SPECI FI CATI ON RESI N COMPCSI TI ON FOR SEM CONDUCTOR ENCAPSULATI NG

SEM CONDUCTOR DEVI CE USI NG THE SAME AND PROCESS FOR FABRI CATI NG
SEM CONDUCTOR DEVI CE TECHNI CAL FI ELD The
present invention relates to a resin conposition for sem conductor
encapsul ating which is superior in flame retardance, soldering resistance,
noi sture resistance reliability and fluidity, to a sem conductor device
using such a resin conposition, and to a process for fabricating such a
sem conduct or devi ce. SPECIFICATIRACKGROUND ARTS It is a
conventional practice to encapsulate sem conductor elenents such as
transistors, ICs and LSIs wth ceramc nmaterials and the |like for
fabrication of sem conductor devices. Recently, sem conductor devices of

resin-encapsukeses CypecsTRiION HOR| S@l Conblerbal EncAdeenacare, dom nant
in view of costs and mass productivity thereof. Epoxy resin conp05|t|ons
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degree, a |l arger device size

TECHNICAL FIELD
The present invention relates to a resin
composition for semiconductor encapsulating which is
superior in flame retardance, soldering resistance,
moisture resistance reliability and fluidity, to a
semiconductor device using such a resin composition, and
to a process for fabricating such a semiconductor device.
BACKGROUND ARTS
It is a conventional practice to encapsulate
semiconductor elements such as transistors, ICs and LSIs
with ceramic materials and the like for fabrication of
semiconductor devices. Recently, semiconductor devices
of resin-~encapsulated type employing plastic materials
have become dominant inview of costs and mass productivity
thereof. Epoxy resin compositions are conventionally
used fot the resin encapsulating of the semiconductor
devices of this type, offering good performance. However,

technological innovation in the semiconductor field has

led to a higher integration degree, a larger device size



and. a nore mnute interconnection pattern, while the <current trend is
toward reduction in package size and thickness. This demands further

i mprovenent in the reliability of an encapsulating nmaterial. On

t he- ot her hand, el ectronic conponents such as sem conductor devices should
absolutely satisfy the flame retardance requirenent of the UL94 V-0
standard. One conventional nethod of inparting flanme retardance to a

resin conmposition for sem conductor encapsulating is to add a brom nated
epoxy resi readgdaamnbreomynotiedd e dtdennest foncpapoerni,owhile the However
there are two critical problens associated wth the aforesaid flane
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2 retardance requirement of the UL94 V-0 standard. One

conventional method of imparting flame retardance to a
resin composition for semiconductor encapsulating is to
add a brominated epoxy resin and antimony oxide to the resin
composition.
However, therearetwocritical problems associated
with the aforesaid flame retardance imparting technique.
A first problem is that antimony trioxide itself
has a toxicity and the resin composition, when burnt, emits
hydrogen bromide, bromine-based gases, antimony bromide
- and the like which are harmful to human body and equipment
because of their toxicity and corrosiveness.

A second problem is that, if a semiconductor device
fabricated by utilizing the aforesaid flame retardance
imparting technique is allowed to stand in a high
temperature atmosphere for a long period, liberated
bromine corrodes aluminum interconnections formed on a
semiconductor element of the device. This results in

breakdown of the semiconductor device, presenting the



probl em of reduction in the high tenperature reliability of the device.
Proposed- as one approach to the aforesaid probl ens is addition of an

i norganic flanme retardant of a hal ogen- and anti nony-free netal

hydr oxi de. However, this approach requires to use the nmetal hydroxide in
a large anount (e.g., 40% by wei ght or greater), thereby posing new

pr obl ens. A first problemis that the sem conductor device 1is
liable to swell and crack during a soldering operation. |In recent years, a
surf ace nouprphgemeefodediast bevoie t ke ingintt eap e amt hwd- ef laira ¥ Hiei ppunt i ng
of the sem conductor device. The sol dering operation enploys a sol der
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new problems.

A first problém is that the semiconductor device
is liable to swell and crack during a soldering operation.
In recent years, a surface mounting method has become
dominant as a method for the mounting of the semiconductor
device. The soldering operation employs a solder dipping
process, an infrared reflow process, a vapor phase reflow
process or the like. Whichever process is employed, the
semiconductor device is subjected to a high temperature
(typically, 215°C to 260°C). 1In the case of a
semiconductor device encapsulated with a conventional
resin composition containing the metal hydroxide, abrupt
evaporationof water absorbed in themetal hydroxide causes
the semiconductor device to swell and crack, because the
metal hydroxide has a high water content. That is, the
problem is associated with reduction in so-called

soldering resistance.

A second problem is associated with moisture



tenperature and high humdity atnosphere at a tenperature of 80[err]Cto
200[err]C and a relative humdity of 70%to 100% \Were the sem conductor
device includes highly exotherm ¢ sem conductor elenments or is nounted
adj acent to an engine of an autonobile, dehydration of the netal hydroxide
occurs in the sem conductor device during prolonged use, thereby
deteriorating the noisture resistance reliability. The conventi ona
flame retardance technique involves the aforesaid problens and, hence,
there is a YeEi8kgrEentRd 1rbA lddvel ofient 167 bhaaveffanraneear fanve

techni que which uses a safe material free fromemssion of harnful gases
when t he nef$erigbndychomidevdne daudesblreitcheietameldiaige nor crieicking in a
sem conductor device due to dehydration of the nmetal hydroxide during the
sol deri ng opemnperenpreosnd el giohumdiddnt yob tabephaum® at i ecg@yiedid@ns on a
sem conductor el enment of the device nor the deterioration in noisture
resi stance o2l 8abt lid 20\ ERid 4 helseniwontuctiortdev cad slilged to
stand in a high tenperature and high hum dity atnosphere for a | ong
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i deteriorating the moisture resistance reliability.

The conventional flame retardance technique
involves the aforesaid problems and, hence, there is a
strong demand for development of a new flame retardance
technique which uses a safe material free from emission
of harmful gases when the material is burnt, and causes
neither swelling nor cracking in a semiconductor device
due to dehydration of the metal hydroxide during the
- soldering operation, nor the corrosion of aluminum

interconnections on a semiconductor element of the device
nor the deterioration in moisture resistance reliability
even if the semiconductor device is allowed to stand in

a high temperature and high humidity atmosphere for a long

period. To solve the aforesaid problems, the inventors

of the present invention previously proposed to employ a

thermosetting resin composition for semiconductor

encapsulating which contains a thermosetting resin, a



conposition for sem conductor encapsul ating indeed inproves the flane
retardance and the noisture resistance reliability, but poses a new
probl em Wen a sem conductor package having a reduced thickness (which

is arecent trend) is nolded by transfer nolding or the like, the fluidity
of the resin conposition as the encapsulating material is reduced thereby
to deformgold wres of a sem conductor device. That is, the problemis
associated with remarkabl e deterioration of the noldability. In

vi ew of thehdodegdnggagenti saamcod] deydobxibie apd esemdtd hwentd®n dmo provi de
a resin conposition for sem conductor encapsul ating which is safe and
superior i cohsbund mesadt ayroeldalddirds ystihanesfr ehar dereg and

nol dability, a sem conductor device using such a resin conposition, and a
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and Q are Cyéflegbefilgﬂ alau%l %ror%%tss;a e'ws paro &n. when a
semiconductor package having a reduced thickness (which
is a recent trend) is molded by transfer molding or the
like, the fluidity of the resin composition as the
encapsulating material is reduced thereby to deform gold
wires of a semiconductor device. That is, the problem is
associated with remarkable deterioration of the
moldability.

In view of the foregoing, it is an object of the
present invention to provide a resin composition for
semiconductor encapsulating which is safe and superior in
moisture resistance reliability, flame retardance and
moldability, a semiconductor device using such a resin
composition, and a process for fabricating such a
semiconductor device.

DISCLOSURE OF THE INVENTION

In accordance with a first aspect of the present

invention to achieve the object described above, there is

provided a resin composition for semiconductor



el ement which belongs to a group selected fromlVa, Va, Vla, Vlla, VIIlI,
Ib and Ilb groups in the periodic table;, m n, a, b, ¢, d and e, which may
be the sane or different, each represents a positive nunber]. In
accordance with a second aspect of the present invention, there is

provi ded a sem conductor device fabricated by encapsulating a

sem conductor elenent with the sem conductor encapsul ating resin
conposition described above. In accordance with a third aspect of
t he presentencapenfliedning wbiehi sopteinded(a) pr adessndsrt f bibg imegimg a

sem conduct or device, which conprises the step of encapsulating a

sem conduct pLi¢l embatrdeintimd keyersem aoddyuti 0 ancappoliaid megdadEsi n
conposition described above by a transfer nolding nethod, or a process for
fabricati nghpdseniidendichol ydedirad, cWist ICaH Sepridientsd®bPithe
encapsul ating a sem conductor elenent with a sheet encapsul ating materi al
conposed offéhgoﬁgﬂbcg@gggggrfdyﬁgg§ugp;;ng resin conposition described
above. 6 The conpound
met al hydr oxi de of la/Redr al 4 Gr. I formyas the conponent (iii) in the
sem conduct or eﬁ%ggéﬁﬁagf%dqﬁeg?%@céﬁﬁééﬁgpon according to the present
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VIa, VIIa, VIII, Ib and IIb groups in the periodic table;
m, n, a, b, ¢, d and e, which may be the same or different,
each represents a positive numberj.

In accordance with a second aspect of the present
invention, there is provided a semiconductor device
fabricated by encapsulating a semiconductor element with
the semiconductor encapsulating resin composition
described above.

In accordance with a third aspect of the present
— invention, there is provided a process for fabricating a
semiconductor device, which comprises the step of
encapsulating a semiconductor element with the
semiconductor encapsulating resin composition described
above by a transfer molding method, or a process for
fabricating a semiconductor device, which comprises the
step of encapsulating a semiconductor element with a sheet
encapsulating material composed of the semiconductor

encapsulating resin composition described above.



(c-axis direction), e.g., a generally octahedral or quadri hedral crystal
form which may be obtai ned by allowing the plate crystal to growin its

t hi ckness direction (c-axis direction). The polyhedral crystal  form may
of course vary depending on the nethod for pul veri zation and ml1ling of
t he conpound netal hydroxide and the crystalline grow h. The

inventors of the present invention carried out a series of researches to
provide a sem conductor encapsulating resin conposition which is safe and
superior in sol deThagamgsiwidmesalmhydrokddeest Yoanared @i aviddan flame
resistance and fluidity. In the researches, an intensive study was first

nmade to detesminesathaugsempbridie (educti®nche tBRitbHbdckyrof a ,
sem conduct or encapsul ating resin conposition containing the conventional

conpound r@i@dpsiUEeXhgeredSnacdMSsbitibh A@SofQURY L{Halhd heedffuction in
the fluidity is attributable to the crystal 7
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greater crystal growth degree in its thickness direction
(c-axis direction), e.g., a generally octahedral or
quadrihedral crystal form, which may be obtained by
allowing the plate crystal to grow in its thickness
direction (c-axis direction). The polyvhedral crystal
form may of course vary depending on the method for
pulverization and milling of the compound metal hydroxide
and the crystalline growth.
The inventors of the present invention carried out

o a series of researches to provide a semiconductor

| encapsulating resin compositionwhich is safe and superior
insoldering resistance, moisture resistance reliability,
flame resistance and fluidity. 1In the researches, an
intensive study was first made to determine a cause of the
reduction in the fluidity of a semiconductor encapsulating
resin composition containing the conventional compound
metal hydroxide. BAs a result, it was found that the

reduction in the fluidity is attributable to the crystal



suppression of the reduction in the fluidity. As a result, it was found
that the-reduction in the fluidity of the resin conposition can be
suppressed for inprovenment of the noldability without any trouble in the
transfer nolding - process, by enploying a conpound netal hydroxide which
has a specific average particle diameter and has a pol yhedral crystal
formwith a greater crystalline growh degree in its thickness direction
rather than a plate crystal form such as a hexagonal plate formor a scaly
form Thus,fefe ofi tkenconpohadeneaita hilyed dxhiglepr edionte Bpeeitfienlly,

Where this particul ar conpound netal hydroxide having the aforesaid
crystal forthégorpouwndnage lpaydrokédedianbtr1phad & dlertd ciytsaali [err]
m an excellent flane retardant effect can be offered, and the reduction
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reduced thereby to cause the deformation of gold wires of
a semiconductor device. Based on this findiﬁg, the
inventors further made researches with the aim of
suppression of the reduction in the fluidity. As aresult,
it was found that the reduction in the fluidity of the resin
composition can be suppressed for improvement of the
moldability without any trouble in the transfer molding
process, by employing a compound metal hydroxide which has
a specific average particle diameter and has a polyhedral
crystal form with a greater crystalline growth degree in
its thickness direction rather than a plate crystal form
such as a hexagonal plate form or a scaly form. Thus, the
inventors have attained the present invention.

Where this particular compound metal hydroxide
having the aforesaid crystal form has an average particle
diameter of 0.5 4 mto 10 u# m, an excellent flame retardant

effect can be offered, and the reduction in the fluidity

of the resulting resin composition can be suppressed for



described in detail. A resin conposition for sem conduct or

encapsul ating in accordance with the present invention is prepared froma
t hernosetting resin (conponent (i)), a hardening agent (conponent (ii))
and a specific conmpound netal hydroxide (conponent (iii)). The resin
conposition is typically in a powdery form or the powldery resin
conposition is forned into a tablet. Alternatively, the resin conposition
after having been nelted and kneaded, 1is fornmed into granules such as of a
general |y cyurhbercamprovggentorof arimedne hdabal $hget encapsul ati ng

mat eri al . Exanpl es of the thernosetting resin (conmponent (i))

i ncl ude epoxy resiWserpotientenpodadr meitas, hydsekidal @ds an aspect

9 pol yester resins and phenol resins, anong which the epoxy

resins and tdeipobynmal eomsde UmesivisAFLi PRI f Cthar b¥subteher redih the
present invention. The epoxy resins to be used are not particularly

limted, bulompysoticanventdoraldhy:dinewr eRPXNeteshsovBYenb& H38L
Exanpl es of specific epoxy resins include those of" bisphenol-A type,
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Fig. 1 is a perspective view illustrating a
hexagonal plate crystal form which is one typical crystal
form of a conventional compound metal hydroxide.

BEST MODE FOR CARRYING OUT THE INVENTION

Embodiments of the present invention will next be
described in detail.

A resin composition for semiconductor
encapsulating in accordance with the present invention is
prepared from a thermosetting resin (component (i)), a

- hardening agent (component (ii)) and a specific compound
metal hydroxide (component {(iii)). The resin composition
is typically in a powdery form, or the powdery resin
composition is formed into a tablet. Alternatively, the
resin composition, after having been melted and kneaded,
is formed into granules such as of a generally cylindrical
shape, or formed into a sheet encapsulating material.

Examples of the thermosetting resin (component (i))

include epoxy resins, polymaleimide resins, unsaturated



mal ei m dephenoxy) phenyl | pr opane. Usabl e as the hardeni ng agent
(component (ii)) in conbination of the aforesaid thernosetting resin
(conponent (i)) is any of conventionally known hardening agents such as
phenol resins, acid anhydrides and am ne conpounds. \Were an epoxy resin
is used as the thernosetting resin, a phenol resin is preferably used as
t he hardeni ng agent. Exanples of specific phenol resins include phenol
novol ak resins, cresol novol ak resins, bisphenol-A novol ak resins,

napht hol nopolpkstesinssand apdheieinar alelsyinsr,eanbag WHEER e VWY resi n of
bi phenyl 10 type is used as the

epoxy resinregipbennl anal lpdlyiSidimide PF&S ehabhYeUpad taSullRe-1RAr deni ng
agent . Where a polymaleim de resin is used as the t hérnosetting

resin, the hasdeprag agerhel @A diiedidgeMOion. Particularly limted, but
any of conventionally known har deni ng agents may be used. Exanples

t hereof include @Wégﬁﬁ%gﬂdr@égﬁgykopggnggadrﬁkghgﬁﬁnggkqhgﬂgzq¥,reacting

the aforesaid epoxy r ardeni ng agents w _ hal'ide "i*n the
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epoxy gro

type and biphenyl type.

The polymaleimide resins to be used are not
particularly limited, but any of conventionally known
polymaleimide resins may be used which have two or more
maleimide groups in one molecule thereof. Examples of
specific polymaleimide resins include N,N'-4,4'-
diphenylmethanebismaleimide and 2,2-bis-{4-(4~
maleimidephenoxy)phenyl jpropane.

Usable as the hardening agent {(component (ii)) in

;ﬁ combination of the aforesaid thermosetting resin
(component(i)) is any of conventionally known hardening
agents such as phenol resins, acid anhydrides and amine
compounds. Where an epoxy resin is used as the
thermosetting resin, a phenol resin is preferably used as
the hardening agent. Examples of specific phenol resins
include phenol novolak resins, cresol novolak resins,
bisphenol-A novolak resins, naphthol novolak resins and

phenol aralkyl resins. Where an epoxy resin of biphenyl

10



The specific conpound netal hydroxide to be used in conbination with the
thernosetting resin (conponent (i)) and the hardening agent (conponent
(1i)) has a polyhedral crystalfornmandi srepresent edbyt hefoll owi ng general
formula (1): mMerr]Qerr]) [err]ln (QQerr]err]) [err]jcHerr]O
..... (1) (wherein Mand Q are different netal elenments; Qis a netal

el ement which belongs to a group selected fromlVa, Va, Vla, Vlla, VIII,

Ib and I1b groups in the periodic table; 11
m n, a, b,tgpediandsed wali therepoy teesisgma phalidf eneiikyl ededin
represents a positive nunber). In the conpound netal hydroxide

repr esent edibypreé€ergénigr alsddraaill €hé Iharesamphesgentt.he netal el ement M
include Al, My, Ca, Ni, Co, Sn, Zn, Cu, Fe, Ti ang B. In the

conpound netal hydwRside ar gpIewRNEGh Ry thes 1 gensr akefiopgukas( 1), the ot her
nmetal elenment Qis a netal elenent which belongs to a group selected from
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‘the aforesaid epoxy resin hardening agents with a allyl
halide in the presence of an alkali.

Where an epoxy resin and a phenol resin are employed
as the thermosetting resin (component(i)) and the
hardening agent (component (ii)), respectively, the
proportions thereof are preferably set so that the phenol
resin has 0.7 to 1.3 equivalents, particularly 0.9 to 1.1
equivalents, of hydroxyl groups per eqguivalent of epoxy
groups in the epoxy resin.

o The specific compound metal hydroxide té be used
in combination with the thermosetting resin (component
(1)) and the hardening agent (component (ii)) has a
polyhedral crystal formand is represented by the following
general formula (1):

m(M,0,) n{Q,0,)CH,0 ..... (1)

(wherein M and Q are different metal elements; Q is a metal
element which belongs to a group selected from Iva, Va,

VIa, VIIa, VIII, Ib and IIb groups in the periodic table;

11



The conpound netal hydroxi de of polyhedral crystal formto be used in the
present invention has, for exanple, a generally octahedral outer shape
with an aspect ratio of about 1 to about 8, preferably 2 to 7. Were the
metal elements Mand Q are My and Zn, respectively, in the fornmula (1),
for exanple, the conpound netal hydroxide can be prepared in the follow ng
manner. First, a zinc nitrate 12

conmpound is added to an aqueous sol ution of magnesi um hydroxide for

prepar at i on®of™ a dgaPti @t %@ﬁﬁoandﬂ%@%lmamméged%ami%mdi@fwamtused as a
raw material. Then, the raw material is baked at a tenperature ranging
from 800[cPRF £BPICSOOLEr 1] @OSidrievredmpably from 1, 000[err]C to
1,300[err] C for preparation of a conpound netal oxide. The resulting
conpound net al oxi ke the copwesert ndthy hydoopodetieprefentrlaby the

mM MO [err]n(ZnO . The conpound netal oxide is vigorously stirred in an
aqueous solgenenatofbamnilag ( lgGetaxangLl¢k | if abhampedhloblahewt: @ 1 nol % to
about 6 nol % relative to the conpound netal oxide at a tenperature of not

| ower than #¢eudeCalor Mydicat,i ori t ey eafn, Thws, chheregompound net al
hydr oxi de having the pol yhedral crystal formand represented by a

conposi tion fo”TU'ﬁlm@bmpoﬂhén@tﬁllﬂ[l@fdi‘@ci&eaﬁéﬁfé@l@ﬁﬁewEyh,ttﬂae present

invention is prepared. Exenpl ary conpound Tetal hydroxi des of

| yhedr al I i ncf ud F ' :
poLyrechs) seupia i g et ) Mondiep 10 dets

Al [err] O ed¥dmdre SHESERTBEEbREE] toChl §EELE LOTaELeqOFEbS! Thil, vAToNg whi ch
hydr at es of magnesi um
e VIa, VIIa, VIII, Ib and IIb groups in the periodic table.
Examples of the metal element Q include iron, cobalt,
nickel, palladium, copper, zinc and cadmium. These metal
elements are used either alone or in combination.

By controlling the conditions for the preparation
of the compound metal hydroxide of polyhedral crystal form,
the compound metal hydroxide is allowed to have any desired
polyhedral crystal form such as a generally octahedral or
quadrihedral crystal form having a greater crystal growth
degree in its thickness direction (c-axis direction).

The compound metal hydroxide of polyhedral crystal
form to be used in the present invention has, for example,
& generally octahedral outer shape with an aspect ratio
of about 1 to about 8, preferably 2 to 7. Where the metal
elements M and Q are Mg and Zn, respectively, in the formula
(1), for example, the compound metal hydroxide can be

prepared in the following manner. First, a zinc nitrate

12



oxi de/ ni ckel oxide and hydrates of magnesi um oxi de/zinc oxide are
particularly preferred. The conmpound netal hydroxi de of pol yhedra
crystal form (conmponent (iii)) preferably has an average particle

dianeter of 0.5 [err] mto 10 [err] m nore preferably 0.6 [err] mto

13 6 [err] m as neasured by a |laser granuloneter. If the
average particle dianeter of the conpound netal hydroxide is greater than
10 [err] m the flame retardance effect is liable to be dim nished.

The conpoun@CREPHNdhGr @RI dfo pot ydwdeans csgdnslion fodr magrospioment (iii))
preferably has an aspect ratio of 1to 8, particularly 2 to 7. The term
"aspect rathpdrpgidehdiog pramanathion hefrat pervfiad cempouwidmitesl to a

m nor di aneter of a particle of the conpound netal hydroxide. If the
conpound nebrdrbyddexiwdid. cihad san cadyee tls gdatdso Ofraw Gledaderal hamrena resin
conposition containing such a conpound netal hydroxi de cannot enjoy a

satisfact oryheerbw myteegailt ysr eduedngtehf eehperature dahdiey prasent
i nvention, the conpound netal hydroxi de of polyhedral crystal form

(component §60t¢)tdmay, 506 ¢isaghid HUELARL] PN Mhih M 30 §TY eRS | oNpd g conpound

metal hydroxide of thin plate crystal form For effective reduction of

the melt vieeesi b¥ephshReoRE GONME A neRCARSH LI Ok &SR mASI L1 on

according to the present 1nvention, e proportion of thée conp nmet al

hyo o 5 S BOANH B Ul P SR S A 0T
formula m(Mg0O)'n(Zn0). The compound metal oxide is
vigorously stirred in an aqueous solution containing
acetic acid in an amount of about 0.1 mol$% to about 6 mols
relative to the compound metal oxide at a temperature of
not lower than 40°C for hydration thereof. Thus, the
compound metal hydroxide having the polyhedral crystal
form and represented by a composition formula m({MgO)-
n{Zn0)-cH,0 in accordance with the present invention is
prepared.

Exemplary compound metal hydroxides of polyhedral
crystal form include sMgO-{1l-s)NiO-cH,0 [0<s<l, 0<c=1],
sMgO-(1~s)Zn0O-cH,0 {0<s<l, 0<c=1] and sAl,0,-(1l-s)Fe,0,"
CH,0 [0<s<l, 0<c=3], among which hydrates of magnesium
oxide/nickel oxide and hydrates of magnesium oxidé/zinc
oxide are particularly preferred.

The compound metal hydroxide of polyhedral crystal

form (component (iii)) preferably has an average particle

diameter of 0.5 um to 10 # m, more preferably 0.6 um to

i3



t he- conpound netal hydroxides (including the conventional conpound netal
hydr oxi de of thin plate crystal form to be used. If the proportion of the
conpound netal hydroxi de 14 of

pol yhedral crystal formis |lower than 30% by weight, the resulting resin
conposition cannot enjoy a satisfactory nelt viscosity reducing effect.
The total anobunt of the conpound netal hydroxides including the conpound
nmet al hydroxi de of polyhedral <crystal form (conponent (iii)) is preferably
set in a rahge mfersmdastoed byl amsghtranpdrdiietidar | Y f oAl t0g@8% by
wei ght, based on the total weight of the resin conposition to ensure an
excel | ent fpameicéeardamtetaff ecf .tié ddepotptiaheadnUNyfoxtia cospound
metal hydroxides is |less than 1% byweight, the flame retardant effect is

unsati sfactgrgatelfthigs 10oiah, a0DaH] dnfe Fe@ALRan2B r3QWbYs el e the
concentration of chlorine ions present in a cured formof the resin

conposi ti ontbSpenghiaasg@dhes0 that the noisture resistance reliability is
liable to deteriorate. The sem conduct or encapsul ating resin

.. . ! : 1 ! Ca
conposi tion aCCOfﬁh@Q:dn&fc%d}?d Ret2hy bREEIWO f’?é&’olr%gdr]%%{ﬁayldfggi e

an inorganic filler as we as the conventiona

"nor gani 6 FeT ot CarBeShEoh TS At 68 RRhl afeS TR e At iR

i norganic e use

conventionaf | 0 ' y, he used. Exanpl es thereof include quartz
gl ass powdeir ,y? gb%sllfﬁ%gi%% et ,bco jum%? %%br 25P8E FAH bdfat e,

boron nitri si.llcon . .
ﬁgkeln meant by the ratio of a major diameter to a minor

- diameter of a particle of the compound metal hydroxide.
If the compound metal hydroxide has an aspect ratio of
greater than 8, a resin composition containing such a
compound metal hydroxide cannot enjoy a satisfactory melt
viscosity reducing effect.

In the present invention, the compound metal
hydroxideof;mlyhedralcrystalform(component(iii))may
be used in combination with a conventional compound metal
hydroxide of thin plate crystal form. For effective
reduction of the melt viscosity of the semiconductor
encapsulating resin composition according to the present
invention, the proportion of the compound metal hydroxide
of polyhedral crystal form is preferably set in a range
from 30% to 100% by weight based on the total weight of
the compound metal hydroxides (including the conventional
compound metal hydroxide of thin plate crystal form) to

beused. If theproportionof the compoundmetal hydroxide

14



nitride and carbon bl ack powder. These may be used either

15 al one or in conbination. The silica powder is preferably

used as the inorganic filler because the |inear expansion coefficient of a
cured formof the resulting resin conposition can be reduced. A spherical
silica powder, particularly a fused silica powder, is preferred to inpart
the resin conposition wtha high fluidity. The inorganic filler preferably
has an average particle dianmeter ranging from 10 [err] mto 70 [err] m

nmor e prefer%glg01Ybﬁd2@l[eryFtnﬂt605@ igedowen tWaer 8 Gthédyc ermigurid, net al
hydr oxi de has an average particle diameter within the aforesaid range and
the inorgarie féshétihgsrasiavecapoqiarior! @eaghatetajow thin the

af oresaid range, a satisfactory fluidity can be inparted to

t her esi ncongeoisi ¢ faatorpnnkll edsiilsices iponwdesdu®bh @i 8edethr,ough a powdery
silica mlling process may also be used as the silica powder. The

proportion of the THOMGAUE dnidd®y JOthe c@ﬁa@b;@in@eﬁe:‘t%lphgfi%b%tilcﬁéss_UCh that
the total anmount of the inorganic conponents including the inorganic

filler and iﬁ&@ugfﬁgogﬂg Ggh?bu%ﬁd%%@dq?gﬂéfﬂﬁxfQ@pQE”HOT?Q%HﬁfBYdrOXide of

pol yhedral crystal form and the conventi conpound® ne roxi de of

Lhin bl ot byt ol B chipe BRI 0 0204 L hel abbanpqrudell o Lypudte Lo 00%

by wei ght, based i sem condu encapsul ati ng

resin CoMOSiE O cd Bodey Ao oW Yout L) WIS URYEY S 1S

weight, based on the total weight of the resin composition
to ensure an excellent flame retardant effect. If the
total amount of the compound metal hydroxides is less than
1% by weight, the flame retardant effect is unsatisfactory.
If the total amount is greater than 30% by weight, the
concentration of chlorine ions present in a cured form of
the resin composition is increased, so that the moisture
resistance reliability is liable to deteriorate.

The semiconductor encapsulating resin composition
according to the present invention may, as required,
contain an inorganic filler as well as the conventional
compound metal hydroxide of thin plate crystal form in
addition of the components (i) to (iii). The inorganic
filler to be used ié not particularly limited, but any of
conventionally known fillers may be used. Examples
thereof include quartz glass powder, talc, silica powder,

alumina powder, calcium carbonate, boron nitride, silicon

nitride and carbon black powder. These may be used either

15



the flame retardance of the resulting resin conposition is deteriorated.
Where the conpound netal hydroxides including the conpound netal hydroxide
of polyhedral crystal form (conponent (iii)) are used in combi nation with
the inorganic filler, the weight ratio of the conpound netal hydroxides
(x) to the inorganic filler (y) is preferably x/y= 0.01/1to 1/1, nore
preferablyx/y =0.01/1 to 0.75/1. The concentration of chlorine ions
present in the sen conductor encapsul ating resin conposition is
preferably slohetdmtin hembdmaanitomt | @heod ithkar povdeonss prdfactiedy from a
cured formof the resin conposition into extraction water is not higher
than 200 [euspdgepearhegianrabnilch€itlieedbeeaibeCONPASIidHN AH AR B3N ned in
the following nmanner. Mre specifically, 5g of powder of the cured

thernosetti@gef€sthea@MRESial IcQﬁ:eiliw!f&QﬁcopftHéSEblslﬁ@ln\get:%rsﬁ{e put in a

speci al extraction vessel, and the vessel is allowed to stand in a dryer
at 160[err]&bﬁ@észglaﬁuEﬁnfBE rEHﬁc%ﬁtraﬁtb He?ﬁc%ﬁlgrEQExfgﬂﬁ the
extraction water (pH6.0 to pH8 The extraction water anal'yzed by

ion chr On%Qﬂfii@GXaﬁka g?tu% I QEEEQQ ];Péwé = Q%”;?f@kr ?%e%n’ié Jt?fwra]g)t of

chl orine ions. Since ["ori ne ion “concenf rat

resin compotiE Ean i ‘Cgﬁp%ﬁ% R B Eabr ot ERTBEr Pk BP ERD ur o0

resin conposition, orrne "1 on-con
resin CoanEifigrpreferablyhasen1averagepartlcledlameterranging

from 10 4um to 70 4 m, more preferably from 20 4 m to 50
M m. Where the compound metal hydroxide has an average
particle diameter within the aforesaid range and the
inorganic filler has an average particle diameter within
the aforesaid range, a satisfactory fluidity can be
imparted to the resin composition. Amilled silica powder
obtained through a powdery silicamilling process may also
be used as the silica powder.

The proportion of the inorganic filler to be
contained is preferably such that the total amount of the
inorganic components including the inorganic filler and
the compound metal hydroxides (the compound metal
hydroxide of polyhedral crystal form and the conventional
compound metal hydroxide of thin plate crystal form) is
60% to 92% by weight, particularly 70% to 90% by weight,
based on the total weight of the semiconductor
encapsulating resin composition. If the total amount of

the inorganic components is smaller than 60% by weight,
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is.calculated fromthe foll owm ng expression. The pH level of the
‘extracti-on water is preferably pH6.0 to pH8.0. Chlorine ion concentration
([efr]g) per gram= [err] X(50/5) I f the concentration of chlorine
ions extracted out to the cured resin conposition into the extraction
water 1is greater than 200 [err] g, the resin conposition tends to cause
corrosion of a sem conductor elenent, a lead frane and the |ike, and has a
| ower noi sture resistance. The sem conduct or encapsul ating resin
conposi ti onheaddatmdi g tlaq dane roes artie irpeariii iong neeeys tordampys ibiandi tion

to the conponents (i) to (iii) and the inorganic filler, a curing

accel erat oig depie®Hatais el ease agent, flexibilizer and the |Iike as
required. Any of conventionally known curing accel erators can be

used as the curingnageetBeatShpofianmbtestt £OkidbBClMdBug Rl By am nes
such as 1, 8-diaza- bicyclo(5,4,0)undecen-7 and triethyl enedi am ne,

i m dazol es s hyl .} 41 €nsa I yS~ ring
accel er at ofsgﬂgll%gﬁﬁa?ﬁlpﬁgl{% p %&s)%)h?Eegg%gﬁi%?g&?a%ﬁ:gnsyﬁﬁgg%ﬁgni um

tetraphenykgg&%éieﬁ%aépn%%)Of | 8Se fikhgoakgggggdnnﬁéHQESﬁ%%bon bl ack and

titani um di oxi e release agent inclu t hyl ene

waxes, - par afbingy {aktY a6 de st 603 A0 LR4EY, roEhd SAhSSund meta1 EXATPIeS
of the flexibilPirzer inclradd coupV|n8 18
hydroxides (x) to the inorganic filler (y) is preferably
x/y=0.01/1tol/1, more preferably x/y=0.01/1to0.75/1.
The concentration of chlorine ions present in the
semiconductor encapsulating resin composition is
preferably such that the concentration of chlorine ions
extracted from a cured form of the resin composition into
extraction water is not higher than 200 ¢ g per gram of
the cured resin composition as determined in the following
manner. More specifically, 5g of powder of the cured
thermosetting resin composition and 50cc of distilled
water are put in a special extractionvessel, and thevessel
is allowed to stand in a dryer at 160°C for 20 hours for
the extraction of chlorine ions in the extraction water
(pH6.0 to pH8.0). The extraction water is analyzed by ion
chromatography for determinationof theconcentration (@)
of chlorine ions. Since the chlorine ion concentration
() thus determined is a 10-time diluted chlorine ion
concentration of the cured resin composition, a chlorine

ion concentration per gram of the cured resin composition
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agents such as silane coupling agents, silicone resins and

but adi ene-acrylonitrile rubbers. The sem conduct or encapsul ati ng
resin conposition preferably contains an organic flanme retardant or a red
phosphorus based flanme retardant in addition to the aforesaid conponents
to reduce the total anmount of the  conpound netal hydroxides including the
conpound net al hydr oxi de of pol yhedral crystal formto be used.

Exenpl ary organic flame retardants include conpounds havi ng heterocyclic

structures. is calculd&xediiiress the stoadlidw infekeresyaldt. cameoppdsevdncl udes
mel am ne derivatives, cyanurate derivatives and isocyanurate derivatives.

These may befusked ekthectdlodneatdr i1k GOPOF8ALLOY. pH6.0 to PHY.QJanic
flame retardant may be bl ended with the resin conposition after it is

prelim narid¢yloeehanieal kync@nted tidd ¢ hey g;ﬁ?ﬂj@?agﬁ% hyqrsqui=des.

Alternatively, a flane retardant prepared ssol ving the organic

flame retardant ingf 3@ c‘!@ﬂéenf:?ﬁ'ﬂi%ﬂgéf%?ﬂtorﬁ%é angh&tﬂcgégé%qdc conmpound

nmet al hydroxides with the resulting ol uti on and renovi ng € saol vent may

be used. e it f.the ic.flame.retardant is
preferably ith% 5 r%\g%%;lrdo%%&)ot%l%%@% %;apncv\?eité’het - Xtﬁgrc%lcod} AN rom 1%

to 5% by i gh d t total _weight.of the aforesaid conmpound netal
hydr oxi de\é\eiég éregééﬁ £R0n 980 ,(9 g, the ggin composs.glpﬁetgfn&segzﬁ d

speci fic compound. net al . hydroxi de af
P Jgﬁse corr051oxvof)a seﬁ%conductor element, a lead frame

‘and the like, and has a lower moisture resistance.

The semiconductor encapsulating resin composition
according to the present inventionmay contain, inaddition
to the components (i) to (iii) and the inorganic filler,
a curing accelerator, a pigment, a release agent,
flexibilizer and the like as required.

Any of conventionally known curing accelerators can
be used as the curing accelerator. Examples thereof
include tertiary amines such as 1,8-diaza-

o bicyclo(5,4,0)undecen~7 and triethylenediamine,
imidazoles such as 2-methylimidazole, and phosphorus-
based curing accelerators such as triphenylphosphine and
tetraphenylphosphonium tetraphenylborate.

Examples of the pigment include carbon black and
titanium dioxide. Examples of the release agent include
polyethylenewaxes,paraffins,fattyacidestersandfatty
acid salts.

Examples of the flexibilizer include coupling
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pol yhedral crystal form (conponent (iii)). Wiere the conventional conpound
metal hydroxide is used in addition to these conponents, the resulting
resin conmposition tends to have a reduced releasability. Therefore, it is
preferred to use a wax, particularly a polyethylene wax or an ester wax
whi ch has a high acid value on the order of not |lower than 30 (typically,
200 at the highest). The sem conduct or encapsul ating resin
conposition according to the present invention can be prepared in the

fol | owi ng agemes ,sddr aexaipdee chg 1irey AoReltsi,NgilesbRe £€OPORGE (1)),

t he hardeni ngagent (conponent (ii)), the conpound netal hydroxi de of

pol yhedr albetysiahefacryloaarpanentriddéng. and the inorganic filler and, as
required, other additives are m xed together in a predeterm ned ratio.

The resul ting m xtne @éngdaﬂam%loe%arﬁm%u?@%m@eea QYLt’I%Z’PS of a

kneader such as a mxing roll Then, the nmelt”mxture cool to room

tenper at urgre A&8p1{ Eonf §3H5 LAY QEhQC”E e re%agﬁﬁéﬁéé&e%T@%da Known

met hod and as required, the resulting po ist Arough t hese

o .
o1 cpa E’PW’*&WA?%%@&”@PE‘% hé:%qsmda{ure ofé’%‘ﬁgéi‘t%'afﬁa?%ﬁ'f%?é?s%'hZ

pr epar ed. ternativ
sem condu osition js | ted and kneaded in the
kneader (géyﬁéggresu+$%%§gn%§ uce the tota amoun% ofzf%e

ggﬁrggﬁdbgfor‘%#"%dgﬁg%f ﬁ F8§¥ﬂe§oﬁﬁﬁghgﬁﬂﬁgo %nggéngPﬁgggtéﬂde of a

senj _Condu%ty%’ oexlzie e ncgf h&‘;’i ge!iglal crystal form to be used.
Exemplary organic flame retardants include compounds
having heterocyclic structures.

Examples of specific heterocyclic compounds
includes melamine derivatives, cyanurate derivatives and
isocyanurate derivatives. These may be used either alone
or in combination.

The organic flame retardant may be blended with the
resin composition after it is preliminarily mechanically

. mixed with the compound metal hydroxides. Alternatively,
a flame retardant preparéd by first dissolving the organic
flame retardant in a sclvent, then surface-treating the
aforesaid compound metal hydroxides with the resulting
solution and removing the solvent may be used.

The proportion of the organic flame retardant is
preferably set in a range from 1% to 10% by weight,

particularly from 1% to 5% by weight, based on the total

weight of the aforesaid compound metal hydroxides
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bunps or a bunmp joint side of a circuit board, then conbining the

sem conduct or elenent and the circuit board via the bunps and

encapsul ating the sem conductor elenment and the circuit board with the
resin conposition. Exanples will next be described along with
Conpar ati ve Exanpl es. First, the follow ng ingredients were
prepared: [Epoxy resin a] Cresol novol ak epoxy resin (epoxy equival ent
200) [Epoxy resin b] Bi phenyl epoxy resin (epoxy equivalent 1 95)

[ Phenol resha afobPeendld reediakid esompdtivdr asyhieayidvakante o07) [ Phenol
resin d] Phenol aral kyl resin (hydroxyl equivalent 174) [Silica powder]

Fused siligalpnudeninaviyRg An ek agCompPehbhe! ¢idignet egnele3@plerr] m
[Phosphorug bgsed curinéﬁgécelerator] ripheny?phozgﬁine [ Red phosphorus

based fl a ;QQ%QE{ t i asin, (Rin
nggku Q@Oﬁhl%%ﬁﬁg(%gﬁ]&)&?ggggra%?@h rnau ad%% Eﬁaﬁne#?ﬁ%%x dk

Pol yet hyl e@@t‘f@éé@ﬁfng?}ﬁéht&% 160 res.utltin resing

Prior to preparation _reS|ﬁ conposi tion accor |$EF?%t‘ gﬁbxés, conmpound
et e 82940 Mdled IR IAIL A G, a0l bt e epargd. Corpound,
the afOresgéngEFQQrgﬁiSQenEtQOg,fggr%QSularly a polyethylene wax

or an ester wax which has a high acid value on the order

of not lower than 30 (typically, 200 at the highest).

The semiconductor encapsulating resin composition
according to the present invention can be prepared in the
following manner, for example. The thermosetting resin
(component (i)), the hardening agent (component (ii)}), the
compound metal hydroxide of polyhedral crystal form
(component (iii)) and the inorganic filler and, as required,
Otheradditivesaremixédtogetherinagmedeterminedratio.

The resulting mixture is heated to be melted, and kneaded

— by means of a kneader such as a mixing roll. Then, the
melt mixture is cooled to room temperature. Then, the
resulting solid mixture is pulverized by a known method
and, as required, the resulting powder is tableted.
Through these steps, the semiconductor encapsulating
resin composition of interest is prepared.

Alternatively, the mixture of the ingredients for

the semiconductor encapsulating resin composition is

melted and kneaded in the kneader, and the resulting melt
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conpound netal hydroxi de of polyhedral crystal form

24 - Table 1

Conposi tion Average Aspect

formula particle Crystal form ratio

di aneter Conpound net al A M(Jerr]Cugerr]Herr]O 0. 6[err] m

Pol yhedr al 3 hydr oxi de of B MJerr]CodJerr]Herr]O 5.0[err]
m Pol yhedr al 6 pol yhedral form

package technique is achieved by first placing a sheet of
the semiconductor encapsulating resin composition on an
electrode side of a semiconductor element having joint
bumps or a bump joint side of a circuit board, then
combining the semiconductor element and the circuit board
via the bumps and encapsulating the semiconductor element
and the circuit board with the resin composition.
Examples will next be described along with
Comparative Examples.
First, the following ingredients were prepared:
[Epoxy resin a] Cresocl novolak epoxy resin (epoxy
equivalent 200)
[Epoxy resin b} Biphenyl epoxy resin (epoxy equivalent
185)
[Phenol resin c] Phenol novolak resin (hydroxyl equivalent
107)
~ [Phenol resind] Phenol aralkyl resin (hydroxyl equivalent
174)
[silica powder] Fused silica powder having an average
particle diameter of 30 um
[Phosphorus based curing accelerator] Triphenylphosphine
[Red phosphorus based flame retardant] Red phosphorus
powder coated with a resin (Rin Kagaku Co., NOVAEXCELL)
[Ester wax] Carnauba wax

[Olefin wax] Polyethylene wax (acid value 160)
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C MgO zngerr]Herr]O 1.0 [err] m  Pol yhedral 4 Conventi ona
conpound- D Mgg err]ZnJerr]Herr]O 3.0[err] m Hexagonal plate -

met al hydr oxi de E Mygerr]No [err]Herr]O 0.7 [err] m Scal y
Met al hydr oxi de F M Jerr]Herr]O 0. 7 [err] m Hexagonal plate

- Exanples 1 to 10 and Conparative Exanples 1 to 3

I ngredi ents shown in the following Tables 2 to 4 were m xed together in
wei ght ratios shown in the same tables, and the resulting m xtures were
each nmelted and khehddedtbonpaepiaxiangdomldf (Bds in tesmesaiviensf 100[err] O
for 3 mnutes. In turn, the nelt m xture was cooled to be solidified, and
the resul tiagecsod i dgntxiBwagpiass pebn@ouzRlnetANUSyd PONLIGEY SROXY €SI N
conpositions of interest were prepared. '

25 the following Table 1 werdl Zred. hght)
3Exanpl es 3 1 aﬁ%b 3 Cﬁmﬁﬁd bﬁ{e*g@époxy resin

a 63. 8 hydr@§i§e§3A8to T shown in Table 1 were prepared in
accordance with the aforesaid preparation method for the

compound metal hydroxide of polyhedral crystal form.

Ly

g
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b - 51.8 - 51.8 51.8 Phenol resin c 34.2 - 34.2

34.2 -. - d - 46. 2 46.2 46.2
"Conpound nret al A 100 _ 50 - hydroxi de B
_ 30 o 130 C _ 70 100 70
50 _ D _ 30 Silica powder
150 199 300 300 465 420 Phosphorus based 1.0 1.0 1.0 1.0
1.0 1.0 curing accelerator Ester wax 0.2 0.2 0.2 0.2 0.2
0.2 defin wax 0.8 0.8 @a®»1eh.18 0.8 0.8 Carbon Bl ack

nad it Al el

q

1 0 1 0 1—N 1 0 1 0. 10 r anortio aof oot NV es
. . [_. U 1L.7U L \J == T_vP\JI T Ul (@8] LILJ UT UAT 4

28.5 25.0 0.0 20.0 15.0 26.0 t@batitven t 0O tOl a goyzg:gg i Lon| Gwsg
Proportionpf inorganic 71.2 74|8 388 7F28tisde |8 87 conpoundss rel ati ve

to total cpnposition(w% diameter 26
Tabl e 3 CompourldPRéta® DY WelHNkdo-cuo-w,0 | 0.6 4 m Polyhedral 3
Exanpl es 7 8 9 10 Epoxy resin
a 63. 8 | hydroxide of53. 8 638 BMg0-Co0*H,0 | 5.0 um Polyhedyal - 8 51.8
- - Phesighedresifrm C 34.2 - 34.2 34.2
C| Mg0+Zn0+H,0 l.0um Polyhedral 4

Conventional compound D] Mg0+Zno0+R8,0 3.0 um Hexagonal plate -

metal hydroxide E{ MgO*¥i0-H,0 0.7 um Scaly -

s Metal hydroxide F MgO 8,0 0.7 um | Hexagonal plate -

Examples 1 to 10 and Comparative Examples 1 to 3
Ingredients shown in the following Tables 2 to 4
were mixed together in weight ratios shown in the same
tables, and the resulting mixtures were each melted and
kneaded in a mixing roll (at a temperature of 100°C) for
3 minutes. In turn, the melt mixture was cooled to be
solidified, and theresultingsolidmixturewas pulverized.
Thus, powdery epoxy resin compositions of interest were

prepared.
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0.2

etattve to
79.8

Epaxy resin

46.

d 46 .2 - - Conpound net al A -
hydrOX|de B - 10
C 50 30 50 30 D - -
20 Silica powder 850 255 345 345 Phosphorus based
1.0 1.0 1.0 1.0 curing accel erator Red phosphorus based
8.0 5.0 flane retardant Ester wax 0.2 0.2
0.2 defin wax 0.8 0.8 0.8 0.8 Carbon Bl ack
1.0 1.0 1.0 1.0 Proportua‘ﬁbdfe czorrpound (parts by welght)
5.0 9.9 100 10— O netat—hyproxides—(netal “g‘é—u' oxtte—r
total conposition (w9% Proportioh of |norgan|8( 75.0 79.18
conpounds felative to total conposjtijonf{(w%| 3 4 5 6
27 : Table 4 (parts by weijght)
Conpar at i ve §BRHipI E_sin a |63.8] -~ |63.8163.8[2 - 3
a - 63. 8 63. 8 b 5% 1
b - 8 ~- - 51.8(51.8
Phenol resin c - 34,2 3212 L 04
Conpound ngtelenol #esin - hydrox4 gg 34.8B(34.21 - -
d - 46.2 - - 46.2|46.2
Compound metal A 100 - - - 50 -
hydroxide B - 30 - - - 130
| c - | 70 | 100 ] 70 | 50 | -
D - - - 30 - ~
Silica powder 150 | 199 | 300 | 300 | 465 | 420
Phosphorus based 1.04y1.0] 1.0 1.0 1.0} 1.0
curing accelerator
Ester wax 0.2 1 0.2 0.2 0.20.2]0.2
Olefin wax 0.8 0.8 ] 0.8 0.8 0.8 0.8
Carbon Black 1.0 1.0 1.0 1.0 1.0 1.0
Proportion of compound .
) 28.5125.0120.0120.0(|15.0/20.0
metal hydroxides
« relative to total
composition (wt%)
Proportionof inorganic|;y 5144 .5|79.8(79.8 84.8|84.5
compounds relative to
total composition(wt$%)
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D 100 _

hydrOX|de F 100
300 Phosphor us based 1.0
wax 0.2 0.2 0.2
0.8 Car bon Bl ack 1.0
15.0 20 .0 20 .0 netal

conposition (W%

Proportion of

E -

Silica
1.0

1
powder
1.0

A efin wax

1.0

hydr oxi des (netal
i norgani c

1.0
hydr o
84.8

00 - Metal
465 300
curing accel erator Ester
0.8 0.8
Proportion of conpound
xide) relative to tota
79.8 79.8 conpounds

relative to total conposition (Wabde 3 Th@aﬂﬁﬂmhﬂrwﬁlghtmf chl orine
I ons preseqt—T T a —cured formof—each—of—the—e st——cofpostty ons of
28 Exanpl es and Conparatiye Exanplequhﬁg?ﬁnaJned was
det erm ned.| The determ nation of thel chlyori he igon Jcongentratjigon was
achieved i m—the-previously describedl manner Further thed epoxy Fresin
conpositio ERR¥E BABRN formed |i néo h &het | havi ng| a6bh|80kné§s Bf| 1/ 16 inch
for prepafation of a test strimp—Wththetsgof—thetest—strip,| the
flanme retajdance of each of the r%sin conposi?%oﬁs was eval uated in
conformty|whdndherdk94 V-0 stlandarid.34The | determ nagi en [regults| and the
evaluationjresults are shown in Tables 5 tp 7 injwhich ""OK" peans that a
resin conposition satisfied the WL94 V=0 rpgbér2ment .- -
Compound metal A - - - -
hydroxide B - 10 - -
C 50 30 50 30
D - - - 20
Silica powder 850 255 345 345
Phosphorus based 1.0 1.0 1.0 1.0
curing accelerator
Red phosphorus based - 8.0 5.0 -
flame retardant
Ester wax 0.2 0.2 0.2 0.2
Olefin wax 0.8 0.8 0.8 0.8
Carbon Black 1.0 1.0 1.0 1.0
— Proportion of compound
metal hydroxides (metal >-0 3.9 10.0 10.0
hydroxide) relative to
total composition (wt%)
5 - . -
roportion of inorganic 89.9 75 .0 79.8 75.8
compounds relative to
total composition (wt%)
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The spiral

conpositions were determned in

flow value and flow tester viscosity of

the foll ow ng manner.

A spiral flow nold was prelinmnarily heated up to

tenperature (1755[err] Q)
each poured in a pot of the

and the powdery
mold to the i nnernbpst thereof.

each of the epoxy resin

[ Spi ral

fl ow val ue]

a predeterm ned

epoxy resin conpositions were

The nol d was

cl anped and a clanping pressure was raised up to 21010kg/cnferr]. Wen
t he cl anping pressure reached 21010kg/cniferr], the nelted epoxy
resi nconposi ti onwas i njected Fabdehdnol dbypaeamsbyoweagpltynger. The
i nj ecti on pressure, —after—having—regched 705kg/cn*err‘, was mai ntained for
2 mnutes. | Subsequent!ly, thepl ungerpr&&2dTabt ?h@#?ﬁﬁgﬁérnnlding
29 machi ne and the clanpijng prespureg of [t he; noljd were rel eased,
and then the nold was opened.The spiral length of |[the | ded form was
measur ed wi tEP@Xpreessnon of |2. 5am | Thus, |t&e.8pir&B.8BI dw val ue was
determned|(in conformty w th—EMAT—1—-66—1T—"FFHoewHestervi scosity]
First, 2g ¢f each of the epoxy resin s|tidns {was precisely weighed
out, and foromshaeNtecgihablel]. The Jtablet Wwag, pyt [T §4a,p0t of the Koka
type flow fester, and the tast was carried out with a [oad of 10kg. The
melt viscepsity of the sanpld waed det drfithed om the basis|of the traveling
speed of thepistomneasuredwhep—the—rettegd—epoexy—+restAconposi tion was
ext ruded t hoSUGROuRE olﬂ%ﬁ??\g A - - -
hydroxide B - - -
c - - -
D 100 - -
E - 100 -
Metal hydroxide F - - 100
Silica powder 465 300 300
Phosphorus based 1.0 1.0 1.0
curing accelerator
Ester wax 0.2 0.2 0.2
Olefin wax 0.8 0.8 0.8
Carbon Black 1.0 1.0 i.0
N Proportion of compound
metal hydroxides (metal 15.0 | 20.0 4 20.0
hydroxide) relative to
total composition (wt%)
P tior i i
roportion of inorganic 84.8 79.8 79.8
compounds relative to
total composition (wt%)

The concentration of chlorine ions present in a

cured form of each of the epoxy resin compositions of
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([err] 1. OmX10nm of the die. A sem conduct or el enent was
encapsul ated with each of the epoxy resin conpositions of Exanples and
Conparative Exanples by way of transfer nolding (nolding conditions:
175[err]C, 2 mnutes), and allowed to stand for curing of the resin
conposition at 175[err]C for 5 hours. Thus, a sem conductor device was
obt ai ned which had a 80-pin QFP structure (quad flat package structure
havi ng di nensi ons of 20nMMX14mMX2nm) with a die pad size of 8mMmX8mm

The sem comkatpdresleand eCoihpsrabtiaen@ctaws ed ndpectalst 4 bnedefest s such as
deformation of gold wires thereof by observing an X-ray transm ssion inage

of the determined. The determinaBfon of the chilRidre Ofoi he package by
means of a soft X-ray apparatus. The results of the inspection are shown

in Tables Sdixehtrdfidhi Ghs” XcnkBdegatias ity ddie; Sled of n@ésenipkat he gol d
wires was detected and "[err]" |nd|cates t hat a satisfactory package was

obt ai ned “hkﬁﬂ§§ an»g%%ﬁgﬁmk; ?h ?th Bgit ons were!B8ch

senm conduct or devi ce mas non- ns ecte by neans of a

scanni ng agUSId £ 4 Lﬂé&fﬁ)r& Cuﬁ A 8EL egkof ) GTE‘SEE?EB?“ the

nunber of senlcon uc V|ces (ou en senlconduc evices for
cach of gl A1EL R ST M B S gL
st onfocg et seiac L, Sobtatzs o Uhe Lol g sgloer

evaluated in conformity with the ULS4 V-0 standard. The

determination results and the evaluation results are shown

in Tables 5 to 7, in which "“OK"” means that a resin

composition satisfied the UL94 V-0 reguirement.

The spiral flow value and flow tester viscosity of

each of the epoxy resin compositions were determined in

the following manner.

[Spiral flow value]

B spiral flow mold was preliminarily heated up to

a predeﬁermined temperature (175%5°C), and the powdery

epoxy resin compositions were each poured in a pet of the

mold to the innermost thereof. The mold was clamped and

a clamping pressure was raised up to 210t 10kg/cm’. When

the clamping pressure reached 210* 10kg/cm’, the melted

epoxy resin compositionwas injected into themold by means

of a plunger. The injection pressure, after having

reached 70+ 5kg/cm’, was maintained for 2 minutes.

Subsequently, the plunger pressureof the transfer molding
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C fror 1 hour, and then allowed to absorb noisture at 85[err] C/ 85%H for
168 hours. Thereafter, the sem conductor devices were each subjected to an
eval uation test (on soldering crack resistance) by perform ng VPS (vapor
phase soldering) at 215[err]C for 90 seconds. The nunber of cracked

sem conductor devices (out of ten sem conductor devices for each of
Exanpl es and Conparative Exanpl es) was counted. The results of the

eval uation are shown in Tables 5 to 7. The sem conduct or devi ces
were each subfkibedndthekd quEissypeessakerobiasatb I@vereREldassda
nmoi sture 31 resistance reliability

test, and aahdmehéavihg ebapseds upkhkdt.herdefl epl rkat jeng@achead 5% was
detern1ned The results are shown in Tables 5 to 7. It i's noted that the

PCBT vere pesf@eaethat wh30hes shCL85983h W ﬁbeélbhaﬁ cyfﬂzt aGfn Of TnIQV-
Table 5 anp es

1 2  the %&Jiral & ow va]] e MalsdaRicld i neg (%91' E%é}f lr%"it\ﬁgbﬂ%h(cg% 85

100 100 ow tester viscosit : ]
110 66 rumT (PO ) Def ormati on of gold [err] ~ [err
[err] EMgﬁrf 5§ [err] wires Misture resistance reliability

[Flow tester viscosity]

First, 2g of each of the epoxy resin compositions
was precisely weighed out, and formed into a tablet. The
tablet was put in a pot of the Koka type flow tester, and
the test was carried out with a locad of 10kg. The melt
viscosity of the sampie was determined on the basis of the
traveling speed of the piston measured when the melted
epoxy resin composition was extruded through an opening
(¢ 1.0mmX 10mm) of the die.

A semiconductor element was encapsulated with each
of the epoxy resincompositions of Examples and Comparative
Examples by way of transfer molding (molding conditions:
175°C, 2 minutes), and allowed to stand for curing of the
resin composition at 175°C for 5 hours. Thus, a
semiconductor device was obtained which had a 80~pin QFP
structure (quad flat package structure having dimensions
of 20mmX 14mmX 2mm) with a die pad size of 8mmX 8mm.

The semiconductor device thus obtained was
inspected for defects such as deformation of gold wires

thereof by observing an X-ray transmission image of the
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pH of water containing 7.3 7.8 7.7 7.9 7.3 extract from
cured resin Chl orine ion 86. 6 14. 3 9.5 11 53
Concentration ([err] Q) Time (hr) having elapsed >1000 >1000 >1000
>1000 >1000 until defective ratio reached 50%in PCBT Flane
retardance (UL94-V0) V-0 OK V-0 OK V-0 OK V-0 OK V-0 OK Sol dering

resi stance 0/ 10 0/ 10 0/ 10 0/ 10 0/10 (/10 devices)

32 Table 6

Exanpl es inside of the package by means 6f a]sbft X-ray @pparatu®. 10
Mol dability Spiral flow value (cm 102 75 100 100

90 Fl owfkestesuliscobitthe inspetEion ak30showh2@n Tah28s 5 440,

(poi se) Def ormati on of gold [err] [err] [err]

[err] ifestiich » XW n@dichiest ¢he v ediesdeFeemateldraid ithe goiRH of

wat er contai ni ng 7.6 7.2 6.5 6.8 6.8 extract fron1cured

resin ChvDréfavd®letected and “(Pr Andicates thd: @ sat9sfact 4:97 5

Concentration ([err] Q) Time (hr) having el apsed >1000 >1000 >1000

>1000 >10Qfackage was obtained without any deformation of the gold
wires.

The semiconductor device was non-destructively
inspected by means of a scanning acoustic tomograph
(ultrasonic flaw detector). Thereafter, the number of
semiconductor devices (out of ten semiconductor devices
for each of Examples and Comparative Examples) which
suffered delamination (internal separation) was counted.
After the inspection, intact semiconductor devices were
further subjected to the following soldering test. The
intact semiconductor devices were each pre-baked at 120°
C for 1 hour, and then allowed to absorb moisture at 85°
C/85%RH for 168 hours. Thereafter, the semiconductor
devices were each subjected to an evaluation test (on
soldering crack resistance) by performing VPS (vapor phase
soldering) at 215°C for 90 seconds. The number of cracked
semiconductor devices (out of ten semiconductor devices
for eachof Examples and Comparative Examples) was counted.
The results of the evaluation are shown in Tables 5 to 7.

The semiconductor devices were each subjected to

the pressure cooker biased test (PCBT) as a moisture
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until defective ratio reached 50% in PCBT Fl ane retardance (UL94-V0) V-0
K V-0 K V-0 K V-0 K V- 0 OK Sol dering resistance 0/ 10 0/ 10
0/10 0/10 0/10 (/210 devices)

33 Table 7

Conpar ati ve Exanpl es 1 2 3

Mol dabi lity Spiral flow value (cm 53 40 43 Fl ow
tester viscosity 420 570 550 (poi se) Def ormati on of gold
X X resiXtancei red iaMiilsituy ecasisj simdice timki abivlinky elagdedf water
cont ai ni ng 7.9 6.9 7.8 extract fromcured resin Chl ori ne

i on until tHeBdefeb8. Fatio248acheon@entdaadt iden deridd 9) The Ti e
(hr) having el apsed >1000 >1000 >1000 until defective ratio

reached 50%égu PEBTar &l swh efddices 6Uk347V0) 1t 1 /i@ LK g 0 OK

PCBT were performed at 130°C/85%RH with a bias voltage of

30V.
Table 5
Examples
1 2 3 4 5
Moldaebility
Spiral flow value {(cm) 85 100 100 70 120
Flow tester viscosity 84 30 60 110 66
(poise)
Deformation of gold @ O O O O
wires
Moisture resistance
reliability
pH of water containing 7.3 7.8 7.7 7.9 7.3
extract from cured resin
Chlorine ion 86.6 | 14.3 | 9.5 | 11 | 53
Concentration (u« g)
Time (hr}) having elapsed|>1000|>1000|>1000|>1000|>1000
until defective ratio
reached 50% in PCBT
Flame retardance (UL94-V0)lV-0 OQOK|V-0 OK|V-0 OX|[V-0 OK|v-0 OK
Soldering resistance 0/10 | 0/10 | 0/10 | 0/10 | 0/10
(/10 devices)
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Sol-deri ng resistance
apparent from Tables 5 to 7,

hi gh flame
spi ral

0/ 10
the r

retardance | evel

t he obt ai ned

0/ 10
esin

4/ 10

flow values and |low flow tester viscosities.
resin conpositions of Exanples each had an excel |l ent
apparent fromthe fact that any deformation

det ected. Further, sen conduct or

(/10 devices)

t

As

he

in
On the
34

icantly
Thi s

conpositions of Exanples each had a
and were superior in fluidity with high
I n addi tion,
nol dability as
of gold wires was not
devi ces were excel |l ent

et ect ed.

npl oyed
ce

vi des

onent

noi sture resistance reliability amdb3@ dering resistance.
ot her hand—t+he—fresin—conpositi-ons—of
Conpar ati veé Exanpl es each had a safisfactory fIEf Pk ardance | evel, but
were inferjor in fluidity wth | ower—sphral—Hpwvalyes—and -signif
hi gher fl ow tester viscosities thantﬁer95|ﬂbOWpos?tlcnsf%fExaﬂﬁ?es.
i s appar enttremithe, fact—that—the—deforpat+on—pt—gotg—w+res—was
The sem copduct or 3|ce obtained n Conparatijye Exanple 3 Wwhich g
the conventi orsliranedials hydieoxtde Wasgp Nferyor | Ny el STUR ! ESigy aN
reliabilit i i e [ NDUSITRI AL
APPLI CABI L| TY Flow testeAsvileseitped alidve,| tIB& pres2at [i rednt| ohlprd
resin conp35|t|on for sem conduct gr encapsul atijng whi ¢gh congains g
conpound net al'PRYEFoxi de of speciffic pol yhedral| crystial form (cony
(iii)) replesentschdiiohhe: gengr al O O O O O
wires
e Moisture resistance
reliability
pH of water containing 7.6 7.2 6.5 6.8 6.8
extract from cured resin
Chlorine ion 8.5 5.4 10.0 9.7 10.5
Concentration (U g)
Time (hr) having elapsed|>1000|>1000|>1000|>1000|>1000
until defective ratio
reached 50% in PCBT
Flame retardance (UL94-V0}|V-0 OK[V-0 OK[V-0 OK[V-0 OK|v-0 OK
Soldering resistance 0/10 { 0/10 | 0/10 | 06/10 | 0/10
(/10 devices)

33

a



formula (1)

The use of the aforesaid particular conpound netal
excel lent flame retardance.

inparts the resin conposition with an

addi ti on,

i nterconnecti ons can
the resin conposition ensures an inproved noisture

t her ef or e,

corrosion of a

sen conduct or

reliability and an extended service life in

a brom nated epoxy resin

hydr oxi de
I'n

el enent and al um num
be avoi ded wi thout any influence of brom ne and,

resi stance

conpari son with the case where

is used as the flane retardant.

S

nce the

conpound metal hydroxi de has thealaieresai d specific polyhedral crystal
f or m r at her—thar—the—<conrvent+onal—platle—erystal—+orm—the
35 resin comnposition exh|b|F§Wﬁ?§§&%ﬂ?é%§a?P%?8|ty. Thus,
drawbacks such as defornmation of gold pmwres—+a—th ernegpstff ati ng of the
sem conduct or package can be avoi ded, | thereby |gprOV|n th¢ nol dability.
I n addi ti oNGRatdE 1 ¢l ame Tetardancegnd—notdabi++tynprovement effects,
the wuse of the conpound netal hydroxijde of plol yhedrpl crysfal form
(conponent | (i iSpi)al etlweesaldte (arpunt qf tshe fll ampy rktaggdant required for
ensuring ajHlame retardance level equivalent!to ar greater{than that
achi eved by tHdowstesfer aismmienti onal{l y4k®own BAéfal | hyddloxi de fl ane
retardant, | simeeséhe conpound netal Rhydroxide of pol yhedral crystal form
can honoge1eoq&&grgﬁuggspggﬁﬁq in the|sengconducior [ engapsyl ating resin
conposi tiop. Aﬁré result, water absorptlon af the resin cofposition is
suppr essed dnu, Henbe the—resrmconposttion—exhtbits—an—pr oved
sol dering | H8F&turfcEsiRt@ 68e amount of the dompound
reliability
- pH of water containing 7.9 6.9 7.8
extract from cured resin
Chlorine ion 4.8 68.7 249
Concentration {u« g) .
Time (hr) having elapsed >1000 | >1000 | >1000
until defective ratio
reached 50% in PCBT
Flame retardance (UL94-V0} V-0 OK|V~0 QOK|V-0 OK
Soldering resistance 0/10 0/10 4/10
{/10 devices)

As apparent from Tables 5 to 7,

the resin

compositions of Examples each had a high flame retardance
level, and were superior in fluidity with high spiral flow
values and low flow tester viscosities. 1In addition, the
resin compositions of éxamples each had an excellent
moldability as apparent from the fact that any deformation
of gold wires was not detected. Further, the obtained
semiconductor devices were excellent in moisture
resistance reliability and soldering resistance.

On the other hand, the resin compositions of
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met-al hydroxide of polyhedral crystal formcan be reduced in conparison
with a case where the conventional conpound netal hydroxide of thin plate
or scaly crystal formis used. Therefore, where silica powder is used in °
combi nation with the conmpound netal hydroxide, for exanple, the proportion
of the silica powder can be increased, so that the resulting sem conductor
device has a | ower |inear expansion coefficient and a hi gher nechani cal
strength. Wiere the particul ar conpound netal hydroxide of

36 ComparatfveeSaadplyst aladiormdias sat hyéaagerpariiaglecdi anet er  of
0.5 [err] mto 10 [err] m the reduction in the fluidity of the resin
conposi ti onrebar fensafpressedbuti veran exkeeidoenn flameicyelardansref f ect,
further inproving the noldability. Where the aforesaid conmpound

metal hydr o ttea haglomnvaspest ahat s 0gaf richat8y hRGnErSEaASHt ¥ Rfcdhe resin
conposition can effectively be reduced, further inproving the noldability.

Hence, the@ﬁé&@@ﬂﬂﬁé‘sQﬁlé}?t{hé%e%ri%@éiélbék?ﬂéi%tsrbf EhenpqELongyglor

encapsul ating resin conposition according to the present invention

hi i .kabl
features a iy Qggiﬁf%%ftefr&h e fgééﬁ:%%'%cfhém%fﬂ;rgg%n%éfﬁﬁr%% y

inproved reli ity. The resin conposition exhi xcelTe

ranater mih ng wr ekt he Ve SPEPReis PR AV AR e Sncapatl ati ng
e SRS Oy T B SRRSO A SELLAE BpgemEcntugtor cevice
metal hydroxide was inferior in moisture resistance
reliability and soldering resistance.
INDUSTRIAL APPLICABILITY
As described above, the present invention provides
a resin composition for semiconductor encapsulating which
contains a compound metal hydroxide of specific polyhedral
crystal form (component (iii)) represented by the general
formula (1). The use of the aforesaid particular compound
metal hydroxide imparts the resin composition with an
. excellent flame retardance. 1In addition, corrosion of a
semiconductor element and aluminum interconnections can
beavoidedwithoutanyinfluenceofbromineand,therefore,
the resin composition ensures an improved moisture
resistance reliability and an extended service life in
comparison with the case where a brominated epoxy resin
is used as the flame retardant. Since the compound metal

hydroxide has the aforesaid specific polyhedral crystal

form rather than the conventional plate crystal form, the
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conposition. The resin conposition according to the present invention is
particularly useful for packaging of thin and |arger size sem conductor
devi ces anong other sem conductor devices, and has a great significance in

i ndustrial applications. 37
Thi s Sheet Has Been Repl aced what is clained is: 1. A sem conduct or
encapsul ating resin conposition, conprising: (i) a thernosetting

resin; (ii) a hardening agent; and (iii) a conpound netal hydroxide of
pol yhedr al rersyist alomploerirm rapreddntidd by eheeldbhowfhgideéngr.al Thosnul a (1):
m(Merr]Jerr] ) n(Qerr]derr]) cHerr]O..... (1) [wherein Mand Q are
different wetaalbeplisrenish & igedommbalionelogmeildii Dhedelongseto a group

selected fromlVa, Va, Vla, Vlla, VIII, Ib and Ilb groups in the periodic

table; m éﬁca@snﬂa@ln@o&%@séﬁyc@hm&e bBRag@@a @bl benent,, each
represents a positive nunber]. A sen1conductor encapsulatlng resin

conposi ti orp@TeLlidFSPLAS Ehé'ﬂbidaﬁﬁ@&%&n the @@&ﬂtfﬂdﬂﬁﬂﬂtﬁé'n the
conmpound netal hydroxXi de represented by the general fornula (1) is at

| east one rf‘ita]?rle EE’EH‘EBtan%"e' §ﬁ& fcfaoﬂli&?lﬂ{ %e?r%?t‘. Sl +Qf, ahym num

nagne5|un1 cal ci um  "ni ckel , tin, copper, iron, ‘titani um and

boron. 3. 5e of &?é”c%%dé{?ﬁc?ﬁne%ﬂa%ﬁ'r%%l'&% E%%Ql%@ﬁ?ﬁi%?{?s@él

form (component {iii)) reduces the amount of the flame
retardant required for ensuring a flame retardance level
egquivalent to or greater than that achieved by the use of
a conventionally known metal hydroxide flame retardant,
since the compound metal hydroxide of polyhedral crystal
form can homogeneously be dispersed in the semiconductor
encapsulating resin composition. As a result, water
absorption of the resin composition is suppressed and,
hence, the resin composition exhibits an improved
soldering resistance. The use amount of the compound
metal hydroxide of polyhedral crystal form can be reduced
in comparison with a case where the conventional compound
metal hydroxide of thinplateor scalycrystal form is used.
Therefore, where silica powder is used in combination with
the compound metal hydroxide, for example, the proportion
of thesilica powder canbe increased, so that theresulting
semiconductor device has a lower linear expansion
coefficient and a higher mechanical strength.

Where the particular compound metal hydroxide of
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set forth in claim1 or 2, wherein the netal elenent Qin the conpound
metal hydroxide represented by the general fornula (1) is at |east one
netal el enent selected from the group consisting of iron, cobalt, nickel,
pal | adi um copper, zinc and cadmum 4. A sem conduct or
encapsul ating resin conposition as set forth in any of clains 1 to 3,
wherein the conmpound netal hydroxide represented by the general formula
(1) has an average particle dianmeter of 0.5[err] mto 10[err] m 5. A
sem conduct ohe efoaesd iat cngstedifomwhpesin hoarage ettt { O & | iiahmeadnr of
claims 1 to 4, wherein the conpound netal hydroxide represented by the
gener al form’:ﬂl(}a.i;u)mhas 1an aspesk raftiet9bnlihocBe rhaidityAdsaiiLonduct or
encapsul ating resin conmposition as set forth in any of clalns 1to 5

Mhere'”tfﬁk@@ﬂ@@@ﬁ%oéﬁﬂfﬂnBXHQQ%&Q?EQESBQHWHQQEQBé&&@i?&né%ﬁ@me
represented by the general fornula constitutes 30%to 100% by wei ght

of a total V&l ghdaRteCarpauR] Rl dY M dPPng {ne mo18aBaMiGgduct of
i Prcf

\iﬂg?g?lrjll ?Llengo;ne)ghn conposi ti’ o{;{as set oreson gagy g ai s ggr?rul R
i oo drggresente uy n ?% |§§ig§ éf %lig)a§<t % gg %ﬁrrn ;:S of

i?g:ﬁgnlutoqgEﬁ%ﬁé?élkg%%egco &ﬁd%qﬂﬁhﬁ Wﬁ&ﬁ%&fﬁ% ?%p%b?eﬁf@&‘ y the
822F;?L]2frc%oé%an R aetoP 1 R SR S T ORBSENErEh as set

d
forth in am%e moigjgfllt§o 8, wherein the conpoun

>

weare

Hence, the semiconductor device encapsulated with
the semiconductor encapsulating resin composition
according to the present invention features a highly safe
flame retardance technique and an remarkably improved
reliability. The resin composition exhibits an excellent
moldability in the process for fabricating a semiconductor
device by transfer molding with the use of the aforesaid
semiconductor encapsulating resin composition or in the

e process for fabricating a semiconductor device by
utilizing a sheet of the semiconductor encapsulating resin
composition. The resin composition according to the
present invention is particularly useful for packaging of
thin and larger size semiconductor devices among other
semiconductor devices, and has a great significance in

industrial applications.
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metal hydroxi de represented by the general fornula (1) is

.39 : What is clainmed is: 1. A sem conduct or -encapsul ati ng
resi'n conposition, conprising: (i) a thernosetting resin;, (ii) a
hardening agent; and (iii) a conpound metal hydrox/'@@Shsst BapBephkeplaedd

crystal formrepresented by the follow ng general for|mj !B
mMerr]Qerr]) n (Qerr](err]) [err]JcHerr]O..... (2)p A e (7 [
are different netal elenents; Qis a netal elenment which belongs to a
group sel edthat f¥onslapmedais:via, Vila, VIII, Ib and Ilb groups in the
periodic table; m n, a, b, ¢, d and e, which my be the sane or
different, l.each repressemrsivcposigencapsuhbeihg résin compsemitdonduct or
encapsul ating resin conposition as set forth in claim1, wherein the netal
el ement M icentgheis ogpound netal hydroxi de represented by the genera
formula (1) is at | east one netal elenent selected from the group
consi sti ng (af) al ua e rmmegwesiwn realabum nickel, cobalt, tin, zinc
copper, iron, titaniumand boron. 3. A sem conduct or encapsul ati ng
resin conpqsiit) onsahareRniny tdgénc ¢l ahm 1 or 2, wherein the netal el enent
Qin the conpound netal hydroxide represented by the general formula (1)
s at least iane mal sbplotRNnetd oAtk dE AR SN PHRaLaTSEsYERgLOr T ron,

cobal t, nickel, palladium
form represented by the following general formula (1):

m(M,0,) 'n{Q0.)*CH,0 ..... (1)
[wherein M and Q are different metal elements; Q is a metal
element which belongs to a group selected from IVa, Va,
VIa, VIIa, VIII, Ib and IIb groups in the periodic table;
m, n, a, b, ¢, d and e, which may be the same or different,
each represents a positive numberj.

2. A semiconductor encapsulating resin composition as
set forth in claim 1, wherein the metal element M in the
compound metal hydroxide represented by the general
formula (1) is at least one metal element selected from
the group consisting of aluminum, magnesium, calcium,
nickel, cobalt, tin, zinc, copper, iron, titanium and
boron.

3. A semiconductor encapsulating resin composition as
set forth in claim 1 or 2, wherein the metal element Q in
the compound metal hydroxide represented by the general
formula (1) is at least one metal element selected from

the group consisting of iron, cobalt, nickel, palladium,

|
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copper, zinc and cadm um 4. (Amended) A sem conductor encapsul ating
resin conposition as set forth in claiml, wherein the conpound netal
hydrioxi de represented by the general fornula (1) has an average particle
di anmeter of 0.5 [err] mto 10 [err] m 5. Ao
encapsul ating resin conposition as set forth iniacsi_a i
conpound netal hydroxide represented by the gengffcl [Hifi mrhans .
aspect ratio of 1 to 8. 6. (Anended) A sem conductor encapsul ating
resin conp®lPP£bn &dnse@ndocEdminmd ai m 1, wherein the conpound netal
hydroxi de of polyhedral crystal formrepresented by the general formula
(1) constitdies 30¥senitR0sbuntmekeghtpsafl st itmt akswaightpoed i coopaind net al
hydr oxi des. 7. (Amended) A sem conduct or encapsul ating resin _
conposi ti orsas getthoihhanp cfachrimswhetei B,t WheeiPOURG coRipdlurdydr oxi de
represented by the general formula (1) is represented by sMjO (1-s)N O
cH err] O [ Gretdl W¥enfetidd repr@sented PyeiHedend rsanE6oRdUGt 01 ) has
encapsul ating resin conposition as set fofr1t h in cl i’;u ][n 1, vvheE?) n the
compound  ned advéydgexpderientessny d 1€ 9eNepAld . 'S
regPesent ed by sNgoé(l?s)ZnO cH[ertrnf%e%Qﬂ, 02% err]?](mdJ 8 _ I(A_rn::nciled)
A sem condugtor e i r£S) It : aim1,
U] Wé@ﬁﬁb@hdﬁ%tﬁi?ﬁaﬁgﬁﬁ%%l ﬁ?%ﬁé%t;%ﬁﬂé:%i@l& a

wherein the conpound netal hy e"represe general formula
(1) is set forth in any of claimd P to 4, wherein the compound

metal hydroxide represented by the general formula (1) has
o an aspect ratio of 1 to 8.
6. A semiconductor encapsulating resin composition as
set forth in any of claims 1 to 5, wherein the compound
metal hydroxide of polyhedral crystal form represented by
the general formula (1) constitutes 30% to 100% by weight
of a total weight of compound metal hydroxides.
7. A semiconductor encapsulating resin composition as
set forth in any of claims 1 to 6, wherein the compound
metal hydroxide represented by the general formula (1) is
represented by sMgO-(1l-s)NiO-cH,0 [0<s<l, 0<c=X1].
8. A semiconductor encapsulating resin composition as
set forth in any of claims 1 to 6, wherein the compound
metal hydroxide represented by the general formula (1) is
represented by sMgO:{1-s)ZnO-cH,0 [0<s<l, 0<c=1].
9. A semiconductor encapsulating resin composition as

set forth in any of claims 1 to 8, wherein the compound

metal hydroxide represented by the general formula (1) is
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contained in an amount ranging from1%to 30%%Q¥$M§h% emﬂg:h&ge total resin

conposition. 10. (Amended) A sem conduct or resin
conposition as set forth in claiml1, wherein ar}%@f 'ﬂ I i quid
containing an extract froma cured formof the Lt ition has a pH
| evel ranging frompH6.0 to pH8. 0 and a chlorine ion concentration of not
hi gher than 200 [err] g per gramof the cured formof the resin
conposition. 11. (Amended) A sem conduct or encapsul ating resin
conp03|t|cnﬂQﬁi@é@edoLnhannambann1ianghegefmom d6r éd BoOrRNbyofietilyt

sem conductor encapsul ating resin conposition having a thickness of 1/16
inch has a df aniee redtatlanesihevelmpoaguiial ent to the V-0 | evel of the UL94

conbustion test. 12. (Amrended) A seniconductor encapsul ating resin
conposi tion®s seta semtibonduetdireicapbanaicin ﬁeslﬂ@dﬁ@%ﬂiiﬂi&n @Sl n as

t he conponent (i) is an epoxy resin. 13. Cancel ed) (Cancel ed)
15. (Amstedlo A 15 6A GERAWGET N aanERRsS¥babi NngnEeeshn aﬁOEEQJS_'aE't?_ as set
forth in claim1l, wherein'the hardening agent as the conponent | i) is a
phenol resitiquidcontaiGAMELaBxt ddet £ GYUIUELQL,

encapsul at i ngqur e5|cr<1)n gorrpgg{lat | onX as %et J:fort hin cI ai mqk \Cﬂ{ggrel N conmpound

th al hydrc@ﬁlﬂf%slﬂﬂ% ydidng ﬁ@%&%@?‘é’?ﬂuﬁ ?Eoﬂygﬁgxbd& HS 0 and

a chlorine ion concentration of not higher than 200 u g
per gram of the cured form of the resin composition.
11. A semiconductor encapsulating resin composition as
set forth in any of claims 1 to 10, wherein a cured form
of the semiconductor encapsulating resin composition
having a thickness of 1/16 inch has a flame retardance level
equivalent to the V-0 level of the ULS4 combustion test.
12. A semiconductor encapsulating resin composition as
set forth in any of claims 1 to 11, wherein the
thermosetting resin as the component (i) is an epoxy resin.
o 13. A semiconductor encapsulating resin composition as
set forth in claim 12, wherein the epoxy resin is a novolak
type epoxy resin.
14. A semiconductor encapsulating resin composition as
set forth inclaim 12, wherein the epoxy resin is a biphenyl
type epoxy resin.
15. A semiconductor encapsulating resin composition as
set forth in any of claims 1 to 14, wherein the hardening

agent as the component (ii) is a phenol resin.
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pol yhedral crystal formas the conponent (iii) and an inorganic filler are
contained in a total amount of 60% to 92%hysneiigitke Aot e total resin
conposition. 18. (Amended) A sem conduc E (e ing resin
conposition as set forth in claim1, wherei @5 ; E@é@t@ al  hydroxi des

i ncl udi ng the conpound netal hydroxi de of Hed stal formas the
conponent (iii) and an inorganic filler are contained in a total anount of

70% to 90% by weight of the total resin conposition. 19. (Arended) A
seni conduct bé . encadpsemdtdangi uesi nencemsadiat oy asssdetcdmpehithoslad m 17,
wherein the inorganic filler is silica powder. 20. (Cancel ed) 21.

(Arended) Assenicotiduiat @mydei ceéatiabr L cas eldt bwheareciapslieahiangieming
sem conductor elenment with a sem conductor encapsulating resin conposition

as recited agenel @smhe cdAponedtAnEnded)s Aproresslfaralialii caisinga
sem conductor device, characterized in that a sem conductor el enment is

encapsul at ety Wi t h 2 SQTICANRARA ¥ aBGRRTUIALIMPrE8ShtoRPPLEibhalk as
recited in claiml by a transfer nolding nethod. 23. (Amended)

Aprocess fofg %ﬁﬁ?tiinngﬁysgfi&l%tlofzo f8Vinfe r SR RAISI ARt hat a
sheet encapsulating material conposed of a sem conductor encapsulating
resin hydroxides including thétEompound metal hydroxide of
polyhedral crystal form as the component (iii) and an
inorganic filler are contained in a total amount of 60%
to 92% by weight of the total resin composition.
18. A semiconductor encapsulating resin composition as
set forth in any of claims 1 to 16, wherein compound metal
hydroxides including the compound metal hydroxide of
polyhedral crystal form as the component (iii) and an
inorganic filler are contained in a total amount of 70%
to 90% by weight of the total resin composition. -
19. A semiconductor encapsulating resin composition as
e set forth in claim 17 or 18, wherein the inorganic filler
is silica powder.
20. A semiconductor encapsulating resin composition as
set forth inclaim 19, wherein the silica powder is a fused
silica powder.
21. A semiconductor device fabricated by encapsulating
a semiconductor element with a semiconductor
encapsulating resin compositionas recited inanyofclaims

[TLL

1]

i

1 to 20.
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conposition as recited in claim1l is used.

42

22. A process for fabricating a semiconductor device,
characterized in that a semiconductor element is
encapsulated with a2 semiconductor encapsulating resin
composition as recited inanyofclaims 1 to 20 byatransfer
molding method.

23. A process for fabricating a semiconductor device,
characterized in that a sheet encapsulating material
composed of a semiconductor encapsulating resin

composition as recited in any of claims 1 to 20 is used.
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