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1 THERMOSETTI NG RESI N. COVPCSI TI ON AND SEM CONDUCTOR DEVI CE USI NG THE SAME
13 SEPTEMBER 2005 BACKGROUND OF THE INVENTION 5 Field of the Invention The
present invention relates to a thernosetting resin conpositi ggsﬁthﬁhzoos
sealing an air gap fornmed between a prignted circuit board an

sem conductor elenment in a sem conductor device. Further, the present

I nvention relates to a sem conductor device nmanufact ured by nmounting a

sem conductor 10 elenment in a face-down structure on a printed circuit board

using the resin CcOMMBRMOSETONGURESIN. JOMPOSTHIONQND Wth the recent
demand for performance inprovenent in the 15 sem conductor devices, there

has been proposed SEMIOONDUCTORNDEVMIGE WSINGOTHE tSAME ement in a
face-down structure to a printed circuit board (flip- chip nethod, direct
chip attachnment nmethod and the like). In the flip-chip nethod, since a

sem conductor elenent and a printed circuit board having a different
coefficient of thermal BAREOSROUNIY ORatARINSENTRON rectly 20

el ectrically connected, there arise a problemin the reliability of the
congecti fIgeldR?Fthé In{,éhﬁ/drﬁw of this problem there has been enpl oyed a met hod
conpri si Ng Imng alrquid resin material a gap fornmed between the

sem conduct or 'ﬁi&eﬁﬁgént 1ﬁ09nﬁ6}? rélalelt6 94 thfmedNetti x%)ﬁersgxo%ﬁl oSitignded resin

mat eri al , and cur the liquid resin materla resin cured

pr oduct, v rj cally connect ed'
part is a so %ﬁ%rlﬁﬁgﬁﬁmgﬁge%%@ H%Hd;% nrzlzqsaﬁg%glgrded 2 13 SEPTEMBER

2005 semiconductor element in a semiconductor device. Further, the present invention

relates to a semiconductor device manufactured by mounting a semiconductor
10 element in a face-down structure on a printed circuit board using the resin

composition.

Discussion of the Related Art |

With the recent demand for performance improvement in the

15 semiconductor devices, there has been proposed a method for mounting a
semiconductor element in a face-down structure to a printed circuit board (flip-
chip method, direct chip attachment method and the like). In the flip-chip
method, since a semiconductor element and a printed circuit board having a
different coefficient of thermal expansion from each other are directly

20 electrically connected, there arise a problem in the reliability of the connecting -
parts. In view of this problem, there has been employed a method comprising
filling a liquid resin material a gap formed between the semiconductor element
and the printed circuit board with a liquid résin material, and curing the liquid
resin material to form a resin cured product, so that the stress concentrating in an

25 electrically connected part is also distributed in the above-mentioned resin cured




product, thereby. inproving connection reliability. The conventional nethod
for filling a gap fornmed between the sem conductor el enent and the printed

circuit board with a liquid material in the flip-chip nmetho | I
f1 $hpRtplaRR 7005

bunp conprises firstly nounting the flip chip to a printed ciTcu

formng netal 5 bonding by solder nelting step, and thereafter injecting
the liquid resin material in a gap fornmed between the sem conductor el enent
and the printed circuit board. Since the nmethod of filling the gap forned

bet ween t Bey GRET theRMBSnfSrof i @tnecAB rélibiRfy. TRAcSvendohaPRREHAMS t he
above- nenti oned 11 qui dhgjergi n matereical irs éary{ri ed %ut by aacapillq?dl\aﬁyr t ube

. &ffect of ﬁ%}i&fg %Lgagifénhe& bR tWEihe A mit BRIuc GG Etneit £id He ﬁrﬂﬁehidgﬂlégﬁ resin

‘materi al djusted to a low I evel. Therefore, the materi are

sel ected BB%{)& »@ithia”fi%ﬁi@l 1 8{2eia] id‘tlﬁlrfgﬁclﬁﬁ nhétH6d %singg é’dla&glﬁ%%gi i so that the

uses of rubber .conponents giving stress effec and cC resin

navi ng N PmpkiSes fibdtly buliEke ¢ g Ehip'to% printd Uhoult HE3Rd %hﬁﬁgg&e@?&les-"

Furt her, t esin material must be st at an
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of the above- esin nmateri the Tirqurd resin

material fustaheolibaBbaled il RulesllRol Obfels SAPHOBIEAREINGAR LC
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are selected from a limited range in order to have a low viscosity, so that the uses
of rubber components giving low-stress effects and phenolic resin having high
reliability have been difficult under these circumstances. Further, the above-
méntioncd liquid resin material must be stored at an ultralow temperature of
15 about -40°C in order to stably keep the viscosity of the above-mentioned liquid
resin material low, and the liquid resin material must be injected with a needle
into a gap formed between the above-mentioned semiconductor element and
board, so that there arise some problems such that an injection positibning or
control in the amount of injection is difficult.
20 - In addition, since the method for manufacturing the above-mentioned
semiconductor device comprises a large number of steps, there arises a problem
that its productivity is low. Further, in order to improve productivity as
compared to that of the above-mentioned method, there has been proposed a

‘pressing method comprising mounting a flip chip on a printed circuit board

25 previously coated with a liquid material with applications of appropriate
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tenperature and pressure. However, in the pressing nethod, an oxide |ayer
must be renoved during. bunp bonding in netal el ectrodes such as sol der

bunmps requiring the formati on of nmetal bond. Therefore, thi Mﬁﬂ
only be applied to a process for manugacturi ng a sem conduﬁg ewgg%qocsh

s subjected to electric connection by netal contact using, for instance, a
gold stud bunp,. and it has been difficult to be applied to nmounting of a
sem conduct or device having netal electrodes requiring the formation of
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in an attempt for a more simplified process than the method of injecting a liquid
material utilizing a capillary phenomenon, comprising previously applying the
thermosetting resin material to a semiconductor element or a printed circuit
board, carrying out resin sealing at the interface together with chip mounting,
15 and forming metal bonding by solder reflow. Therefore, the production steps
comprising application of flux and cleaning, and injection of a liquid resin and
the like can be reduced, as compared to the conventional process for
manufacturing a semiconductor device using a liquid resin material, so that the
productivity of the semiconductor device can be improved. Since the method of
20 filling the gap formed between the semiconductor element and the printed circuit
board with the above-mentioned liquid resin material is carried out by a capillary
tube effect of the liquid resin material, the viscosity of the liquid resin material
must be adjusted to a low level. Therefore, since an acid anhydride-based curing

agent is used for obtaining a low viscosity, the materials are selected from a

25 limited range, so that it has been difficult to use a phenolic resin having high



noi sture tolerance reliability under there circunstances. An object of the
present invention is to provide a thernosetting resin conposition having a

flux activity, which has excellent relaxation effect of a sﬂf@ﬁTEﬁiﬁﬁﬂZOOS
bet ween a sem conductor elenment or a prjnted circuit board an connecti ng

el ectrodes, is capable of easily formng a sealing resin layer in an air
gap fornmed between the sem conductor elenent and the printed circuit board,
and does not need a cleaning step for the flux; and a sem conduct or device

manuf act upﬁjtjﬁlgye HikRack ?&iéﬂlﬁf}f%%é}@ crix"c%h{dkteﬁRfEE‘.OSi tion. Al so, another

object o present inventi'on Is to provide a thernosetting resin
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chi ps to-which a thernosetting conposition havin renoving a
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of the present invention is to provide a thermosetting resin composition having
10 excellent productivity, which enables mounting of flip chips to-which a
thermosetting composition having a function of removing a metal oxide layer or
oxidation-preventing material (hereinafter referred to as pre-flux) existing on the
surface of the electrodes on the semiconductor element or the printed circuit
board in the process for manufacturing a semiconductor device requiring the
15 formation of metal bonding such as solder bumps is previously applied; a
semiconductor device manufactured by using the thermosetting resin
composition; and a process for manufacturing the semiconductor device.
These and other objects of the present invention will be apparent from the
following description.
20
SUMMARY OF THE INVENTION
According to the present invention, there are provided:
[1]  asheet-like thermosetting resin composition usable for sealing a gap
formed between a printed circuit board and a semiconductor element in a

25 semiconductor package having a face-down structure,



conprising a conpound having the general formula (1): Rl-(COO CH(CH3)-OR2)"
13 SEPTEMBER 2005 (1) 5 wherein n is a positive integer; Rl is a nonoval ent

or higher polyvalent organic group; and Wis a nonoval ent o i ENIB
wherein RL and R2 may be identical or different, or a corrpogggﬂ:ﬁgw ngﬂ: 26005

general formula (2): 10 CH2=CH O R4- O CH(CH3) - [ OCO R3- COO- CH(CH3) - O- R4- O
CH(CH3) ] n-OCO-R3-COO-CH(CH3)-O-R4-O- CH=CH2 (2) wherein nis a positive
integer; each of R3 and R4 is a dival ent organic group, wherein R3 and R4

may be id L oad hbbea& ALV b 2bnéral B§ripg§iy:i g resin conposition
usabl e fo%ggﬁnﬁgig ggpﬁ?or rr‘élélgge%v\ggrr? a pri nggj circuit board and a
sem conduct or elenent in a sem conductor package having a face-down

structure, conprising: an epoxy resin, a phenolic resin-based curing agent

and 20 a conpogmc || gepneral formula (1): R1-(COO )-OR2)n (1)
wherein n is aRp&| [ vgﬁ?mﬂegﬁn is a nonoval ent or hi gﬁzl?;gl yval ent

organic 25 group; and R2 is a nonoval ent organic group, wherein Rl and R2
may be 6 identical or different, or a conpound having the general formula

(2) 5 13 SFRIFMPHRs 24P HEES: R4 103 BdddWilent 0P S GoR Ak dt SR ©
group; and R? is a monovalent organic group, wherein R' and R* may be

identical or different, or

a compound having the general formula (2):

10 CH,=CH-0-R*-0O-CH(CH3)-[0CO-R’~COO-CH(CH;)-O-R*-0—
CH(CH,)],~0CO-R*~COO~CH(CH;)-O-R*~O-CH=CH, 2)

wherein n is a positive integer; each of R? and R* is a divalent organic group,
wherein R? and R* may be identical or different;

15 [2]  athermosetting resin composition usable for sealing a gap formed
between a printed circuit board and a semiconductor element in a semiconductor
package having a face-down structure, comprising:
an epoxy resin,

a phenolic resin-based curing agent and

20 a compound having the general formula (1):
R'~«(COO-CH(CH;)-0-R?), 1)

wherein n is a positive integer; R' is a monovalent or higher polyvalent organic

25 group; and R? is a monovalent organic group, wherein R' and R* may be



5 CH(CH3)], OCO-R3-COO-CH(CH3}-O R4-O- CH=CH2 (2) wherein n is a positive
.integer; each of R3 and R4 is a divalent organic group, wherein R3 and R4
may be identical or different; a process for manufacturing a égfg g(w
device conprising the steps applying the thernosetting resin 9
item[2] above to a wafer, dicing the coated wafer into individual chips,
and carrying out chip-nmounting; [4] a thernosetting resin conposition
conprising: 15 an epoxy resin, an acid anhydride-based curing agent and a

conmpound RRyities] 6MEifEeest of formul a (1): R1-(COO-CH(CH3}-O R2)n 20 (1)
wherein n is a positive | nt eger; Rl is a nonoval ent or higher polyval ent

organic gﬁggﬁlpo%lﬁg H3inStiR g@fép&l%gﬂmc? ani ¢ group, wherein Rl and R2 may

be identical "or different, or a co having the general fornula (2): 25

7 13 SEPTEMBER 2005 CH2=CH- 0- R4- OCH(CHB) [ O CO R3- COO- CH(CH3) - O R4- 0-

CI-l(CI-B)]n-OCORB COOCH(CH3) O R4-O CH=CH2 (2) V\/nereinnisapositive

i nteger; each 4, 1K oRa ersin R3 and R4
O O G O R R O P KB O R G

may be |dent|cal er ent I'n the |ng resin

conposi ti epyich)i, gwcbak3 ?éGO—dﬁde)—bPWQ?P—@Hﬂ@H esin composi t jn

conpri si ng:

wherein n is a positive integer; each of R> and R* is a divalent organicv grdup,
wherein R® and R* may be identical or different; |
[3]  aprocess for manufacturing a semiconductor device comprising the steps
10 of:
applying the thermosetting resin composition of item [2] above to a wafer,
dicing the coated wafer into individual chips, and
carrying out chip-mounting;
[4] athermosetting resin composition comprising:
15 an epoxy resin,
an acid anhydride-based curing agent and

a compound having the general formula (1):

R'{(COO-CH(CH,)-0-R?), (1)
20
wherein n is a positive integer; R' is a monovalent or higher polyvalent organic
group; and R? is a monovalent organic group, wherein R and R?> may be
identical or different, or
a compound having the general formula (2):

25



(A) an epoxy resin having at |east two epoxy groups in its nolecule, (B) a
curing agent, 10 (C) a conpound having the general fornmula (1) : R -
(COO-CH(CGHB)-O-R2)" (1) wherein n is a positive integer; Rl {$sRPTRAMBRRSIV0S
or higher polyvalent 15 organic group;y and R2 is a nonoval ent organic
group, wherein Rl and R2 may be identical or different, or a conmpound

havi ng the general forrmula (2):

CH2=CH- O- R4- O- CH( CH3) - [ 000- R3- COO- CH( CH3) - O- R4- 20

O CH( CH3) 117 OCOH33 CHXO RIS YPoECR-CRI0VOE(EHR) DR @ posi ti ve

i nteger; each of R3 and R4 is a divalent organic group,” wherein R3 and R4

may be i dep C;ﬁ?]n_oo(}@_f_[!{ier@mg_ HD-CaRfLo@aeeH,at ed curing el erat or
conpri si ng cof'e portion 25 conprising a curing accel erator, and shel |

portion forned so as to cover 8 13 SEPTEMBER 2005 the core portion, the
shell portion conprising a polynmer having a structural unit represented by

a gener al whorei'hds @ dsiti\‘\clli R grQ R R Sad RMOS N easBaRic %guﬁgd R6 is

hydrogen atom or a noval ent” organic group, wherein R and’ y be

i degti cal wRkrefih RESHAM? li?‘?{gq{eeiidEmti&q deRBfERs#L 4ddg resin conposition has a
' f

reacti on exotherm c pea 180 to 250C wth a programming rate of 10C/ min
in the di | ks Al ord qekE . Lhason; and 10 [6] a
serm condut PP TRL e TEBRIAR B Al LIRE B 23T,

[S]  athermosetting resin composition comprising:

(A) anepoxy resin having at least two epoxy groups in its molecule,

(B) acuring agent,

10 (C) acompound having the general formula (1) :
R'-(COO-CH(CH;)-0-R?), 1)

wherein 1 is a positive integer; R is a monovalent or higher polyvélent
15 organic group; and R? is a monovalent organic group, wherein R' and R?
may be identical or different, or

a compound having the general formula (2):

CH,=CH-0-R*-0-CH(CH;)-[0CO-R*~COO-CH(CH;)}-O-R*-
20 O—CH(CH;)],.~OCO-R*~COO-CH(CH;)}-O-R*-0-CH=CH, )

wherein n is a positive integer; each of R? and R* is a divalent organic
group, wherein R? and R* may be identical or different; and
(D) a microcapsulated curing accelerator comprising a core portion

25 comprising a curing accelerator, and a shell portion formed so as to cover



a sem conductor elenent, and the thernosetting resin conposition of any one
of items [1], [2], [4] and [5] above, wherein a gap forned between the
printed circuit board and the 15 sem conductor elenent is EeRilﬁM# R 2005
t hernosetting resin conposition. BRIEF PESCRI PTI ON OF THE gutre 9
is a schematic cross-sectional view show ng one exanple of a sem conductor
device; 20 Figure 2 is a schematic cross-sectional view show ng a process
for manufacturing a sem conductor device; Figure 3 is a schematic

Cross-secti Onalﬂ};é/%:‘gf@ -ﬁ%{‘&e?sh@[lﬁ%?ﬁén EB&P@W%?@%‘%{%% gni conduct or

devi ce; Figure schemati c cross-sect ow ng”a process for
25 manuf act uri @&u&ﬁﬁrﬁlﬁf&sﬂ%&E dj%‘/.h het‘M?or’n%u@%???ENBER 2005 Figure 5is a
schemati c cross-sectiona I ew 5?10 ng;ea process fo manuf acturi ng a

sem conduct or devi ce;nf3 _&r% a schematic cross-sectionalzywi ew show ng a
process for wettabi Il\izﬁls%%egt §qu{g)sol der; Figure 7 is a sche 3t)i C
cross-sectional view showing a process for wettability test of solder; and
Figure 8 is a schematic cross-sectional view showing a process for

netthi 111y 1 e5in BEinSol HSie R L PRTA I FROPESERIT} ChhFovTi GYENE] OV The

t hermosetting resin conposition of sent 1rnvention 1s ly used

for sealing a gensopbielPR® he T thalBY idéhiital B SicfReR, Str uct ure.

wherein the thermosetting resin composition has a reaction exothermic peak of

180° to 250°C with a programming rate of 10°C/min in the differential scanning
calorimetric determination; and

10 [6] a semiconductor device comprising:
a printed circuit board, |
a semiconductor element, and
the thermosetting resin composition of any one of items [1], [2], [4] and [5]
above, wherein a gap formed between the printed circuit board and the

15 semiconductor element is sealed by the thermosetting resin composition.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic cross-sectional view showing one example of a

semiconductor device;
20 Figure 2 is a schematic cross-sectional view showing a process for

manufacturing a semiconductor device;

Figure 3 is a schematic cross-sectional view showing a process for
manufacturing a semiconductor device;

Figure 4 is a schematic cross-sectional view showing a process for

25 manufacturing a semiconductor device;



Specifically, in a sem conductor device conprising a printed circuit board,
plural connecting el ectrodes and a sem conductor el enent having a face-down

structure is nmounted on the printed circuit board via the pl u]réﬁ pﬁfy&&ﬁ
el ectrodes, the thernosetting resin cogposition is used for ﬁ?lg Zpos
gap formed between the printed circuit”board and the sem conductor el enent.

The air gap fornmed between the sem conductor elenent and the printed
circuit board is sealed and netal bending is forned by inserting the

t her nosetti ng resi iti n rinted circuit board and the
sem conduct or El?%lﬂ;gnstc g@%@eﬁaﬁg %ggggécgﬁglabfr%g\é gli’%v?}%aeﬁlé%égst tcf‘ft atively
fixing the sem conductar .el e £ the printed circuit board, and
the“r‘ea'fteplaglbl?%é?}l'lﬂga (r)?gnggﬁ@l?%r ﬁ%@w’her nosetting resin conposition. By
the sealing of the air gap formed between the sem conductor elenent 25 and
the printed of FISHE B4 S hsH ORG I Onah Ve SELREHRICHS B usi ng the 10
13 SEPTEMBE gﬂ’?S r sifn fq%trrrpositi on of the present invention, a process for
resin seai“feﬁ@ Yy OL SO ed circuit board with the seniconductor el enent

and tal connection can .be sinplifie as conpared to a conyentional
oM | cat ed_ pr SLBE TR InieBmAUS TR BHIPTBE VIERL LB BRCESY [Bunp w t h

el ectrodes on g.printed circuit board 5 using flux, and thereafter flow ng
of a seal Wﬁ&a‘”@ggﬁe‘?tﬁ&éoﬂ%’%‘? gap, whereby remarkabl e shortening of the
manuf act uri ng process. ti can. be achieved, . Further, an eleciric connection
of the semicon El%‘l%%s’élae?r@ﬁfn%ctqoﬁiéecgﬂnﬁ]c%’&Wéli“?‘ﬁﬁigtaBH&F?P s excel | ent
stability, so éhat an .excellent sealing reliability is exhibited in various
reliabiliRetaREHY t%&fsggdeetrhose reliability tests under cooling- 10 heating

‘cycle. One of the great features of the thernosetting resin conposition of
the present invention resides in that the thernosetting resin conposition

Confy ! ses DETAILED DESCRIPTION OF THE INVENTION
The thermosetting resin composition of the present invention is suitably
used for sealing a semiconductor element having a face-down structure.
Specifically, in a semiconductor device comprising a printed circuit board, plural
connecting electrodes and a semiconductor element having a face-down structure
15 mounted on the printed circuit board via the plural connecting electrodes, the
thermosetting résin composition is used for sealing an air gap formed between
the printed circuit board and the semiconductor element. The air gap formed
between the semiconductor element and the printed circuit board is sealed and
metal bonding is formed by inserting the thermosetting resin composition
20 between the printed circuit board and the semiconductor element, applying heat
and pressure, thereby tentatively fixing the semiconductor element on the printed
circuit board, and thereafter soldering and melting the thermosetting resin
composition. |
By the sealing of the air gap formed between the semiconductor element

25 and the printed circuit board and the formation of metal bonding by using the



as a flux active agent any one of the follow ng conpound having the general
formula (1): 15 R1-(COOCH(CH3)-O R2), (1) wherein n is a positive integer;
R is a nonoval ent or higher polyvalent organic group; and i

nonoval ent organic group, wherein R angy R2 may be 20 identi (%é%mMBERZOOS
different; or the conpound having the general formula (2):

CH2=CH O R4- O CH(CH3) -[ 000- R3- COO- CH( CH3) - O R4- O

CH( CH3) ] n- OCO- R3- COO- CH(CH3) - O R4- O- - CH=CH2 (2) 25 11 13 SEPTEMBER 2005

wherein n rbﬁn%o itidﬂaof ﬂfe”gégentqg%htfifn 65% ]ﬁﬁr ke%lﬁséialllﬁg @f‘ﬁxﬁor gani ¢

group, wherei n e ident cal er ent e term
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sem conductor devi ce a ux ac X ac rve agen con al neg in the

t her goset tdsg% 121? zgxdcﬁ’l@%ﬂetre elrné%ﬁ%aﬁ.gg 9@#& uli'l’?)dthg zlfﬁé %ﬁérgg}f of a

car boxylic a viny acl ncl udes,

aci d. " pht ReRueRl; dodifis oFth¢ Eﬁgﬁ?@f&_ﬁ? bses? e col ERAEVEE, O i 0" °
| socyanur i, g diy GRERR M nrbRHR R BMiBaRIbY BULASH P RV HibAR

circuit board has excellent stability, so that an excellent sealing reliability is

exhibited in various reliability tests such as those reliability tests under cooling-
10 heating cycle.
One of the great features of the thermosetting resin composition of the
present invention resides in that the thermosetting resin composition comprises

as a flux active agent any one of the following compound having the general

formula (1):
15 |
R'-(COO-CH(CH;)-0-RY), 1)
wherein n is a positive integer; Rlisa Iﬁonovalent or higher polyvalent organic
group; and R? is a monovalent organic group, wherein R' and R®> may be
20 identical or different; or

the compound having the general formula (2):

CH,=CH-0-R*-~0-CH(CH;)-[0CO-R*~COO~CH(CH;)-O-R*-0~
CH(CHS>)],~0CO-R*~COO-CH(CH;)-0-R*~0-CH=CH, @)
25



l'i ke.

The above-nentioned vinyl ether conpound includes, for instance, a

BER 2005

vinyl 15 ether containing butyl group, ethyl group, propyl group, isopropyl
group, cycl ohexyl group, or the like. Concrete exanpl es of E%SEP
~above-nentioned general formula (1) ipclude an al kyl group

group having 1 to 6 carbon atons, viny group, allyl group, phenyl group,
phenyl ene group, a trivalent or higher polyvalent 20 aromatic group,
group represented by C3N3(000C2H4) 3. Concrete exanples of R2 of the

b 1
ga?\égn”g{\%)fﬁé}ﬁﬁggﬂ?fo@itgfaﬁwﬁe% éajc)a %%P%% Ait4lent YrOHAC %ge{ﬁ J
exanpl es off . B3, R

g’roup aV| car bon-at o ncr

and a

to 10
ete

BGR“BIQQ %er{ggﬁtll&n%gdg@%ﬁpl formula (2) 25 include those

functional group s haw ng tructures represented by the fornulas (4) 12 to
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ent orga C group
layer, an organic substance or the like on the metal surface to be bonded upon

soldering to prevent progress of oxidation during heating, thereby lowering
surfaée tension of the dissolved solder. The term “flux active agent” refers to a
compound or composition which gives a composition for sealing a
senﬁconductor device a flux activity.

The flux active agent contained in the thermosetting resin composition
can be obtained by a reaction of a carboxylic acid and a vinyl ether compound.
The carboxylic acid includes, for instance, acetic acid, adipic acid, maleic acid,
fumaric acid, itaconic acid‘, phthalic acid, trimellitic acid, pyromellitic acid,
acrylic acid, isocyanuric acid, carboxyl group-containing polybutadiene, and the
like. The above-mentioned vinyl ether compound includes, for instance, a vinyl
ether containing butyl group, ethyl group, propyl group, isopropyl group,
cyclohexyl group, or the like.

Concrete examples of R' in the above-mentioned general formula (1)
include an alkyl group or alkylene group having 1 to 6 carbon atoms, vinyl group,
allyl group, phenyl group, phenylene group, a trivalent or higher polyvalent
aromatic group, and a group represented by C;N3(OCOC;H,);. Concrete
examples of R? of the above-mentioned general formula (1) include an alkyl
group having 1 to 10 carbon atoms and a cycloalkyl group having 3 to 6 carbon
atoms.

Concrete examples of R® in the above-mentioned general formula (2)

include those functional groups having structures represented by the formulas (4)

wher ei n
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Concrete exanples of R4 in the above-nentioned general forrmula (2) include
those functional groups having structures represented by the fornmulas (8)
20 to (10): 13 5 10 EcH?~ (8) (9) 13 SEPTEMBER 2005 CH2CH20 b&#g}r ‘Ngﬁizi‘iibog
is a positive integer. 15 The conpoun escri bed above can reac w}% an
epoxy resin after exhibiting its flux activity in the process for nounting
sem conductor device, so that the conpound can be suitably used as a

mat eri al having both the functions of the flux active agent and the curing
agent . Iqogggition, t hese conpounds can be wused alone or in adm xture of
two or nore Kinds. 20 The thernpsetting resin conposition of the present

i nvention can be roughly classified into four enbodi nents. In all of the
enbodi nents, .the formulation proportion of the above-nentioned flux active
agent is preferably wthin the range of 0.1 to 20 parts by ight, nor e
preferably within the gg%ié3~6.5 to 15 parts by weight, egg% ially
preferably within the ran Into 10 parts 25 by weight, based on 100
parts by weight of the total resin anmbunt, fromthe 14 13 SEPTEMBER 2005
vi epwpoi nts of the solder connectivity, the heat resistance and the noisture

I liability. :
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wherein n is a positive integer and X is a divalent organic group.
Concrete examples of R* in the above-mentioned general formula (2)
include those functional groups having structures represented by the formulas (8)

20 to (10):



[First Enmbodinment] 5 A first enbodi nent of the present invention relates to
a sheet-like thernosetting resin conposition conprising a conpound havi ng
the general formula (1) or (2) nentioned above. The resins J i

main materials for the above-nentioned1§heet- i ke thernnset??ﬁ%ﬁ¢é§§h#%ﬂliéug
conposition include, for instance, epoxy resins, silicone 10 resins, .
ur et hane resins, phenoxy resins; and the |like. Arong them the epoxy resins
~are preferable, fromthe viewpoints of the heat resistance, the workability
and the adhesi veness. As the epoxy resin, any of those conpounds having two
or nore epoxy groups in its nolecule can be used w thout particularly
limtation. Exanples 15 thereof include, for instance, bisphenol A epoxy
resins, bisphenol F epoxy resins, biphenyl epoxy resins, o-cresol novol ak
epoxy resins, triphenol nethane epoxy resins, dicyclopentadi ene epoxy
resins, and terpene epoxy resins. Arong them those epoxy resins having a
melt viscosity of 0.5 Pass or |less at 150C can be nore preferably used,
fromthe viewpoints of the inprovenent in the flux 20 act(8ity, the

adhesi veness, andgg&é:&é ion in voids. In addition, those epoxy resins
havi'ng excel | ent tabi Ay during dissolution and a | ow viscosity can be
preferably used. The epoxy resins having the structures represented by the

formulas (11) to (13) are ecially preferable, fromthese viewpoints.
These epoxy resins can ly¢ usey alone or in adm xture of 25 two or nore

kinds. 15 0 O\ G@HRc CH GRMOBE£Hz CH (9)

o ~ ~{CHyCH,07 o

wherein n is a positive integer.

15 .The compound described above can react with an epoxy resin after
exhibiting its flux activity in the process for mounting semiconductor device, so
that the compound can bé suitably used as a material having both the functions of
the flux active agent and the curing agent. In addition, these compounds can be
used alone or in admixture of two or more kinds.

20 The thermosetting resin composition of -the present invention can be
roughly classified into four embodinients. In all of the embodiments, the
formulation proportion of the above-mentioned flux active agent is preferably
within the range of 0.1 to 20 parts by weighf, more preferably'within the range of
0.5 to 15 parts by weight, especially preferably within the range of 1 to 10 parts .

25 by weight, based on 100 parts by weight of the total resin amount, from the



H3C CH3 C(CH3)3 A A H2CCHCH2 O OCH2 CI-CH2 (H3C)3C (12) H3C CH3 13

SEPTEMBER 2005 H2C SCR-CHZ 0 ~ - CH2-~-O O CR2 CH -CR2 H3C CH3 (13) 16 13

SEPTEMBER 2005 I n addition, in the above-nentioned sheet-lik |
resin conposition, a curing agent for he epoxy resin can bg3$§§r@§(§ﬁg@)s

occasi on

I nstance,
The phenolic resinis 5 especially preferable

reliabiliGewtfintsT the K61der CBRAectWi

demands. The curing agent as descrlbed above includes, for

phenolic resins, acid anhydrides, am ne conpounds, and the |ike.

viscosity of 0.5 Pass or |ess at 15(}% are nmore preferably used. In

addi ti on,

phenolic
resinis
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nore preferably from80 to 180. 10 When the

A first embodiment of the present invention relates to a sheet-like

" thermosetting resin composition comprising a compound having the general
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formula (1) or (2) mentioned above.

The resins constituting the main materials for the above-mentioned sheet-
like thermosetting resin composition include, for instance, epoxy resins, silicone
resins, urethane resins, phenoxy resins; and the like. Among tﬁem, the epoxy
resins are preferable, from the viewpoints of the heat resistance, the workability
and the adhesiveness.

As the epoxy resin, any of those compounds having two or more epoxy

groups in its molecule can be used without particularly limitation. Examples

thereof include, for instance, bisphenol A epoxy resins, bisphenol F epoxy resins,

biphenyl epoxy resins, o-cresol novolak epoxy resins, triphenolmethane epoxy
resins, dicyclopentadiene epoxy resins, and terpene epoxy resins. Among them,
those epoxy resins having a melt viscosity of 0.5 Paes or less at 150°C can be
more preferably used, from the viewpoints of the »improvement in the flux
activity, the adhesiveness, and the reduction in voids.

In addition, those epoxy resins having excellent wettability during
dissolution and a low viscosity can be preferably used. The epoxy resins having
the structures represented by the formulas (11) to (13) are especially preferable,
from these viewpoints. These epoxy resins can be used alone or in admixture of

two or more kinds.

fromthe viewpoints of the
fhd héext 2edittaned hﬁdm@esmaﬁstb?e“ ng a melt

tdl ﬁ@ ?éﬁdlﬁﬁt agent s having a hydroxyl equival ence of from60 to
200 are prefe

reS|n is used as the curing agent, the content of the phenolic
preferably fromO0.6 to 1.4 equival ence, especially preferably

0.7 to 1. '{I.Fi?&Lﬁﬂ&BB&i%t] per one equival ence of the epoxy resin in the

from



sheet-1ike thernosetting resin conposition, fromthe viewpoints of the
thernosetting property, the heat resistance and the noisture tol erance )
reliability. 15 The content of the total resin in the above- gg?%ﬂ*ﬁﬁiﬁE 005
sheet-like thernosetting resin conposjqion is preferably 40 we IBF
nore, nore preferably 60% by weight or nore, especially preferably 80% by
wei ght or nore, of the sheet-like thernosetting resin conposition, fromthe
vi ewpoi nts of the solderability, the fluidity, and the adhesiveness. 20 The
above- nenti oned sheet-like thernosetting resin conmposition may contain
acrylonitrile-butadi ene copolyners (NBR) as a rubber conponent, and ot her
copol yneri zabl e conponents can be contained together with NBR The ot her
copol yneri zabl e conponent includes, for instance, hydrogenated

acrylonitril e-butadi ene rubbers, acrylic acid, acrylic ester, styrene,

met hacrylic 25 acid, and t1e[j|ke Anong them acrylic acid and nethacrylic
acid are preferable, 17 13 PTEMBER 2005 f4%3n t he vi ewpoi nts of having
excel | ent adhesivémess with a /P . In adhltlon ‘the content of
acrylonitrile jn @ @ Py efey thom10to 50% by
wei ght, nore pr@ era lzom 189 |ght 2fromt & Vi ewpoi nts of

gi ving excel |l ent conpatlblllty wth the epoxy resin and flexibility. 5 The
fornulation ratio of the abpy& nmentioned a@Gl4onitrile-butadi ene copol yner
in the entire organic conponents in the sheet-like thernosetting resin
conposition of the present invention is not particularly limted as |long as
the thernosetting resin conposition can be forned i(itd a sheet. In the
above-nentioned sheet-like thernosetting resin conposition, 10 besides the
curing agent for the epoxy resin nmentioned above, a curing accelerator for
t he epoxy resin can also be fornulated. As the curing accelerator nentioned
above, various curing accelerators which have been conventionally

C(CHs)s

}K O

H,C—CH—CH;~ 0 O—CH; CH—CHz
(H3C)3C
(12)
H;C CH3

}K ' '/O\ .

H,C—CH— CH,—0O ~CH, O—CHy,~ CH— CHZ

H,C CH;

(13)



known as curing accelerators for epoxy resins can be used. The curing

accel erator includes, for instance, am ne-based curing accel erators,
phosphorus 15 containing curing accel erators, boron-contai ni j

accel erators, phosphorus-boron-contaifng curing accel erat o?g suc lﬂgISBERZOOS
tri phenyl phosphi ne, 2-nethylim dazol e, DBU

(1, 8-di azabi cycl o[ 5. 4. 0] undecene-7), and DBN :

(1, 5-di azabi cycl o[ 4. 3. 0] nonene-5), 4P4B (tetraphenyl phosphoni um

t etr aphenyl borgf gdditibA, i@aokﬂ'btabeoe-naedtairﬁatshemim_trfe@ﬁﬁlsaﬁfn;g MRich conprises a
20 curing accelerator sealed in a mcrocapsule, is nore preferably used,

from the cofhSIRAbA! 2 chling ABcR R ANy icsih aiithd AnlNRH ABRGSTER !

Vi scosity. ese curing accelerators can be used alone or in adm xture of

two or NenddidSThel. euﬁlgg iagzlemva%-dé%eﬁbémﬁgo@ﬁeludek,kﬁrfiﬂaaﬂ@éegﬂeheﬁcr esin

conposition, other mat s such as organic materials and i'norganic

mat eri al ; ; ' : ' f1al i ncludes -
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sem cond r element and the electrodes of the printed circuit board. 10
The size (area) of the above-nentioned sheet-like thernosetting resin

OB oo PR BEEhER Bl S8 501 0 s Pt e

sheet - 11 ke d3GLTRSALS pRerably from 0.6 to 1.4 equivalence, especially preferably
from 0.7 to 1.1 equivalence, per one equivalence of the epoxy resin in the
sheet-like thermosetting resin composition, from the viewpoints of the
thermosetting property, the heat resistance and the moisture tolerance reliability.

15 The content of the total resin in the above-mentioned sheet-like
thermosetting resin composition is preferably 40% by weight or more, more
preferably 60% by weight or more, especially preferably 80% by weight or more,
of the sheet-like thermosetting resin composition, from the viewpoints of the
solderability, the fluidity, and the adhesiveness.

20 The above-mentioned sheet-like thermosetting resin composition may
contain acrylonitrile-butadiene copolymers (NBR) as a rubber component, and
other copolymerizable components can be contained together with NBR. The
other copolymerizable component includes, for instance, hydrogenated

acrylonitrile-butadiene rubbers, acrylic acid, acrylic ester, styrene, methacrylic

25 acid, and the like. Among them, acrylic acid and methacrylic acid are preferable,



resin conmposition has a size which is substantially the sane as the size of
the sem conductor elenment. Simlarly, the thickness and the weight of the
sheet-1ike 15 thernpsetting resin conposition are appropriat PP '
accordance with the size of the sem cqnductor elenent to beqh§hntg% aggk?ﬂg§
size of the spherical connecting electrodes provided on the sem conduct or
el ement, nanely the volune occupied by a sealing resin |ayer forned by
filling and sealing an air gap forned between the sem conductor el enment and
the print eghng ki vicw IR Gf HaRindex oM eadiRivensgiwith eeinetdl log pladeidroset ti ng
resin conposition can be prepared, for instance, as follows. Each of the
conponent §d@iioANtIRPExMeRESH dbryRAitrAé iy iHeNHbovE e iR NBR Bqiefetasly and a
conmpound represented by the general fornula (1) or (2) nentioned above is
formul at egrgn 18 t§15095 b PeiBht, e Prafdrabty fréf 5% béMFlBig@ﬁ, fofitfhend
agent, a curing accelefator and various fillers are 25 formulated as
occasi on JerpRsatst & Gy @x&ﬂ@ﬁp&ﬁxggﬁbu@e«im%eIebbfag résﬁn hAdFRIBRER 2005
an

conposition I's m xe ' sol vent such as” tol uene, met hyl et hyl

melted in

ket gne or gk *Mmafa%atﬁtio%f’tgl %n HWE'- ; ti%ﬁl:&‘h&@{l‘oerg&il@p&it%%‘é& goggw&t rate

filmsuch as a polyester Ich is subje to nmo rel easi‘ng
Lreat ment jn HXdnrist ebathodhalinahe shidtMiecthfheskihg 24ih0 160C, and a
sol vent Sll,l% asn ;[rOIBS Erllﬂei \;\%/g)s 5 rem)lved, Sft’%e;nel%y gf vﬁ%g aggée)ssultlred sheet-1i ke

t her noset {.j ' § L t; =T I film In
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COMPOSi 1 ke ¥eSHALGHIpbYBR chi BE Bfifled BitbTaufiopg the components wit hout

.using a solvent su ene. A cured product produced by curing the
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accelerator for the epoxy resin can also be formulated. As the curing accelerator
mentioned above, various curing accelerators which have been conventionally
known as curing accelerators for epoxy resins can be used. The curing
accelerator includes, for instance, amine-based curing accelerators, phosphorus-
15 containing curing accelerators, boron-containing curing accelerators,
phosphorus-boron-containing curing accelerators such as triphenylphosphine,
2-methylimidazole, DBU (1,8-diazabicyclo[5.4.0Jlundecene-7), and DBN
(1,5—diazabicyclo[4.3.0]nonéne-5), 4P4B (tetraphenylphosphonium
tetraphenylborate). In addition, a latent curing catalyst, which comprises a
20 curing accelerator sealed in a microcapsule, is more preferably used, from the
viewpoints of the storage ability and the lowering of melt viscosity. These
curing accelerators can be used alone or in admixture of two or more kinds.
To the above-mentioned sheet-like thermosetting resin composition, other

materials such as organic materials and inorganic materials can be added as

25 occasion demands. The organic material includes silane coupling agents,
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preferably at 100 to 225C, nore preferably at 120 to 200C, for preferably 3

to 300 mnutes, nore preferably 5 to 180 mnutes. 15 As shown in Figure 1, a
sem conduct or devi ce manufactured by using the above-nentio §E§3ﬁ?ﬁBt¢f§bo
thernosetting resin conposition conpriggs a printed circuit boar , plura
connecting electrodes 2 and a sem conductor elenment 3 nounted on one side

of the printed circuit board 1 via the plural connecting electrodes 2, and
a sealing resin layer 4 is forned between the printed circuit 20 board 1 and

the seni cap@iehUouplifBRipents, SRFAEORRAIFRRY fzents LnddRIEmIE MAdIaRAAP! ur al

connecting el ectrodes 2 which electrically “connect the printed Circuit

board 1 whtdhtshadSheilnendpkd RorgafitRniteAalbhides Sdrioab BRI Previ ously
arranged on the side of the printed circuit board 1, or previously arranged

on the si grnphal ifics aAH SANBHCHIRIdE BB C ﬁartiaégtxﬂzgde of {)tg;p%%, filveral

connecting el ectrodes 2 may be previously arranged on th the side of the

20 13 SEPII%I}QEBFEQQ&&%WS%%&} bt gllé}ﬁéﬂtg ahd ¥es 141 fedfkeQTTA fuixin

sem conductor el eément 3. The naterials for the’printed circuit board 1 is,
not spar ti el 6t the!ihBldail pitchial 48 GobartRUMBR Y1 AiRASTH IsGstefd?hiletRAPHCC
P S e above p

substrates an asti ubstrates. T -nmenti one astlic substrate

ool yi m de e S PRI e RARIN R e o TR T ERI G S, Badel, ' °

pol yi m de su rates an eet - t S

compositi BrBAY G0t bY wisikhtdilthoRd, of i BSPBRtion/ R {glfér\{ieﬁ%'ahﬁ%ﬁﬁlet ably

used wi t hbut particul a tation, even enper at ure cannot

be set i gacfiend ik heRk ol A d1Petids drhk SbARSHARR LI AnEASSd e € a

rate 1s”used 1 n conbination wth connecting electrodes nade 10
xg‘éﬁ cAdittHaardi ke- The connecting el ectrodes 2 may be
only conpose ectrodes, or they nmay have a structure in which an

el ggf rode i's pagyisgrdaptdbrale Gh6¢4-méntlon¥d sheet-like thermosetting resin
composition is appropriately set depending upon the size of the semiconductor
elements to be mounted, and it is preferable that the sheet-like thermosetting
resin composition has a size which is substantially the same as the size of the
semiconductor element. Similarly, the thickness and the weight of the sheet-like

15 thermosetting resin composition are appropriately set in accordance with the size
of the semiconductor element to be mounted and the size of the spherical
connecting electrodes provided on the semiconductor element, namely the
volume occupied by a sealing resin layer formed by filling and sealing an air gap
formed between the semiconductor element and the printed circuit board.

20 The above-mentioned sheet-like thermosetting resin composition can be
prepared, for instance, as follows. Each of the components of an epoxy resin, an
acrylonitrile-butadiene copolymer, and a compound represented by the general
formula (1) or (2) mentioned above is formulated in a given amount, and various
components such as a curing agent, a curing accelerator and various fillers are

25 formulated as occasion demands to give a composition. The resulting



conductive nmenber such as joint ball. The materials for the connecting
el ectrodes 2 are not particularly limted. The materials therefor include,

for 15 instance, lownelting point and high-nelting point bu

solder, tin bunps, silver-tin bunps, agd the |ike. Al so, inﬂggﬂﬁﬁvﬁk&ms
the electrodes on the printed circuit board are nmade of the materials
ment i oned above, the connecting el ectrodes may be gol d bunps, copper bunps
and the |like. The sem conductor elenment 3 is not particularly Iimted, and

those 20 £oMUBRHOANS ke BRd iR LULEYcn A hold Al ARGy REYOUS

. 1 .
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sem (r:]oﬁdu t or, el lamen{.s od1 t.h 5 Elrﬂ%l?éq Ci rcuei&t boar d ,'T%Z vm'gth and the
S oot e Abrecmentionsl sit et h 3tioR, 5 h bRk apefBd B har i he

di st bet th ductor el ement 3 and t i nted circuit board
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ltm As described, above, the s conduct or, devi ce usi t he above-nenti oned
sheet - | i kEXtF“@P%%FPF’rPQnFE@i‘ﬁSg‘Wﬁ&?89“’?@ ﬂﬁﬁi‘tﬁsat@r‘%r"&d by inserting a

| ayered 10 sol,id resin between rinted circuit board d a sem conduct or
el ement, el t1 AuCHRAPIORNG Proguced BY. purieg i #hove-meaioned shestdiieayer . One
enbaodi nent, for the nethod for .nmanuf gctfjri.n a sem conduct o[ devi ce of the
p're]é)ent i thesmosgtting iesin composition can be, for instance, produced as follows.

Specifically, the desired cured product can be produced by thermally curing the
sheet-like thermosetting resin composition obtained by the above method
preferably at 100° to 225°C, more preferably at 120° to 200°C, for preferably 3
to 300 minutes, more preferably 5 to 180 minutes.

15 As shown in Figure 1, a semiconductor device manufactured by using the
above-mentioned sheet-like thermosetting resin composition comprises a printed
circuit board 1, plural connecting electrodes 2 and a semiconductor element 3
mounted on one side of the printed circuit board 1 via the lplural connecting
electrodes 2, and a sealing resin layer 4 is formed between the printed circuit

20 board 1 and the semiconductor element 3 mentioned above.

The above-mentioned plural connecting electrodes 2 which electrically
connect the printed circuit board 1 with the semiconductor element 3 mentioned
above may be previously arranged on the side of the printed circuit board 1, or
previously arranged on the side of the semiconductor element 3. Further, the

25 plural connecting electrodes 2 may be previously arranged on both the side of the



be sequentially explained in accordance with the drawi ngs. First, as shown

in Figur
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The connecting electrodes 2 may be only composed of electrodes, or they
may have a structure in which an electrode is provided with an electrically
conductive member such as joint ball. The materials for the connecting
electrodes 2 are not particularly limited. The materials therefor include, for
instance, low-melting point and high-melting point bumps made of solder, tin
bumps, silver-tin bumps, and the like. Also, in a case where the electrodes on
the printed circuit board are made of the materials mentioned above, the
connecting electrodes may be gold bumps, copper bumps and the like.

The semiconductor element 3 is not particularly limited, and those
conveﬁtionally used can be employed. For instance, various semiconductors
such as elementary semiconductors of silicon and germanium, and compound
semiconductors of gallium arsenide, indium phosphide or the like can be used.
The size of the semiconductor element 3 is usually set to have a width of 2 to
20 mm, a length of 2 to 20 mm and a thickness of 0.1 to 0.6 mm. In addition, the

size of the printed circuit board 1 in which a semiconductor element 3-mounted



nelted to give a nolten state is appropriately set in consideration of the
heat resistance of the sem conductor elenment 3 and the printed circuit
board 1, and the 15 nelting point of the connecting el ectrode‘ie{ﬁi d the
softening point and heat resistance of,the sheet-Iike t her ndSREE /005
conposition 7. Wen the nolten sheet-Ii ke t hernosetting resin conposition is
filled in an air gap fornmed between the sem conductor elenent 3 and the
printed circuit board 1, it is preferable that the sem conductor elenent is

pressed aﬁriﬂf‘e%lcc{ikcgﬁfjis%rﬁgﬁ?fsesetgg?1%25 ﬁﬁéﬂ@ﬂg of?ﬁ% '?7bC}H§1I, %gl&égrg@f’f’d yguely set

dependi ngtupon materral an ! er “of “connec rodes (joint
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al o iscr)‘iicfl gensiu)l( etween a printed circuit board and a semiconductor element, melting
this solid resin, and forming a sealing resin layer. One embodiment for the
method for manufacturing a semiconductor device of the present invention will
be sequéntially explained in accordance with the drawings.
First, as shown in Figure 2, a sheet-h’ke thermosetting resin composition 7
15 of the present invention is placed on a printed circuit board 1. Next, as shown in
Figure 3, a semiconductor element 3 provided with plural spherical connecting
electrodes (joint balls) 2 is mounted on given positions on the sheet-like
thermosetting resin composition 7, and the sheet-like thermosetting resin
* composition 7 is melted to give a molten state. The semiconductor element 3 is
20 pressed so that the connecting electrodes 2 on the semiconductor element 3 push
out the sheet-like thermosetting resin composition 7 in a molten state, so that the
printed circuit board 1 is contacted with the connecting electrodes 2, and that an
air gap formed between the semiconductor element 3 and the printed circuit

board 1 is filled with a molten resin. The metal bonding is carried out by solder

25 reflow, and then the resin is cured to seal the air gap, thereby forming a sealing



of two or nore kinds. Al so, the epoxy resin has an epoxy equival ence of 15
preferably from 140 to 270 g/eq., nore preferably from 150 to 220 g/eq., and
a nelting point of preferably 100C or | ower, nore preferabl

In the above-nentioned thernosetting r§§|n conp05|t|on a phiﬁgﬂﬁ%éﬂgﬂhiﬁfioos
based curing agent, such as a phenol aralkyl-based resin or a phenol novol ak
resinis fornulated as a curing agent for the epoxy resin. Anong them those
20 phenol resin based curing agents having a nelt viscosity of 0.5 Pass or
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accl%l erat Brroswgeacp omn a pur §8d circuit board 1 may also be employed.

In the process for manufacturing a semiconductor device mentioned above,
the heating temperature when the sheet-like thermosetting resin composition 7 is
melted to give a molten state is appropriately set in consideration of the heat E
resistance of the semiconductor element 3 and the printed circuit board 1, and the
15 melting point of the connecting electrodes 2, and the softening point and heat
resistance of the sheet-like thermosetting resin composition 7.

When the molten sheet-like thermosetting resin composition is filled in an
air gap formed betwcen the semiconductor element 3 and the printéd circuit
board 1, it is preferable that the semiconductor element is pressed as described

20 above. The pressing conditions are appropriately sct'dcpcnding upon the
material and the number of connecting ¢lectrodes (joint balls). Concretely, the
pressure is set within the range of from 0.1 to 50 gf/number, preferably within

the range of from 0.2 to 20 gf/number.

25 [Second Embodiment]



al one or in admi xture of two or nore kinds. 15 In the above-nentioned

t hernosetting resin conposition, other materials such as organic materials
and inorganic materials can be added as occasion demands. T i

mat eri al includes silane coupling agentys, titanium coupli nngagﬁﬁﬁfM@gﬂ%@g
nodi fyi ng agents, antioxidants, tackifying agents, and the like. The

I norganic material includes various fillers such as alumna, silica 20 and
silicon nitride, netallic particles nade of copper, silver, alum num nickel

and sol der; ot hef. RidNBRbSdiaNht S ¢66 Pseggﬁnlht% fi {Clﬂ%@ t%ﬁh%?i&{tiﬁ%of t he
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ol fgn st ?és?ns?tterz)grcfe e%%préﬂﬁs and the like. Among them, those epoxy resins

having a melt viscosity of 0.5 Paes or less at 150°C can be more preferably used,
from the viewpoints of the improvement in the flux activity, the adhesiveness,
and the reduction in voids. These epoXy resins can be used alone or in admixture
of two or more kinds. Also, the epoxy resin has an epoxy equivalence of

15 preferably from 140 to 270 g/eq., more preferably from 150 to 220 g/eq;, and a
melting point of preferably 100°C or lower, more preferably 80°C or lower.

In the above-mentioned thermosetting resin composition, a phenol resin-
based curing agent, such as a phenol aralkyl-based resin or a phenol novolak
resin is formulated as a curing agent for the epoxy resin. Among them, those

20 phenol resin-based curing agents having a melt viscosity of 0.5 Pa*s or less at
150°C are more preferably used. In addition, as other curing agents, an acid
anhydride-based curing agent such as methylhexahydrophthalic acid anhydride,
or an amine-based curing agent such as dicyanamide can be used.

The phenol resin-based curing agent in the above-mentioned

25 thermosetting resin composition has a hydroxyl equivalence of preferably from



vi ewpoi nts of the workability and the storage stability. Specifically, the
15 thernosetting resin conposition has a nelt viscosity of preferably 100
Pass or |less, nore preferably 50 Pass or |ess, especially pref éﬁﬁ

Pass or less at 70C. However, it is prgf erable that the Iow&?ﬁ IY’eriﬁﬁzg(lS
Pass. Here, the nelt V|5005|ty S detern1ned by ICl rotational visconeter.
Si nce the above-nentioned thernosetting resin conposition has the above 20
properties and also flux activity, the thernosetting resin conposition
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. are added~"a errperature re 1, the

sem Onduf)fl%ph%?l\ﬁ %Snm‘ﬁfgac%trﬂfg ;fécgfe?zgtqol'g1 Horon-containing curing accelerators,

phosphorus-boron-containing curing accelerators, and the like. In addition, a
latent curing catalyst, which comprises a curing accelerator sealed in a
microcapsule, is more preferably used. These curing accelerators can be used
alone or in admixture of two or more kinds.

15 In the above-mentioned thermosetting resin composition, other materials
such as organic materials and inorganic materials can be added as occasion
demands. The organic material includes silane coupling agents, titanium
coupling agents, surface modifying agents, antioxidants, tackifying agents, and
the like. The inorganic material includes various fillers such as alumina, silica

20 and silicon nitride, metallic particles méde of copper, silver, aluminum, nickel
and solder; other pigments and dyes; and the like. The mixing ratio of the
inorganic material is not particularly limited. It is preferable that the mixing
ratio of the inorganic material is preferably 85% by weight or less, more
preferably 80% by weight or less, of the composition, from the viewpoint of the

25 electric bonding between the electrodes of the semiconductor element and the



above-nentioned thernosetting resin conposition conprises a printed circuit
15 board 1, plural connecting electrodes 2 and a sem conductor elenent 3
nount ed on one side of the printed circuit board 1 via the pb k i

el ectrodes 2. Further, a sealing resimslayer 4 is formed be §§§:1§ﬁ@ﬂﬁﬁ{idﬂk
printed circuit board 1 and the sem conductor elenment 3. The materials and
sizes for each of the printed circuit board 1, the 20 connecting el ectrodes
2 and the sem conductor elenent 3, and the arrangenents for each nenber are

the sanme agctldesof scpiiRRd difduif hsarfl r st Enbodi ment. As described above,
t he sem conductor device using the above-nentioned thernosetting resin
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Further, it is preferable that the above-mentioned thermosetting resin
composition is solid or has a high viscosity of 800 Pa®s or more at 25°C, and that
the thermosetting resin composition is in a molten state at 70°C, from the
viewpoints of the workability and the storage stability. Specifically, the

15 thermosetting resin composition has a melt viscosity of preferably 100 Paes or
less, more preferably 50 Paes or less, especially preferably 20 Paes or less at
70°C. Howeuver, it is preferable that the lower limit is 0.01 Pa*s. Here, the melt

| viscosity is determined by ICI rotational viscometer.

Since the above-mentioned thermosetting resin composition has the above

20 properties and also flux activity, the thermosetting resin composition exhibits
excellent effects in the productivity, the workability, the moisture tolerance
reliability, and the storage stability.

The above-mentioned thermosetting resin composition can be prepared,
fof instance, as follows. Each of components of an epoxy resin, a phenolic resin-

25 based curing agent, and a flux active agent represented by the general formula



the basis of the drawings. 15 In an enbodi nent where a thernosetting resin
conposition is applied to a printed circuit board, first, as shown in
Figure 4, a thernosetting resin conposition 7 of the present,i| i

‘heated to 70C and in a nolten state ispgpotted on the printeg3§?¥§ﬁﬁpﬁg%%ﬁQ9s
1. Next, as shown in Figure 5 a sem conductor elenent 3 provided with

pl ural spherical connecting electrodes 20 (joint balls) 2 is nounted on

gi ven positions on a thernosetting resin conposition 7. The sem conduct or

el ement 3(%)50:%29§ﬁaﬁio@6%sdv@ is oxmeelhieddn aciveh hatmt, andf varftRisseni conduct or
u

el enent 3 sh” out the thernosetting resin ~conposition 7 in a nolten state,
so that tRgmpohBhRGuehas W durRPdgknl, dmﬁpgga@w&qtor%ama&ms ¢RASGE NY

el ectrodes 2, and that an air ga% f'ormed between the 25 sem conduct or
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SEPTEMBER 2005 resin. The metal bonding is carried out by solder reflow and
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resjgy CompRsbivedtll ol fagredients, and thereafter the remaining.components such as a

flux active agent represented by the general formula (1) or (2) are added at a
lower temperature, and mixed.
As shown in Figure 1, the semiconductor device manufactured from the
above-mentioned thermosetting resin composition comprises a printed cifcuit
15 board 1, plural connecting electrodes 2 and a semiconductor element 3 mounted
on one side of the printed circuit board 1 via the plural connecting electrodes 2.
Further, a sealing resin layer 4 is formed between the printed circuit board 1 and
the semiconductor element 3.
The materials and sizes for each of the printed circuit board 1, the
20 connecting electrodes 2 and the semiconductor element 3, and the arrangements
for each member are the same as those described for the First Embodiment.
As described above, the semiconductor device using the above-mentioned
thermosetting resin composition is manufactured by inserting a thermosetting
resin composition between a printed circuit board and a semiconductor element,

25 and forming a sealing resin layer.  Here, the thermosetting resin composition



~which | ow water supply rate cured pro

appropriately set in accordance with the size of the sem conductor elenent 3
to - 15 be nounted and the size of the spherical connecting el ectrodes 2

provi ded on the seni conductor elenment 3, nanely the vol une oggg?grgn@%lzﬁzoos

-sealing resin layer 4 fornmed by fillifg and sealing an air gap

bet ween the sem conductor elenent 3 and the printed circuit board 1. In the
process for manufacturing a sem conductor device nentioned above, 20 the
heati ng tenperature when the thernosetting resin conposition 7 is nelted to

give a nomhehedppliedits adnixieacikut!Boas@br tda SOmsddiRiueidrdletnt. "R fheat
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10  method utilizing vacuum pressure difference in printing method is more
preferable because gas is less likely to be contained in the resin sealing layer.
One example of an embodiment for the process for manufacturing a
semiconductor device of the present invention will be sequentially explained on
the basis of the drawings.

15 In an embodiment where a thermosetting resin composition is applied to a
printed circuit board, first, as shown in Figure 4, a thermosetting resin
composition 7 of the present invention heated to 70°C and in a molten state is
potted on the printed circuit board 1. Next, as shown in Figure 5, a
semiconductor element 3 provided with plural spherical connecting electrodes

20 (joint balls) 2 is mounted on given positions on a thermosetting resin
composition 7. The semiconductor element 3 is pressed, and the connecting
electrodes 2 of the semiconductor element 3 push out the thermosetting resin
composition 7 in a molten state, so that the printed circuit board 1 is contacted

with the connecting electrodes 2, and that an air gap formed between the

25 semiconductor element 3 and the printed circuit board 1 is filled with a molten



can be used alone or in adm xture of two or nore kinds. Anong these epoxy 15
resins, those which are alone liquid at roomtenperature, including

bi sphenol A epoxy resins, bisphenol F epoxy resins, napht haifgﬁPTWﬁERZOOS
resins, alicyclic epoxy resins, and triglycidyl isocyanurate are

preferably used. The above-nentioned epoxy resin may be solid or |IC]UI d at
an anbient tenperature (25C). The epoxy resin generally has an epoxy

equi val ence of 20 preferably from90 to 1000. Wen the epoxy resi n is
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USefp. " agpnﬁ(éc ng ecf t}(\)l\c,i)es%ouq}) {)gllslS fls described. The present invention is not

limited thereto, and a case where plural spherical connecting electrodes 2 are
previously provided on a printed circuit board 1 may also be employed.
The thickness and the weight of the thermosetting resin composition 7 are
appropriately set in accordance with the size of the semiconductor element 3 to
15 be mounted and the size of the spherical connecting electrodes 2 provided on the
semiconductor element 3, namely the volume occupied by a sealing resin layer 4
formed by filling and sealing an air gap formed between the semiconductor
element 3 and the printed circuit board 1.
In the process for manufacturing a semiconductor device mentioned above,
20 the heating temperature when the thermosetting resin composition 7 is melted to
give a molten state is appropriately set in consideration of the heat resistance of
the semiconductor element 3 and the printed circuit board 1, the melting point of
the connecting electrodes 2, and the softening point and heat resistance of the
thermosetting resin composition 7.

25



The formulation ratio of the above-nentioned epoxy resin with the above- 15
ment i oned aci d anhydri de-based curing agent is such that the acid anhydride
group in the acid anhydri de-based curing agent is in a ratio

from 0.5 to 1.5 equival ence, nore pre&grably fromO0.7 to 1_£9§%ﬁﬁfigﬁ§§8%?b05
per one equival ence of epoxy group in“the epoxy resin, fromthe viewuoints
of the curing rate of the thernosetting resin conposition, the control for
the glass transition 20 tenperature for the cured product, and the water

resi st ancggy,: uring agent other than the above-nentioned acid
gt - Pt
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ki nds. In t he. above- nentloned the sett resin conposit,io ot.he
mat er i al sCOMAIANG SYCHGEPPXY Fetiny$ éﬁﬁixcggﬁ‘lglé‘?ﬁy tEraPQIth%GHFPISe added as

OCC%SI on epoxy resins, hydrogenated bisphenol A epoxy resins, aliphatic epoxy resins,

glycidyl ether epoxy resihs, bisphenol S epoxy resins, biphenyl epoxy resins
from which low water supply rate cured products are mainly prepared, dicyclo-
ring epoxy resins, naphthalene epoxy resins, and the like. These epoxy resins
can be used alone or in admixture of two or more kinds. Among these epoxy
15 resins, those which are alone liquid at room temperature, including bisphenol A
epoxy resins, bisphenol F epoxy resins, naphthalene epoxy resins, alicyclic
epoxy resins, and triglycidyl isocyanuraté are more preferably used.
The above-mentioned epoxy resin may be solid or liquid at an ambient
temperature (25°C). The epoxy resin generally has an epoxy equivalence of
20 preferably from 90 to 1000. When the epoxy resin is solid, an epoxy resin
having a softening point of 160°C or lower is preferable.
The acid anhydride-based curing agent used in the above-mentioned
thermosetting resin composition includes phthalic anhydride, maleic anhydride,
trimellitic acid anhydride, pyromellitic anhydride, hexahydrophthalic acid

25 anhydride, tetrahexahydrophthalic acid anhydride, methylnadic acid anhydride,



demands. The organic material includes silane coupling agents, titanium 15
coupling agents, surface nodifying agents, antioxidants, tackifying agents,
and the like. The inorganic material includes various fill er§(§§ﬂﬁlﬂ R 2005
alumna, silica and silicon nitride, mgtallic particles madé %@P
silver, alum num nickel and solder; other pignents and dyes; and the |iKke.
The mxing ratio of the inorganic material is not particularly limted. It
is preferable that the mxing 20 ratio of the inorganic material is

pref er abl 0 ' S i8e. RE d ioweiight or nore, of
t he total )ig%%fgg(i}’ f ii@g*\d;}}ik??’grl#?ﬁe \?FZBW%O?,nI?Sﬁ&g’%e%?hZ l\?’ili)?(%:}ga}shi('At,%/\dlgnd t he

el ectric Qﬂg?drﬁwe,tiﬁétwﬁeumydr@ggmaﬁe%ﬁi ihyldPRle, SRIMIEORRLICTREsEAGAENt and
t he el ectrodes

of the printed Circuit board. Besides the above-nentioned
addi tives . 2 hARRVET i 1 sty Ltion, there
can be fo?%%?g%ggba caﬁgb e%%ggﬁgﬂggghggf%gﬁ%EE¥E%%ER Zg%gpg?ﬁﬁﬁg%gﬂ%il,
silicone kPRQer, or a synthetic rubber-reactive diluent for the purpose of
achieving Tow stress, or a hydrotalcite or an ion trappi ng agent such as
bi sreut h hydr oxi t ' ' i Aabit g in the
noi sr,gtJ ure toler gt%gcelafr?gnl’ 2&0@:&%@9‘?@&@%8%?@%&@? ?lgeuésﬁé:ﬂc}ﬁ]\t/éginrl’itféﬁal |y
known 5 addit|ve > ] {:0 I vell ents,
defoaningﬂgggk¥é?n%ggggﬁéﬁgfgﬁggg%g%htgﬁﬂégﬂg$%g§§$§g%§f%h?ggg . Further, -an
organic s led, f . C ] i owability
of “the- 1 S ARFA Al udRThe SoBRE ek S dEi P MINATRe YasBBThE AR ehL

I ncl udes, o6 ali Qﬁbﬁaf,%'r at%rﬂgﬁgict %%B-fﬂlﬁ eeq cﬁ%ﬁiﬂ%&elﬁtﬁxh agetone (MEK),

acet one, di acetone al’cohol, aboveé-nenti oned

Speci ?E%P%%%{Wﬁé@%ﬁ%%ﬁ%?%ﬁd?O Adlic adt e oy Wb RS RElencig ity
Pheli Cup by st BheR i bR TR, bt nt Mo ReT e Mok FRRi Bagetr 1707

curing agent. In this case, these curing agents may be used alone, as long as a

mixture of the curing agent with the'epoxyy resin is liquid at an ambient
temperature, or they may be used in admixture of two or more kinds.
The formulation ratio of the above-mentioned epoxy resin with the above-
15 mentioned acid anhydride-based curing agent is such that the acid anhydride
group in the acid anhydride-based curing agent is in a ratio of preferably from
0.5 to 1.5 equivalence, more preferably from 0.7 to 1.2 equivalence, per one
equivalence of epoxy group in the epoxy resin, from the viewpoints of the curing
rate of the thermosetting resin composition, the control for the glass transition
20 temperature for the cured product, and the water resistance. Even when a curing
agent other than the above-mentioned acid anhydride-based curing agent is used
together with the acid anhydride-based curing agent, the formulation ratio may
be adjusted in accordance with the formulation ratio (equivalent ratio) of the acid
anhydride-based curing agent used.

25 In the above-mentioned thermosetting resin composition, a curing



R

t hernosetting resin conposition is liquid, the thernosetting resin
conposition 15 has an excellent flowability, so that it is effective in the
prevention of air introduction. The above-nenti oned thernos ' '
conposition can be prepared, for instapce, as follows. Eachﬁf)$tggmgﬁtzgos
of an epoxy resin, an acid anhydride-based curing agent, and a flux active
agent represented by the general 20 fornmula (1) or (2) nentioned above is
formulated in a given anount, and various conponents such as a curing

agent, a gaieldigtoRIBLHRY GidXy REM VAT 4198 Be ftbirh@lafe PdsLocdaRiondethAtlisasagccasi on
demands to give a conposition. The resulting conposition was m xed and

el ted wi{p &Jﬁ@%ler%? InéfiighedHb69E SPdricils! durindlaccefRlors whé'\!gi(havé he

Tolten conposition Is filtered wth a filter, and thereafter ef oaned

10 SRRy ISV L g B k) by 55,10

shown in nﬂlg Efé.gn% ’acﬁagra?ﬁqnﬁ:ﬂmcf&ringﬁﬁ&é: ‘??ﬂﬁﬂf'faﬁﬁﬁé'sr §fbhfdsom the

above- e her nose g resin conposSifion conprises a printed circuit

board 1, plkus: : ' ' duct I t 3
moonted STaR ArAEy GBS Rk e R B " Wa the plur o

connect i ngi_glfgﬁﬁQ@lgménd;ﬂgﬁ l%eﬁ?jl,siﬁﬂh‘jiﬂﬂ%s{]%?ﬂhnasl ayer 4 is formed between

the printed trrcu oar : e 'sem con relement 3. The materials
2|2ﬁt é%ﬁiﬁ@%ﬁ%@iﬁ%@%ﬁ%‘? gfﬁégé@%ﬂﬁg%‘j‘éga@ﬁ%?%ﬁ%ﬁéjﬁ%i (s 10 for
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10 quaternary ammonium salts, organometal salts, and derivatives thereof.. These

curing accelerators can be used alone or in admixture of two or more kinds.

In the above-mentioned thermosetting resin composition, other materials
such as organic materials and inorganic materials can be added as occasion
demands. The organic material includes silane coupling agents, titanium

15 coupling agents, surface modifying agents, antioxidants, tackifying agents, and
the like. The inorganic material includes various fillers such as alumina, silica
and silicoﬁ nitride, metallic particles made of copper, silver, aluminum, nickel
and solder; other pigments and dyes; and the like. The mixing ratio of the
inorganic material is not particularly limited. It is preferable that the mixing

20 ratio of the inorganic material is preferably 70% by weight or more, more
preferably 65% by weight or more, of the total composition, from the viewpoints
of the viscosity and the electric bonding between the electrodes of the
semiconductor element and the electrodes of the printed circuit board.

Besides the above-mentioned additives, in the above-mentioned

25 thermosetting resin composition, there can be formulated a component such as




sem conductor elenment, and formng a sealing resin |ayer. One exanple of an
15 enbodi nent for the process for manufacturing a sem conductor device of

the present invention will be sequentially explained on the i
drawings. First, as shown in Figure 432a liquid thernosetti %ggig?il@rmh%oos

conposition 7 of the present invention is potted on a printed circuit board
1. Next, as shown in Figure 5 a sem conductor elenent 3 provided with

pl ural spherical connecting 20 electrodes (joint balls) 2 is nounted on

gi ven poskilicons odl) sicoherublsat bt agynthstio relthmrasadtivendiluentifer senpe@odect or
element 3 is pressed, and the connecting electrodes 2 of the sem conductor

‘el enent  3opushicoltg lokestkdsgubtla hydrotaisit or g ion eappingodmesishclpas 7, so t hat
the printed circuit board 1 is contacted with the connecting el ectrodes 2,

and that apnaith aRokide o thecpurpese bhinpeveaendiicthercBabiitgikie 3, and the
printed circuit board 1 is filled with a liquid thernosetting 13 SEPTEMBER

2005 34 r gfjistus® tORInte ecliablliey 16t aln Lfdkidbn) 3 akidus @bhvEtticnillyokn$ohder
reflow, and then the resin is cured.to seal the air gap, thereby formng a

seal§ ng rgadifives¥aeth 4s déRriokdticn privBatves, ket dgentscltfoaniBEeednty be a
bondi ng nmethod using a reflow furnace, or a bondi ng nethod simultaneously

Wi th nmoundi@gard pipRent¥ichh begbpeWly Fortmitlaedl dRirihRE ANGkoaRid §dldeAt LaAt er

portion to"a tenperature of equal to or higher than the nelting point of

the sol depe af\} £iRFEMfORE pRPBSe of AQjUSERE FIRMNABEIIGTOf tHE Yiqued AferaftRvftidg) Figure

1 is manufactured. In the process for manufactufing the sem conductor device

ment i oned oY Mpoditiods ETNGSFnte SAVERANEMAES oI RIRIke, HIRERY xdaehdM t h
.plural spherical ®© 10 connecting el ectrodes (joint balls) 2 is described. The

present i RyRpYl élﬂzl' RetbRé (MPXJ,adefone! 8iatetoAd didNBRMAIWREFeP! Ural spheri cal
connecting electrodes 2 are Ppreviously provided on a printed circuit board

1 npy also be MRl MeE.mditforidd HkRAESctARS rddie co@babitiodlis 1RRid a8byeceal i ng
| ayer 4 made of the
In the present specification, the term “liquid” refers to those exhibiting a
flowability, preferably those having a melt viscosity of 800 Pass or less at 25°C,
from the viewpoint of excellent flowability. Since the above-mentioned
thermosetting resin composition is liquid, the thermosetting resin composition
15 has an excellent flowability, so that it is effective in the prevention of air
introduction. |
The above-mentioned thermosetting resin composition can be prepared,
for instance, as follows. Each of components of an epoxy resin, an acid
anhydride-based curing agent, and a flux active agent represéntcd by the general
20 formula (1) or (2) mentioned above is formulated in a given amount, and various
components such as a curing agent, a curing accelerator and various fillers are |
formulated as occasion demands to givé a coinposition. The resulting
composition was mixed and melted with a kneader such as a universal stirring

reactor. Next, the molten composition is filtered with a filter, and thereafter

25 defoamed under reduced pressure, thereby giving a desired liquid thermosetting



thernosetting resin conposition are appropriately set in accordance with the
size 15 of the sem conductor elenent 3 to be nounted and the size of the
spherical connecting el ectrodes 2 provided on the sem conducltc?o%Ep?E R 2005
-nanely the volune occupied by a sealing resin layer 4 formed by filling and
sealing an air gap forned between the sem conductor elenent 3 and the
printed circuit board 1. 20 [Fourth Enbodi nent] A fourth enbodi nent of the
present invention relates to a thernosetting resin conposition conprising:

(A) an epgsin EGEpOsifion dthatabovashehtGnepsubistigtedtilps. in its nolecule, (B) a
curing agent, 25 (C a conpound having the general fornula (1) or (2), and

... 35 13 SEPTEMBERs200% I Figué ¢ deapsiiteidetierddvies apaafatadarfré@nbei Si ng a

core portion conprising a curing accelerator, and a-shell portion fornmed so

as to covgéoxténmenﬁ@hedml@ériﬂdsettiﬂmsﬁh@ddlf)@ﬁtibh@angﬁﬁegiasp'rﬁﬂe@cﬁ@hwrer havi ng
a structural unit represented by the follow ng géneral formula (3): 5

- N(R5) - COyh¥ 6D, fldral Wbah&itthedetrddesRbandd sBmitcndueiradémeat 3 mAinted

nonoval ent organi c group, erein R5 and R6 nay be identical or different,

whersei n t §§ ohBRIdPSELHe pHehte& Tirdul HTARS I vid the WA copAcitimNelR¥abagE i C peak
of 10 180 to 250C with a progranmng rate of 10C/ mn ina differential

scanni ng EGaAheY, 'a'Rhlihg r@ﬁh%i@r%is%ﬂne&%eb@@erﬁﬂh@?ﬁrﬁ@é ERc@it boAfd §Qmaonent
(A) used in the above-nenti oned thernosetting resin conposition, any of

t hose havy %e?riicbﬁéﬁétoi YRpfRPYY groups in its nolecule can be used without
particularly Iimtation. The epoxy resin 15 includes, for instance,
bi sphenol A epgxy¥ mfetiaks add SPEERR leabh B8P e/ prifet Rrcuit board 1, the
| connecting electrodes 2 and the semiconductor element 3, and the arrangements
10 for each member are the same as those described for the First Embodiment.

As described above, the semiconductor device using the above-mentioned
thermosetting resin composition is manufactured by inserting a liquid
thermosetting resin compoéition between a printed circuit board and a
semiconductor element, and forming a sealing resin layer. One example of an

15 embodiment for the process for manufacturing a semiconductor device of the
present invention will be sequentially explained on the basis of the drawings.

First, as shown in Figure 4, a liquid thermosetting resin composition 7 of
the present invention is potted on a printed circuit board 1. Next, as shown in
Figure 5, a semiconductor element 3 provided with plural spherical connecting

20 electrodes (joint balls) 2 is mounted on given positions on a thermosetting resin
composition 7. The semiconductor element 3 is pressed, and the connecting
electrodes 2 of the semiconductor element 3 push out the liquid thermosetting
resin composition 7, so that the printed circuit board 1 is contacted with the

connecting electrodes 2, and that an air gap formed between the semiconductor

25 element 3 and the printed circuit board 1 is filled with a liquid thermosetting



novol ak epoxy resins such as phenol novol ak epoxy resins and cresol novol ak
epoxy resins; alicyclic epoxy resins; nitrogen-containing cyclic epoxy

resins such as triglycidyl isocyanurate and hydantoi ¢ epoxy bR
.hydrogenated bi sphenol A epoxy resins;,, aliphatic epoxy resi %%?EB@M%];PZOOS

et her epoxy resins; 20 bisphenol S epo%@ resins; biphenyl epoxy resins from
which | ow water supply rate cured products are mainly prepared, epoxy
resins containing dicyclo-ring; naphthalenic epoxy resins; and the |ike.

These epoxy.resins .can use | one or _in admxture of 1w or re kinds.
Arong ¢ el gaps BB, SheREf BndRing s st Pal 6L W15 Ciatlalt e By, ' 05
resins, ngphthal.enic 0X esi.ns icycld c epoxy resins.and triglycidyl 36
15 SEPTENBERCD00S s Poaral HECAIr BAP CofRhd TorBitE § Felie BT BORT fortfor at i e,
are nore preferably, used. The abgve-nentioned 0X esin.may be solid or
M qui'd o M menee fbe S3ERp ity PREHR Tay by BPendirtelae tiEB SasBW es! n

U owpol n BgRcs s kKR Bhod sRuRouY R Sy ing belies Sath heiing

t her nosetti resin c sition and the control of th | ass transition
temor at uR SqlAeERA Al Sheltng & et RAtiands & temperalpeaf ol fo g higher, it i s
preferable that the epoxy resin has sof t eni point of . from50 to 160C,
fromthe (haB/peimaltiag POk qféﬁﬁé? b &r@ﬁ@réb%ﬂgb%, aPRigndyciie | at ent
property of the | atent, %yri ng accel erator, The curing agent of the conponent
(B) is no e‘fiﬁ???éﬁﬁ"é(ﬂlw iguRetlets mamefactused.ous cur i ng agents can be used, as

| ong as they aﬁ{ as a curing agent for the above-nentioned epoxy resin. As

the curing age thegprogess 19p sram _ priggdhe swdpg@r devicednepdpned curi ng
st |3 el et and el ous SEner, £ Loge 1RSI SHEhEP o1
10 connecting electrodes (joint balls) 2 is described. The present invention is not
limited thereto, and a case where plural spherical connecting electrodes 2 are
previously provided on a printed circuit board 1 may also be employed.
The thickness and the weight of the resin sealing layer 4 made of the
thermosetting resin composition are appropriately set in accordance with the size
15 of the semiconductor element 3 to be mounted and the size of the spherical
connecting electrodes 2 provided on the semiconductor element, namely the
volume occupied by a sealing resin layer 4 formed by filling and sealing an air gap

formed between the semiconductor element 3 and the printed circuit board 1.

20 [Fourth Embodiment]
A fourth embodiment of the present invention relates to a thermosetting
resin composition comprising: |
(A)  anepoxy resin having at least two epoxy groups in its molecule,
(B) acuring agent,

25 (C)  acompound having the general formula (1) or (2), and



havi ng benzoxazine ring can also be used. These curing agents can be used
al one or in adm xture of two or nore kinds. The phenolic curing agent

i ncl udes, for instance, cresol novolak resin, phenol novol a ,
phenolic resins containing dicycl opentagdi ene-ring, phenol 53§WBER2005

resins, naphthol, and the |ike. These phenolic curing agents can be used
alone or in adnlxture of two or nore kinds. The m xing ratio of the epoxy
resin to the phenolic curing agent is such that reactive hydroxyl group in

the pheno;;bg CW hitodsRlates ceﬁﬁgea'baélkyatéf%p 1§1n ta%coke Popion val ent, nore

pr ef er abl 7 to 1.2 equivalent; per one equiv nt of 25 epoxy group in

. the epoxy & rﬁmrﬁéﬁ%ﬁ}ﬁlﬁe&c\éhﬁm& el @ihéllﬁﬁbrhﬁﬁrfﬂﬁﬁéa 5639 t6 bover @EPTENBER

2005 propert heat “r esi st ance, nol sture tolerance reliability.

As 10 thogere FARRM, IESHRIPpGtTon n"iﬁ?ﬁsghg%tﬂb‘?ﬁmfspﬁﬁ‘vﬁg%ﬁ al Gnfil’ | Ng agent

I's used, the "mxi grat|0|sa accordance~w t emX|ng ratio

(equi yal egg% g%ﬂt?ag‘}fthekgﬁo&' era lefotr(ﬂﬁl 2f{?gnol ic curing agent is used. 5

The mcro curing ac conmponent (D) used in the

above- nent i onedl\g 21 éeN P_re5| n conposition is a m@'ocapsul ated curing
accel erator havin core ell structure, in which a c r)e portion

conpri sing any of various CUI’I ng accelerators is coated wwth a shell portion
conprising a polymer having a structural unit represented by the general

formil o Ihdeh cahOFR> S0t RE PO A3k AGE P 1560 Bl 0Bt ol Ny oger

atomor a ITDI’]OV ent organic ereln tical to

or di ffer%{;ﬁerg{nﬁﬁs gﬁ&@é\?\#l cheé re@g{)ggdff&%&bove m crocapsul ated curing

‘accel er at or ose rve
wherein the thermosetting resin composition has a reaction exothermic peak of

10 180° to 250°C with a programming rate of 10°C/min in a differential scanning
calorimetric determination.

As the epoxy resin of the component (A) used in the above-mentioned
thermosetting resin composition, any of those having at least two epoxy groups
in its molecule can be used without particularly limitation. The epoxy resin

15 includes, for instance, bisphenol A epoxy resins; bisphenol F epoxy resins;
novolak epoxy resins such as phenol novolak epoxy resins and cresol novolak
epoxy resins; alicyclic epoxy resins; nitrogen-containing cyclic epoxy resins
such as triglycidyl isocyanurate and hydantoic epoxy resins; hydrogenated
bisphenol A epoxy resins; aliphatic epoxy resins; glycidyl ether epoxy resins;

20 bisphenol S epoxy resins; biphenyl epoxy resins from which low water supply
rate cured products are mainly prepared, epoxy resins containing dicyclo-ring;
naphthalenic epoxy resins; and the like. These epoxy resins can be used alone or
in admixture of two or more Kinds. |

Among these epoxy resins, bisphenol A epoxy resins, bisphenol F epoxy

25 - resins, naphthalenic epoxy resins, alicyclic epoxy resins and triglycidyl



am no group existing in the shell portion is blocked are preferable. In
addition, in-the thernosetting resin conposition conprising the above-

menti oned m crocapsul ated curing accelerator, the shell port]

.cut off a physical contact between thg core portion and theifgﬁi’%@ﬁ@h?%‘"’f‘
so that the 20 gel ation of the thernos ?ti ng resin conposition is suppressed
in the soldering step, thereby giving excellent solderability. In addition,
there are sone advantages that undesired curing of the thernosetting resin

cuppr esseitoc i ipte, WGP R aMie Rotl! actooh Brdfatie 8 0 PERIB g, and

that the thernosetting resin 25 conposition has excellent storage stability.
38 13 SEP ER 2005 I n the above-nentioned m crocapsul at ed curing
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2 S™! i atoht 'p%&?tzyoc')fethe'latem C5iing acdtiGaky, € Phosphorus-containing
The curing agent of the component (B) is not particularly limited, and
various curing agents can be used, as long as they act as a curing agent for the
above-mentioned epoxy resin. As the curing agent for the above-mentioned
epoxy resin, a phenolic curing agent is generally used, and various other curing
15 agents such és acid anhydride-based curing agents, amines and compounds
having benzoxazine ring can also be used. These curing agents can be used
alone or in admixture of two or more kinds.
The phenolic curing agent includes, for instance, cresol novolak resin,
phenol novolak resins, phenolic resins containing dicyclopentadiene-ring, phenol
20 aralkyl resins, naphthol, and the like. These phenolic curing agents can be used
alone or in admixture of two or more kinds.
The mixing ratio of the epoxy resin to the phenolic curing agent is such
that reactive hydroxyl group in the phenolic curing agent is preferably from 0.5

to 1.5 equivalent, more preferably 0,7 to 1.2 equivalent, per one equivalent of

25 epoxy group in the epoxy resin, from the viewpoints of the thermosetting



conmpounds such as triphenyl phosphi ne,

t et raphenyl phosphoni unt et r aphenyl borate, and

tetra-n-butyl phosphoni um o, o-di et hyl phosphor odi t hi oat e; quat £f SRPYEMBRRI 2005
-salts; organonetallic salts; and derivafives thereof. These curing

accel erators 20 can be used alone or in adm xture of two or nore kinds.
Anmong them the above-nentioned im dazol e conpounds and organophosphor us
conpounds are especially preferably used, fromthe viewpoi nts of easiness

in the preppeslyl Bt Béat rédiStafbs,iand the ¢ROiSHAE WleBRABE 261HbIGLYY1 AL 66 WS €s and
easi ness i n handling. The polyner having a structural uni't represented by

the abovecigeawiRned cutinglpiat ather han/tr Fsﬂﬁ)nolié cabibgiapest RRYusefiOthe Nst ance,
poly-addition reaction of a 13 SEPTEMBER 2005 39 pol yi socyanate with a

pol yam nem;jfinbgafatis ‘é&iu%tedti'ﬂeac@@fdﬁﬁ%é with B RiARe rilo fequitAchl AitidYfofa

pol yi socyanate wth water. The above-nenti oned pol yi socyanate nay “be any

corrpound,t}@%agf)%&é thd phdiislid Midl aglit §s hgLyanate groups in its nolecule.
Concrete exanpl es of thg 5 pol yi socyanat e 1 ncl ude diisocyanates such as

m pkenyl ene di gﬁgwﬁw@sulaw&ﬁm §8R1&hict AR B RipoRe it (I 1deaNG
,6-tolylene diisoc R

di i socyanat e, anate, naphthal ene-1, 4-diisocyanate,

di phenyl nﬁlte%B%Sf}géf_lggﬁn%ctﬁﬁﬁ‘@?%gﬁ%résﬁcb%ﬁ?t&@f%{ﬁ%rb@ﬁ@&%ﬁ

di i socyanate, nmet han I socya

xylyl ene- éurﬁi% 5&&?&%?6}51{&%%(&0{%—?%1? Eﬁi’ﬁ‘@cﬂg;%, R RRAEE 2 CotS poXRRAT €.

tri nmet hyl ene i1 socyanat e, xame ene i socyanat e,

propyl eneﬁ';d'méfigf;d - .Wr?ousbé{frﬁigﬁﬁéﬂer%tgﬂée ixsj(ﬁ)g&’&f‘@itﬁia dslk}eél 0portion

cycl ohexyl'en Ii socyanat e, cyc ne- 1, cyanat e;

trii socy%EﬁIs?lg?glél%%&f}ﬁwﬁg?gﬁgqgu%llt@égﬁ?ﬁ‘é&@h%d the general formula

xyl yl ene-1, 4~ t anat e, I'1 sot i ocyanat e;
t etypai socygnates 15 such as o
4, 4" - di met hyl di phenyl net hane-2, 2", 5,5 -tetrai socyanate; isocyanate

~N(R*)-CO-N(R%- (3)

wherein each of R® and R® is hydrogen atom or a monovalent organic group,
wherein R® and R® may be identical to or different from each other.

15 Among the above microcapsulated curing accelerators, those in which a reactive
amino group existing in the shell portion is blocked are preferable.

In addition, in the thermosetting resin composition comprising the above-

mentioned microcapsulated curing accelerator, the shell portion serves to cut off
a physical contact between the core portion and the curing agent, so that the

20 gelation of the thermosetting resin composition is suppressed in the soldering
step, thereby giving excellent solderability. In addition, there are some
advantages that undesired curing of the thermosetting resin composition which
may be caused during storage or the like can be suppressed, so that the operable
time becomes consequently very long, and that the thermosetting resin

25 composition has excellent storage stability.



prepol yners such as an adduct of 2, 4-hexanethyl ene diisocyanate and

Brenzcat echol, an adduct of tolylene diisocyanate and hexanetriol, an adduct
of tolylene diisocyanate and trinethyl ol propane, an adduct pfSEPTEMBER 2005
diisocyanate and trinethyl ol propane, ag adduct of hexanet hyl ene

di i socyanate and 20 trinethyl ol propane, and triners of aliphatic

pol yi socyanates, such as triphenyldinethylene triisocyanate,
tetraphenyltrimethyl ene tetrai socyanate, pentaphenyltetranethylene

pent ai socyanat gn they above-nfentivand ngicravagsulaexdodeidy dcrterdior stheyairiie, and the
| i ke. These pol yi socyanates can be used alone or in adm xture of two or

nor e ki ndgccelBrabiowdictng i ratediab aeee pottionsie v pattikalardyVinvited, ard
trivalent 40 13 SEPTEMBER 2005 i socyanate prepolynmers selected fromthe

adduct of ahgloflceneestiomd exias et baded,tdsi 10BE fay i Pl Becedératdtchadshict of
xylyl ene diisocyanate-and trinethylol propane is preferably used, fromthe

Vi ewpoi nt $cRbn fHLaddelethfifg lﬁﬁdﬂ@uri@% PaARtibi. Jhthis Gabdl@hscenaimd Acuel&atdide
m crocapsul e and the nmechanical strength. 5 In addition,

triphenyl diiTehAyd RERid dtirod AL StueS BrelStefdrablell fth ffe PieRipdles 3! the
pol yi socyanate. Thé polyam ne to be reacted with the above-menti oned

pol yi SOCYWkaim?)duEﬂgafﬁé’ p%tfﬂi’ﬁ’t‘ikﬂﬂof ﬂﬁtmﬂﬁfécip%ﬁlé%radmw hétPiedloT4RE I N its
nol ecul e. Concrete exanpl es of the polyam ne i nclude di éethylenetriamne, 10

triethyl engdifpiin@miBfocabSiledeHeyt aRe @”‘ilﬂaﬁ‘lid at &dﬁ?’(@ﬂﬁér‘ﬂﬁlr@""edi am ne,
1, 8- oct anet hyl enedi am he, 1, 12-dodetanet hyl'enedi am ne, o- phenyl enedi ami ne,

m phenyl e%ﬁé&ﬁﬁh%s RroP BRRY IHRRE WikTe i citing hodePstatiratselfds liquid at room
mxyl yl enedi am ne, p- xyl yl’enedi am ne, nent hanedi am ne,

birs(4-am 2%2@2{%‘?{‘3}52%@5 BUAH MiNIRGre the eBNAR ABEHLARDY Ahidh may be
, .’ spiro-acetal -based di aRi nes, and the [iKe. These
10 solid at room temperature, is formed into a liquid by dissolving or dispersing in
an optional organic solvent or the like.

The curing accelerator constituting. the core portion includes, for instance,
tertiary amines such as 1,8-diaza-bicyclo[5.4.0]undecene-7, triethylenediamine,
and tri-2,1,6-dimcthylaminomethYlpheno1; imidazoles such as

15 2-ethyl-4-methylimidazole and 2-methylimidazole; phosphorus-containing
compounds such as triphenylphosphine,
tetraphenylphosphoniumtetraphenylborate, and
tetra-n-butylphosphonium-o0,0-diethylphosphorodithioate; quaternary ammonium
salts; organometallic salts; and derivatives thereof. These curing accelerators

20 can be used alone or in admixture of two or more kinds. Among them, the
above-mentioned imidazole compounds and organophosphorus compounds are
especially preferably used, from the viewpoints of easiness in the preparation of
the curing accelerator-containing microcapsules and easiness in handling.

The polymer having a structural unit represented by the above-mentioned

25 general formula (3) is obtained by, for instance, poly-addition reaction of a



pol yam nes can be used alone or in adm xture of two or nore kinds. In
addiition, in the reaction of the above-nenti oned polyi socyanate with water,
first, an amne is formed by hydrolysis of a polyi socyanate,

resulting amne is reacted with unreac(tﬁd | socyanat e group (so ca?p%BER%OTOS
20 poly-addition reaction"), thereby formng a pol yner having a structural
unit represented by the general formula (3) nentioned above. Further, the

pol yrer capabl Ie of f(ﬁr m ng ]the above-nmentioned shell portion incl lﬁdles, for
toget her #) >ﬁ99<¥y§a5§é \%@ﬁ;iﬁvlﬁhﬁ% L e C

bond in the @ 1ur(1:|t EPTEI\/BER 2005 The pol yhydric al cohol may
be ali phatr?aé: logr r%??é’%)r yﬁf“iitg'%ll efhe poI yhydr| c al cohol includes, for
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O RIS GhebShb, SRR S SORLTBRE B o 10
Can be ” udd @pbw%' %ﬁeﬁlwogaﬁﬁ&?é@h@ﬁ&%sﬁ%% b Grghligago) Yy o 2l cohol
of RS and i eneral formula (3) include, for
I nstance, 3@0‘? gvﬁ}/’et?f }Sé’ﬁ? IB’rt@am c group, such as an al kyl group
T R AT S £, A S, by Sk, o o
10 4.4’-diphenylpropane diisocyanate, trimethylene diisocyanate, hexamethylene
diisocyanate, propylene-1,2-diisocyanate, butylene-1,2-diisocyanate,
cyclohexyléne—l,2—diisocyanate, and cyclohexylene-1,4-diisocyanate;
triisocyanates such as p-phenylene diisothiocyanate,
xylylene-1,4-diisothiocyanate, and ethylidyne diisothiocyanate; tetraisocyanates
15 such as 4,4’-dimethyldiphenylmethane-2,2°,5,5’-tetraisocyanate; isocyanate
prepolymers such as an adduct of 2,4-hexamethylene diisocyanate and
Brenzcatechol, an adduct of tolylene diisocyanate and hexanetriol, an adduct of
tolylene diisocyanate and trimethylolpropane, an adduct of xylylene diisocyanate
and trimethylolpropane, an adduct of hexamethylene diisocyanate and
20 trimethylolpropane, and trimers of aliphatic polyisocyanates, such as
triphenyldimethylene triisocyanate, tetraphenyltrimethylene tetraisocyanate,
pentaphenyltetramethylene pentaisocyanate, lysine isocyanate, and
hexamethylene diisocyanate, and the like. These polyisocyanates can be used

alone or in admixture of two or more kinds.

25 Among the above-mentioned polyisocyanates, any of the trivalent



having the structural unit represented by the above-nenti oned general
formula (3), a polyner having a urethane bond, a thernoplastic polyner, or
the like. The polymer .having the structural unit represent edl?XEml\”l‘ﬁﬁheZOO
mentioned general formula (3) is contaigged in the shell portion in an armunt5
of 20 preferably from40 to 100% by wei ght, nore preferably from®60 to 100%
by weight. The above-nenti oned m crocapsul ated curing accel erator can be
prepared by, for instance, following the three-step process described

bel ow. 25idokciyasite Prepilyferd SelobiRUHEMInRhS 88uA ofaoBla®digsieyhnsterdnig
accelerator 1s dissolved or finely dispersed in a polyisocyanate, which is

a raw mat gfimathylelprépaneshrethe aoditt @flx*lyl.d‘r&rdﬁséﬂyﬂidteﬂb@se- Next, an QW
type (oil phase/water phase type) enmul Sion is prepared by dispersing the

above- mentji ey 6ipropdirsie proferatsllyl usdd Ofebat the Midwpoinddo Phéadus-fomiRdi um
(wat er phase) containing a dispefsion stabilizer. Subsequently, a Tpolyam ne

|5 added ponddiey a@HiRE tRNBRPaRTicS! MedRrompsiRNGA (B WdctaniceBbaRAD (o be

di ssol ved, thereby carrying out poly-addition reaction by the interfacial

pol yarer i a4 bagitidh, iﬂi‘%]d?@'l&’i%ﬁétﬂ?le%ttflisbb ariRé ¥ BE YRRAIR IR af PR f@able Phase.
Al ternatively, the abové-nmentioned O Wiype enulsion is heated, so that 10

the polyi §8P)M§d’t§rtaﬂaie'? the oil phase is reacted with water at the interface
with the "wdter "phase to forman am ne, and subsequently the resulting am ne

i's subj ect ed %eapoi?ilﬁlir&oid/b@f&icﬁédo@ith‘%ﬁéElB&Jb-nfé’ﬁti@ﬁé&’pbﬂgﬁb’? hgigg 2

m crocapsul e conprising a polyurea polyner, preferably a rea having a

1L sy ! S FERmpBTAA e, SN Bt B aEIALCLE 2 (0 1
m cr ocaps @okRde e¥a mplesiHChe Yol RhideSincRiAE it lenetriamine,

10 triethylenetetramine, tetraecthylenepentamine, 1,6-hexamethylenediamine,
1‘,8-octamethylcnediarninc, 1,12-dodecamethylenediamine, o-phenylenediamine,
m-phenylenediamine, p-phenylenediamine, o-xylylenediamine,
m-xylylenediamine, p-xylylenediamine, menthanediamine,
bis(4-amino-3-methylcyclohexyl)methane, isophoronediamine,

15 1,3-diaminocyclohexane, spiro-acetal-based diamines, and the like. These
polyamines can be used alone or in admixture of two or more kinds.

In addition, in the reaction of the above-mentioned polyisocyanate with
water, first, an amine is formed by hydrolysis of a polyisocyanate, and the
resulting amine is reacted with unreacted isocyanate group (so-called “self

20 poly-addition reaction”), thereby forming a polymer having a structural unit
represented by the general formula (3) mentioned above.

Further, the polymer capable of forming the above-mentioned shell
portion includes, for instance, a polyurethane-polyurea prepared from a

polyhydric alcohol together with the above-mentioned polyisocyanate to

25 incorporate a urea bond in the structural unit.



On the other hand, when the core conponent is prepared by dissolving a
solid curing accelerator in an organic solvent, an SO W (solid phase/oil

phase/ wat er phase) enulsion is prepared. In addition, this e i J
a 20 case where the curing accelerator 44s lipophilic. In a cg}slgi\?hq@rl\gﬁgﬁeiﬁs

curing accelerator is hydrophilic, the above-nentioned enul sion type is
less likely to be prepared. In such a case, an 0/0 (oil phase/oil phase)
enmul sion type or an S/ O (solid phase/oil phase/oil phase) enulsion type

can be prepar edHeypdi¢hyddic Bohbbmayedliphiatiy, ardfthtichs alidyelié.aqinal _
pol yneri zation nmay be carried out therewith. 25 The organi ¢ sol vent used in

this casepbiyhydricRatbhslyhalubys, forinseshceasatbetidl, Asofindl3 SEPTEMBER 2005 t he
organi c solvent is liquid at roomtenperature, and those organic sol vents

whi ch do not-difiyalreky-a-fkehyibeldenB 01 BLdiRy -SendiRYBehsche, Concretel y, an

organi c solvent such as éthyl acetate, nethyl ethyl ketone, acetone,

met hyl ene 3chlydExy- 1X¥leti\BbedZ2hE RS -dhyd Ryt ysitR{beAFEner an oil such as
phenyl xyl yi et hane and a 5 “di al kyl napht hal ené can be used. [Second Step] A

bl ocki ng @Qﬁﬂihﬂcﬁoﬁfﬁﬁﬁl&ﬁzéﬂk? 19§-§9ﬂﬁtﬁhféﬂe@fol,ﬂi,5frﬁ ﬁﬂﬁ%rﬁﬁi(ﬂ?t ained in the
first step, to dissolve or disperse the blocking agent in the dispersion.

During 19,7—H5€htﬁhfe?1edi&l, Q,S-I?Jphﬁ?}léf{&iiél?oﬂﬂ%i;ﬂl‘ié’ncﬂpﬁéﬁ- ; hdo@ned bl ocki ng

agent after once renoving the dispersion stabllizer e unreacted am ne
in the wa j i ' I means as
centrif uggﬁ;ggﬁél[s g}‘hPisézé?gﬁ?k@%gﬁgpgi&éﬁﬁegﬁﬂéf;éﬁtkhazdifns%y g%:ﬁae;%ig{g%lé of whi ch
am no groyps j 1 i i € step is
vsubjectedqggpgﬁﬁﬁQQQEbgg%ggﬁﬁmggeﬁ%git?F%ﬁgg??gﬂkg¥ﬁT%P?Fgﬁﬁgﬁﬂ%b renmove an

excess bl 9okhBgraABsl, 1, 8RR A2 L1l R} ofpRSEARY hEk iR POVery
10 pentaerythritol, glycerol, sorbitol, and the like. These polyhydric alcohols can be
used alone or in admixture of two or more kinds.
Concrete examples of R’ and R® of the above-mentioned general formula
(3) include, for instance, hydrogen atom; a monovalent organic group, such as an
alkyl group having 1 to 3 carbon atoms and an aryl group; and the like.
15 In addition, the shell portion may contain, in addition to the polymer
having the structural unit represented by the above-mentioned general formula
(3), a polymér having a urethane bond, a thermoplastic polymer, or the like.
The polymer having the structural unit represented by the above-
mentioned general formula (3) is contained in the shell portion in an amount of
20 preferably from 40 to 100% by weight, more preferably from 60 to 100% by
weight.

The above-mentioned microcapsulated curing accelerator can be prepared

by, for instance, following the three-step process described below.

25 [First Step]



[re——

In the above-nentioned first step, the dispersion stabilizer to be added to
20 the aqueous nedi um (wat er phase) includes water-sol uble polynmers such as

pol yvi nyl al cohol s and hydroxynet hyl cellul ose; surfactants a Lonj.c
.surfactants, nonionic surfactants and g tionic surfactants; iﬂghﬂﬁﬁﬁb&h?%
addi tion, hydrophilic inorganic colloiddl substances such as coll oi dal

silica and mneral clays; and the |like can be also used. It is preferable
that the anount of 25 these dispersion stabilizers is adjusted to 0.1 to 10%
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bl Ol%kl ng &%epnotly{sgc?grga%g in the 0il %ﬂgéenglrggctg%ﬂ} wta?er at the interface with the

water phase to form an amine, and subsequently the resulting amine is subjected
to a self poly-addition reaction. As described above, a microcapsule comprising
a polyurea polymer, preferably a polyurea having a structural unit represented by
the above-mentioned general formula (3) in its molecule as a Shell portion is

15 prepared, and a liquid dispersing the microcapsulated curing accelerator is
obtained.

On the other hand, when the core component is prepared by dissolving a
solid curing accelerator in an organic solvent, an S/O/W (solid phase/oil
phase/water phase) emulsion is prepared. In addition, this emulsion type is a

20 case where the curing accelerator is lipophilic. In a case where the curing
accelerator is hydrophilic, the above-mentioned emulsion type is less likely to be
prepared. In such a case, an O/O (oil phase/oil phase) emulsion type or an S/O/O
(solid phase/oil phase/oil phase) emulsion type can be prepared by adjusting its
solubility, and the interfacial polymerization may be carried out therewith.

25 The organic solvent used in this case is not particularly limited, as long as



the am no groups existing on the surface of the shell portion and in the
internal 20 of the shell portion. Practically speaking, in a case, for

i nstance, where the acidic conpound is used as a bl ocking ag Pg{iﬁ\l

bl ocki ng agent can be added by a nethgg conprising addi ng agflggl iC BER 2005
substance (acidic conmpound) to a dispersion imediately after the
preparation of mcrocapsules (inmmediately after interfacial

pol ymeri zation); adjusting the pH of the dispersion frombasic to acidic, 25

pref er abl Yne%%ﬁni%"édl’%rﬁ i§ ﬁgﬁid AYdohNnRIrh@ke, ARAMbSDoAANRXERAGEtgCI dic
conpound 45 13 SEPTEMBER 2005 by such neans as centrifugation or filtration.

I'n addi ti @hicH 8o b€ dH86RRANE kREI pBrticitMikIbeselbcte@ MBOnRe:tely, 8T8k €€
am nes or neutralizing residual am no groups by applying the dispersion of

ni cr ocapsgb1@entdhchMsath i scetat) MBitS1 e ketme! 864ton&,ahetiy 1R HISrig8p! oyed. 5
The average particle size of the resulting m crocapsul atéd curing

accel er at i1ehg, fdieiRb tefidhfdiofutantbf 86l oilksath ia@%héﬁ?l‘iprlyiléthiaﬁe Rhgfer abl e that
the average particle size 1s adjusted to a range o rom0.05 to 500, um

nmore pr eﬁﬁ[l?}tlhx htheen8-chnte E@dvMm from the vi ewpoi nt of honobgeneous
di spersibility. I%’he shape of the above-nentioned m crocapsul ated curing

accelerator is 10 preferably spherical, fromthe vi ewpoi nt of

di spersibility, but the shape may be elliptic. In the case where the shape
of the m Atk is not spherical and one of which particle size is not
evenly deF%%%?ngﬂ gg in the case of elliptic or oblate, a sinple average

value of its | nSl%%ktifg AR aﬁcgér?l t%ﬁﬁéhﬁs@%g%&@ﬁ?hﬁ&dc% SLgsg bBE AP AN
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adjusted to pre romb t 80% by wel tire anou of the
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removing the dispersion stabilizer and the unreacted amine in the water phase of

the dispersion of microcapsules by such means as centrifugation.

[Third Step]

15 The dispersion of the microcapsules of which amino groups are blocked
with the blocking agent in the second step is subjected to such a treatment as
centrifugatipn or filtration to remove an excess blocking agent, and thereafter
dried, thereby giving a powdery microcapsulated curing agent.

In the above-mentioned first step, the dispersion stabilizer to be added to

20 the aqueous medium (water phase) includes water-soluble polymers such as
polyvinyl alcohols and hydroxymethyl cellulose; surfactants such as anionic
surfactants, nonionic surfactants and cationic surfactants; and the like. In
addition, hydrophilic inorganic colloidal substances such as colloidal silica and
mineral clays; and the like can be also used. It is preferable that the amount of

25 these dispersion stabilizers is adjusted to 0.1 to 10% by weight in the water phase.



curing reaction, the isolation of the core portion, and the nechani cal
strength. 20 In addition, the ratio of the thickness of the shell portion to
the particle size of the above-nentioned m crocapsul ated cugj

-is preferably adjusted to 3 to 25% egpecially preferably aiJ gg@gﬁ{fﬁﬁg@g
25% fromthe viewpoint of the nechanical strength. The fornul ati on anount
of the m crocapsul ated curing accelerator of the 25 conponent (D) in the

t hernosetting resin conposition nay be properly selected 13 SEPTEMBER 2005

46 in a ratio Pge B?oél&’n@h &t%o%sasreaqn% bk d-Alefitiohb @R ddi gfeﬁw%ﬂts of
the curing rate, the solderability, and the adhesiveness of
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250C as eren nni ng cal or tic determ nation

at 48 Pr O%-%HBTIHI%IE{I?GISSH8IIIC a]c%':/ Jﬁfd&fecylbenzenesulfomc acid; phenolic

compounds; inorganic acids such as boric acid, phosphoric acid, nitric acid,
nitrous acid, and hydrochloric acid; solid substances having acidic surfaces such
as silica and Aerozil; and the like. Among these compounds, the above-
mentioned acidic compounds are preferably used as a compound effectively

15 blocking amino group existing on the surface of the shell portion and in the
internal of the shell portion, and formic acid and organic sulfonic acids are
especially preferably used.

The above-mentioned blocking agent is added in an equimolar amount to

the amino groups existing on the surface of the shell portion and in the internal

20 of the shell portion. Practically speaking, in a case, for instance, where the acidic
compound is used as a blocking agent, the blocking agent can be added by a
method comprising adding an acidic substance (acidic compound) to a dispersion
immediately after the preparation of microcapsules (immediately after interfacial
polymerization); adjusting the pH of the dispersion from basic to acidic,

25 ‘preferably to a pH of 2 to 5; and thereafter removing an excess acidic compound



Here, the differential scanning calorinetric determnation refers to a 20
process of recording energy required, against tinme or tenperature, for

keeping the tenperature difference between a sanple and a Sﬁ(@ﬁﬁiﬁ 5
.substance to be zero, under the sane q nditions w th adjust WEB%’
or cooling. In this enbodinment, since the constituent of the shell portion

in the mcrocapsul ated curing accelerator is properly selected, the
reaction exothermc 25 peak, as expressed by the differential scanning

cal ori et gk%ggﬁt?erawsQgtciteﬁgifé&aﬁ&?oﬁilﬁ}%‘QO%EPTENBER 2005 thernosetting resin

conpos:fid nprlsmII crocapsr ed curing accelerator, can be
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dec osition the shell ,.omi ng tp,.t he at of reactjion. Therefore, since
t he %ross- 1 i nki a(yg%etgprgf;f'gt%%e gﬁgﬁelreﬂgﬁ{lgﬂ,c“?ﬁﬂlpé“ at%g‘a}rff}&;m ly the
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one of which particle size is not evenly determined as in the case of elliptic or

oblate, a simple average value of its longest diameter and shortest diameter is

defined as an average particle size.

15 Further, in the above-mentioned microcapsulated curing accelerator, the

amount of the curing accelerator incorporated is adjusted to préferably from 5 to

80% by weight of the entire amount of the microcapsule, especially preferably

adjusted to 10 to 60% by weight, from the viewpoints of the reactivity in the

curing reaction, the isolation of the core portion, and the mechanical strength.

20 In addition, the ratio of the thickness of the shell portion to the particle

size of the above-mentioned microcapsulated curing accelerator is preferably

adjusted to 3 to 25%, especially preferably adjusted to 5 to 25%, from the

viewpoint of the mechanical strength.

The formulation amount of the microcapsulated curing accelerator of the

25 component (D) in the thermosetting resin composition may be properly selected



caused, so that the solderability is undesirably | owered. Generally, at
present, it 20 would be very difficult to adjust the reaction exothermc
peak of the thernosetting resin conposition conprising the '
conposition conprising the m crocapsul ated curing accel erat Offﬁgi‘;@‘g}@@pzoos
hi gher, fromthe viewoint of the heaftbresistance of the shell. In the
above-nentioned thernosetting resin conposition, other materials, 25
including organic materials and inorganic materials can be added as occasion
48 13 SEPTEMBER 2005 depands. .The ot ganic terial includes, silane coupling
agents, t It aREHSO aPLH LI afﬁémds‘?“r ‘Faé%ég‘?iﬂd{‘? yisrpagtsRithe guringyi dant s,
tacki fying agents, and_ . the Jike. The inorganic material includes various
fillers siate, 48 SQIWM}Y@I}J thy adﬁﬁ%ﬂ’%‘i‘@sﬁ@%ﬁg%melfmé‘?mﬁﬁtfﬁﬁmi c particles
made of copper,, silver, alum num nickel 5 and sol der; other pignents and
dyes; andCcempopition. Hordnslanae astanoidesof theosuringrate, i8¢ gauat mse@ canbei s not
particularly Iimted. It is preferable that the fornulation ratio of the ;
i nor gani cresdilyrdesermined voith maasurzngdiy gelationtimperpdobplates Ganeoalls  65% by |
wei ght, fromthe viewpoints of the control of the viscosity of the |
t herhoset thengrmadatiorcampust of the mitdoecipsulated cuiing serele@tordn agpisiedto t he 10

sem conductor element and the printed circuit board. % In_the

above- menPilovet) pants by yeeight pasedson 106 pasisibeyi weighb ef theeeuringagather

auxiliary agents nentioned above, conponents such as silicone oils,

si | i cone espscially, preferahlyt 1 do 20tpsetsdy waight.e ¥éhén thedormetationcamowet ¢for nul at ed

in order to achieve | ow conpression; and ion trapping agents such as

hydr ot al cthlteemicrbcapsilated curinglagdelexdtdeisdass than . bperts pyfweight, shedufing t he

‘pur pose of inproving the reliability in the noisture tol erance resistance

test. In patelig foorslowaso thes the onuingtinnmbedoméniong, andithat vhsghssh as a
deterioration preventive, a leveling agent, a defoam ng agent, a pignent, a
dyel0 and trhssitipk éemprrdserepofofhe rduyed product of the thermosetting resin

composition is drastically lowered, thereby risking impaired reliability of the
electronic part devices using the cured product. On the other hand, when the
formulation amount exceeds 40 parts by weight, the curing rate is too fast,
thereby risking impaired solderability and adhesiveness.

15 It is preferable that the above-mentioned thermosetting resin composition
has a reaction exothermic peak in the range of 180° to 250°C as determined by
the differential scanning calorimetric determination at a programming rate of
10°C/minute.

Here, the differential scanning calorimetric determination refers to a

20 process of recording energy required, against time or temperature, for keeping
the temperature difference between a sample and a standard substance to be zero,
under the same conditions with adjustment of heating or cooling.

In this embodiment, since the constituent of the shell portion in the
microcapsulated curing accelerator is properly selected, the reaction exothermic

25 peak, as expressed by the differential scanning calorimetric determination of the



fornmul ated. 20 The form of the above-nentioned thernosetting resin
conposition may be liquid or solid at roomtenperature (25C), or the

t hernosetting resin conposition my be worked into a sheet-J 'ﬁP

the case where the thernosetting resig conposition is quU| i@&ﬁEﬁ%os
tenperature, the thernosetting resin conposition may be applied to a
printed circuit board with a dispenser. In 25 the case where the

t hernosetting resin corrposition is solid at roomtenperature 13 SEPTEMBER .
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10 are constituents of the shell portion, the number of aromatic rings, and the like

are properly selected, the heat of reaction of the thermosetting resin composition
comprising the curing accelerator can be properly controlled. When the
thermosetting resin has a reaction exothermic peak at lower than 180°C, as
determined by the differential scanning calorimetric determination, the

15 thermosetting resin has a reaction exothermic peak lower than, for instance, the
melting point of 63 Sn-37 Pb solder (melting point: 183°C) or the melting point
of Sn-Ag solder (melting point: 220°C). Therefore, the viscosity of the resin
increases before subjecting the resin to soldering in reflow, or the gelation is
caused, so that the solderability is undesirably lowered. Generally, at present, it

20 would be very difficult to adjust the reaction exothermic peak of the
thermosetting resin composition comprising the epoxy resin composition
comprising the microcapsulated curing accelerator to 250°C or higher, from the
viewpoint of the heat resistance of the shell.

In the above-mentioned thermosetting resin composition, other materials,

25 including organic materials and inorganic materials can be added as occasion



The above-nenti oned thernosetting resin conposition can be, for 20 instance,
prepared as follows. Specifically, each of the conponents of the epoxy '

resin, the curing agent, the conpound represented by the genﬁésgﬁﬂgbsﬁé@ﬁ

or (2), and the m crocapsul at ed curinggaccelerator is formu

amount, and the mxture is blended in a nolten state by kneading wth a
kneader such as a wuniversal stirring reactor with heating. Next, a desired
t hernosetting resin 25 conposition can be prepared by filtering the nolten
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thermosetting resin composition and the electric connection between the

10 - semiconductor element and the printed circuit board.

In the above-mentioned thermosetting resin composition, besides the
other auxiliary agents mentioned above, components such as silicone oils,
silicone rubbers, synthetic rubbers, and reactive diluents can be formulated in
order to achieve low compression; and ion trapping agents such as hydrotalcites

15 and bismuth hydroxide can be properly formulated for the purpose of improving
the reliability in the moisture tolerance resistance test. In addition, various
conventionally known additives such as a deterioration preventive, a leveling
agent, a defoaming agent, a pigment, a dye, and the like can be properly
formulated.

20 The form of the above-mentioned thermosetting resin composition may be
liquid or solid at room temperature (25°C), or the thermosetting resin
composition may be worked into a sheet-like form. In the case where the
thermosetting resin composition is liquid at room temperature, the thermosetting
resin composition may be applied to a printed circuit board with a dispenser. In

25 the case where the thermosetting resin composition is solid at room temperature,



The materials and sizes for each of the printed circuit board 1, the 20
connecting electrodes 2 and the sem conductor elenent 3, and the
arrangenents for each nenber are the sane as those descri be % .
Enbodi ment. I n the sem conductor device,manufactured by usmigjj3 ﬁkaR&Bﬁﬁ{iﬁbs
above-nentioned thernosetting resin c osition, the sem conductor device
conprising a printed circuit board, plural connecting el ectrodes and a
seniconductor el enent nDunted 25 on one side of the printed circuit board

o SRR BTSN
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exanpl e o[ an,.embodi ment for the process for manufacturing a sem conductor 5
devi ce of YPGHRESERt i nvention will be sequentially explained on the basis
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filled with a therrmsettlng resin conposition 7 in a nolten state. The

met al bone‘i’ﬁﬁoﬁ%loé‘arrl ed out by solder reflow, and then the ther nmoset ting

resin conposition.7 |S cured,.to se the air thereby fqQrning a sealin
r estth P As the a\)ove me:nuoned rubber componen?af%r instance, acry onttrite- J

butadiene copolymer (NBR) is favorably used, and other copolymer components
can be further used together therewith. Other copolymer components include,
for instance, hydrogenated acrylonitrile-butadiene rubber, acrylic acid, acrylates,
styrene, methacrylic acid, and the like. Among them, acrylic acid or methacrylic

15 acid is preferable, from the viewpoint of giving excellent adhesion to a metal or
plastic. In addition, the amount of acrylonitrile bonded in the above-mentioned
NBR is especially preferably from 10 to 50% by weight, more preferably 15 to
40% by weight.

The above-mentioned thermosetting resin composition can be, for

20 instance, prepared as follows. Specifically, each of the components of the epoxy
resin, the curing agent, the compound represented by the general formula (1) or
(2), and the microcapsulated curing accelerator is formulated in a given amount,
and the mixture is blended in a molten state by kneading with a kneader such as a
universal stirring reactor with heating. Next, a desired thermosetting resin

25 composition can be prepared by filtering the molten mixture with a filter, and



| ayer 4. In this nmethod, the solder reflow nmethod may be a bondi ng nmet hod 20
using a reflow furnace, 'or a bondi ng nethod sinultaneously with nounting a
chip, with heating and soldering and nelting a heater portio

tenperature of equal to or higher thaggthe nelting point ofﬁﬁﬁl’?&“&%.“%&éﬁ
descri bed above, the sem conductor device as shown in Figure 1 is

manuf actured. In the process for nmanufacturing the sem conductor device
menti oned 25 above, a case where a sem conductor elenent 3 provided with

plural sphpréapdr REcdiindMEFMRER 3R £RUN6Ed bRYs@lee HERIRSordek $o descri bed.

The present invention is not limted thereto,” and a case where _
pl ural Sphﬁdgygtﬁ!he%ﬁﬂﬁ ltdsfgﬁe %é?ﬁids@ﬁ'g% s & &Yﬁé’h‘,sinYor%ratﬁ $Hte@tan printed

circuit bo 1. may be enpl oy The thi ckness an e wel ght of the
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with the size of tﬂe s®m conduct or el efrent 3 to be nounted and the size of

t he SpherEtt‘Eﬁ'ie kgfgpgggs&%lgg,uﬁegﬁie{sQﬁ'&%t@neoz{leé{ﬁdi%dQHFth*k%. ljfe@?g? gtor element

3, nanely y a sealing resin [ayer by filling

and SSeaI ig@vgﬂtsq;ggar fﬁo“ri@&?%pﬁmmﬁmhé '.conduct or elenent 3 and the

printed circurt e process for manufacturing a sem conductor

device ment i onggAPOYE. prdsaft RANKDA LRI AUEAMMR ) GeiBer moset L i ng

resin composition to give a en state I's appropriately set
i n consi d@%ﬁ@lﬁ&&‘)f t he heat resistance of the sem conductor elenent 3 and
the printe I'TcH't board 1, the nelting point of the connecting el ectrodes

2, and th&ﬁ@g“&%@gﬁ@@i‘%and heat resistance of the 15 thernosetting resin

.conpositio xt, the present invention will be described in

further dﬁ%@ﬁﬁf&?@u@tﬁgﬁ r%n{ Qﬁdfol | ow ng Exanpl es, and can be of course
subj ect to various no i1 cari‘ons

10 - the above-mentioned thermosetting resin composition,
wherein a gap formed between the printed circuit board and the semiconductor
element is sealed by the thermosetting resin composition.
As shown in Figure 1, the semiconductor device manufactured by using
- the thermosetting resin composition of the present invention comprises a printed
15 circuit board 1, plural connecting electrodes 2 and a semiconductor element 3
mounted on one side of the printed circuit board 1 via plural connecting
electrodes 2. A sealing resin layer 4 is formed between the printed circuit board
1 and the semiconductor element 3.
The materials and sizes for each of the printed circuit board 1, the
20 connecting electrodes 2 and the semiconductor element 3, and the arrangements
for each member are the same as those described for the First Embodiment.
In the semiéonductor device manufactured by using the above-mentioned
thermosetting resin composition, the semiconductor device comprising a printed
circuit board, plural connecting electrodes and a semiconductor element mounted

25 on one side of the printed circuit board via plural connecting electrodes, the
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20 and applications without departing fromthe gist of the present
I nvention. Exanple A Prior to carrying out Exanples and Conparative Exanple,

the followi ng epoxy resins, carboxylic acid derivative, phe ' '
acrylonitril e-butadi ene 25 copol yner, ,]guri ng accel erator anﬁ%h&?&ﬁb@k 2005
filler were prepared. 53 13 SEPTEMBER 2005 [ Epoxy Resin (al)] Bisphenol A

epoxy resin (epoxy equivalence: 185 g/eq., liquid at room tenperature,
viscosity: 0.1 Poise or less at 150C) 5 [Epoxy Resin (a2)] Triphenol met hane

08 Poi EZéegei%?ﬁ%ymﬁﬁ lé?ai na&%e%ci{fr&é’bﬁnésﬁs‘?{gt FherRoRtBbirestiyi etner
vinyr ot ngphiediibh BEnkEE w‘wﬁ@ww ord g SSesichnyeiph plemert, a "o
i Scuat Ly e BmedR BRRae %meéﬁ%&ﬁ%ﬁﬂ%f‘ﬁﬁnt&% 185‘*&%?13%?6[ Dolic
Resi Nl Phonol e osoLakodiesin ddr O/l 9roun, SOl Yiihe 104l Shci3! L o1 "0
5 device of the present invention will be sequentially explained on the basis of the
drawings.
First, as shown in Figure 4, a thermosetting resin composition 7 of the
present invention is placed on a printed circuit board 1. Next, as shown in Figure
5, a semiconductor element 3 provided with plural spherical connecting
10 electrodes (joint-balls) 2 is mounted on given positions on a thermosetting resin
composition 7. The thermosetting resin composition 7 is melted on a heated
stage to give a molten state, and the connecting electrodes 2 of the
semiconductor element 3 push out the molten thermosetting resin composition 7,
so that the printed circuit board 1 is contacted with the connecting electrodes 2,
15 and that an air gap formed between the semiconductor element 3 and the printed
circuit board 1 is filled with a thermosetting resin composition 7 in a molten state.
The metal bonding is carried out by solder reflow, and then the thermosetting
resin composition 7 is cured to seal the air gap, thereby forming a 'scaling resin
layer 4. In this method, the solder reflow method may be a bonding method
20 using a reflow furnace, or a bonding method simultaneously with mounting a
chip, with heating and soldering and melting a heater portion to a temperature of
equal to or higher than the melting point of the solder. As described above, the
semiconductor device as shown in Figure 1 is manufactured.

In the process for manufacturing the semiconductor device mentioned

25 above, a case where a semiconductor element 3 provided with plural spherical



C 13 SEPTEMBER 2005 [Curing Accelerator] M crocapsul ated triphenyl phosphi ne
(shell/catalyst ratio: 50/50 (by weight)) 5 [Inorganic Filler] Spherical

silica (average particle size: 0.5 hum maxi mal particle si ZEg#{&@gﬁgemS

eval uati on nethods for the sem conductgp devices in each of

Conpar ati ve Exanple are collectively given hereinbelow 10 (1) Initial

El ectric Conductivity Test and Electric Conductivity Test after Moisture
Absorption and Sol dering Electric resistances of the sem conductor devices

ver e det epghmedind! eleétoodest B I@IsetiBEQ. dTHe pkéfiat Midntidndk @ot &imifed fher®ber
"TR6847" commercially 15 available from Advantest. Those eval uated as

"accept abhgd afQke Wiré plirhPéptRirRal Ebinezfing iddtnodey 2te8 praviduilje el ectric
conductivity test after noisture absorption and soldering aré when the

connecti ”gr@liééd bh& ﬁ&ﬁtkatc%!&ﬁﬁ beakde rﬁ@&‘ﬂ%@fbe?e 619§d.i s 20 mm Q or |ess.
The evaluation results were expressed as the nunbef of defective products

per 8 sen condqgfeqhi JQ¥tEaRd thOwbidht BE B thefmSREHS tésih thntdositi] Take Shock

Test (' TST) The procedures for the sem conductor device were carried out by

using a § oﬁﬂate‘l?%i‘irﬂfd@o?@andé’%ﬁﬁiﬂﬁb $IP€ of Wi RusieORALEES ele@RRlt Bt he
sem conductor © device at -50C for 5 mnutes, and thereafter keeping it at

af tor car Py TR ER and She Wae YL e AL o Qlrdes S U1y
after 100Q.fyndtchr elethént £Hinkél9th@VohiSe occupied by a sealing resin layer 4
formed by filling and sealing an air gap formed between the semiconductor
element 3 and the printed circuit board 1. |
10 : In the process for manufacturing a semiconductor device mentioned above,
the heating temperature when the thermosetting resin composition 7 is melted to
give a molten state is appropriately set in consideration of the heat resistance of
the semiconductor element 3 and the printed circuit board 1, the melting point of

the connecting electrodes 2, and the softening point and heat resistance of the

15 thermosetting resin composition 7.

EXAMPLES
Next, the present invention will be described in further detail by means of
the following Examples, and can be of course subject to various modifications

20 and applications without departing from the gist of the present invention.

Example A

Prior to carrying out Examples and Comparative Example, the following
epoxy resins, carboxylic acid derivative, phenolic resin, acrylonitrile-butadiene

25 copolymer, curing accelerator and inorganic filler were prepared.



sem conductor device after carrying out 2000 cycles (electric conductivity
after 2000 cycles of TST) were neasured, and expressed as the nunber of
defective products per 8 sem conductor devices. The el ectrig $PPFRMBIRR005
was evaluated 5 by determning the elegtric resistance at room tenperature
and 125C using a digital nmultinmeter "TR6847," commercially available from
Advant est, and those having connecting electric resistances between 2 bunps
of 50 mmM or nore are counted as defective products. 10 Exanples 1A to 5A
and Conparative Exanpl e 1A Each of conponents shown in Table 1 was m xed in
aratio shown in the table with toluene to dissolve the conponents. The

resul ting %Bd@ckéﬁhl(ﬁiﬂn was applied to a polyester filmpreviously treated
with a reteasi'ng agent”. Next, the above-nentioned m xed sol ution-applied

pol yest erBIéghemaA eﬁéog(?f}fziﬁﬁl e(é@@fy e@ﬂﬁaﬂeﬁc&?i%&(;g)i%ﬁ‘!}@ﬁpﬁ@ APY§Snt herefrom to

prepare a desired s her nosetti ng cohposition having a

t hi cknessteﬁ{&&%[ug@‘ji%dm: o ?Qﬁe"él?q’é’ ngbb@red polyester film A

sem conduct evi'ce was “manufactured in accordance with the nmethod for
manyf acturi ng a sem conduct or devi ce descri bed above by using each of the
20 sheet-like thernosetting resin conpositions of Exanples 1A to 5A and

Conparat i D?s,aﬁp : obtained in the manner described above. Specifically,
as shown ?Lﬁ’ |gurge1ﬁ£,&f)i sheet-1i ke thernosetting resin conposition 7 was

pl aced : ' j F;Oqg ﬂ?{f 0 I .1 mm.
As shomorﬁﬁhﬁ(gﬁegﬂggéé sgtrﬁegon gg% gr%qgﬁé?%{r?fe ?’(2 gﬁ%ﬁé@%ﬁﬁéggﬁgm Si ze:
13 Mmx 9 . i ith connecting electrodes 2 (eutectic
. sol der, rr% tl’r?é?%m fb@goﬁéggﬁgq%a_%l? 2005 183C, el ectrode height: 120 m
on given positions of the sheet-like thernosetting resin conposition 7.
Thereafter, the sheet-like thernosetting resin

10 [Flux Active Agent (b1)]

Di-n-propyl vinyl ether adipate

[Flux Active Agent (b2)]
Trimellitic acid-1,2,4-tri-2-ethylhexyl vinyl ether

15
[Flux Active Agent (b3)]
Tris(2-carboxyethyl) isocyanurate-tri-n-propyl vinyl ether
[Acrylonitrile-Butadiene]

20 Mooney viscosity: 50

Content of binding acrylonitrile: 30% by weight

[Phenolic Resin]
Phenolic novolak resin (hydroxyl group equiv.: 104 g/eq., softening point: 60°C,
25 viscosity: 0.4 Poise at 150°C)



conposition was nelted under the conditions of a heating tenperature of
150C, a load of 1.5 gf/nunber of electrodes, and 3 seconds, thereby filling

an air gap 5 between the printed circuit board 1 and the sem ﬁ%

element 3 with a nolten resin. Subseq#a*ntly, the filled resi %%%w
to solder reflow (Jedec condition) and resin curing (conditions of 150C for
30 m nutes), thereby manufacturing a sem conductor of which air gap was
sealed with a sealing resin layer 4 as shown in Figure 1 (8 sem conduct or
devi ces were prepared for each 10 Exanpl es and Conparative Exanple). Each of
the resulting sem conductor devices was subjected to initial electric

conduct i vi +es , r, each of the sem conductor devices was all owed
to absorb[%f%lglé%ceg%{eérﬁt he environnental conditions of 30C, 60% RH f or

168 hours, j - ; I L , and

t her eafterM fcgg%ﬂtpggﬁt?%'mﬁﬁeéxﬁfgéogpﬁ@ef@é?ﬂ/@ gftjﬁgw% 5%5&??@@@%%%% in Table
1. Furthernore, each of the sem conductor devices was subjected to 1000 or
2000 cycles of thermal shock test (TST: one cycle conprising keeping at

-50CG for m_nut.eS,: d then keeping at 125C for 5 mnutes), and thereafter
subj%ect ed?{rt?rﬁamgl%éggﬂi c conductivity test (8 sem conductor devices for

each Exanpl e or Conparative EX le). ~The results . 20.gre.sh in Table 1.
57 Tabl o DPRSGHSTRNBEN SUGSPRRA S Aomgi B LRt S%1 RaNPar 1< by
wei ghtt 1A2A3A4A5A! 1A Epoxy Resin (al); 4.04.04.04.04.04.0 Epoxy Resin
(a2)6.06.06.06.06.06.0 Flux Active Agent (bl)0.51000.250.870

The evaluation methods for the semiconductor devices in each of
Examples and Comparative Example are collectively given hereinbelow.
10
(1)  Initial Electric Conductivity Test and Electric Conductivity Test after
Moisture Absorption and Soldering
Electric resistances of the semiconductor devices were determined at
room temperature and 125°C with a digital multimeter “TR6847” commercially
15 available from Advantest. Those evaluated as “acceptable” for the initial electric
conductivity test and the electric conductivity test after moisture absorption and
soldering are when the connecting electric resistance value between 2 bumps is
20 mm Q or less. The evaluation results were expressed as the number of
defective products per 8 semiconductor devices.
20
(2)  Electric Conductivity by Thermal Shock Test (TST)
The procedures for the semiconductor device were carried out by using a
thermal shock device, wherein one cycle comprises keeping the semiconductor
device at -50°C for 5 minutes, and thereafter keeping it at 125°C for 5 minutes.

25 The electric conductivity of the semiconductor device after carrying out 1000
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Fl ux Active Agent (b2)00.510000 Flux Active Agent (b3)000.51000 Phenol
Novol ak Resi n5. 925. 925. 925. 925. 925. 92

Acrylonitrile-Butadi ene-0.50.50.50.50.50.5 Methacrylic Acid '

‘Accel erat or 0. 120..120. 120. 120. 120. 12 |n9§ganic Fillerf 00004. %;ELEB%@MBERZO“
Resul t s”e Chip Munting Loadl.51.51.51"51.51.5 (g/bunps) Initial :

El ectri c0/80/80/80/88/8 Conductivity Test (No. of Defectivel/Total No.)

El ectric Conductivity0/80/80/80/80/8- Test after Mdisture Absorption and

Test af { e TR TIEr Dn Gl pter 100 T EEbE S TR R B by U 0P
bt ect 1 vel TALa kg s deyie i Sy SSRGSt bRt Bt ¢ 1 ¢

Exanpl es é(é’cl)da{?yéﬁ*se ?F?‘Iﬁeﬂ Weke rﬂ?ﬁi&@l&%ia% KpréSEE el theheRBet Bt Bbtechie! N tests

of the ini ¢ “conduc
products per 8 semiconductor devices. The electric conductivity was evaluated

5 by determining the electric resistance at room temperature and 125°C using a
digital multimeter “TR6847,” commercially available from Advantest, and those
having connecting electric resistances between 2 bumps of 50 mm<2 or more are

counted as defective products.

10 Examples 1A to SA and Comparative Example 1A

Each of components shown in Table 1 was mixed in a ratio shown in the
table with toluene to dissolve the components. The resulting mixed solution was
applied to a polyester film previouslyAtreated with a releasing agent. Next, the
above-mentioned mixed solution-applied polyester film was dried at 120°C, and

15 toluene was removed therefrom to prepare a desired sheet-like thermosetting
resin composition having a thickness of 80 um formed on the above-mentioned
polyester film.

A semiconductor device was manufactured in accordance with the method
for manufacturing a semiconductor device described above by using each of the

20 sheet-like thermosetting resin compositions of Examples 1A to SA and
Comparative Example 1A obtained in the manner described above. Specifically,
as shown in Figure 2, a sheet-like thermosetting resin composition 7 was placed
on a printed circuit board 1 (glass epoxy board, thickness: 1 mm). As shown in
Figure 3, a semiconductor element 3 (thickness: 600 um, size: 13 mm x 9 mm)

25 was then provided with connecting electrodes 2 (eutectic solder, melting point:



test, the electric conductivity test after noisture absorption and
soldering, the electric conductivity test after 1000 cycl es of TST, and the

el ectric conductivity 5 test after 2000 cycl es of TST. ﬁl(glﬂﬁ' Qfﬂﬂjkzoos
Conpar ative Exanpl e showed generation Qf defectiveness |n t 3 E
el ectric conductivity test or the electric conductivity test after 2000

cycles of TST. Therefore, it was confirnmed that the sem conductor device
manuf actured by using the sheet-like thernobsetting resin conposition of the

present i ngea QI%c&BHE"‘ﬁQ éﬂaﬁ(ﬁvﬁlg%%%ﬂvﬁn gmﬁg by tid sqﬁfet figkhe 10 initial

el ectric conduttivity he e tri uctivities €r stress tests

carrying ﬁﬂlﬁ’%@tﬁ?%s an§°‘%§5n%§9§l?v”£ﬁ‘ﬂ§aﬁg B0 SR Y P gép%éﬁ
e e PSR R i LS MBS pLASEY, oo
A PO, Sy RS, PR A SobA e AATagal ke 2 v
SRy S AL SN TR S s MR PR i o o0 1
e CoREF RIS 8 LIRS OB e B
D -n-pr Op%onc\ﬂtpo\ﬁl) 284 e 1?1%t(gond1tlons of 150°C for 30 minutes), thereby
manufacturing a semiconductor of which air gap was sealed with a sealing resin
layer 4 as shown in Figure 1 (8 semiconductor devices were prepared for each
10 Examples and Comparative Example). Each of the resulting semiconductor
devices was subjected to initial electric conductivity test. Further, each of the
semiconductor devices was allowed to absorb moisture under the environmental
conditions of 30°C, 60% RH for 168 hours, and then subjected to solder reflow
(Jedec conditioh), and thereafter to electric conductivity test. The results are
15 shown in Table 1. Furthermore, each of the.semiconductor devices was
subjected to 1000 or 2000 cycles of thermal shock test (TST: one cycle
comprising keeping at -50°C for 5 minutes, and then keeping at 125°C for
5 minutes), and thereafter subjected to an electric conductivity test (8
semiconductor devices for each Example or Comparative Example). The results

20 are shown in Table 1.



[Flux Active Agent (b2)] Trinellitic acid-1,2,4-tri-2-ethyl hexyl vinyl ether
10 [Flux Active Agent (b3)] Tris(2-carboxyethyl) isocyanurate-tri-n-propyl
vinyl ether [Curing Accelerator] 15 M crocapsul ated tripheny '
(shell/catalyst ratio: 50/50 (by weight)) [Inorganic Filler] I?QEWI@FR”“
silica (average particle size: 0.5 p,m nmaximal particle size: 1.0 n) 20 The
eval uation nethods for the sem conductor devices in each of Exanples and
Conpar ati ve Exanple are collectively given hereinbelow. (1) Initial Electric
Conductivity Test and Electric Conductivity Test after ©Mbisture Absorption
and Sol dering 25 The sane proceduresT@blé h "Initial Electric Conductivity
Test and_Electric Vi est er Misture

Absor ption and Sol dering” in Exanple A were Eeampled out. (2) El @ompic
Conductivity by Thernmal Shock Test (TST) 5 The sane procedur es| Bgarhples
"El ect ri coGRBIMabA Yiaré tiweistt) 1N EXanpl 8AA WEEKE Cajii €d HAT .| EXggples 1B
to SB an T T E&[bil Uf4 OTTPORRNtS zfl oW} Td.JUJIE 2—wWas
f or mul at edP a_t“é I'0 shown in {10 tThe table, a‘ﬁd kne'gded |'H a un|\9ersal
stirring Eﬁ&@eﬂ{eﬁ@( | t-knead the gioxture Negp, theoneltekneadedom xture
was filtered with a 300 nmesh filter at 80C, and thereafter the filtrate was
def oaned Bwadkctivecasati(tlpessur e [at0-BoC fdt 30 M nut 825 and-¥he pr duct was
cool ed togf,gomtSMELAHe 1O Gvpa dggired o o o | g

Flux Active Agent (b3) 0 0 0.51 0 0 0

Phenol Novolak Resin 5.92 5.92 592 592 5.92 5.92

Acrylonitrile-Butadiene- 0.5 0.5 0.5 0.5 0.5 0.5

Methacrylic Acid ‘

Curing Accelerator 012 012 012 012 012 | 0.12

Inorganic Filler 0 0 0 0 4.35 0

Test Results

Chip Mounting Load 1.5 1.5 1.5 1.5 1.5 1.5

(g/bumps) 4

Initial Electric 0/8 0/8 0/8 0/8 0/8 8/8

Conductivity Test

(No. of Defective/Total No.)

Electric Conductivity 0/8 0/8 0/8 0/8 0/8 -

Test after Moisture Absorption

and Soldering

(No. of Defective/Total No.)

Electric Conductivity 0/8 0/8 0/8 0/8 0/8 -

Test after 1000 Cycles of TST

(No. of Defective/Total No.)

Electric Conductivity 0/8 0/8 0/8 0/8 0/8 -

Test after 2000 Cycles of TST

(No. of Defective/Total No.)




t hernosetting resin conposition. Each of the resulting thernosetting resin
15 conpositions was solid at 25C. The nelt viscosity as determ ned by |C

rotational visconeter was determ ned at 70C, and the results Srss‘;‘ﬁ%ﬂl{lzoos
Table 2. Here, the kneading conditionggare as follows. [Kne:} [

Conditions] 20 First, the epoxy resin and the phenolic resin-based curing
agent were charged, and m xed at 100C for 10 mnutes to dissolve all solid
ingredients. Next, after the tenperature was adjusted to 70C, the fl ux

active agent ﬁ%ﬁ?%ﬁﬂfiﬁﬁe@%oﬁ?ggﬁnfﬁ?t gﬂ&@%’llﬁﬂ) 59{818@8@?1 the curing

agent were added "and m xed m nut e sem con evi ce was

manuf act ur ggegagog%%%ﬁeo@%gx@é i ANt t'ﬁ'é?tgsgg og %l})e\lllgut%g%]_%g%oﬁgﬁé%?ﬁ? he

pr oduci ngga Sem con evice descri usi ng eac

B L T s LA
Filoure 4 cRdReLaRRRARACLETI RRRARI T B BEAIEdL ol cangy POt e

inabno e on & pri crr oar gl'ass epoxy

hi : | . od! h q
Lo Soc shalll 2000 KSCIERLE RS COh e B0 Bahl Colpard AR BRI R oo ©
600 p. i © .13 . h | )t ti | trod 2
Cout bet | ¢ kfftap oF RefqtivBkes itnt RERaP Rl conhuel i ST AT efociie L Ve

iti f,t .10t ti i it 7. Th fter, hi
ot i ng. saRidFafe el e TS T AR ol A Wi sP BB TR (de 0 P
bet th | nted. ci i b d 1. t 1 duct | t 3

W th e mostmieendlele Bligoniiery e hE il PeatrechRt ARENEStMng e o so der

rof | ow (Jedec, condl 4 80 200 £ERLRSULLI L S80YILL 008 20 HROG B
10 initial electric conductivity and the electric conductivities after stress tests such

as TST and moisture absorption and soldering.

Example B

Prior to carrying out Examples and Comparative Example, the following
15 epoxy resins, phenolic resin-based curing agent, flux active agents, curing

accelerator and inorganic filler were prepared.

[Epoxy Resin (al)]
Bisphenol A epoxy resin (epoxy equivalence: 185 g/eq., liquid at room

20 temperature, viscosity: 0.1 Poise or less at 150°C)

[Epoxy Resin (a2)]
Triphenolmethane epoxy resin (epoxy equivalence: 170 g/eq., softening point:
63°C, viscosity: 0.8 Poise at 150°C)

25



BN e

15 device of which air gap was sealed with a sealing resin layer 4 as shown
in Figure 1 (8 sem conductor devices were prepared for each Exanples and

Conpar ati ve Exanple). Each of the resulting sem conductor de
¢ nASEETE MR R A0S

subjected to initial electric conducti é%ty test. Further,

device was allowed to absorb noisture der the envi ronrrent al conditions of
30C, 20 60% RH for 168 hours, and then to solder reflow (Jedec condition),
and thereafter subjected to electric conductivity test. The results are

shown in bl e,. her nor e of the sem conductor devices was
subj ect ed-ﬁ’gn%ﬁ%{e& ﬁfﬁ%@wgg@ggf@]ther mal shock test (TST: one cycle
conpri si ng 50C 5 mnutes,. a N 1 or 5
i ot es) | Phgipi el ST Gy Bk Gy, 04l S EERREPP N TGt (5
sem conduct or .de ch,Exanpl e or 62 Conparative Exanple). The
results af&c %M'#E’%ﬁlﬂté@ &13 SEPTEMBER 2005 Tabl e 2 Conposition (parts
by wei ght) Exanpl esConp. Exanpl es 1B2B3B4B 5B1B Epoxy Resin (al)7.07.07.07.0
7 0 7.0 Epoxy Resin (a2)3 03.03.03.0 3.03.0 Phenol Resin-Based
5.775,.775.77.5. gﬁ‘Et (X)Bg).lrl ng Agent Flux Active Agent (bl) .0.490.2400

1 3 0 FI AT, 000.490 00 Flux Active Agent (b3) 0000. 49 00

Curing Acgel erator0.120.120.120.12 0.120.12
d ]S(la n—propyi vinyl ether ad}pate

[Flux Active Agent (b2)]

Trimellitic acid-1,2,4-tri-2-ethylhexyl vinyl ether
10

{Flux Active Agent (b3)]

Tris(2-carboxyethyl) isocyanurate-tri-n-propyl vinyl ether

[Curing Accelerator]

15 Microcapsulated triphenylphosphine (shell/catalyst ratio: 50/50 (by weight))

[Inorganic Filler]

Spherical silica (average particle size: 0.5 um, maximal particle size: 1.0 wm)

20 The evaluation methods for the semiconductor devices in each of

Examples and Comparative Example are collectively given hereinbelow.

(1)  Initial Electric Conductivity Test and Electric Conductivity Test after
Moisture Absorption and Soldering

25 The same procedures as in “Initial Electric Conductivity Test and Electric



——— —— SO

Inorganic Filler0000 4.320 Test Results Melt Viscosity (Pas) at

70C0. 370. 360.590.65 1.1 0.48 T Initial Electric 0/8 Conductivity Test

0/ 80/ 80/ 80/ 88/8 (No. of Defectivel/ Total No.) Electric Conductivit Test
“after Moisture Absorption 0/80/80/80/8 0/8- and Sol dering (M3 SESTEMBER 2005
Def ective/ Total No.) Electric Conducti@ﬂty Test after 1000 Cycles of TST
0/80/80/80/8 0/8 (No. of Defective/Total No.) Electric Conductivity ! Test
after 2000 Cycles of TST 0/80/80/80/8 0/81

Conductivity Test after Moisture Absorption and Soldering” in Example A were

carried out.

(2)  Electric Conductivity by Thermal Shock Test (TST)
5 The same procedures as in “Electric Conductivity by TST” in Example A

were carried out.

Examples 1B to 5B and Comparative Example 1B

Each of components shown in Table 2 was formulated in a ratio shown in
10 the table, and kneaded in a universal stirring vessel to melt-knead the mixture.
Next, the melt-kneaded mixture was filtered with a 300 mesh filter at 80°C, and
thereafter the filtrate was defoamed under reduced pressure at 80°C for
30 minutes, and the product was cooled to room temperature, to give a desired
thermosetting resin composition. Each of the resulting thermosetting resin
15 compositions was solid at 25°C. The melt viscosity as determined by ICI
rotational viscometer was determined at 70°C, and the results are shown in Table

2. Here, the kneading conditions are as follows.

[Kneading Conditions]}

20 First, the epoxy resin and the phenolic resin-based curing agent were
charged, and mixed at 100°C for 10 minutes to dissolve all solid ingredients.
Next, after the temperature was adjusted to 70°C, the flux active agent
represented by the general formula (1) or (2) and the curing agent were added
and mixed for 5 minutes.

25 A semiconductor device was manufactured in accordance with the method



(No. of Defectivel/ Total No.) 63 13 SEPTEMBER 2005 It was confirmed from
Table 2 that Exanples 1B to 5B showed no generation of defectiveness in all

of the tests of the initial electric conductivity test, the el [.C
.conductivity test after noisture absore;_i on and sol dering, tﬂésﬁﬁéml},kzoos
conductivity test after 1000 cycles of "fST, and the electric conductivity

test after 2000 cycles of TST. On the other hand, all of Conparative Exanple
1B showed generation of defectiveness in the initial electric conductivity

P B o SRR PR TR R RS SR e L
29 g AR i T OERRel lo SRR GRBE gL P o1
Ay e S NSRRI B OB, oo ence
G o) 2By b aseling ) SoRBosBORc Y pnbesied & 2PIE ang Rotted in 2
2- Byl - 4 R A o0 B}irelte ot board 1 (Zg?z?sg ¢ IO)Q? L33, Gnickhi2t mm).
The molten resin composition was placed on a stage heated to 100°C, and as
shown in Figure 5, a semiconductor element 3 (thickness: 600 pm, size:
13 mm x 9 mm) was then provided with connecting electrodes 2 (eutectic solder,
melting point: 183°C, electrode height: 120 um) on given positions of the
10 thermosetting resin composition 7. Thereafter, chip mounting was carried out
using a flip chip bonder, thereby filling an air gap between the printed circuit
board 1 and the semiconductor element 3 with a molten resin. Subsequently, the
filled resin was subjected to solder reflow (Jedec condition) and resin curing
(conditions of 150°C for 30 minutes), thereby manufacturing a semiconductor
15 device of which air gap was sealed with a sealing resin layer 4 as shown in
Figure 1 (8 semiconductor devices were prepared for each Examples and
Comparative Example). Each of the resulting semiconductor devices was
subjected to initial electric conductivity test. Further, this semiconductor device
was allowed to absorb moisture under the environmental conditions of 30°C,
20 60% RH for 168 hours, and then to solder reflow (Jedec condition), and
thereafter subjected to electric conductivity test. The results are shown in Table
2. Furthermore, each of the semiconductor devices was subjected to 1060 or
2000 cycles of thermal shock test (TST: one cycle cbmprising keeping at -50°C
for 5 minutes, and then keeping at 125°C for 5 minutes), and thereafter subjected

25 to an electric conductivity test (8 semiconductor devices for each Example or



Spherical silica (average particle size: 0.5 gm nmaxinmal particle size: 1.0
p.m 5 The eval uation nethods for the sem conductor devices in each of

Exanpl es and Conparative Exanple are.collectively given herej

Initial Electric Conductivity Test andgkl ectric Conducti vi tyi%@ﬁm&#i‘ﬁ“&f‘
Moi sture Absorption and Sol deri ng The sanme procedures as in "Initial

El ectric Conductivity Test and Electric Conductivity Test after Moisture
Absorption and Sol dering” in Exanple A were carried out, except for using
20 sem COCQH@EPJn&eEk&ﬁ le) ! THeZes il S4re showaPHEVABIE L Y by Thermal Shock Test
(TST) The sa procedures”as in "Electric Conductivity by TST" in Exanple A
were carried out, except for using 20 sem conductor devices. Exanples 1C to
3C and Conparative Exanple 1C 20 Each of conponents shown in Table 3 was
fornmulated in a ratio shown in the table, and mxed in a universal stirring
vessel . Next, the nixture was filterd@bledth a 300 mesh filter at room
tenperature, and thereafter the filtrate was _defoaned under reduced
pressure fOsmpssitiomiphes byweiglityie a desired Examples t her noset tji Ggmpesi n
conposition. 25 A sem conductor{ devi ce was manufactured in accetgaplee W th
the method 65 13 SEPTEIVBER 2005 T(pB pr o@m ng3g sermgonduggor deypce

descri bed GASIOAY 3 71 75 7.0 9710 7.0 groms of
Exanples 1 e Corrpar atl ve ~Exanpl e 1C obtained in the manner
descri bed Blyxy@ResBp@e) fically, fas3ghown3pn F3Qure 30 the3gboyve-3®ntioned
liquid thernosetting resin conposition 7 was 5 potted on a printed circuit

board 1 (gfhegel B aseshrd, thickness: A7hm) 5. The 3-77qui ?-Fesj n ebhposi tion

was pl acedCaningAgtmige, and as shown in Figure 5,

Flux Active Agent (bl) 049 0.24 0 0 1.38

Flux Active Agent (b2) 0 0 0.49 0 .0

Flux Active Agent (b3) 0 0 0 0.49 0

Curing Accelerator 012 012 012 012 012 0.12
Inorganic Filler 0 0 0 0 4.32 0
Test Results

Melt Viscosity (Pas)at 70°C | 037 036 059  0.65 1.1 0.48
Initial Electric 0/8 0/8 0/8 0/8 0/8 8/8
Conductivity Test

(No. of Defective/Total No.)

Electric Conductivity 0/8 0/8 0/8 0/8 0/8 -
Test after Moisture Absorption

and Soldering

(No. of Defective/Total No.)

Electric Conductivity 0/8 0/8 0/8 0/8 0/8 -

Test after 1000 Cycles of TST
(No. of Defective/Total No.)

Electric Conductivity 0/8 0/8 0/8 0/8 0/8 -
Test after 2000 Cycles of TST
(No. of Defective/Total No.)




sem conductor elenment 3 (thickness: 600 m size: 13 nmx 9 my was then A
provided with connecting electrodes 2 (eutectic solder, nelting point: 183C,
el ectrode height: 120 pn) on given positions of the above-nentioned liquid
10 thernosetting resin conposition 7. Thereafter, chip nountl3$ERIEMBER 2005
out using a flip chip bonder, thereby63illing an air gap between the
printed circuit board 1 and the sem conductor elenment 3 with a nolten
resin. Subsequently, the filled resin was subjected to solder reflow (Jedec
condition) and_resin curin (caondjtions_of 75C for 30-hours), thereby

manuf act uri ng B\gwmﬂmf&pn&@aa&a tat Erammesnl Bite SBagh R®aled with a
sealing resin |ayer 4 as shown in Figure 1 &Q sem conduct or devi ces were
prepar ed gefteratiemofdafastivenessdn alopfhe sesty el thednial pleatre orduativatyr esul ti ng
sem conductor_ devices was subjected to initial electric conductivity test.
Furt her, test, $he electiongerdusntivi\ieslealtonaroisiure abeprpton sad spldesing: thee under t he
envi ronnment al conditions of 30C, 20 60% RH for- 168 hours, and then to sol der
refl ow (Jelgetriccenmdluctiwity testradter (1000 saeles of I, astdbie electieeendustivityduct i vity
test. The results are shown in Table 3. Furthernore, each of the
semidScondutesbafterciUbeyqlenos Ehilc dad tiat athenband @dl off GempacaiiveExainpleor
Conmpar ati ve Exanple) was subjected to 1000 or 2000 cycles of thermal shock

t est ( TST1Bshewedgemeratimpr odefgctivanssnin the inBteleztri¢ conduativityttest. and t hen
keeping at 125C for 5 mnutes), and thereafter subjected 66 13 SEPTEMBER
2005 to an electric conductivity test (20 sem conductor devices for each
Exanpl e or Conparative Exanple).- The results are shown in Table 3. Table 3
Exanpl es Egamold €i on (parts by weight) ;1C2C3C Epoxy Resin100100100

Prior to carrying out Examples and Comparative Example, the following
10 epoxy resin, acid anhydride-based curing agent, flux active agent, curing

accelerator and inorganic filler were prepared.

[Epoxy Resin]
Bisphenol A epoxy resin (epoxy equivalence: 185 g/eq.)
15
[Acid Anhydride-Based Curing Agent]
4-Methylhexahydrophthalic anhydride/hexahydrophthalic anhydride (weight

ratio 7/3, acid equivalence: 164 g/eq.)

20 [Flux Active Agent]

T o O A
CH3(CH2)2'OCH—OC(CH'2)4CO——éHO(CHz)ZCH3

25 [Curing Aécelerator]



Aci d Anhydri de-Based88. 688. 688. 6 Curing Agent 5.89.928.33 Flux Active Agent
Curing Accelerator 10.010.010.01 ! Inorganic Filler0080.8 Test Results Melt

Viscosity (Pas) at5.5.5.616.6 25C Initial Electric0/200/200/ Hfﬁt [
Test (No. of Defective/ Total No.) Eleggric Conductivity0/ 20%@%8/@’ etsitms ’
No. )

-after Moisture Absorptions and Soldering (No. of Defective/ Total .
El ectric Conductivity0/200/200/20 Test after 1000 Cycles of TST (No. of
Def ective/ Total No.) Electric Conductivity0/200/200/20 Test after 2000

Cycl es of 2 Fjfyl-4-methylimidazole

[Inorganic Filler]

Spherical silica (average particle size: 0.5 pm, maximal particle size: 1.0 um)

5
The evaluation methods for the semiconductor devices in each of
Examples and Comparative Example are collectively given hereinbelow.
(1)  Initial Electric Conductivity Test and Electric Conductivity Test after
- 10 Moisture Absorption and Soldering

The same procedures as in “Initial Electric Conductivity Test and Electric
Conductivity Test after Moisture Absorption and Soldering” in Example A were

carried out, except for using 20 semiconductor devices.

15 (2)  Electric Conductivity by Thermal Shock Test (TST)
The same procedures as in “Electric Conductivity by TST” in Example A

were carried out, except for using 20 semiconductor devices.

Examples 1C to 3C and Comparative Example 1C

20 Each of components shown in Table 3 was formulated in a ratio shown in
the table, and mixed in a universal stirring vessel. Next, the mixture was filtered
with a 300 mesh filter at room temperature, and thereafter the filtrate was
defoamed under reduced pressure for 30 minutes, to give a desired liquid
thermosetting resin composition.

25 A semiconductor device was manufactured in accordance with the method



(No. of Defective/ Total No.) Conp. Exam pies 1C 100 88.6 0 0.01 0 5.4
11/20 13/20 1 13/20 14/20 5 67 13 SEPTEMBER 2005 It was confirmed from

Tabl e 3 that Exanples 1C to 3C showed no generation of defegfi '
of the tests of the initial electric cg?ductivi ty test, theﬁng??meﬁfdds

conductivity test after noisture absorption and soldering, the electric
conductivity test after 1000 cycles of TST, and the electric conductivity 5
test after 2000 cycles of TST. On the other hand, Conparative Exanple 1C

Shared et bincodly dakeshhusseanics AR, ens kd ol plmOTDEr of
Exanpl es gdmGeRidsdes MecdniFdsHiSss of BRahples A B C and Comparative

Example 1C obtained in the manner described above. Specifically, as shown in
Figure 4, the above-mentioned liquid thermosetting resin composition 7 was

5 potted on a printed circuit board 1 (glass epoxy board, thickness: 1 mm). The
liquid resin composition was placed on a stage, and as shown in Figure 5, a
semiconductor element 3 (thickness: 600 um, size: 13 mm x 9 mm) was then
provided with connecting electrodes 2 (eutectic solder, melting point: 183°C,
electrode height: 120 um) on given positions of the above-méntioned liquid

10 thermosetting resin composition 7. Thereafter, chip mounting was carried out
using a flip chip bonder, thereby filling an air gap befween the printed circuit
board 1 and the semiconductor element 3 with a molten resin. Subsequently, the
filled resin was subjected to solder reflow (Jedec condition) and resin curing
(conditions of 75°C for 30 hours), thereby manufacturing a semiconductor

15 device of which air gap was sealed with a sealing resin layer 4 as shown in
Figure 1 (20 semiconductor devices were prepared for each Examples and
Comparative Example). Each of the resulting semiconductor devices was
subjected to initial electric conductivity test. Further, this semiconductor device
was allowed to absorb moisture under the environmental conditions of 30°C,

20 60% RH for 168 hours, and then to solder reflow (Jedec condition), and
thereafter subjected to electric conductivity test. The results are shown in Table
3. Furthermore, each of the semiconductor devices (20 semiconductor devices
for each Example or Comparative Example) was subjected to 1000 or
2000 cycles of thermal shock test (TST: one cycle comprising keeping at -50°C

25 for 5 minutes, and then keeping at 125°C for 5 minutes), and thereafter subjected



epoxy resin, curing agent, flux active agent, mcrocapsulated curing
accel erators and curing accel erator were prepared. [Epoxy Resin] 15
Bi sphenol A epoxy resin (epoxy equival ence: 185 g/eq.) [Curiqgéﬁﬁéghkﬁﬁhfi8$
.novol ak resin (hydroxyl equival ence: 1 g/eq.) 20 [Flux Acti S
Adi pi ¢ aci d-cycl ohexyl divinyl ether pol'yner (acid equival ence: 269 g/ nol,
nol ecul ar wei ght (MWn): 1100) [M crocapsul ated Curing Accelerators (a) to

(d)] 25 Each of the m crocapsul ated curing accelerators (a) to (d) of the

foll ow ng . T, . ' ith the
met hod degcgfgrll %gegﬁggggﬁa@ﬁ%‘&gﬁéﬂ @cﬁ@gﬁnﬁ%@%f@ég‘rﬁg%nf Sﬁg@gﬁmfgé’\gﬂ ed, and
formul at e¢h | -at | 4 < te Mononer> (X) An et hyl
acetate s$oﬁl§}i’ agﬁ{lg# Egﬁﬁﬁ?g%gﬁ%#@ﬁggfe %}}OQY%P??%%%IBSI i socyanate with 1 nol
of trinethyl ol propane (75% by wei ght solution) (Y) An ethyl acetate solution
of an adduct of 3 nol of xylene diisocyanate wth 3 nol of

tri met hyl ol propane (75% by wei ght solution) 10 (Z) Pol yphenyl ene

pol yi socyanat e <Pol yanm ne> Di et hyl efléablé Ami ne 15 <Di spersion Stabilizer>

Pol yvi nyl al cohol _(PVA) <Curing Accel erator>

Examples Comp.
Exam
ples
Composition (parts by weight);i 1C 2C 3C 1C
Epoxy Resin 100 100 100 | 100
Acid Anhydride-Based 88.6  88.6 88.6 88.6
Curing Agent
Flux Active Agent 5.8 992 833 0
Curing Accelerator 001 001 001 | 0.01
Inorganic Filler 0 0 80.8 0
Test Results
Melt Viscosity (Pass) at 5.5. 5.6 16.6 54
25°C
Initial Electric 0/20 0/20 0/20 | 11/20
Conductivity Test
(No. of Defective/Total No.)
Electric Conductivity 020 0/20 0/20 | 13/20
Test after Moisture Absorption
and Soldering
(No. of Defective/Total No.)
Electric Conductivity 020 020 0/20 | 13/20
Test after 1000 Cycles of TST
(No. of Defective/Total No.)
Electric Conductivity 020 0/20  0/20 | 14/20
Test after 2000 Cycles of TST
(No. of Defective/Total No.)




Tri phenyl phosphine (TPP) 20 An ethyl acetate solution of a prescribed

i socyanate nononer and triphenyl phosphine (TPP) were honogeneously

di ssolved in toluene to prepare an oil phase. Next, a water

conprising distilled water and pol yvi n& al cohol (PVA) was %@SE?EFQWERZOOS
prepared, and the oil phase prepared above was 25 added to the water phase.

The m xture was enulsified into an enmul sion state 69 13 SEPTEMBER 2005 with

a honmom xer. The resulting m xture was charged in a polynerization reactor

equi pPed Wi 1 LEL LANENDS frotn SEbIY $ihardVloigl 90ALE Thiggh ngOn the ot her

hagd, han aqueous SO on containrng etrramne was 8r epar ed,
?Rel Lofyﬁ%?ﬁé’réﬁp%Ek?%Se‘é@&ﬁ%ﬁﬁi@aﬂgﬁﬂ%ﬁe%tgfﬁﬁeﬁﬁ%@?ﬂé@ﬁ@ﬁ& FgHAE”, o Eﬁe

. : . o . . 20C 3
hour | " i e e%%?ﬁé §éa§§ct§ﬁéy%%a§%%7# rﬁfﬁéur%%bﬁégﬁ%ﬁ%ﬁ%{ s'ﬁoéﬁéﬂﬁﬁs?,hté% >
e e B e ARG A Pl B el ol

L 1 . . Com T .
Sk ol SHALRI0TEH0E: IS S bR B R 1
. By,

i or ocaps ahaVEh EfterRligh 28 SRR Rl SR HhRShen w0yl BE HE FEROER e
surface and the internal thereof wer e bl ocked with formc acid. The
nicr ocapsﬁ?’ﬁfcé’dldgﬁhrﬁ%vg@éé‘?gﬁglﬂEﬁs ‘was subjected to repetitive treatnents of
15 separation by centrifugati on and washing with water, the m crocapsul ated
Tcur! ng accelerator was then dried to be isolated as a powdery particle v
havi ng er? lity. The average particle size, the shell thickness and

the core the resulting mcrocapsul ated curing accelerator are

S hoﬂﬁ‘ 'n Table Pérlior to carrying out Examples and Comparative Examples, the following

epoxy resin, curing agent, flux active agent, microcapsulated curing accelerators

and curing accelerator were prepared.

[Epoxy Resin]
15 Bisphenol A epoxy resin (epoxy equivalence: 185 g/eq.)

[Curing Agent]
Cresol novolak resin (hydroxyl equivalence: 104 g/eq.)

20 [Flux Active Agent]
Adipic acid-cyclohexyl divinyl ether polymer (acid equivalence: 269 g/mol,
molecular weight (Mn): 1100) |

[Microcapsulated Curing Accelerators (a) to (d)]

25 Each of the microcapsulated curing accelerators (a) to (d) of the following



20 70 Table 4 13 SEPTEMBER 2005 Conposition (Harts by Mght(a)(b)(c)(dj-1-)
| socyanat e Mononer (X)57.7153.4 |socyanate Mononer (Y)134.138.438.4143.9

| socyanat e Mobnoner (Z)115.1143.9 Pol yam ne28. 828. 828. 828. 828 ' '
St abi | i zer 242424 Curing Accel erator6l. ¢gl. 761. 761. 761. 7 Tol uéﬁgmﬁgﬂmos

Distilled Water {516516516516516 Average Particle Size (m of
M crocapsul ated Curing 33333 Accel erator Shell Thickness (m of
M crocapsul ated Curing f640.40.40.40.4 Accel erator Core Content (% by

vei ght)  qiabM §REaReparRHaH acubidadcdW3th3@R8AREhod described above. First,
each component shown below was prepared, and formulated in a ratio shown in

Table 4.

5 <Isocyanate Monomer>
(X)  An ethyl acetate solution of an adduct of 3 mol of tolylene diisocyanate
with 1 mol of trimethylolpropane (75% by weight solution)
(Y) An ethyl acetate solution of an adduct of 3 mol of xylene diisocyanate
with 3 mol of trimethylolpropane (75% by weight solution)

10 (Z) Polyphenylene polyisocyanate

<Polyamine>

Diethylenetriamine

15 <Dispersion Stabilizer>

Polyvinyl alcohol (PVA)

<Curing Accelerator>
Triphenylphosphine (TPP)
20
An ethyl acetate solution of a prescribed isocyanate monomer and
triphenylphosphine {TPP) were homogeneously dissolved in toluene to prepare
an oil phase. Next, a water phase comprising distilled water and polyvinyl
alcohol (PVA) was separately prepared, and the oil phase prepared above was

25 added to the water phase. The mixture was emulsified into an emulsion state



Accel erator [Curing Accel erator] Tryphenyl phosphine 5 Exanples 1D to 4D and
Conpar ati ve Exanples 1D and 2D Each of conponents shown in Table 5 was

formulated in a ratio shown in the table, and nm xed in a uni Lrrij
vessel at 80C. Next, the m xture was éltered with a 400 méﬁgﬁﬁjﬁé‘iﬁbw
thereafter the filtrate was defoanmed under 10 reduced pressure for 30

mnutes, to give a desired thernosetting resin conposition for sealing
sem conductor. The reaction exotherm c peak 71 13 SEPTEMBER 2005 tenperature

of each. Abith i ABHikL IrAORAIRAR R B3 ehgfg%agﬁiayogggﬁe}ogg}m%t ermned by

using differen -scanning c neter (comrerci _ e from
doscr | bod Sy STiprdRth ARENRRTRS o SifcrtAnd Eln SR KRR DAL ok of
Exam o5 et Sa DR PRTBBSh Rn B ey A, A RO TGt phove, he
ol Lone. 3gaiBiad LSS Sotu ot PSS ERBELA S EADUAETIAR banglinas
(comerct gl AYARL AR Ao R RoMBEA Lo R I 79,
sol et babl sl AORESeS gk oA oL RS AT RS0t B T2
L et 50 T oSN B LR A SR LSRR o, e o
one m nmfu%se‘c’iﬂ@ﬂt?},npotlmn% Blc%hgf Snd'BR A Hlstilg%qhgogsog%s%%ere removed
by centrifugation, and thereafter distilled'water was added to re-disperse the
10 mixture, to give a suspension. The pH of this suspension was adjusted to 3 by
adding dropwise formic acid to the suspension system. By the above procedures,
there was prepared a microcapsulated curing accelerator of which amino groups
on the shell surface and the internal thereof were blocked with formic acid. The
microcapsulated curing accelerator was subjected to repetitive treatments of
15 separation by centrifugation and washing with water, the microcapsulated curing
accelerator was then dried to be isolated as a powdery particle having free

flowability. The average particle size, the shell thickness and the core content of

the resulting microcapsulated curing accelerator are shown in Table 4.

20



63 Sn-37 Pb solder, and the hot plate was adjusted to 240C for Sn-Ag sol der,
to carry out solder fusion and connection. The nunber of connections of the
solder balls 6 of the test sanple as shown in Figure 8 thus obtained, and a
contact angle O between the connected_sol der balls 6 and t hd3 SEPTEMBER 2005
pre-fl ux-coated copper plate S 20 were7§eterm ned, to evaluate the
wettability of the solder. 72 Table 5 13 SEPTEMBER 2005 Exanpl es Conp.
Exanples Corn sition arts by ht 1D 2D 3D 4D 1D 2D Epoxy Resin 150.8 .150.8
150. 8 150. 8 150.8 150.8 Phenolic Resin 80 80 80 Mcroc apsulated Curing i
3.2 Accelerator (a) Mcrocapsul ated Tablewy 3.2 Accelerator (b) 80 80 80

M crocapsul ated Curing 3.2 Accel erator (¢c) M crocap_sul at ed CUI’I ng 3.2

12. 4 Test
Isocyanate Monomer ) 1341 384 384 1439
Isocyanate Monomer (Z) 1151 1439
Polyamine 288 288 288 288 28.8
Dispersion Stabilizer 24 24 24
Curing Accelerator 617 617 617 617 61.7
Toluene 16 16 16 16 16
Distilled Water 516 516 516 516 516
Average Particle Size (um) of 3 3 3 3 3
Microcapsulated Curing
Accelerator
Shell Thickness (um) of 04 0.4 0.4 04 0.4
Microcapsulated Curing
Accelerator
Core Content (% by weight) 30 30 30 30 30
of Microcapsulated Curing
Accelerator

[Curing Accelerator]

Tryphenylphosphine

Examples 1D to 4D and Comparative Examples 1D and 2D

Each of components shown in Table 5 was formulated in a ratio shown in
the table, and mixed in a universal stirring vessel at 80°C. Next, the mixture was
filtered with a 400 mesh filter, and thereafter the filtrate was defoamed under

10 reduced pressure for 30 minutes, to give a desired thermosetting resin

composition for sealing semiconductor. The reaction exothermic peak



No. of Connections (63 Su-37 Pb) 10/10 10/10 10/10 10/10 2/10 7/10 (No. of
Connections/ Total No.) Average Contact Angle () of 17 12 11 11 23 21
Connected Sol der (63 Sn-37 Pb) No. of Connections (Ag-Sn) 3/10 4/10 10/10
10/10 0/10 0/10 (No. of Oonnections/Tﬁ al No.) Average Cont 43 SERTFMBER 2005
48 47 38 36 - - Connected Sol der (Ag-S§ 73 13 SEPTEMBER 2005 It was shown
fromTable 5 that Exanples 1D to 4D showed nore excellent wettability of

sol der balls to copper plate and higher connection ratio as conpared to -

T G YR AR A Gl 1 s v
s T
ST TR BT R R

properly . sel.ecti t he conposition of the shell portion of the
m crocaps‘éﬁsﬁf‘gaaéggV?‘rg 10 accelerator. In addition, in the solder connection

comosi {1 on_ of OHASCHBSFRetiing LR 6 RPBSOBOtERFt o TRaaipliy gbto 48 "' "
or cont. | FELGORRLIE GRS SRR oblaeg Rovge YR BARINR AT Ok sae
Y DO LSS, A FSR R TS IR BB, RaBoELG0S3, °
modi 1 Catait ne?mosetting resin composition 7 was applied to pre-flux-coated copper plate
5 surface-treated with pre-flux (commercially available from Tamura Kaken,
10 WLF16), and the resulting copper plate was mounted-on a hot plate at 80°C. As
shown in Figure 7, ten solder balls 6 [commercially available from Senju
Kinzoku, 63 Sn-37 Pb solder (melting point: 183°C), or Sn-Ag solder (melting
point: 220°C), ball diameter: 500 um] were added to a thermosetting resin
composition 7. Each of the ball-added resin compositions was allowed to stand
15 on a hot plate for one minutes, wherein the hot plate was adjusted to 200°C for
63 Sn-37 Pb solder, and the hot plate was adjusted to 240°C for Sn-Ag solder, to
carry out solder fusion and connection. The number of connections of the solder
_ balls 6 of the test sample as shown in Figure 8 thus obtained, and a contact angle
0 between the connected solder balls 6 and the pre-flux-coated copper plate 5

20 - were determined, to evaluate the wettability of the solder.



as woul d be obvious to one skilled in the art are intended to be included
within 20 the scope of the following clains. 74 WHAT IS CLAIMED IS: 1. A
t hernosetting resin conposition conprising: (i) a conmpound havi t he
general formula (1) : R -(COO CH (CHB%-ORZ), (1) wherein n13§b3’9f;!%\§?€i1\/%005
integer; R is a nonoval ent or higher ol yval ent organic group; and R2 is a
nonoval ent organic group, RL and R2 being identical or different; or (ii) a
conmpound havi ng the general formula (2):
CH2=CH O R4- O- CH(CH3) -[ 000-R3-COO- CH(CH3) -O-R4- O CH(CH3)],;
OCO R3- COO-CH(CH3) - O-R4- O- CH=CH2 (2) Tabkr®in n is a positive integer; and
each of R3 and R4 is a divalent organic group, R3 and R4 being identical or
different. 2. A thernosetting r¢sin compogkimgksaccor di ng| Confg. ExHinples

Bilish RSk F €31 MBS 2 G | Ng gFENT . 45 A ([T nosey 1 ng
T OIT aCCOT U to— ¢ %2 frg e ONMHCR S U=/ 1o €P esi n.
' ?si“?‘ng resin conposi tr%%gaccloépdq ng %BCI Q:SR'% leﬁh ﬁ@?‘ga mel t
Vi scosi t Phepblid ®@sigas or less at {708p) and g sol gd at ZHC. ; 138GEPTENGER 2005
5. A thernosetting resin conposition according to Claim1; further
conpri si Mdcreeapsplated Guringn and an adPd anhydride-based curing agent. 75
Accelerator (a)

Microcapsulated Curing | 32
Accelerator (b)

Microcapsulated Curing 32
Accelerator (c)

Microcapsulated Curing : 3.2
Accelerator (d)

Microcapsulated Curing 3.2
Accelerator (e)

Curing Accelerator (TPP) : 0.96
Flux Active Agent ° 124 124 124 124 12.4 124

Test Results
DSC Peak Temp. (°C) 186 193 228 247 160 175

No. of Connections (63 Sn-37 Pb); 10/10  10/10 10/10 10/10 | 2/10 7/10
(No. of Connections/Total No.)

Average Contact Angle (°) of 17 12 11 11 23 21
Connected Solder (63 Sn-37 Pb)

No. of Connections (Ag-Sn) 3/10 4/10 10/10 10/10 | 0/10 0/10
(No. of Connections/Total No.)

Average Contact Angle (°) of 48 47 38 36 | - -

Connected Solder (Ag-Sn)




13 SEPTEMBER 2005 6. A thernosetting resin conposition according to Caim
1, further conprising: (A) an epoxy resin having at |east two epoxy groups

inits nolecule; (B) a curing agent; and (C) a microcapsul a g
accel erator conprising a core portion 7gorrpri sing a curing aﬁ F@WEWS
a shell -portion forned so as to cover tThe core portion, the shell portion

conprising a polyner having a structural unit represented by a general
formula (3): -N(R5)-CO N(R6)- (3) wherein each of R5 and R6 is a hydrogen

oML MoK B IS SRR SR o Sar o

different, wherein resi osit1on Feaction

exot her m &q%ﬂ%ﬁt w%itlaﬁigﬂg gk%ﬁﬁggaﬂ”s rt@c@gﬁégﬂ:ﬁﬁ@%'}ﬂgﬁﬁi nf[i]’fcecgigﬁyxﬂig ds" the

differentia scanni n orinetric de nati on. ernpsetting resin

ConpOsI ) el O Eo BT kA PR A o

G oA R 1550 SRR SO RS
o efont . hAEEBAiRL BN Ghbdmerdt O b BEIF fnplile PRRL B RBRRERL o '

dai ms 1'&0&? of ‘E‘:ost&&'u%{}%e ?%ta%pei@s iBean%%fj ’lan%gefglre? TEhs cggfj.rmed that the

reaction exothermic peak of the thermosetting resin composition in the

differential scanning calorimetric determination can be controlled by properly
selecting the composition of the shell portion of the microcapsulated E:uring

10 accelerator. In addition, in the solder connection test, its connection ratio was
more excellent for the thermosetting resin composition of which reaction
exothermic peak exists on a higher temperature region than the melting point of

the solder.

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

20 the scope of the following claims.



13 SEPTEMBER 2005 10. A process for

conprising the
defined in any

manuf acturi ng a sem conduct or device

steps of: (i) applying a thernosetting resin conposition as

of Cdainms 1-7 to a wafer; (ii) dicing the coated wafer

into

i ndi vidual chips; and (iii) carrying out chip-nmouny3RErFIEMBERDRGET wafer.
WHAT IS CLAIMED IS:

2.

A thermosetting resin composition comprising:
(i) a compound having the general formula (1) :

R'-(COO-CH (CH;)-0-R?), €))

wherein n is a positive integer; R' is a monovalent or higher polyvalent
organic group; and R? is a monovalent organic group, R' and R? being

identical or different; or

(ii) a compound having the general formula (2):

CH,=CH-O-R*0-CH(CHj3)-[0CO-R*-COO-CH(CH;)-O-R*- o
0-CH(CHj,)],-OCO-R3-CO0-CH(CH;)-0-R*-0-CH=CH,
wherein n is a positive integer; and each of R® and R* is a divalent

organic group, R? and R* being identical or different.

A thermosetting resin composition according to Claim 1, further

comprising phenolic resin as a curing agent.

3.

A thermosetting resin composition according to Claim 2, further

comprising an epoxy resin.

4.

A thermosetting resin composition according to Claim 3, which has a

melt viscosity of 100 Pa-s or less at 70°C, and is solid at 25°C.

5.

A thermosetting resin composition according to Claim 1, further

comprising an epoxy resin and an acid anhydride-based curing agent.
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6. A thermosetting resin composition according to Claim 1, further
comprising:
(A) an epoxy resin having at least two epoxy groups in its molecule;
(B) a curing agent; and
(C) a microcapsulated curing accelerator comprising a core portion
comprising a curing accelerator, and a shell portion formed so as to
cover the core portion, the shell portion comprising a polymer having a
structural unit represented by a general formula (3):

-N(R%)-CO-N(R%)- (3)

wherein each of R’ and R® is a hydrogen atom or a monovalent
organic group,

wherein R® and R® may be the same or different,

wherein the thermosetting resin composition has a reaction exothermic peak
of 180°C to 250°C with a programming rate of 10°C/min in the differential

scanning calorimetric determination.

7. A thermosetting resin composition according to Claim 1 or Claim 2,

which has a sheet-like form.

8. Use of a thermosetting resin composition as defined in any preceding
Claim for sealing a gap between a printed circuit board and a semiconductor

element in a semiconductor package having a face-down structure.

9. A semiconductor device comprising:
a printed circuit board,
a semiconductor element, and
a thermosetting resin composition as defined in any one of Claims 1-7 as

a sealant between the board and element.
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10. A process for manufacturing a semiconductor device comprising the
steps of: ‘
(i) applying a thermosetting resin composition as defined in any of
Claims 1-7 to a wafer;
(ii) dicing the coated wafer into individual chips; and

(iii) carrying out chip-mounting on the diced wafer.



