing as compared with those of
10 Comparative Examples, so that a wafer with a resin layer having high reliability
can be obtained. Therefore, a semiconductor device obtained by dicing the wafer
with a resin layer of the products of Examples to a given size by a blade dicing

method of course has little bowing and high reliability.

15 Example B

First, prior to the Examples, each of the following components was

prepared.

[Epoxy Resin A]

20 The same as Epoxy Resin A in Example A



As is clear fromTables 3 and 4, it can be seen that the products of

Exanpl es have very snmall val ues of bowi ng as conpared with those of 16 JAN 700i
Conpar ati ve Exanples, so that a wafer with a resin | ayer having high
reliability can be obtained. Therefore,3ia sem conductor devi ce obtained by
dicing the wafer wth a resin layer of the products of Exanples to a given
size by a blade dicing nethod of course has little bow ng and hi gh
reliability. 15 Exanple B First, prior to the Exanples, each of the

foll owi ng dE&ppepddsen Bds prepared. [Epoxy Resin Al 20 The sanme as Epoxy
Resin Ain Exanple A - 5 JAN 2004 31 5 10 [ Epoxy Resin B] An epoxy resin
(epoxy equi val enkeepdifBresirl¢poxy qpiivdlend0UCB, malepg peerit 006, t he fol | owi ng
formula: H3C (i3 \2- HOH2 0 0-CH2-CH Hz O HNC CH3 O [ Epoxy Resin C] The
same as EpaxpreRested b the fBawmgefodnfuCur i ng Agent] A phenol novol ak resin
(hydroxyl group equival ence: 105, softening point 600

G Cts
5 .
| OH,-CH-CH, -0~ O —@}om-m-cm
N2 Q N/
. B,

[Epoxy Resin C]
The same as Epoxy Resin B in Example A

10
[Curing Agent]
A phenol novolak resm (hydroxyl group equivalence: 105, softening point
60°C)
15 [Curing Accelerator]
1,5-diazabicyclo[4.3.0]nonene-5 (DBN)
[Spherical Silica Powder]
Spherical fused silica powder (average particle size: 25 pum)
20 |

[Composite Metal Hydroxide]
Mg, sZny ,(OH), (polyhedral shape, average particle size: 1.7 pm)

[Coupling Agent]
25 v-Methacryloxypropyltriethoxysilane



15 [Curing Accelerator] 1,5-diazabicyclo[4.3.0]nonene-5 (DBN) 20 [ Spheri cal
Silica Powder] Spherical fused silica powder (average particle size: -29A00004
[ Conposite Metal Hydroxide] Mjo.BzZno.2(OH)2 (pol yhedral shape, average
particle size: 1.7 m [Coupling Agent]

y- Met hacryl oxypropyl tri et hoxysilane - 5 JAN 2004 32 Exanples B |l to B6 Each
of the conponents shown in Table 5 given bel ow was supplied to a. Henschel
m xer in proportions shown in the sanme table, and the conponents 5 were

m xed therein for 30 m nutes. Thereafter, the resulting mxture was
supplied into a kneadi ng extruder shown in Figure 1 described above, and a
epoxy resi IExgeiMesBliteBg abl et was prepared in the manner described above.
Specifically, the nolten resin conposition was injected into a tablet nold

(inner di amet eEach% e cBRippknts2howm in 4ble 3neig¥h bekivovak Quppliex es hed by
the 10 kneadi ng extruder, and the injected resin conposition was pressure

mol ded  undessehANBB&HEE pPdpFEBnX sK¥WA in \thd barfé t4H1E adnd e ORI €7 i n the
nold holder at a tenperature of 20C. The resulting tablet was ejected from

the mld ByerkheixdaWeEdid FBD Llimitbe Tﬁ%af@f,%&lgﬁgsuéﬁéﬂg giXRr@wBPOXY resin

conposition tablet. 15 Conparative Exanples
supplied into a kneading extruder shown in Figure 1 described above, and a

epoxy resin composition tablet was prepared in the manner described above.
Specifically, the molten resin composition was injected into a tablet mold (inner
diameter: 13 mm, height: 20 mm) with an extrusion force exerted by the

10 kneading extruder, and the injected resin composition was pressure molded
under a pressure of 980 X 10* Pa, with circulating cooled water in the mold
holder at a temperature of 20°C. The resulting tablet was ejected from the mold

by the upward lunge of the lower plunger, to give an epoxy resin composition

tablet.
15
Comparative Examples Bl to B5
Each of the components shown in Table 6 given below was formulated in
proportions shown in the sarﬁe table and melt-kneaded in a mixing roller at a
temperature of 100°C for 3 minutes. The melt-kneaded mixture was cooled and
20 solidified, and thereafter pulverized and tableted, to give an epoxy resin

composition tablet.

Using each epoxy resin composition tablet as obtained above, the amount
reduced by heating, the compression ratio, the glass transition temperature of the

25 cured product were respectively determined in accordance with the method



Each of the conponents shown in Table 6 given below was fornulated in o
proportions shown in the same table and nel t-kneaded in a nixing roltedAatlla
tenperature of 100C for 3 m nutes. The nelt-kneaded m xture was cool ed and
20 solidified, and thereafter pul verizedzand tableted, to give an epoxy
resin conposition tablet. Using each epoxy resin conposition tablet as
obt ai ned above, the anount reduced by heating, the conpression ratio, the
glass transition tenperature of the 25 cured product were respectively

det er mi ned jeRcABEPEBGRCETNG tdyultbardBlsbQHowa indedtsd Haddabove. The results
are also showmn in Tables 5 and 6. Table 5 (parts by wei ght) Exanple

No. Bl B2B3B4B5B6 Epoxy Resin A1003030303015 Epoxy Resin B-70-7070- Epoxy
Resin C-70--85 Phenol Novol ak Resi n666560606060 DBN11.51.51.51.51.5

Brom nat ed Epoxy Resinl01010--10 Sphery4taé sSilica

Powder 120016001500140014001600 Conposite Metal Hydroxi de---10015- Red

Phosphor us- - --1- Coupl i ng Agent 222222 Car bon Bl ack333333aA8tblyweight)
Tri oxi de101010--10 Carnauba \\ax333333

Example No. Bl BZ B3 B4 B5 B6
Epoxy Resin A 100 30 30 30 30 15
Epoxy Resin B - 70 - 70 70 -
Epoxy Resin C ~ - 70 - - 85

- Phenol Novolak Resin 66 65 60 60 60 60
DBN 1 1.5 1.5 1.5 1.5 1.5
Brominated Epoxy Resin 10 10 10 - - 10
Spherical Silica Powder 1200 1600 1500 1400 1400 1600 |
Composite Metal Hydroxide - - - 100 15 -
Red Phosphorus - - - - 1 -
Coupling Agent 2 2 2 2 2 2
Carbon Black 3 3 3 3 3 3
Antimony Trioxide 10 10 10 - — 10
Carnauba Wax 3 3 3 3 3 3
Amount Reduced by 0.04 0.03 0.03 0.03 0.04 0.03
Heating (% by weight)
Compression Ratio (%) 995 995 995 990 100 100
Glass Transition 180 160 160 160 160 145

Temperature (°C)




Amount Reduced by 0.040. 030. 030. 030. 040. 03 Heating (% by wei ght) Conpression
Ratio (9% 99.599.599. 599. 0100100 G ass Transition 180160160160160145 -5 JAN 2004
Tenperature (C) - 5 JAN 2004 34 Table 6 (parts by wei ght) Conparative

Exanpl e No. B1B2B3B4B5 Epoxy Resin A1001GQ3030 Epoxy Resin B7070- Epoxy Resin
C----100 Phenol Novol ak Resi n6666656560 DBN111.51.52.0 Brom nated Epoxy

Resi n1010101010 Spherical Silica Powder12001200160016001400 Conposite Met al

Temperature (°C)

Hydr oxi de Red Phosphorus 22222 Coupling Agent Carbon Bl ack33333 Anti nony
Tri oxi de1010101010 Table 6
(parts by weight)

Comparative Example No. B1 B2 B3 B4 BS
Epoxy Resin A 100 100 - 30 30 -
Epoxy Resin B - - 70 70 -
Epoxy Resin C - - - - 100
Phenol Novolak Resin 66 66 65 65 60
DBN 1 1 1.5 1.5 2.0
Brominated Epoxy Resin 10 10 10 10 10
Spherical Silica Powder 1200 1200 1600 1600 1400
Composite Metal Hydroxide ~ - - - -
Red Phosphorus - - - - -
Coupling Agent 2 2 2 2 2
Carbon Black 3 3 3 3 3
Antimony Trioxide 10 10 10 10 10
Carnauba Wax 3 3 3 3 3
Amount Reduced by 006 011 0.08 009 0.06
Heating (% by weight)
Compression Ratio (%) 95.0 995 985 950 970
Glass Transition 180 180 160 160 125

Thereafter, a one-sided sealing-type semiconductor device was produced
5 by using each epoxy resin composition tablet obtained in the manner described
above, and subjecting a semiconductor element mounted on an insulating
substrate to transfer-molding (conditions: 175°C for 2 minutes, and after-curing

of 175°C for 5 hours). The resulting semiconductor device was as follows.



Car nauba Wax3333 Ampbunt Reduced by0. 060.110. 080. 090. 06 Heating (% by we&i j@Rtjg
95. 099. 598. 595. 097. 0 Conpression Ratio (%9 dass Transitionl180180160160125
Tenperature (C) Thereafter, a one-sided sealing-type sem conductor device
was produced 5 by using each epoxy resi33 conposition tablet obtained in the
manner descri bed above, and subjecting a sem conductor elenent nounted on an
insulating substrate to transfer-nolding (conditions: 175C for 2 m nutes,
and after-curing of 175C for 5 hours). The resulting sem conductor device

was as fol ISpsef sedled pitt 2084d Fpodhdfah gralyadsiparomgasiti@d): pr oduct of an
epoxy resin conposition): 35 mmx 35 mMmmx 1.2 nmin thickness Size of

sem conduct or elzanit x 323 mmnxX1 2dnmuim thidkndsgm i n t hi ckness Si ze of
i nsul ating substrate: 40 nun x 40 mmx 0.6 nun in thickness 5 Materials for

i nsul at i ng Sipbsf sahRonBhSORERINEMOLY adi el A B » 64 ninglimdsckhedsh substrate
(commercially available from M tsubishi Gas Chem cal Conpany, Inc.) The

bowi ng of eRghofpRLEMMEUSLOfratde) eemar Ahiah ned @bowdn \Wriskdéssdet er m ned by
the nmet hod descri bed below. The results are shown in Tables 7 and 8.

[ Det es m natNjgferiafs BeWhiidais Sessheen dishleirRivnddind (B Thesdinglaw<legt er m ned
for each of the resulting sem conduct or
substrate (commercially available from Mitsubishi Gas Chemical

Company, Inc.)

The bowing of éach semiconductor device as obtained above was
10 determined by the method described below. The results are shown 1n Tables 7

and 8.

[Determination of Bowing of Semiconductor Device]
The bowing was determined for each of the resulting semiconductor
15 devices by measuring an extent of bowing L using a microdepth meter shown in
Figure 12. In Figure 12, 3’ is a cured product of an epoxy resin composition, 6 is

a semiconductor element, and S is an insulating substrate.

Table 7
Example No. Bl B2 B3 B4 BS5 B6
Bowing L (um) 40 50 50 50 50 65




15 devices by neasuring an extent of bowing L using a mcrodepth neter Eh?f(ffn
in Figure 12. In Figure 12, 3" is a cured product of an epoxy resin 3 JAN 2004
conposition, 6 is a sem conductor elenment, and 5 is an insulating
substrate. Table 7 Exanple No. Bl B2 B33;84 BS B6 Bowing L (pm 40 50 50 50
50 65 h JAN 2004 36 Table 8 Conparative Bl B2 B3 B4 B5 Exanple No. Bowi ng L
(m 90 120 90 150 210 As is clear from Tables 7 and 8, it can be seen that

t he products of Exanples have very small values of bowi ng as conpared with
t hose of 5 Conparative Exanples, so thgpjagsem conductor device having high
reliability can be n.bJ_a.L.n.ed._.Exa.ng.L.e CELrst _prior_to the Fxanples, each
of the follow ng conpormeprrativgas 1B1lprepd? ed. B3EpoxP4ResiB® A] The same as
Epoxy Resin A in Exafdaepke §b. [ Epoxy Resin B] The sanme as Epoxy Resin B in

Exanple A [Curing AgenHT-A—phengi—ngxmlﬂaJH%n—(—hydg—e*yJ—gJ—oup equi val ence:
105, sof tening point Boviggg(um) 90 120 90 ° "150 ~ 21

As is clear from Tables 7 and 8, it can be seen that the products of
Examples have very small values of bowing as compared with those of
5 Comparative Examples, so that a semiconductor device having high reliability

can be obtained.

Example C

First, prior to the Examples, each of the following components was

10 prepared.

[Epoxy Resin A]

The same as Epoxy Resin A in Example A

15 [Epoxy Resin B]

The same as Epoxy Resin B in Example A
[Curing Agent]
A phenol novolak resin (hydroxyl group equivalence: 105, softening point

20 60°C)

[Curing Accelerator]



[ Curing Accelerator] - 5 JAN 2004 3i 1, 5-di azabicycl o[ 4. 3. 0] nonene-5 (DBN)
Tet r aphenyl phosphoni um t et raphenyl borate (TPP-K) [Spherical Silica PowddN]2(®
Spherical fused silica powler (average particle size: 5 n) [Coupling Agent]
y- Met hacryl oxypropyl tri et hoxysilane 10 Byxanples C to C6 Each of the
conmponents shown in Table 9 given bel ow was supplied to a Henschel mxer in
proportions shown in the sanme table, and the conponents were m xed therein
for 30 mnutes. Thereafter, the resulting mxture was supplied into a
kneadi ng ext r uders-giabidyiel B0 BrodefleSADBIEY above, and an 15 epoxy resin
conposition tablet was prepared in the manner described above.

Speci fically, t%ﬁﬁghéﬁﬂph@@%rﬁmﬁﬁeﬁhpﬁmlmtd (TRRBEDd into a tablet nold
(inner dianmeter: 13 mi, height: 20 nun) with an extrusion force exerted by
the kneading extruder, and the injected resin conmposition was pressure

nol ded wunder a pressure of 1 X 107 Pa, with circulating cooled water in the
nol d hol der[sgﬁ)er@galgiﬁ@ﬁpgwa&ﬂre of 20C. The resulting tablet was ejected
fromthe nold by the wupwardlunge of the |ower plunger, to give an epoxy
resinsconpositi @ph%ﬁ@ﬁleﬁxse@@m&rﬁiw%@ (Exaapd partldle §i2eC8 u@ch of the _
conmponents shown 'in Table 10 given below was fornul at ed 5 in proportions
shown in the sane table and nelt-kneaded in a mxing roller at a |ji JAN
2004 38

[Coupling Agent]
v-Methacryloxypropyltriethoxysilane

10 Examples C1 to C6

Each of the components shown in Table 9 given below was supplied to a

Henschel mixer in proportions shown in the same table, and ther components
were mixed therein for 30 minutes. Thereafter, the resulting mixture was
supplied into a kneading extruder shown in Figure 2 described above, and an

15 epoxy resin composition tablet was prepared in the manner described above.
Specifically, the molten resin composition was injected into a tablet mold (inner
diameter: 13 mm, height: 20 mm) with an extrusion force exerted by the
kneading extruder, and the injected resin composition was pressure molded
under a pressure of 1 X 107 Pa, with circulating cooled water in the mold holder

20 at a temperature of 20°C. The resulting tablet was ejected from the mold by the

upward lunge of the lower plunger, to give an epoxy resin composition tablet.

Comparative Examples C1 to C3

Each of the components shown in Table 10 given below was formulated

25 in proportions shown in the same table and melt-kneaded in a mixing roller at a



tenperature of 100C for 3 mnutes. The nelt-kneaded m xture was cool ed and
solidified, and thereafter pulverized and tableted, to give an epoxy?5r/aRilii
conposition tablet. 5 Conparative Exanple C4 Each of the conponents shown in
Tabl e 10 gi ven bel ow was fornul ated i n pgoportions shown in the sanme table.
Each epoxy resin conposition tablet was prepared in the sane manner as
Exanples C to C6 so as to have an anobunt reduced by heating and a
conpression ratio as shown in Table 10. 10 Using each epoxy resin

conposi ti oRehpbla@ireast WOPEl fAed @BANE. The ndiPkidadetedike@d Wys besitlinad t he
conpression ratio, the glass transition tenperature of the cured product

were respegblidffied, dal ehdrearer pulvatsed shad edlakd hotdiee aRteosy reégacri bed above.
The results are also shown in Tables 9 and 10. 15 39 Table 9 (parts by
wei ght) Exagpifs¥ordabfed C3CAC5C6 Epoxy Resin A10010010010010030 Epoxy Resin

B----- 60 Brorni nated Epoxy Resinl313---15 Phenol Novol ak Resi n606060606060
DBN11111- TPP-K----- 7 Spherical Silica Powder1200680700700700680 Coupling
Agent1.81.81.81.81.81.8 '

5 Comparative Example C4

Each of the components shown in Table 10 given below was formulated
in proportions shown in the same table. Each epoxy resin composition tablet was
prepared in the same manner as Examples C1 to C6 so as to have an amount
reduced by heating and a compression ratio as shown in Table 10.

10

Using each epoxy resin composition tablet as obtained above, the amount
reduced by heating, the compression ratio, the glass transition temperature of the
cured product were respectively determined in accordance with the method

described above. The results are also shown in Tables 9 and 10.



Car bon Bl ack777777 Antinony Trioxidelll4---14 Carnauba WAx111111 Anopunt
Reduced by 0. 040. 030. 020. 020. 020. 04 Heating (% by wei ght) Conpressi on RN Bk
(99 99. 599. 599. 599.598.099.5 @ ass Transition 180178178178178145 Tenperat ure
(C - 5 JAN M4 40 Table 10 (parts by weisght) Conparative Exanple No.C
1C2C3C4 Epoxy Resin A10010010040 Epoxy Resin B---80 Brom nated Epoxy

Resi n---- Phenol Novol ak Resi n60606050 DBN1111 TPP-K---- Spherical Silica
Powder 700700700700 Coupling Agent1.81.81.81.8 Carbon Bl ack7777 Anti nony.
Trioxide 1111 Table 9
(parts by weight)
Example No. Cl C2 C3 C4 C5 Cé
Epoxy Resin A 100 100 100 100 100 30
Epoxy Resin B - - - - - 60
Brominated Epoxy Resin 13 13 - - - 15
Phenol Novolak Resin 60 60 60 60 60 60
DBN 1 1 1 1 1 -
TPP-K - - - - - 7
Spherical Silica Powder 1200 680 700 700 700 680
Coupling Agent 1.8 1.8 1.8 1.8 1.8 1.8
Carbon Black 7 7 | 7 7 7 7
Antimony Trioxide 11 14 - - - 14
Carnauba Wax 1 1 1 1 1 1
Amount Reduced by 0.04 003 002 002 002 0.04
Heating (% by weight)
Compression Ratio (%) 995 995 995 995 980 995
Glass Transition 180 178 178 178 178 145

Temperature (°C)




Car nauba Wax Anount Reduced byO0. 060. 150. 190. 12 Heating (% by weight)
98989399.5 Conpression Ratio (%9 G ass Transitionl75175175129 TerrperatlulM 7004
(C Thereafter, a sem conductor device was prepared in the follow ng nmanner
5 by using each epoxy resin conpositionggabl et obtained above. Specifically,
as shown in Figure 8, a sem conductor elenent 6 was nounted on an insul ating
substrate 5 on which a plural spherical connecting el ectrodes 4 were

provi ded. Next, a specified epoxy resin conposition tablet was supplied
into a nolding nmachine, thereafter thatdetlgbl et was heated and nolted to
give a nolten state, and 10 the nolten tablet was pressed. As descri bed
above, the void between the above- nentioned sem ¢parthisy oveigit¢nent 6 and the
above- nenti oned i nsuwlating-41l - 5-JAN-2004substrate—5—-was—+ led with the
mol ten resin descri bomparsive ExamaletNe nolGlen r&din @hs céred to seal the
void with the curec HRotherebyformngracEd TRy T 4@ver 3. As

descri bed above, a SENRES or device was prparedl. The tenperature for
heating and nelti ng@@@k@gg@ above was 175C, and the 5 prgassi ng condition
was adjusted to 600 Pa/one elenent. Distance of the cured resin |ayer

(di stance in voi ds) Broogmatadgipoxy dfes®eni conduct or el ement: 15 nm x 15 nm x

370 min thickness ﬁ%%@f%glﬁ@f” ating s%st ratsg: Zo?mn xds%o mnx 0.4 mmin
ei m do
BN

t hi ckness Materi al é) ﬁsH‘g substrate: bism triazine (BT)
resin/glass cloth p 1 1 1 1

TPP-K - - - -
Spherical Silica Powder 700 700 700 700
Coupling Agent 1.8 1.8 1.8 1.8
Carbon Black 7 7 7 7
Antimony. Trioxide - - - -
Carnauba Wax 1 1 1 1
Amount Reduced by 0.06 0.15 0.19 0.12
Heating (% by weight)

Compression Ratio (%) 98 o8 93 99.5
Glass Transition 175 175 175 129

Temperature (°C)

Thereafter, a semiconductor device was prepared in the following manner
5 by using each epoxy resin composition tablet obtained above. Specifically, as
shown in Figure 8, a semiconductor element 6 was mounted on an insulating
substrate 5 on which a plural spherical connecting electrodes 4 were provided.
Next, a specified époxy resin composition tablet was supplied into a molding
machine, thereafter this tablet was heated and molted to give a molten state, and
10 the molten tablet was pressed. As described above, the void between the above-

mentioned semiconductor element 6 and the above-mentioned insulating



10 substrate (comercially available from M tsubi shi Gas Chem cal Conpany,
Inc.). The bowi ng of each sem conductor device as obtained above was

determ ned by the nmethod described below. The results are shown in Tablm i
and 12. 15 [Determ nation of Bow ng of 3gm conductor] The bow ng was

determ ned for each of the resulting sem conductors by neasuring an extent
of bowing L using a mcrodepth neter shown in Figure 13. In Figure 13, 51is
an insulating substrate, 4 is connecting electrodes, 6 is a 20 sem conduct or

el enent, anR@hddrdts sawsdfifed Rﬁﬁl the 1ﬁ}zﬂﬁén &@éﬁ& q@sd@{&@%v@f aRd tRPAYen r€sihN
corrp05|t| on). Table 11 Exanpl e No. C4 C5 C6 Bowing L (m 30 50 50

40 40 30 - yas AN BDdeat 2hd 2bidewiki tH@Bﬁ&rd%bmeﬂ@réb fmRnf4 cueé@rddie No.
Bowing L (pnm) 110 150 100 100 As is clear from Tabl es '1°and 12, it can be

seen that fhepr QQE“&E?chJed ébﬁaéaar@éﬁ&daﬂvl@to\f%m%m%i g‘é?bf&ﬁ P bowi ng as

conpared w t'h those of Conpar ative Exanpl es, em conduct or device

h h I ot h t
venti on t2r Ry FREdO LR SR e eI, R (ER LTS, 16 0t gesen

5 pressing condition was adjusted to 600 Pa/one element.
Distance of the cured resin layer (distance in voids): 100 um
Size of semiconductor element: 15 mm X 15 mm X 370 um in thickness
Size of insulating substrate: 20 mm X 20 mm X 0.4 mm in thickness
Materials for insulating substrate: bismaleimidotriazine (BT) resin/glass cloth

10 substrate (commercially available from Mitsubishi Gas Chemical Company, Inc.).

The bowing of each semiconductor device as obtained above was

determined by the method described below. The results are shown in Tables 11

and 12.
15
[Determination of Bowing of Semiconductor]
The bowing was determined for each of the resulting semiconductors by
measuring an extent of bowing L using a microdepth meter shown in Figure 13.
In Figure 13, 5 is an insulating substrate, 4 is connecting electrodes, 6 is a
20 semiconductor element, and 3 is a cured resin layer (cured product of an epoxy

resin composition).

Table 11
Example No. C1 C2 C3 C4 Cs Cé6
Bowing L (um) 30 50 50 40 40 30




same may be varied in many ways. Such variations are not to be regarded as a
departure fromthe spirit and scope of the invention, and all such Z[][]ln
nodi fications as would be obvious to one skilled in the art are inte%yxed
be included within the scope of the folghowing clains. - 5 JAN 2004 43 V\HAT
IS CLAIMED IS: 1. Atablet for producing a sem conductor device with
preventing generation of bow ng, conprising an epoxy resin conposition
conprising an epoxy resin and a curing agent, wherein the tablet has the
followi ng characteristic (A) and (O: (A): an anmount of the tablet that is
reduced by heating being |less than 0.05% by weight. (C:: a glass
transition tenperature of a cured progygfe ©f the tablet bei ng 120C or nore,
and wherein the tablet is obtainable by a process conprising preparing a
nmol ten product of the époxparatesi n codposi tG¢hn i &3an ukéured state, and
thereafter cooling and Exemptilying the nolten product. 2. The tabl et
according to claim1l, further—having-t eristic (B): (B):
a conpression ratio of tBr%V*P%BI(éfn)bellrJrB 98%8r AWRafer with a resin
| ayer conprising a pl urmmhehmdemdﬂ-—cm-ed resin |ayer
formed on a projected el ectrode-nounting side of the wafer, wherein the
cured resin layer is forned by the tablet of claim1 or 2. 4. A
seni conduct or de\s seledrtfadmabdbde byl angridc esandengeenshatthdipcoducts o€ waf er
with a resin layer of claim3 into a given size. 5. . A sem conductor device
conprj si ng Bxaniplsuhatd vgy suil valtes ofiboweanry avosiupaed weitk tieose ofount ed on one
side of the insulating substrate, and a

Comparative Examples, so that a semiconductor device having high reliability

can be obtained.

EQUIVALENTS

10 The present mvention being thus described, 1t will be obvious that the
same may be varied in many ways. Such variations are not to be regarded as a
departure from the spirit and scope of the invention, and all such modifications
as would be obvious to one skilled in the art are intended to be included within

the scope of the following claims.



cured product of an epoxy resin conposition, the sem conductor el enment being
- 5 JAN 2004 44 incorporated is and seal ed by the cured product, mhengﬁmNymﬁ
cured product of an epoxy resin conposition is formed by the tabl et of
claiml or 2. 6. A sem conductor device conprising an insulating substrate,

a sem conductor elenent nounted on one45|de of the insulating substrate via
a plural connecting el ectrodes, and a cured resin | ayer sealing a void
between the . insulating substrate and the semi conduct or el enent, wherein the
cured resi 0 RaJelS CLAIVEDED by the tablet of claiml or 2. ?_ A process for
produci ng a mafer with a resin layer conprising a plural projected -

el ectrodesland axmhkﬁdbﬁ@sﬂmjhgyeﬂnkonMEdnahvEephdhﬁeWEdngkmohmodEQfnDunting
si de of thg waf er, canprising the steps of putting the tablet of claiml or
2 onthep %WEE%é@“@ﬂ@@gﬁédﬁmﬁﬂdﬁﬂpﬁ@m§P88°6F°@H%“ﬂ&ﬁ%FPO@WH*%@%Fﬁhg t he

tablet t Octg?n%? et %"{e?gm tﬂ@%’bﬁegxasf BE 1 H)QN Bp%hﬁ%tgqq{c?s\') Ank ¥

process for duci’ng a sem conduct or vi'c rising’an |nzulat|ng

substrate, (ﬁa) semn(aﬁfa)ducbf)trheeikﬂmmL 1mn¢ee1Cb>dﬁbaQn§bsmglfbes@ﬁhatnf@()js%sttyl ating
substrate, and a cured product of an epoxy resin conposition, the
seni conduct or  ¥{e&EfEnt bei ng |ncorporated in and seal ed by the cured

Cem contuckar of hent i Haadtond Wi RubrBelf0r B Rueto Ao nt  ony

form ng the cureghproduct. 9. A process for producing a sem conductor device
conprising an |nsulat|ng substrate, a sem conductor el enent nounted on one
si de of th#&q whedest thagablsiubsbraatabl eliyze prop¢sscamposinggeinangs eélneelterodes, and a

cured resi ﬂ—ohé&egf tﬁgglgéxrgzgreginvc%{n%o&non 11% uncmed45§ate and thereafter cooling and

solidifying the molten product.

2. The tablet according to claim 1, further having the following characteristic (B):

(B):  acompression ratio of the tablet being 98% or more.

3. - A wafer with a resin layer comprising a pluraf projected electrodes and a
cured resin layer formed on a projected electrode-mounting side of the wafer,

wherein the cured resin layer Is formed by the tablet of claim 1 or 2.

4. A semiconducter device obtainable by 2 process comprising dicing the

wafer with a resin layer of claim 3 (nto a given size.

5. A semiconductor device comprising an insulating substrate, a
semiconductor element mounted oo cne side of the 1nsulating substrate, and a

cured product of an epexy resin composition, the semicopductor element being



bet ween the insul ating substrate and the sem conductor el enent, conprising
the steps of heat-nelting the tablet of claiml or 2, and filling the void
and curing the tablet, thereby formng the cured resin layer. 10. A nef Hbd 2004
for preventing generation of bowi ng of a wafer, conprising formng a cured
resin layer on a wafer by using the tablagy of claim1 or 2. 11. A nethod for
preventing generation of bowi ng of a sem conductor device, conprising

seal i ng sem conductor el enents on one side of an insulating substrate by
using the tablet of claim1 or 2. 12. Use of a tablet of claiml or 2 for

preventing geaRhetat@iPindSM1E@bPfthdcuddipeddddt, whered atuairt®predfudi be awaf er
in which a cured resin layer is formed on the wafer. 13. Use of a tablet of -

claim1l or 2nhey réif¥8HIoRRi HFRTbANLPBy Uhe BOYRE Hini] o$@M conduct or device
in the produttion of thé sem conductor”device in which seniconductor

el enents are seal ed on one side of an insulating substrate.

6. A semiconductor device comprising an insulating substrate, a
semiconductor element mounted on one side of the insulating substrate via a
plural connecting clcctrodes, and a cured resin layer sealing a void between the
insulating substrate and the semiconductor element, wherein the cured resin layer

1s formed by the tablet of claim 1'ar 2.

7. A process for producing a wafer with a resin layer comprising a plural
projected electrodes and a cured resin laycr formed on a projected electrode-

mounting side of the wafer, comprising the steps of putting the tablet of claim 1 .
or 2 on the projected electrode-mounting side of the wafer, and heating the tablet

to be melt-cured, thereby forming the cured resin layer.

8. A proccss for producing a semiconductor device comprising an insulating
substrate, a semiconductor element mounted on one side of the insulating
substrate, and a cured product of an epoxy resin composition, the semiconductor
element being incorporated in and sealed by the cured product, comprising the
steps of putting the tablet of claim 1 or 2 on the semiconductor element, and

heating the tablet to be melt-cured, thereby forming the cured product.

9. A process for producing a semiconductor device comprising an insulating

substrate, a semiconductor element mounted on one side of the insulating

substrate via a plural connecting electrodes, and a cured resin layer sealing a void
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between the insulating substrate and the semiconductor element, comprising the -
steps of heat-melting the tablet of claim 1 or 2, and filling the void and curing the

tablet, thereby forming the cured resin layer.

10. A method for preventing generation of bowing of a wafer, comprising

forming a cured resin layer on a wafer by using the tablet of claim 1 or 2.

11. A method for preventing generation of bowing of a semiconductor device,

comprising sealing semiconductor elements on one side of an insulating substrate

12.  Use of a tablet of claim 1 or 2 for preventing generation of bowing of a
wafer in the production of the wafer in which a cured resin layer is formed on the

wafer.

13.  Use of a tablet of claim 1 or 2 for preventing generation of bowing of a
semiconductor device in the production of the semiconductor device in which

semiconductor elements are sealed on one side of an insulating substrate.



