METHOD FOR PRODUCI NG A SEM CONDUCTOR- MOLDI NG TABLET, A

SEM CONDUCTOR- MOLDI NG TABLET OBTAI NED THEREBY AND A SEM CONDUCTOR DEVI CE
USI NG THE SAME 5 FI ELD OF THE | NVENTI ON The present invention relates to a
met hod for producing a sem conductor-nolding tablet which is used in the
nol ding material for a sem conductor device and can prevent formation of
internal voids in the nolding resin 10 part, a seniconductor-nnlding t abl et

obt ai ned t he n sem conduct or__devi ce haV|n h rellablllty, whi ch
s “obt ai nabPETHOB o, SRERHEING & SRR AREFRverh | onal |y,

a powdery nmate[] 15 bl endin kneadi ng_an epoxy
resin, a phend#ééigéﬁpééﬁﬁﬁgﬁg#%%W5aﬂ%%L$fI9%$AEFE?hEHFB§§YaﬁHDtﬁen
rolling, cooling and WA the resulting material is used as a
nol di ng material for s%##%ééﬁRHﬁﬁb e?%%%ﬁ?a?sgggi%EE SR as IC, LS and
the like. The sem conductor device may be 20 nolded with the resin by
directly feeding the powdery material obtained in this manner into a
ﬁD|dlnﬁ machi ne for package |Q'Q' but |t is nmore general to enpl oy
o] vl

a nethod in which the sem cesadgs TIjed with the resin by

maki ng a tablet jn advance by co ressf -the 25 material in an anount
necessary for t# & fny %Pq_ré¥% tes to a method for

preducing a semlconductor-molding tablet which is used in

the molding material for a semiconductor device and can
prevent formation of internal voids in the molding resin

10 part, a semiconductor-molding tablet obtained thereby and a
semiconductor device having high reliability, which is
obtainable using the same.

BACKGROUND OF THE INVENTION

Conventionally, a powdery material prepared by

15 blending and melt-kneading an epoxy resin, a phenol resin
and an inorganic filler or the like and then rolling,
cooling and pulverizing the resulting material is used as a
molding material for semiconductor elemental devices such
as IC, LSI and the like. The semiconductor device may be

20 meolded with the resin by directly feeding the powdery
material obtained in this manner into a molding machine for
package molding use, but it is more general to employ a
method in which the semiconductor device is molded with the
resin by making a tablet in advance by compressing the

25 material in an amount necessary for the molding in a mold




of a desired shape, and subsequently feeding this into a nolding nmachine
for package nol ding. The tablet prepared in advance by conpressi on nol di ng
is used as a nolding material in this manner, because voids 5 anong

pul verized particles of the nolding nmaterial are conpressed to becone

smal ler in the conpression-nolded tablet and the anount of so-called "air"
contained in the tablet is thus reduced Accordingly, by the use of such a
t abl et as%¥1 |dJ terlal s hardly repain, inside 10 and surface

of the packa Rﬁ] %ﬂl segrentiy Gredtndotbifiglakd fiel d of
the nol di %ﬁ%%{cﬂﬁ?%ﬂo% roved wever because thinning of a
sem condu r thlckness of the nol ding
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tablet is thus reduced. Accordingly, by the use of such a
tablet as the molding material, voids hardly remain inside
10 and surface of the package after molding, and reliability
after molding and yield of the molding step are markedly
improved.
However, because thinning of a semiconductor device
is in progress recently, thickness of the molding resin
15 layer also becomes thin in such a thin package as a matter
of course. Thus, even the voids which did not cause a
problem in the prior art become a serious reason for
problems in the thin type package. Accordingly, there is a
demand for the increased tablet density for the purpose of
20 reducing the void formation ratio. For example, for the
purpose of increasing tablet density, it has been proposed
to obtain a high density tablet by regulating the filling
structure of particles by restricting particle size
distribution of the pulverized material before tablet
25 making (cf. Reference 1) . Alternatively, a method for

producing an epoxy resin molding material has been
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produci ng an epoxy resin nolding material has been 2 proposed, in which
tenperature of the material discharged froma kneader is specified, and
characteristics of the nolding material obtained by cooling and

pul verizing this discharged material are restricted (cf. Reference 2). 5
Ref erence 1: JP-A-8-39549 Reference 2: JP-A-2002-220475 The term"JP-A"
as used herein neans an "unexam ned 10 published Japanese patent
applicatiaon”. SUMVARY OF THE | NVENTI ON However, the above-described effects
are hardl PTERFDed? ek bemeratyre Rhsthe rageshadrdisshargedso that
the actual_situation (s that it s necessary to 15 depend on the high
pressuri zatiBh DEHFRRT nt® 1R Lied hern i‘ﬁ’\{aﬁ?c‘t‘ﬂﬁ"?gb?ét"ﬁaﬂ‘ﬁg after

all. As a result, the ftaplet density ratio has already reached the |evel
of 94% by*? %@%ﬁ%‘??’fﬁ?ﬁr%\ﬁ’yﬂ? t%(),c ‘?ﬂ:l”?%r?ﬁ@rpﬂiéﬁﬁz“@ge%@bﬁ zation
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and is al ﬂ%??e‘f%?‘; rﬁa'b?’b’fﬁ‘iarﬁre sfﬁﬁtﬁkc?%‘gui?fonlzﬁfefﬁ’é‘:?i%?d at the time
of the ta&{eﬁﬁt rodLHg_tion, so that it is the present situation that
sol ving of% %ﬁﬁ)l s by the tablet producing apparatus

JP-A-8-39549

Reference 2:
JP-A-2002-220475
The term "JP-A" as used herein means an "unexamined
10 published Japanese patent application".

SUMMARY OF THE INVENTION

However, the above-described effects are hardly
obtained in the recent high density region of tablets, so
that the actual situation is that it was necessary to

15 depend on the high pressurization of pressing force at the
time of the tablet making after all. As a result, the
tablet density ratio has already reached the level of 94%
by true specific gravity ratio, and further higher
pressurization causes generation of distortion and breakage

20 of the molding apparatus and is also generating problems
such as reduction of the yield at the time of the tablet
production, so that it is the present situation that
solving of the problems by the tablet producing apparatus
itself has limitatiocn.

25 The present invention was accomplished with taking

such situations into consideration. The present invention




itself has |imtation. 25 The present invention was acconplished with

taking such situations into consideration. The present invention 3

provi des a nethod for producing a sem conductor-nol ding tablet which can

reduce generation of voids inside of the package through increased density

of the tablet, a sem conductor-nolding tablet obtained thereby and a 5

sem conduct or device having high reliability, which is obtainable by using

the same. In order to a Fi ve the aforenentioned objects, the first
Reofinge

embodi mentPBTVINE® p? BT ht PERIPEInT 1B FBBLFeRdustedomPAding
opoxy 1 eo HRITE G 288 EpRUPRSRaADBRLRRS O XpidA pssgier 68 Fha(B) a
rep of r rtSkadtl htwdh LAGFHRReS iennthy 182 ERaotrbint (At b a shoet
The'resal tTResngtew ot saal dioG L1 o, oo talned bhersbu ABd: e pul ver | 763
TRl er 1 et et €0 oo aR N DAY A0 % £t APEPLABETELYY LRLLR OF 94O

obtainable by using the same.

In order to achieve the aforementioned objects, the
first embodiment of the present invention is a method for
producing a semiconductor-molding tablet, which comprises

10 a step of kneading an epoxy resin composition
comprising components: (A) an epoxy resin, (B) a phenol
resin, and (C) an inorganic filler, as essential
components,

a step of roll-molding the resulting kneaded

15 composition into a sheet shape having a sheet density ratio
of 98% or more,

a step of pulverizing the resulting sheet-shaped
conpact, and

a step of forming the pulverized material into a

20 tablet shape having a tablet density ratio of 94% or more
and less than 98%,

Also, the second embodiment of the present invention
is a semiconductor-molding tablet obtained by the
afcrementioned method for prodﬁcing a semiconductor-melding

25 tablet, wherein its tablet density ratio is 94% or more and

less than 98%.




Al so, the second enbodi nrent of the present invention is a

sem conduct or-nol di ng tabl et obtained by the aforenentioned nethod for
produci ng a sem conductor-nolding 25 tablet, wherein its tablet density
ratio is 94%or nore and less than 98% 4 In addition, the third

enbodi mrent of the present invention is a sem conductor device produced by
resin- nolding a sem conduct or eI enent al device using the aforenentioned

sem conduct or - di iy Iabl et That ent jnventors have
conducted a sglr)"% es o st e%h'\:'/\n ’fcheé'?f??ﬁ?blg gt% nFﬂﬁ BEeEBPEt having a
ol di ng. apty ok 228 4'?2‘ ta%on%%%“ﬁsﬁﬁgée%é 5ed; b¥ HASEE Dl o to make
a tabl et urt hi 10 den c ressing the cool ed and
har dened B&fve% e%l Qp ?‘?‘g CQ ’ﬁdef‘ ’ég§lr§gr§§‘lFﬁguFﬁﬁgaFP?i n the pO\livder,
enpl oyj onI I he con entlo ressurization -at the time of making a
puI veri zeaAé]&f erT a %%e‘g ?mg‘}'ﬁo%% B‘Sftrf%#d?'ﬂg k:?g?ﬂ%onduct or nolding into
a tabl et. Asarﬁ1 It of urther conti nued tU|es based on this

fi ndi ng’, the inventory foﬁc?rtef?ee'?%ﬁ'bﬁrhﬁmf% e FPRdictede® wWth
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Conponentsani&lbedéﬁé):{’Ey vr-:h:l.t(:)l'rn] el'uatgD il.:l(.jtinl‘gation by the conventional
tablet-making molding apparatus. As a result, it was found
that it is impossible to make a tablet having further high
10 density by compressing the cooled and hardened pulverized
particles and thereby removing the air in the powder, by
employing only the conventional pressurization at the time
of making a pulverized material as a resin composition for
semiconductor molding into a tablet., As a result of
15 further continued studies based on this finding, the
inventors found the following for the first time. With
respect to a molding material before making into a table, a
method in which a kneaded and discharged material in which
the formulation components of the aforementioned molding
20 material are under a molten state is made into a sheet
shape having a high density ratio by rolling, and this
rolled sheet is pulverized and made into a tablet shape can
achieve the results that the air in the powder as the
pulverized material is sharply removed and, what is more, a
25 tablet having still more higher density can be cbtained

while carrying out reduction of pressure force at the time

5




20 material are under a nolten state is made into a sheet shape having a
hi gh density ratio by rolling, and this rolled sheet is pulverized and
made into a tablet shape can achieve the results that the air in the
powder as the pulverized material is sharply renoved and, what is nore, a
25 tablet having still nore higher density can be obtained while carrying
out reduction of pressure force at the time 5 of the tablet-making, and
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and t hen naklng t he @ﬁ (% pe by a

t abl et - maki ng nol di nér- ghponent A) is not

Next, embodiments of the present invention are
described in detail.

The semiconductor-molding tablet of the present

10 invention is obtainable by using an epoxy resin composition
containing an epoxy resin (component A), a phenol resin
(component B) and an inorganic filler (component C) as the
essential components, kneading and molding this into a
sheet shape having a specified thickness, pulverizing the

15 product, and then making the pulverized material into a
tablet shape by a tablet-making molding.

The aforementioned epoxy resin (component A) is not
particularly limited and conventionally known various epoxy
resins may be used. Examples fhereof include various types

20 of epoxy resins such as cresol novolak type, phenol novolak
type, bisphenol A type, biphenyl type, triphenylmethane
type, naphthalene type and the like. These can be used
alone, or two or more of them may be used in combination.

The phencl resin (component B) to be used together

25 with the aforementioned epoxy resin (component A) exerts an

effect as the hardening agent for the aforementioned epoxy
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particularly limted and conventionally known various epoxy resins may be
used. Exanpl es thereof include various types 20 of epoxy resins such as
cresol novol ak type, phenol novol ak type, bisphenol A type, biphenyl type,
tri phenyl met hane type, naphthal ene type and the |ike. These can be used
alone, or two or nore of them may be used in conbination. The phenol resin
(conmponent B) to be used together 25 with the aforenentioned epoxy resin

(conponent,. A); Xe'f[tts mﬁ-.]c 1%%191% Eir qt%' T t:z.l:fs.or E?r}ne lneds its

il F
af or ement i one epoxy resi 'S no ar Y I
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2.0 eqy IV%S@E?%rom ﬂe&; "?E QX%%Q}’Q in the epoxy resin.

More preferre eqU|va e 1norganic filler
comonert 3 tzﬁzﬁs@%%.n%%%%;“ﬁg#pﬁgaer%ﬁ LI LR et
limted, WM 'J!Bnairlcy ﬂﬂm anééﬂys(ééﬁggt{egng% bft such a
mixing ratio that the hydroxyl group equivalent in the
hardening agent becomes from 0.5 to 2.0 equivalents based
10 on 1 equivalent of epoxy group in the epoxy resin. More
preferred is from 0.8 teo 1.2 equivalents.
The inorganic filler (component C) to be used
together with the aforementioned epoxy resin (component A)
and phenol resin (component B) is not particularly
15 1limited, and conventionally known various fillers can be
exemplified, such as quartz glass powder, talc, silica
powders (fused silica powder, crystalline silica powder and
the like), alumina powder, aluminum nitride powder, silicon
nitride powder and the like. These may be used alone or as
20 a combination of two or more. Among them, it is desirable
tc use the aforementioned silica powders from the viewpoint
that linear expansion coefficient of the obtained hardened
product can be reduced. Among the aforementioned silica
powders, it is particularly desirable to use fused silica
25 powder in terms of high packing and high fluidity. As the

aforementioned fused silica powder, spherical fused silica
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exenplified, such as quartz glass powder, talc, silica powders (fused
silica powder, crystalline silica powder and the |ike), alum na powder,
alum numnitride powder, silicon nitride powder and the |ike. These nay be
used al one or as 20 a conbination of two or nore. Anobng them it is
desirable to use the aforenentioned silica powders fromthe viewpoint

that |inear expansion coefficient of the obtained hardened product can be
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measured using, for example, a laser diffraction scattering
type particle size distribution measuring apparatus.
10 It is desirable to set the content of the
aforementioned inorganic filler (component C) to a range of
from 50 to 95% by weight, particularly preferably from 70
to 90% by weight, based on the whole epoxy resin
composition.
15 According to the present invention, in addition to
the aforementioned components A to C, other additives
including a hardening accelerator, a halogen-based flame
retardant such as a brominated epoxy resin or the like, a
flame retard assisting agent such as antimony trioxide or
20 the like, a pigment such as carbon black or the like, a
silane coupling agent such as pB-(3,4-epoxycyclohexyl)ethyl
trimethoxysilane, y-glycidoxypropyl trimethoxysilane or the
like, and a release agent such as carnauba wax or the like
are optiocnally used as occasional demands.

25 The aforementioned hardening accelerator is not

particularly limited. Examples thereof include imidazoles
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conposition. 15 According to the present invention, in addition to the
af orenenti oned conponents Ato C, other additives including a hardening
accel erator, a hal ogen-based flane retardant such as a brom nated epoxy
resin or the like, a flane retard assisting agent such as antinony
trioxide or 20 the |ike. a pignent such as carbon black or the like, a
sil ane coupling agent such as 0-(3, 4-epoxycycl ohexyl ) et hyl

tri met hoxy, RLO tr t ho ilape,or. the like, and a
rel ease aé%k#gsuch as o nad% ﬁg%eo %ngh?lﬁﬁf ar rbﬁ%?%ﬂﬁ%?vlﬁged as
occasi onal n he aforenent oned hardening accelerator is not
parti cul ar?l%e@cd?ehap %Orrﬁlﬁ esor?%ere o1 T‘ﬁ%li‘ U2 i i dazol es. such as

compounds sﬁ% ol ﬁf"%ﬁ%é%et e %%ﬁ%rga”kérﬁt“?p“””s

as 1o i 023 &%%t Er?%n%{‘d 1R e B e s O ne. o, and
more. Tn U}?ﬁq}nﬁnm. e %P@%P dlé"‘s'e% e?‘ie STuRERGha o D15 s
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present may be used alone or as a combination of two or more. In
addition, it is preferable to set the blending ratio of
this hardening accelerator to a ratio of from 0.1 to 1.0%
10 by weight based on the whole epoxy resin composition.

The semiconductor-molding tablet of the present
invention is produced using the aforementioned respective
components, for example in the following manner. That is,
the aforementioned respective components are mixed at a

15 predetermined ratio, dry-blended using a mixer or the like
and then kneaded using a twin screw kneader at a resin
temperature of from 90 to 130°C. Next, the kneaded
material discharged from the aforementioned kneader is
rolling-molded into a sheet shape in such a manner that the

20 sheet density ratio becomes 98% or more, and then the
aforementioned sheet is air-cooled and pulverized.
Subsequently, the semiconductor-molding tablet of interest
is produced by molding the thus obtained pulverized

material intoc a tablet shape using a tablet-making machine

25 by compressing to a predetermined tablet height in such a




i nvention is produced using the aforenentioned respective conponents, for
exanple in the following manner. That is, the aforenentioned respective
conponents are mxed at a 15 predeterm ned ratio, dry-blended using a m xer
or the like and then kneaded using a twin screw kneader at a resin
tenperature of from90 to 130*C. Next, the kneaded nmaterial discharged
fromthe aforenentioned kneader is rolling-nolded into a sheet shape in

such a na t hat, t.he .20 sheet densi rati o, becones 98% or nore, and then
the af orer}&rrg{n PTI(-)ﬁtehaat'sh"él'é? ‘li%s’af?‘-gcg%?%%ta FitFyeratia. canyBeequent iy, the
sem conduct r-xngéhng tablet of interest is produced by nolding the thus

obt ai ned p?u verized material into a tabl et shape using a tabl et-nmaking

machi ne 25 by cQnpr sssci n%e%#) a rede% erm ned tahlet height in such a
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becones describing in detail, the conventional sheets by roll

molding generally have a thickness of 2 mm or more, and the

sheet density ratioc in that case is approximately from 93

10 to 97%. According to the present invention, it becomes
possible to achieve a sheet density ratio of from 98 to 99%
in the case of a sheet thickness of 1.0 mm, or a sheet
density ratio of from 99 to 100% in the case of a sheet
thickness of from 0.7 to 0.5 mm. Accordingly, it is

15 particularly preferable to set the sheet thickness to 0.7
mm or less in relation to the sheet density ratio. The
lower limit of the sheet is generally 0.2 mm. Thus, it
becomes possible to achieve a high density molding to a
sheet density ratio of 98% or more by rolling to a sheet

20 thickness of 1.0 mm or less, because the voids scattered
inside of the kneaded material discharged from the kneader
and the voids formed by the air bubbles engulfed during
transfer to the roller can be efficiently removed by
rolling to a sheet shape under a molten state.

25 In this connection, regarding the method for setting

the sheet density ratio to 98% or more as described in the
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possi ble to achieve a sheet density ratio of from98 to 99% in the case of
a sheet thickness of 1.0 mm or a sheet density ratio of from99 to 100%
in the case of a sheet thickness of fromO0.7 to 0.5 nm Accordingly, it is
15 particularly preferable to set the sheet thickness to 0.7 mmor less in
relation to the sheet density ratio. The lower [imt of the sheet is
generally 0.2 mm Thus, it becones possible to achieve a high density

nol di ng tqQ,a. sheet nsity ratio of. 98% or re by rolling to a sheet 20
thicknessaﬁpﬁﬁﬁlanﬂé§§° e ,1?ﬁ§%3§%9?h%hﬁogaﬁagﬁé?tB?Eﬁ°r?ﬁ§Fﬂe of the
kneaded maj.eri.al_di scharged fr.omthe kneader and the voids forned by the
air bubbl ééslstacr%‘gauﬁqlencg CF&%] igh a%%r?%‘?r?'bmfﬁemr'oﬁ‘%r kS s_ncPRiciently

removed by _ rol.l.i 0 a sheet, shape under a nolten state, 25 In this
connectioﬁ?ﬁé&iﬁéﬁ%&ft*ﬁa?éﬁ%ﬁﬁ?qo?°s€§?i?ﬁfh?ﬂeféﬁe%?tﬁéﬁ%i??e?ﬁtio to
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the aforemﬂggdyxéjégﬁﬁgraeﬁggtéhd the like methods.
In this regard, the aforementioned sheet density
ratio is measured and calculated in the following manner.
10 That is, specific gravity of a sheet is measured by a
specific gravity measuring method (based on JIS K 6911) in
which it is calculated from the mass of the obtained sheet
in air and its mass in water, and the sheet density ratio
is calculated by its ratio with true specific gravity value
15 of the molding material compact (hardened product of the
resin composition) obtained in the same manner. In more
illustratively describing, specific gravity of the sheet is
obtained by the aforementioned specific gravity measuring
method. On the other hand, a hardened product of the
20 aforementioned resin composition is molded under molding
conditions of: temperature 175°C x 2 minutes, 6.865 MPa,
after hardening 175°C x 5 hours, and true specific gravity
of the molding material compact is calculated by the
specific gravity measuring method in the same manner as

25 described in the above. Thereafter, the sheet density

ratio is calculated from these measured values based on the
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ratio is neasured and calculated in the follow ng manner. 10 That is,
specific gravity of a sheet is neasured by a specific gravity neasuring
nmet hod (based on JIS K 6911) in which it is calculated fromthe mass of
the obtained sheet in air and its mass in water, and the sheet density
ratio is calculated by its ratio wth true specific gravity value 15 of
t he nmol ding material conpact (hardened product of the resin conposition)
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I n the above. Therea the sheet density ratid is ca romthese
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of the pulverizegg Ha¢kddd e N3W R Brld pulverized resin composition
may be confirmed by checking the particle size distribution
using a JIS standard sieve.

10 According to the present invention, the pulverized
material preferably has 50% by weight or less of the
pulverized particles that remain on the 1.0 mm sieve
without passing the sieve, based on the total weight of the
pulverized material. If the amount is higher than 50% by

15 weight, there may be a tendency that, even if the sheet
density ratio is controlled to be high, voids may remain
among the particles and voids during molding tend to
increase.

Also, the pulverized material preferably has from 10

20 to 40% by weight, preferably from 10 to 25% by weight, of
the pulverized particles that pass the 0.125 mm sieve,
based on the total weight of the pulverized material. The
fine particles fill the spaces among the larger particles,
so that the amount of air taken into tablets during molding

25 can be reduced. However, when the amcunt of the fine

particles exceeds 40% by weight, the bulk density may
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The particle size of the pulverized resin conposition nmay be confirnmed by
checking the particle size distribution wusing a JIS standard sieve. 10
According to the present invention, the pulverized naterial preferably has
50% by wei ght or less of the pulverized particles that renmain on the 1.0
nm si eve w thout passing the sieve, based on the total weight of the

pul verized material. If the amount is higher than 50% by 15 wei ght, there
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distribution into consideration, 1t 1s particularly
based on the total weight of the pulverized material.
Density ratio of the aforementioned tablet-molded
tablet is set to 94% or more and less than 98%.
10 Particularly preferred is 96% or more and les than 98%.
The reason for setting density ratio of the aforementioned
tablet-molded tablet tc less than 98% is as follows. That
is, (1) even when the sheet density is set to 99 to 100%,
very large pressurization is required for setting the
15 tablet density to 98% or more, which is impossible or
undesirable in view of the apparatus, (2) volatile
components are remained in the material discharged from the
kneader, and it absorbs water during storage due to its
increased surface area caused by pulverization, so that the
20 wvolatile components are present in the resin composition at
the time of tablet making. When the resin composition
under such a condition is made into a tablet having a high

density of 98% or more, degassing and dehumidification can

hardly be effected later on, and the volatile components

25 can hardly be separated from the high density layer during




5 preferably to control the amobunt of the particles having a particle size
of 0.125 mmor less to 25% by weight or |ess based on the total weight of
the pulverized material. Density ratio of the aforenentioned tablet-nolded
tablet is set to 94% or nore and |l ess than 98% 10 Particularly preferred
s 96% or nore and |l es than 98% The reason for setting density ratio of
the aforenentioned tablet-nolded tablet to less than 98%is as foll ows.
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density ratio is calculated by its ratio with true specific
gravity value of the molding material compact (hardened
10 product of the resin composition). In more illustratively
describing, the tablet density ratio is calculated from the
bulk specific gravity of the tablet calculated in the above
manner and the true specific gravity of the molding
material compact calculated by the aforementioned method,
15 based on the following formula, tablet density ratio (%) =
[ (bulk specific gravity of tablet)/(true specific gravity
of molding material compact)] x 100.
The aforementioned pressure at the time of carrying
out tablet-making molding into a tablet shape by
20 compression is not particularly limited, but it is
desirable to set it within the range of, e.g., from 245 to
784 MPa.
Thus, according to the present invention, it becomes
possible to effectively inhibit formation of internal voids
25 of a semiconductor device molded using the tablet, when all

of the respective values of sheet density ratio and tablet
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ratio is nmeasured and calculated in the following manner. 5 That is, since
the tablet is in a columar shape, bulk specific gravity of the tablet is
calculated fromthe dianmeter, height and wei ght of the tablet, and the
tablet density ratio is calculated by its ratio with true specific
gravity value of the nolding material conpact (hardened 10 product of the
resin conposition) . In nore illustratively describing, the tablet density
ratio is | £ spgcific gravity of the tabl et
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density ratio an nsity ratro satis or ement| oned
ranges. semiconductor device when the sheet density ratio before

pulverization is less than 98%.
The size, etc. of the semiconductor-molding tablet of
10 the present invention are not particularly limited as long
as it is roughly a columnar shape, but it is preferably
within the range of from 7 to 30 mm in diameter and from 10
to 45 mm in height.
Molding of a semiconductor elemental device using the
15 semiconductor-molding tablet obtained in this manner is not
limited, and it can be carried out by a known molding
method such as transfer molding or the like.
Next, Invention Examples are described together with
Comparative Examples.
20 Each of the components shown below was prepared.
Biphenyl type epoxy resin:
Epoxy equivalent 173, melting point 100°C
Phencl novolak resin:
Hydroxyl group equivalent 107, melting point 60°C

25 Hardening accelerator:

Triphenylphosphine




Accordingly, when any one of the aforenentioned values oversteps its

setting range, the effects of the present invention may not be obtai
For exanple, even when 5 density ratio of the finally obtained tablet
97% it is difficult to prevent formation of internal voids of the

ned.
is

sem conduct or device when the sheet density ratio before pulverization is

less than 98% The size, etc. of the sem conductor-nmolding tablet of
t he prese | qﬁngi are not particularly linmted as long as it is
roughly aQ%%lﬁhnar‘gﬁépe, but it is preferably within the range of fr
to 30 mmim i ter fiELfron110 to 45 mmin height. Mdlding of a
sem conductor "e emenfta

can be carrjed out by
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devi ce using the 15 sem conductor-nol ding tabl et

a

obtained in thi i s.not. l.i,mted, and i _
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Exanpl es gkpﬁgﬁzcribed together with Conparative Exanples. 20 Each of the
0

conmponents s

equi vat en |t {,ng point 100*C  Phenol novol ak resin: Hydroxyl
eguivg%enFéﬁg%n:E;%égb poi nt 60'C 25 Hardening accel erator:
Tr'pheny|@y¥gﬂa'3%upling agent:

Y-glycidoxypropyl trimethoxysilane

Invention Examples 1 to 6 and Comparative Examples 1 to 6

Respective components shown in the following Table 1
10 were put into a mixer at the ratio shown in the same table
and dry-blended, and then the aforementioned mixture was
fed into a twin screw kneader and melt-kneaded at a resin
temperature of 110°C. Next, the kneaded material
discharged from this kneader was molded into a sheet shape
15 by rolling it using a calender roller of 150 mm in
diameter. In this case, gap, pushing pressure and the like
of the roller were adjusted such that a sheet having a
thickness shown in the following Table 2 was obtained.
Next, the aforementioned melt-kneaded material molded into
20 a sheet shape was air-cooled, pulverized using a hammer
mill and then molded into a tablet shape. This tablet-
making molding was carried out using a rotary tablet making
machine (mfd. by Kikusui Seisakusho, 33 continuing type) in
which the molding of tablets is continuously carried out
25 while rotating a turntable on which a pair of mortar and

pestle is arranged in two or more numbers. Thereafter, a
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bel ow was prepared. Bi phenyl type epoxy resin: Epoxy

gr oup



15 Carnauba wax Inorganic filler: Fused spherical silica powder (average

particle size 2 0 pn) 5 Carbon black Silane coupling agent:

y-gl yci doxypropyl tr:Lmethoxysilane Invention Exanples 1 to 6 and

Conparative Exanples 1 to 6 Respective conponents shown in the follow ng

Table 1 10 were put into a mxer at the ratio shown in the sanme table and

dry- bl ended, and then the aforenentioned m xture was fed into a twin screw
erature of 110'C. Next, the

kneader ng EE! are

kneaded ma er|d+ a?%%%l??oﬁ?gﬁ?g ggﬁaBE?PﬁégdnBVdEHmPﬁ?ésanghéét
shape 15 n Iend roller of 150 mMmin dianeter. In
this casebé/géa%éifg&h#én%f%{rze‘g%ﬁ?%a ?f‘i@ like of the roller were adjusted
such that a sheet having a thlckness shown in the follow ng Table 2 was
obt ai ned. Next, the aforenentioned nelt-kneaded material nolded into 20 a
sheet Shape was air-cool ed, pulverizegbugi ng a hammer m |l and then nol ded
into a tablet shape. This tablet- making nolding was carried out using a

rotary tabl et _ i nui ng
type) in whith tMicing dagookesedl et is contimiBgsPRTES ried ou
(parts by weight)

Biphenyl type epoxy

resin 6

Phenol novolak resin 5

Hardening accelerator 0.5

Carnauba wax 0.5

Inorganic filler 87

Carbon black 0.5

Silane coupling agent 0.5

Regarding each of the respective semiconductor-
molding tablets obtained in this manner, the tablet density
10 ratio was measured and calculated in accordance with the
method described in the foregoing. Also, the
aforementioned sheet density ratio at the time of roll-
molding into each sheet shape was measured and calculated
in accordance with the method described in the foregoing.
15 In this connection, the aforementioned sheet thickness was
measured using a pair of calipers after air-cooling the
material molded into a sheet shape. These results are
shown in the following Table 2 and Table 3.
Using each of the respective semiconductor-molding
20 tablets obtained in this manner, a semiconductor device (20

samples) was prepared under the following conditions.

17




25 while rotating a turntable on which a pair of nortar and pestle is
arranged in two or nore nunbers. Thereafter, a 16 sem conductor-nol di ng
tabl et was prepared by conpressing to a desired tablet density ratio. 5
Table 1 M xing conponentsM xing parts (parts by wei ght) Bi phenyl type epoxy
6 resin Phenol novol ak resi n5 Hardeni ng accel erator0.5 Carnauba wax0.5

I norganic filler87 Carbon bl ack0.5 Silane coupling agent0.5 Regardi ng each

of the ISl Soll GAIC IS il il Jidbl £l o 0L BSiabded i S manner,
cal cu In

the tabl et density 10 ratio was measured an ate accordance with

the met hel Hese e brdbidisa f%‘?%kﬂ?&f%ﬁpﬁﬁﬁ%ﬁ%ﬁw@m&%’%e&é heet

density ratio at the tine of r sheet shape was

measur ed ghfneal W¥ alfibrddL W&%q& th 45 @f%é&f%ﬁ}?@%& n the

foregoing. 15 In this connection, the arorenentl one ness was
and average value of the number of internal wvoids in 20

5 samples of the semiconductor device was calculated. The
results are shown in the following Table 2 and Table 3.
Semiconductor device size: 144 pin quad flat
package (144 pin QFP) 20 mm x 20 mm
Chip size: 7.5 mm x 7.5 mm
10 Transfer molding condition: thermosetting at 175°C
for 90 seconds
Molding pressure: 6.865 MPa
Molding machine: Multi-plunger System manufactured by
TOWA
15 Fifty molded tablets (14 mm@; intended weight: 6 g)
were praepared and each of the tablet was weighed. 1In
accordance with the criterion below, the weight
distribution was evaluated and the results are shown in

Tables 2 and 3.

20
A: (Maximum value - minimum value)/average value < 0.3%
B: 0.3% < (Maximum value - minimum value)/average value < 0.5%
C: 0.5% < (Maximum value - minimum value)/average value < 2.0%
D: 2.0% < (Maximum value - minimum value)/average value

25
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measured using a pair of calipers after air-cooling the material nolded
into a sheet shape. These results are shown in the followng Table 2 and
Tabl e 3. Using each of the respective sem conductor-nolding 20 tablets
obtained in this manner, a sem conductor device (20 sanples) was prepared
under the follow ng conditions. 17 Thereafter, inside of the thus obtained
sem conduct or device was observed using an X-ray apparatus to count the

rumber of ot er 9l LS A0 1A% AR A Fo TG o ardaerage
Tabl o o xRl il adfentld B2 M IF Mt o et plit gt et 7
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Table 2
Invention Examples
1 2 3 4 5 6
Sheet density (%) 98 98 99 100 98 08
Sheet thickness {(mm) 1.0 1.0 0.7 0.5 1 1
Tablet density (%) 94 96 96 97 94 94

Particle size of pulverized
material: >1 mm (% by weight)
Particle size of pulverized

50 30 50 50 30 10

material: <0.125 mm (% by 10 10 10 10 25 40
weight)

The number of internal voids

(numbers/20 packages) 05 0.2 0.1 0 0.4 07
Weight distribution B B A B A B
Compression pressure index

(relative to Comparative 0.83 1.67 1.50 1.80 0.67 0.92

Example 1)




Tables 2 and 3. 20 A: (Maxi mum val ue - m ni num val ue)/average value < 0.3%
B: 0.3%5 (Maximmvalue - mninumvalue)/average value < 0.5% C 0.5%5
(Maxi num val ue - m ni num val ue)/average value < 2.0% D: 2.0% < (Maxi mum
val ue - mni mum val ue)/ average val ue 25 18 The conpressi on pressure
required for nolding the tablets were neasured for each of the tablets of
I nvention Exanples and Conparative Exanples. The results are shown in
Tables 2 and 3 as relative values with taking the value 5 of Conparative
Exanple 1 as 1. Table 2 Invention ExBaples3123456 Sheet density
9898991009898 Sheet thickness (mm1.01.00.70.511 Tablet density . _
(0/0) 949696979494 Particle S||z§a of pullvectl\LIzH%L'jmnwg;;L es >1/;1;rn (% wei

nasa.

t 505050508010 Particle size of tveriged-materta i
by1010101 i Lhtetnal vdide 4 3 6
Sheet density (% 96 98 100 96 96 96

Sheet thickness (mm) 2.3 1.0 0.5 2.3 2.3 2.3
Tablet density (%) 94 93 98 94 94 94
Particle size of pulverized

material: >1 mm (% by weight) 50 >0 >0 33 >0 3
Particle size of pulverized

material: <0.125 mm (% by 10 10 10 10 5 50
weight)

The number of internal voids

(numbers/20 packages) 1.3 2.0 1.3 2.2 2.0 2.0
Weight distribution B B C C C D
Compression pressure index

(relative to Comparative 1 0.75 3.17 1.17 1.17 1.33
Example 1)

5 As is evident from the aforementioned results,
internal voids were not forﬁed or very little, if formed,
in the semiconductor devices produced using a tablet having
a tablet density ratio of 94% or more and less than 98%
prepared by carrying out tablet-making molding of a

10 pulverized material comprising a rolled sheet having a
sheet density ratio of 98% or more.

On the other hand, in the semiconductor devices
prepared using tablets corresponding to either a sheet
density ratio of less than 98% or a tablet density ratio of

15 1less than 94% or 98% or more, internal voids were formed in

large amounts in comparison with Invention Examples.
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nunber s/ 20 packages) 0. 50. 20. 100. 40. 7 Wei ght di stri buti onBBABAB Conpr essi on
pressure index (relative to Conparative0.831.671.501.800.670.92 Examle 1)
10 19 Table 3 Conparative Exam es 123456 Sheet densi %9698100969696 Sheet
thi ckness () 2.31.00.52.32.32.3 Tabl et density (9% 949398949494 Particle
size of pulverized material: > mm (% by wei ht 50505055505 Particle size of
pul verized material: < 0.125 mm (% by10101010550 wei ght) The nunber of

e ot | oneecR e Siddh RACKANMd. 5. B Yo flgdfnd ¥SMing to

di stributi onBB npressi on pressure index

Conpar at | Y00l dfdertdons £XE0RL SotdudebS-hs18¢hgeRlnlLem Lhe
af orementioned results,
produced by rocll-molding a kneaded material of an epoxy
resin composition into a sheet shape having a sheet density
5 ratio of 98% or more, pulverizing the aforementioned sheet
shaped compact, and then making this pulverized material
into a tablet shape having a tablet density ratio of 94% or
more and less than 98%. Thus, by setting the sheet density
ratio to the aforementioned range, it becomes possible to
10 obtain a high density tablet which is difficult to realize
by the conventional tablet making techniques and tablet
making apparatus when the pulverized material is used.
Accordingly, a semiconductor device prepared by resin-
molding using a tablet obtained by the production method of
15 the present invention shows reduced generation of voids and
has high reliability.

In addition, by setting thickness of the
aforementioned roll-molded sheet to 1.0 mm or less, it
becomes easy to increase the sheet density ratio to a high

20 density of 98% or more.
While the invention has been described in detail
and with reference to specific embodiments thereof, it will
be apparent to one skilled in the art that various changes

and modifications can be made therein without departing

25 from the scope thereof.




internal voids were not forned or very little, if fornmed, 1in the

sem conduct or devi ces produced using a tablet having a tablet density
ratio of 94% or nore and | ess than 98% prepared by carrying out

t abl et - maki ng nol ding of a 10 pul verized material conprising a rolled sheet
having a sheet density ratio of 98% or nore. On the other hand, in the
sem conduct or devices prepared using tablets corresponding to either a
sheet density rat:i 0 |4 it ha %or.a tablet density ratio of 15 | ess
t han 94% or 98%%%'%1#&’,11?%%&%515\?%&9 serc\i/veorne TS P2Y¥%e amounts in
conpari so 1t ventyd on 0, as.. be d i bed in_the

f or egoi ng?=l clclgzrél ncgptb!)&'tﬁe pr e%%%?&i%@%‘gigﬁ?y:f—éé?@% tu 8r?ﬂgf’ﬁ?ng
tablet is folelTtelS |+ i ne ribal._of an _epoxy resin
Conposi t i (;:r?q{ nt o a%skﬁéé%ét&éh%%%‘ﬂa@/%l% S ‘g‘g’?"’%%ng‘?"t‘%% ’f%’??ro'e $€98% or
nore, pulverizing the aforenentioned sheet shaped conpact, and then making
this pulverized material into a tablet shape having a tablet density ratio
of 94% or nore and |l ess than 98% Thus, by setting the sheet density
ratio to the aforenentioned range, it becones possible to 10 obtain a high
density tablet which is difficult to realize by the conventional tabl et
maki ng techni ques and tabl et naking apparatus when the pul verized materi al
is used. Accordingly, a sem conductor device prepared by resin-
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nol di ng using a tabl et obtained by the production nmethod of 15 the present
I nvention shows reduced generation of voids and has high reliability. In
addition, by setting thickness of the aforenmentioned roll-nolded sheet to
1.0 mor less, it becones easy to increase the sheet density ratio to a
high 20 density of 98% or nore. Wile the invention has been described in
detail and with reference to specific enbodinents thereof, it wll be
apparent to one skilled in the art that various changes and nodifications
can be made therein w thout departing 25 fromthe scope thereof. 21 This
appl i cati At A% Qkp 3panese patent application No. 2003-198550 filed
July 17, 2003 —the entrre —contents thereof being hereby incorporated by
reference. 22 WHAT IS CLAIMED IS: 1. A nmethod for producing a

sem conductor-nmolding 5 tablet, which conprises a step of kneading an

epoxy resin CO"HQSiiiﬂgthSQ”?BLS#gggﬁgﬁggn3”%3&i&é%9§@t399§¥1ﬁ§%in’ (B) a

phenol resin and (C) an I norgan as essentl al Cconponent’s, a step

of rol§- mylgiie t RS Wddgis ddeaded 10 conposition into a sheet shape
having a sheet density ratio

a step of kneading an epoxy resin composition

comprising components: (A) an epoxy resin, (B) a phenol
resin and (C) an inorganic filler, as essential components,
a step of roll-molding the resulting kneaded
10 composition into a sheet shape having a sheet density ratio
of 98% or more,
a step of pulverizing the resulting sheet-shaped
compact, and
a step of forming the pulverized material into a
15 tablet shape having a tablet density ratio of 94% or more

and less than 98%.

2. The method for producing a semiconductor-molding
tablet according to claim 1, wherein the thickness of the

20 sheet-shaped compact is 1.0 mm or less.

3. The method for producing a semiconductor-molding
tablet according to claim 1, wherein the pulverized
material has 50% by weight or less of particles having a

25 particle size of more than 1.0 mm and 10 to 40% by weight
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of 98% or nore, a step of pulverizing the resulting sheet-shaped conpact,
and a step of formng the pulverized material into a 15 tabl et shape having
a tablet density ratio of 94% or nore and |less than 98% 2. The nethod for
produci ng a sem conductor-nolding tablet according to claim1, wherein the
t hi ckness of the 20 sheet-shaped conpact is 1.0 mmor less. 3. The nethod
for producing a sem conductor-nolding tablet according to claim1l, wherein

t he pul ver Lal _has 50% by weight .or less of particles having a 25
particle s?ggg%f%rr{:)%gt h%nlﬁf?‘oan%aéﬁacig £3%8095bY - hePgR 2% desFarticl es

having a pgLLig§! EnSi 125.mmor | ess, ased on the total weight of
the pul veri zedgngzt]e*r:ﬁgl QLEQJ'AW?% oﬁﬁuggﬁrPHEVﬁFﬁﬁeFlaBPEFréﬂtlai ned by the
5 nmethod for producing a sem conductor-nol ding tablet described in claiml1,

2 or 3, wherein its tablet density ratiois 94%or nore and | ess than 98%
5. A semiconductpr gevyge Rroduced by .resin-nol.din 10 a sem conduct or
el enental devi ce using e?hecgsnemcc%@ﬁdﬂ%’tléﬁngrnﬁr%ﬁ e dy ith’l in claim
4. 24 5  pethod for producing a semiconductor-molding tablet

described in claim 1, 2 or 3, wherein its tablet density

ratio is 94% or more and less than 98%.

5. A semiconductor device produced by resin-molding
10 a semiconductor elemental device using the semiconductor-

molding tablet described in claim 4.
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