PROCESS FOR PRODUCI NG SEM CONDUCTOR DEVI CE AND SEM CONDUCTOR DEVI CE

BACKGROUND OF THE INVENTION 1. Field of the Invention The present
invention relates to a process for producing a sem conductor device and a
sem conductor device. Mire particularly, the present invention relates to
a process for efficiently producing a semconductor device exhibiting -
excel l ent resistance to heat and noisture and reliability in accordance
with the flip chip bonding process and a sem conductor device produced in
“accordance w tBRQCéEﬁSdKéﬁsIERQDUﬁHéGi SIEMICONDRBOBIDAMICE ARty oni ¢
products using semni conductor _devices such as IC and LSI are al ways
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performance in-all- areas including consuner appliances and industri al
i nstrunments. Therefore, sem conductor devices produced in accordance with

the flip chip bonding pr i 1 C hips are directly nounted are
becom ng maj or products ggﬁﬁl&%&@@@ NEYEINces pr oduced by

bondi ng senj Eﬂ{ﬁ{ r nts to leads with bonding wires, followed by
nmol di ng theq'gﬁ ai netg‘e&‘rﬁﬁfgﬁ‘g% Wi th epoxy resins or ceramics. Figure 1
shows a sectiongh,evi I f em conduct o, device. having a
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ani sotropically conductive thernosetting adhesive :
semiconductor device exhibiting excellent resistance to heat and moisture
and reliability in accordance with the flip chip bonding process and a
semiconductor device produced in accordance with the process.
2. Desc_ription of Related Art
Electronic products using semiconductor devices such as IC and LSI
are always required to become smaller and Iighter and to exhibit more
excellent performance in all areas including consumer appliances and
industrial instruments. | Therefore, semiconductor devices produced in
accordance with the flip chip bonding process in which bare chips are
directly mounted are becoming major products to replace semiconductor
devices produced by bonding semiconductor elements to leads with
bonding wires, followed by molding the obtained products with epoxy
resins or ceramics.
Figure 1 shows a sectional view of an example of a semiconductor
device having a semiconductor element mounted in accordance with the
flip chip bonding process. An electrode 2 on a circuit board 1 faces an

electrode 4 of a semiconductor element 3 via a bump 5 on the

semiconductor element 3. The semiconductor element 3 is bonded fo the .



6 so that the bunp 5 and the el ectrode 2 which face each other are
electrically connected and the electric insulation between unnecessary

el ectrodes is achieved. The ani sotropically conductive thernosetting
adhesive 6 extends into the peripheral portions of the sem conductor
element and forns a fillet 7. Due to the fillet 7 fornmed at the peripheral
portions of the sem conductor elenment 3, infiltration of oxygen and water
into the inner portions of the thernbset anisotropically conductive
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el ement and the circuit board. To bond the sem conductor elenent and the
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tan be cured wthin 10 seconds since heat Is trans t hirough the
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adhesive in the fillet portion since heat is not directly transferred to
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production of the sem conductor _
improved due to the increase in the area of bonding between the
semiconductor element and the circuit board.

To bond the semiconductor element and the circuit board to each
other and to form the fillet in the peripheral portions of the semiconductor
element, a liquid thermosetting adhesive is placed on the circuit board as
drops in an amount corresponding to the combined amounts of the
underfill directly under the semiconductor element and the fillet formed
in the pei‘ipheral portion of the semiconductor element, the semiconductor
element is placed on the circuit board at the prescribed position, a
pressure is applied to the semiconductor device so that the thermosetting
adhesive in an amount for forming the fillet is forced out, and the
thermosetting adhesive is cured by heating the semiconductor element.
The thermosetting adhesive in the underfill portion can be cured within
10 seconds since heat is transferred through the semiconductor element.

However, it takes time to cure the thermosetting adhesive in the fillet

portion since heat is not directly transferred to this portion. This causes



device is not inproved. Photocurable thernosetting resins which can be
cured by any of heat and |ight are devel oped as the resin for producing
sem conductor devices. When these resins are used, the resin in the
portion directly wunder the sem conductor elenent can be cured by heating,
and the .uncured resin in the fillet portion can be cured by irradiation of
light, thereafter. However, the resins heretofore devel oped have probl ens
in that the reaction tenperature is raised to 300C, that there is the
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reactivity, and that there Is the possibility that corrosion of the
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possibilify that the reaction starts in the syringe due to the high reactivity,

and that there is the possibility that corrosion of the circuit takes place

since the catalyst is strongly acidic.

SUMMARY OF THE INVENTION

The present invention has an object of providing a process for
efﬁciently producing a semiconductor device exhibiting excellent
resistance to heat and moisture and rehability in accordance with tl;Le flip
chip bonding process and a semiconductor device produced in accordance
ﬁth the process.

As the result of intensive studies by the present inventors to
overcome the above problems, it was found that a semiconductor device
exhibiting excellent resistance to heat and moisture and reliability could

| be efﬁciently'produced in accordance with the flip chip bonding process in
a short time when a semiconductor element was bonded to a circuit board
with a thermosetting resin, and a fillet is formed by applying a

photocurable resin to peripheral portions of the bonded semiconductor



The present invention provides: (1) A process for producing a sem conductor
devi ce which conprises, in a process conprising nmounting a sem conduct or
el enent in accordance with a flip chip bonding process, bonding the

sem conductor elenment to a circuit board with a thernosetting resin,
coating peripheral portions of the bonded sem conductor elenment with a
phot ocurabl e resin and formng a fillet by photocuring the photocurable
resin; and (2) A sem conductor device conprising a sem conductor el enent

mount ed on alegidrtlithereadjed, | g+ fl i | ondin [ OCessS,
wherein the sem conduct or elglr%g%?g%%ﬁggﬁg%&?o shﬁeée%@gﬁﬁe&bd;g?ﬁﬁ?h a

t her noset t i tigs kaswleddge. portions directly under the sem conductor el enent,
and a fillet is fornmed with a photocurable resin at peripheral portions of
t he sem conduct dFhe peasent inBiitkén PEEGRESTI ON OF THE DRAW NGS Figure 1 shows
a sectional Xi ew of an ‘exanpl e of the sem conductor device. Figure 2 shows

a di agr am ddéc proengsaforpryskicinsna semichelyptacdsdce ivbiiclD ey iseg ia a
semn conduct or device of the present invention. Figure 3 shows a diagram
descri bi ng BiRC&tfo@imasngonopnEngrd easicontuctopredementin acedanoneig or
device of t hﬁﬁgr@eﬁnt .nvention.. The nunbers in the figures have the
meani ngs ad Piist rdipe Pr?‘iﬂsﬁ'o‘W ng the semieanducinyelement to\a odtemitt r ode 3
A" sem condygton Wiﬁ{manttheffmbsé%@inegl %géi;;?do%ating peripheral portions of the
- bonded semiconductor element with a photocurable resin and forming a
fillet by photocuring the photocurable resin; and
(2 A semiconductor device comprising a semiconductor element.
mounted on a circuit board in accordance with a flip chip bonding process,
- wherein the semiconductor element is bonded to the circuit board with a
thermosetting resin at portions directly under the semiconductor element,

and a fillet is formed with a photocurable resin at peripheral portions of

ther semiconductor element.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows 2 sectional view of an example of the semicénductor
device. |

Figure 2 shows a diagram describing an embodiment of the process
for producing a semiconductor device of the present invention.

Figure 3 shows a diagram describing an embodiment of the process
for producing a semiconductor device of the present invention.

The numbers in the figures have the meanings as listed in the -
following: '

1 A cireuit board



5 A bunp 6 An anisotropically conductive adhesive 7 Afillet 8 A
thernosetting resin 9 A photocurable resin DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS The process for producing a sem conductor device of the present
i nvention conprises, in a process conprising nounting a sem conduct or

el ement in accordance with a flip chip bonding process, bonding the

sem conductor elenent to a circuit board with a thernosetting resin,
coating -peri pheral portions of the bonded sem conductor elenment with a

phot ocurabl e respn angdnfQssireds @ fillet by photocuring the photocurable
resin. In the nounting of a sem conductor elenent in accordance with the

flip chip bondi ng prodegmicéndaier skRmganduct or el enent which is not
‘packaged, i.e., a bare chip, is used for the nounting, and el ectrodes on

the functional #ace Ah dlémtrakni conductor el ement are connected to _
el ectrodes on the circuit board. In accordance with the flip chip bonding
‘process, the ar®a oc8dpirewl by the nounting and the height of the nounting
can be decreas\eé, and the obtained instrunment can be made snualler and
thinner. Moreov@r, t#e anésedrepiedlly pendustivectdlmsiveet ween the termnals of

the electrodes ,gan P{Sﬁﬁﬁge shorter than that in accordance with the wire
5 bondi ng process, a |l oss in the high frequency signals can be-

decreased. In t@ pr%ﬁ@s of e present invention, the process for bonding
the seniconductor el'&heHt L& YHEEFPcuit board with the thernosetting

resinis 9 - Aphotocurable resin

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The process for producing & semiconductor device of the present
invention comprises, in a process comprising mounting a semiconduct(;r
element in accordance with a flip chip bonding process, b.onding the
semiconductor element to a circuit board with a thermosetting resin,
coating peripheral portions of the bonded semiconductor element with a
photocurable resin and forming a fillet by photocuring the photocurable
resin,

In the mounting of a semiconductor element in accordance with the
flip chip bonding process, a bare semiconductor element which is not
pack'aged, i.e., a bare chip, is used for the mounting, and electrodes on the
functional face of the semiconductor element are connected to electrodes
on the circuit board. In accordance with the flip chip bondiﬁg process,
the area occupied by the mounting and the height of the mounting can be
decreased, and the obtained instrument can be made smaller and thinner.
Moreover, the length of the connection between the terminals -of the

electrodes can be made shorter than that in accordance with the wire



not particularly limted. Exanples of the process include the process in
whi ch an ani sotropically conductive adhesive paste (ACP) is used, the
process in which an anisotropically conductive adhesive film (ACF) is used,
the process in which a non-conductive adhesive paste (NCP) is used, the
process in which non-conductive adhesive film (NCF) is used, the epoxy
encapsul ated sol der connection process (ESC), the controlled collapse chip
connecti.on process (C4) and the ultrasonic flip chip bonding process. The
“ani sot r opi cBéhdineo k6 Vanddbgsi StBa | [Hig®N hve.of the |jquid
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and the ther noselnt thegpraessnof shwpr@ﬂhmﬁﬂi&%,%@hﬁ@&ﬂé%?'boﬁliﬁ{?me s
pressed and heated by a head of a flip chip nounting machi ne. Thus, the
bondi ng betsiseitondector elementitocdhe crmhit beaskewithoi@ ibicomostteimlesit e
el ectric connection_between the el ectrodes faced to each other and the
electric i |lé?c1‘|twl%f§¥\k€aﬁeédj Bramples of tho pesceas éndatie dhierocess in :
rocess of the present invention, it is preferable
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filled wthnbRfotde PPSREH esd nd tha ther noset i resin does not
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ani sotropically conductive adhesive filmis cut into a presc |Sbe ‘ts’l ze and
connection process (C4) and the ultrasonic flip chip bonding process.

The anisotropically conductive adhesive paste is an adhesive of the
liquid form or the paste form containing conductive particles dispersed in
a thermosetting resin. The anisotropically conductive adhesive paste is
placed on the circuit board as drops or applied to coat the circuit board,
and- the thermosetting resin is cured when the semiconductor element is
pressed and heated by a head of a flip chip mounting machine. Thus, the
bonding between the circuit board and the semiconductor element, the
electric connection between the electrodes faced to each other and the
electric insulation between adjacent electrodes are achieved

‘simultaneously. In the process of the present invention, it is preferabie
that the amount of the anisotropically conductive adhesive paste placed on
the circuit board as droﬁs or applied to coat the cireuit board is adjusted so
that the portion directly under the semiconductor élement is completely
filled with the thermosetting resin and the thermosetting resin does not

extend into the outside portions of the semiconductor element.



pl aced on the circuit board after the cover filmis renoved, and the

sem conductor elenent is placed on top of the filmafter the release film
is renmoved. The thernosetting resin is cured when the sem conduct or

el ement is pressed and heated by a head of a flip chip nounting nmachine,
and the bonding between the circuit board and the sem conductor el enent,
the electric connection between the el ectrodes faced to each other and the
el ectric insulation between adj acent el ectrodes are achi eved

simul taneous! V. iMeldisdthdifiestly Bhnd il BEyd KA hallm hlolch ALEferable
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the outside portions of the sem conductor elenent. Exanples of the -
~conduct i ve daispirebiatiyngemidsietive mdtesiveafilm dk roapiingd hypresashet kive @aghesi ve
paste or the anisotropically conductive adhesive filminclude particles of
metal s suchPlagediakdhe erewitrboard gBeu,thepaoverchibe if remsived phdt#sh with

t hese netal s, paréicles of glasslﬁan particles of ceram cs. Exanples of
the t her no<SERHCARAYCIST glaragns 19 o to. of thp fibm) aflercthedededse diladiwesi ve
paste or tr}% r{; ot rapi Ct%!glp%l cotgduct i ve .adhesive filminclude epoxy
resins, -pol'Vim ge" resrhs OfPHTHa eI, &5 \Auged Whep e pemgcanduichirocess
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film the sem con tor elenen ®0 each
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and the ci thuidedtoirrdnnastdon betwebi tidelectrodes faced to each other and the
electric insulation between adjacent électrodes are achieved.
simultaneously. In the process of the present invention, it is preferable
that the shape and the siZe of the anisotropically conductive adhesive film
arg adjusted to the same as those of the semiconductor element éo that the
portion directly under the semiconductor element is completely filled with |
~ the thermosetting resin and the thermosetting resin does not extend into
the outside portions of the semiconductor element.
Examples of the conductive particle comprised in the
* anisotropically conductive adhesive paste or the anisotropically conductive
adhesive film include particles of metals such as nickel, silver and gold,
particles of resing plated with these metals, particles of glass and particles
of ceramics. Examples of the thermosetting resin forming the
anisotropically conductive adhesive paste or the anisotropically conductive
adhesive film include epoxy resins, polyimide resins and urethane-

acrylate resins.



that electric current can fl ow between the correspondi ng el ectrodes

(bunmps) but cannot fl ow between unnecessary el ectrodes, is achieved. Then,
the thernosetting resin in the non-conductive adhesive paste or the

non- conductive adhesive filmis cured. In the process using the

non- conducti ve adhesi ve paste or the non-conductive adhesive film it is
preferable that that the portion directly under the sem conductor el enent
is conpletely filled with the thernosetting resin and the thernosetting

in d t ' .out s d tions. of .semi cond
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circuit board, and the thernpsetting resin is cured. rocess,

bunps of a thiegmonedonidugtive! sdkedivg nileh On THae padice &l ' (e M, tieplulied i onal
face of the sem conductor el ement and bunps of a cocrystalline sol der
formed on thedweeadbesgmicdndisor element Hohtke aireuitheasdhidgebhaitior t h
melting. Then, the portion directly under the sem conductor elenent is
filled wtfhatt plechne cgurremnt aaae flavr . betmeeeinn thanchrrespendass releciredged. 8 I n

the ultrasagpic fBilﬁnghi p bogﬂi n%leprocess, bunps of a gold wire fornmed on
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non-conductive adhesive paste or the non-conductive adhesive film, it is
preferable that that the portion directly under the semiconductor element
is completely filled with the thermosetting resin and the thermosetting
| resin does not extend into the outside portions of the semiconductor
element. |
‘ In the ESC process, the circuit hoard is coated with the
thermosetting resin. The metal bonding is formed between bumps of the
gold wire formed to the shape of the electrode on the functional face of the
semiconductor element and solder precoats formed on the electrode of the
circuit board, and the thermosetting resin is cured.
In the C4 process, bumps of a high melting solder formed on the
electrode on the functional face of the semiconductor element and bumps
of a cocrystalline solder formed on the electrode of the circuit board are'-
bonded together with melting. Then, the portion directly under the
semiconductor element is filled with a thermosetting underfill resin, and

the resin is cured.



is filled with a thernosetting underfill resin, and the resin is cured. In
the ESC process, the C4 process and the ultrasonic flip chip bonding
process, although the nmetal bonding is fornmed between the el ectrodes, the
sem conductor el enment can be regarded to be bonded to the circuit board
with the thernosetting resin in these processes since the portion directly
under the sem conductor elenent is filled with the cured thernosetting
resin. In these processes, it is preferable that the portion directly

under the semc - ' | efti .resin and
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portions of the sem conductor elenent and cured by irradiation with |ight,
and a fill dward, apndrihedmethls prwbondediibecachsotherobip kippbang wWetaserid zabl e
prepolymer and a photopol ynerization initiator as the essential conponents
and, wher &bradions fhe divgetippoarallebwith the fare dfrthe rircwiinbemdsynder
crosslinking rte}?ol %lrrgﬁrs nd other resins. In the process of the present
i nvention, & %’Ff‘%s e-phbtd @tapsilirecidy under itheisemicpmingtor elemdrdn t ype
and photo bl,e resins of the cati,oni ol ymeri zatiqn type can be used. 9
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circuit board with the thermosetting resin in these processes since the
| portion directly under the semiconductor eleinent is filled with the cured
thermosetting resin. In these processes, it is preferable that the portion
directly under the semiconductor element is filled with the thermosetting
resin and the thermosetting resin does not extend into the outside
portions of the semiconductor element.
In the process of the present invention, after the semiconductor
element is bonded to the circuit board with the thermosetting resin, a
photocurable resin is applied to the peripheral portions of the
semiconductor element and cured by irradiation with light, and a fillet is
formed. The photocurable resin comprises a polymerizable prepolymer
and a photopolymerization initiator as the essential components and,
where necessary, reactive diluents, crosslinking monomers, crosslinking
ﬁrepolymers and other resins. In the process .of the present invention,

any- of photocurable resins of the radical polymerization type and

photocurable resins of the cationic polymerization type can be used.



I ncl ude urethane (netb)acryl ates, polyester (neth)acrylates, polyether

(met h)acryl ates, epoxy (nmeth)acrylates and poly(neth)acrylic esters having
t he carbon-carbon doubl e bond on the side chains. Exanples of the

phot opol yneri zation initiator for the cationic polynerization include
conpounds havi ng conbi nati ons of oniumions such as aromatic sul fonium

I ons, aromatic oxosul foniumions, aromatic diazoniumions and aromatic

i odoni umions and ani ons such as tetrafl uoroborate anion,
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hexaf | uor oar senate ani on. Speciiic exanples of the above corrpounofs I ncl ude
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hexaf | uorophosphate and trip henyl sul foni um hexafl uoroanti nonat e. Exanpl es
of the pol §imeethyldhingacephynenef bdrhydrexyytiobeixg] hetoHwe Hehabplthonac! ude
pol yether glycidyls, polyester glycidyls, cyclic aliphatic epoxy resins,
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of the bisphenol A.type, epoxy resins of the bisphenol AD type,
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of the reactive dil t include cyclohexyl (neth)acrylate, 2-ethyl hexyl
(met h) acr yl & &P egﬁfﬁ%e(m@mea S PrePRYRSE yor the rajical pplymerization
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tri(meth) adiawhag the ExdoRt@EhOA doRBLEhSEEbA Ré 8 e%?a‘iﬁ%.yner i ncl ude

pol yet hyl ene gl ycol di(neth)acrylate, polypropylene glycol :

di (et h) acryl at &zamaplesvef dhkepphytpotyytizetiber initaoswIfes @l theopicher
polymerization include compounds havi'ng‘ combinations of onium ions
such as aromatic sulfonium ions, aromatic oxosulfonium ions, aromatic
diazonium ions and aromatic iodonium ions and ariions such as
tetrafluoroborate  anion, hexafluorophosphate anion, Hexaﬂuoro-
antimonate anion and hexafluoroarsenate anion. Specific examples of
the above compounds include ﬁ*methoxybenzenediazonium
hexaﬂuorophosphate; diphenyliodonium  hexafluorophosphate  and
ti:iphenylsulfonium hexafluoroantimonate. Examples of the
polymerizable prepolymer for the cationic polymerization include
polyether glycidyls, polyester glycidyls, cyclic aliphatic epoxy resins,
heterocyclic epoxy resins, epoxy resins of the novolak type, epoxy resins of
the bisphenol A type, epoxy resins of the bisphenol AD type,
poly(meth)acrylic esters having glycidyl group on the side chains.

Examples of the reactive diluent include cyclohexyl (meth)acrylate,

2-ethylhexyl (meth)acrylate, lauryl (meth)acrylate, stearyl (meth)acrylate,
N-hydroxyethyl (meth)acrylamide, N-vinylacetamide and compounds
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resin include pol yurethanes, polyesters, polyam des, polyimdes,

pol ycar bonat es, phenol resins, urea resins and nelanine resins. In the
process of the present invention, the process for coating the peripheral
portions of the sem conductor elenment with the photocurable resin is not
particularly Iimted. For exanple, when the sem conductor elenent has a
smal | size, the photocurable resin can be applied uniformy to the four
si des of the sem conductor elenent by supplying the liquid photocurable

resin 10 a dithitiedohy Ayfisieratider SRITHGOBANGE PiarftleBPAl albtydayiiREnser or

the |like. Wien the sem conductor elenment has a l"arge siz I quid

phot ocur ablléxamples cafi kbesuppdsstidking t haohdwer Si GRRd tNebhussEgaNduct or
el enent while the dispenser or.the like is noved. In the process of the

- present i nvlifmednacnylatef indepentydnplysel difmdth¥aqrhbite candleataégghiitsll one can
be formed in,the peripheral portions of the sem conductor el enent since
the porti ortimeslacyylatrier Bxpmplesi of rthec oosshinkimnt piepolyaneap|iatkidy fi | ed

with the cured rmosetting resin and the thernosetting resin does not
extend i nt é’ofwh%i de &J&SF‘ﬁi onsé ef écrﬁétﬁ,condw&mmpﬁlge@ﬁent glyevlt he

f & t i ti t f ' th hot bl
Tesin appl e EREe M ea BrorlyeRekbi sthers dismmipacaloibe olpemont 15
t ti Iyl l e, {he phot bl in. 1 b
cured by 1 P alBRGT TRt BRREE CrebasRan BoERRal Robrigndes Lo ng o
spot |ight paRihFEHnatse In‘@ﬁ?l eaghh lg?a:l%gin{siaqm%{e?{rﬁ%&eri rradiation can be

suitably selected in accordance Wi ype p S(131115c5pol ymeri zation

el Ude vi STl e | ghE Ry g av sy oy e tioR, thEHEE S0P bodiBf% 900 nim
ul travi ol epetiphétal haortiogs aofvehee bangiondubtorhdlemangarith the photocurable
resin is not particularly limited.‘ For example, when the semiconducior
element has a small size, the photocurable resin can be applied uniformly
to the four sides of the semiconductor element by supplying the liquid
photocurable resin to a point on a side of the semiconductor element by a
dispenser or the like. When the semiconductor element has a large size,
.the liquid photocurable resin can be supplied to the four sides of the
semiconductor element while the dispenser or the like is moved. In the
process of the present invention, the fillet composed of the photocurable
resin alone can be formed in the periphéral portions of the semiconductor
element since the portion directly under the semiconductor element is
‘compl‘etely filled with the cured thermosetting resin and the
thermosetting resin does not extend | into the outside portions of the
semiconductor element.
In the process of the present invention, the process for curing the

photocurable resin applied to the peripheral portions of the semiconductor

element is néj; particularly limited. For example, the photocurable resin

11



of 300 to 450 and ultraviolet 1ight having a wavelength in the range of 240
to 400 nm enhanced at 250 nmband. It is preferable that the intensity of
the light for the irradiation is in the range of 1,000 to 6,000 mWcnR2 and
nore preferably in the range of 3,000 to 4,000 mMWcn2. Wen the intensity
of the light for the irradiation is smaller than 1,000 mMNcnR2, there is
the possibility that curing the photocurable resin in a short tine becones
difficult. The photocurable resin is rapidly cured at the intensity of

the |1 ght {@in Hoeuirehasy dcbaihiin B 980 GRS oS IALEToaNcioH fflener al

an intensity of |ight exceeding 6, not necessary. |

accordance wéihg 4 bgotligleesneed. (The FAREHathHERRE 10t HPehd iR aidtRui red |

for curing the thernosetting resin for bonding the sem conductor el ement
to the circeirt bearshitmblyreatloeted s iabaideotdigics aRRitAS thie {ypde of egyy red for.
photocuring the photocurable resin applied to the peripheral portions of
t he seni corichaitpelyeiarimation Tindtiator eonpesesl ape e apptyéw@bld heesin,
thernosetting resin, the stage of curing the thernosetting resin by
heating, tH&Xamples of the dieht ngclude pisshlecheht havimes pnwanelenigth shade of
phot ocuring the oc ble resin are disposed in this order in the
product i ongqai"ﬁﬁ Ogggbﬁgly@rﬁ%oﬁ-ﬁaﬂ’@fetd&htc@%ﬁ@ waeeleegihcinthecrangedevi ce
can be pro Y, ansferring i,ntermedi ate praoducts. along the production
line whil eq’tlf%’g'go'%e"f@[ﬁ‘%‘ﬁgﬁﬁv’f’ﬁ% 1%&"39‘&“6?% paevelen it 1emgertd 2492 st age
of phot ocur | [ appar.at uses. fqr .t he .st age of
appl yi ng tﬁgq%ﬁ%‘@é’u%?‘ %%ﬂ%ecprg{églgﬁ nzgﬁlc}iﬁ%aé gflg.gpereg rag}'?oﬁ’c?&f Fﬁﬂ&t[%éty of
phot ocur ablhe ipgitTof tRe BiFRlatRAfLANGREr AR 11,8003 o Sod AIWARS 213!

|

production |ines, the sem conductor device can 'be produce n-accordance
wi th the pmomespreferalile i ehentarigeyvents 000 ot BQG0 FIWVAIMZhap@es, itRet he

production |ine which has been used. ,
intensity of the light for the irradiation is smaller than 1,000 mW/em2,
there is the possibility that curing the photocurable resin in a short time
becomes  difficult. The photocurable resin is rapidly cured at the
intensity of the light for the irradiation of 6,000 mW/ecm2 or smaller and,
in general, an intensity of light exceeding 6,000 mW/cm? is not necessary.

* In accordance with -the process of the present ipvention, the time
required for curing the thermosetting resin for bonding the semiconductor
element to the circuit board by heating is about the same as the time
required for photocuring the photocurable resin applied to the peripheral
portions of the semiconductor element. Therefore, the stage of applying
the thermosetting resin, tl_le stage of curing the thermosetting resin by
heating, the stage of applying the photocurable resin and the stage of
photocuring the photocurable resin are disposed in this order in the
production line of the semiconductor device, and the semiconductor device

can be produced by transferring intermediate products along the

production line while the operations in the stage of heat curing and in the

12



Figure 2 and Figure 3 show di agrans descri bing an enbodi nent of the
process for producing a sem conductor device of the present invention. As
shown in Figure 2, a circuit board 1 is coated with a thernbsetting resin
8. A sem conductor elenent 3 is placed at a position on the coated
thernosetting resin 8 decided in a manner such that electric current can
pass between an electrode 2 on the circuit board 1 and an el ectrode 4 on

t he sem conductor elenent 3 via a, bunp 5. In this condition, the

em conduct S (. heatd.ng by a head of flip chi
?munti ngunagﬁa}%e. iiHeO%l%%’?%Dgg% |¢1Hg}grglez§?n s%n%u? ,raﬁ‘h‘i?stf(lgl%tﬁ%ﬁﬁggdﬁdugtor
el ement is t | . board. e, t _of .th t her nosetti ng
resinis adjagg?gggsgh% Eg?&ﬂfggwég?t ?‘ggrﬁﬂdﬁrﬁgcttﬁgDMr of hgﬁofggml@gﬁ&t or

el enent is pkatdchiyablel teth WireNshhB hAGT &BS Ho! 'b&éhg 2484 dcoﬁxpegxfti%

t hernosetting resin does not extend into the out e portions _
- sem conduct prodictivankines| the segticetimior Be¥icdUhR b pl%élﬂ@é’& % ‘é{c@&]d% csesin 9
e

is applied to the peripheral portions of the sem conductor enen 3 and
cured by i rwédi dheé emoesssofl thghpresant! iavéndidietwitBodtorek chMSedsOut BB fill et
~ formed in the perjpheral portions of the sem conductor elenent,

infiltrati 0??06.‘2‘0@}?9&&13 whith/basbedmused.he t hernosetting resin is prevented,

and the sem condyctor device is protected. The area of bonding between the
seni conduct or eﬁé\%‘ﬁf’ Zazh'béﬁ‘\%miﬁ ehev digarame dlesenibingsad pmbodimnbet of 3

IS AR RGeS S SEA T
Sem condlcu siAct, S 5, IR ETHRRD L) BaShamit o BEBAS bRt 1
sem conduct@ireRe MANerhizoRAAABE eldindHE3 Gk pikddd HOFTAMdNod thSLIRSEt ting
thermosetting resin 8 decided in a manner such that electric chrrent can
pass between an elecirode 2 on the circuit board 1 and an electrode 4 on
the semiconductor element 3 via a bump 5. In this condition, the
semiconductor element is pressed under heating by a head of a flip chip
mounting machine. The thermosetting resin is cured, and the
semiconductor element is bonded to the circuit board. The amount of the
thermosetting resin is adjusted so that the portion directly u‘nder the
semiconductor element is exactly filled with the thermosetting resin and
the thermosetting resin does nof extend inte the outside portions of the
- semiconductor element. Then, as shown in Figure 3, a photocurable .
resin 9 is applied to the peripheral portions of the semiconductor element
3 and cured by irradiation with light, and a fillet is formed. Due to the
fillet formed in the peripheral portioné of the semiconductor element,
infiltration of oxygen and water into the 'thermosetting resin is prevented,
and the semiconductor device is protected. The area of bonding between -

the semiconductor element and the circuit board is increased, and the
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resin at portions directly under the sem conductor elenent, and a fillet is
formed with a photocurable resin at peripheral portions of the '
sem conductor elenent. In conventional sem conductor devices prepared in
accordance with the flip chip bonding process, a thernosetting resin for
bondi ng a sem conductor elenent to a circuit board is used in a great
amount, and a fillet is forned wth the thernosetting resin forced out of
the portion directly under the sem conductor elenent. In a sem conductor

devi ce 'Pr caeagth udc abUanr smfalh dehdndihl B ARoPsdIBRhAlotol #AG8S js2n

ani sotropical ly conductive adhesive paste or an anisotropically ~ conductive

adhesi ve fithprawedt. mai nly used as the thernosetting resin. By using an

ani sotropically conductive naterial as the thernosetting resin, bonding

between the..senTbendsemtivondtanentdeaid t bf ¢he Cyirbsdigar thvehtiBn elseCiric

connection of electrodes which are faced to each other and the electric

i nsul at i onseyBicRadnctadj devder canprisingl essamitohdudohicdsmdnt sidadttaneous! y.
erial formng.the fillet, it is not necessary that the

However, for th nga% i )

mat eri al i%lr%%ﬁtg’ﬁﬂ 0 apsazdance woihothet flipechipthonidang puicess, twhareinphos t ant -

t hat the bondin dstren th bet\r/]%e t.he iem’_conduétor .elenent and the
circuit bo%ﬁrﬁmf’g hefor eleraent shendsd; tothgcirsmitoboardywish sothermeseding nt o t he
i nner portj l.canduct or,.device is prevented so, that resistance
to heat an"lée %Iag 3%@8%§ﬁ?ﬁéﬁge &@Sﬁ&ﬁﬁemm%‘i‘?‘@@fa mejt, éﬁﬁaﬁqggﬁt #hd
reliabilitg t hg:imerg c eyice i s, improved, Whien the,rgsin

f or mi ng th%nfaiteldl gvt@ 1t;ﬁsrgt hgﬂgﬂg%i)%sl gt \r%gl e$tnngn£e)?ﬁ{%r§1r &orifong;; g{)o@@d

directly uREEEoHIECSE EIGRAM CRl coRvEBBhal %émicaﬁga{;ﬁog'&@%%s eV %4

at a
resin.having the nost suitable properties for t et Ts sefrected. . In
the sem cdnducontardewith thé flipehfy Boeding FroRBSY, AherRRsLRBIIRSE] kg  resin

h

for bonding the sem conductor elenent to the circuit board and the
bonding a semiconductor element to a circuit board is used in a great

. amount, and a fillet is formed with the thermosetting resin fofced out of
the portion dj_rectljr under the semiconductor element. In a
semiconductor device prepared in accordance with the flip chip bonding
process, an anisotropically conductive adhesive paste or an aniéotropically
conductive adhesive film are métiniy used as the thermosetting resin. By
using an anisotropically conductive material as the thermosetting resin,

' bonding between the semiconductor element and the circuit board, the
electric connection of electrodes which are faced to each other and the
electric insulation between adjacént electrodes can be achieved
simultaneously. However, for the material forming the fillet, it is not
necessary that the material is an anisotropically conductive material but
it is important that the bonding strength between the semiconductor
element and the circuit board is increased, and infiltration of oxygen and

water into the inner portions of the semiconductor device is prevented so

that resistance to heat and moisture of the semiconductor device is
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~photocurable resin formng the fillet can be sel ected i ndependently from
each other. Therefore, the resin nost suitable for sufficiently satisfying
the properties required for the fillet can be selected to formthe fillet,
and the sem conductor device exhibiting excellent reliability can be
obt ai ned. To summarize the advantages of the present invention, in
accordance wth the process of the present invention, the sem conductor

devi ce exhibiting excellent resistance to heat and noisture and reliability

can be effighrmded ﬁ&@%&ﬁli@_&%ﬁ@%@?ﬁé&p&ﬂ&& %lg\‘?icé i F}ngpdv%dbo m %9

process. The sem conductor device o resent 1 nvention exhi

excel | ent g YeanC FoiBinte hoaillefTisS b SankXAPLES t@l&&éﬁ%@tﬁe’h ention

wi |l be described nore specifically with reference to exanp he

fol | owi ng. @ispesel direbdy nuekenthe sureiabh@tctos eléi@bnt, iibiis edt ta@wajﬂfegesarrpl es.

Exanple 1 Using a substrate prepared by |lam nating a copper foll having a

t hi ckness othatm mesin bayokytdihmbsineviteblephtopatiite ffr the Ailvi BOselemiodt h Of

16 nm a length of 45 nm and a thickness of 50 mvia a urethane 15

adhesi ve halil flee gsemiganduster device ofrbheapresent chventidn, Hawei thgrmokéttingn dt h of
200 gm and vvoungqﬁio folds was prepared. On the prepared circuit, an IC for
non- cont act¥e§th prding $hg: sompisarqwestor plamentc ta tleal cisguitioardgnd the

S b 91E e B s o e el ot 15 "'
T L SR8 AP SIS T SRR GBS SBRALG i 1 o
T the properties required for the fillet can be selected to form the fillet, and
the semiconductor device exhibiting excellent reliability can be obtained.

To summarize the advantages of the present invention, in
accordan_ce with the process of the present invention, the semiconductor
device exhibiting excellent resistance to heat and moisture and reliability
can be efficiently produced in accordance with the flip chip bonding

process. The semiconductor device of the present invention exhibits

excellent resistance to heat and moisture.

EXAMPLES
The present invention will be described more specifically with
- reference to examples in the following. However, the present invention is

not limited to the examples.

Example 1
Using a substrate prepared by laminating a copper foil having a
thickness of 36 um to a polyethylene terephthalate film having a width of

16 mm, a length of 456 mm and a thickness of 50 um via a urethane
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adhesi ve. The anpunt of the anisotropically conductive adhesive paste
applied to the circuit was controll ed based on the area, which was 0.4

mP?.. The tenperature of heating the anisotropically conductive adhesive
paste was adjusted at 220C at a position under the. chip. The pressure
applied to the 1C chip was adjusted at 2 N. The nounti ng was conducted by
heating under the pressure for 7 seconds. To the side faces of the anounted
IC, 0.1 g of an acrylic adhesive of the WV curing type [nmanufactured by

NORLAND PRO - d, as:qE he side fa f the
| C were coat eg %\/lwtar&\l@1 thgeaacryi | ggygg%g | v’ea% il; %%iﬁ/hérﬂlﬁgn%ﬂflﬁﬁve‘??éﬂg a
fillet was Hog apl%uﬂ[ﬂ'f&lﬂs@@ibﬁﬂegﬁréﬁ. the UV curing type was cured by

irradiation with light for 7 seconds Using a UV spot |ight source

[ HAVAVMATSU PHOTAIhCSheK. frepalebd 1 cireiff, aah ats PRRASiorfbéRykd ip! et ed.
After it was confirmed that 20 transponder circuits of the sheet orm

prepar ed asidéesifichbied bhaweffctartd byeBHILIPE! SEMICONDUGTORISOT.cogypl uation
of Icode [manufactured by PH LIPS SEM CONDUCTORS; SLEV400], the circuits
wer e pl acedthiensizge?al Srmintx bhvinmd rwes mdaveded by 4 fip whis mowedity meSRiEE CORP. ;
SH- 241] and[mlfept under, a hot_and 16 hum d condition of 60C and 90% RH f or
1, 000 hour stmagfagtvoed i cHXESHU e MABSUSIHTA nELRETRIQ o dlibndi ti on

were | eft | at _the room tenperatyre for 24 hours, it was exam ned
whet her th:éﬁg&t S ““"rl{}ﬁct?BneBnWEE’f?&Fq y asgnductipe fasihegivehapasiene of
the 20 cirqul howe ' fanctio Exanpl e r nder circuits
wer e prepaﬁ:’aﬂ @uﬁg@gg&%?ﬁ@bﬁ@h %@%8@2@?@5%% Oaﬁigﬁ agk@ucted in
Exanpl e 1 eyfieRivel Naihd Bfncfint! & tHP3nisotropically conductive adhesive paste

applied to the circuit was controlled based on the area, which was 0.4

mm?, The temperature of heating the anisotropically conductive
adhesive paste was adjusted at 220°C at a position under the chip. The
pressure applied to the IC chip was adjusted at 2 N. The mounting was
conducted by heating under the pressure for 7 seconds.

To the side faces of the amounted IC, 0.1 g of an acrylic adhesive of
the UV curing type [manufactured by NORLAND PRODUCTS, Inc.;
NOAS8S] was added as drops. The side _faces of the IC were coated with
the acrylic adhesive of the UV curing type, and a ﬁ}let was formed. The
acrylic adhesive of the UV curing type was cured by irradiation with light
for 7 seconds using a UV spot light source [HAMAMATSU PHOTONICS
KK LC6l, and a transponder circuit was completed.

After it was confirmed that_ 20 transponder circuits of the sheet
form prepared as described above functioned normally using a kit for
evaluation of Icode [manufactured by PHILIPS SEMICONDUCTORS;
SLEV400], the circuits were placed into a small environment tester

[manufactured by ESPEC CORP.; SH-241] and kept under a hot and
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formed by using an epoxy-based adhesive of the Wcuring type [manufactured
by NORLAND PRODUCTS, Inc.; NEA123L]. After it was confirnmed that 20
transponder circuits of the sheet form prepared as descri bed above
functioned nornmally in accordance with the same procedures as those
conducted in Exanple 1, the circuits were placed into a small environnent
tester and kept under a hot and humd condition of 60C and 90% RH f or
1,000 hours. After the circuits treated under the hot and hum d condition

were |eft shanfdangnaitidher e_@wmﬁemrgp;fo«;afngé? HoupoU! Biok tndBRgE™M NEd

whet her the circuits functioned norma was found Pe of

the 20 ci r ctiehsedhavee thelBbeahil Wi 6dnABsSn Mg@&%’gﬁlﬁg@@:@#&o@nﬁ” .

accordance with the sanme procedures as those conducte

coi | circuitenperatasppier 24 |hovas, fidr Mgk OskdrimcBol wRidheL € Be LiShgRht hal ate
film the IC. for non-contact automati-c identification was nounted on the
prepar ed cifungtionbg xtorsallyi, padhit prasofomtnidngatamiierdf thei Wcirdubtd fowed

ani sotropi cal | y conductive adhesive paste as the adhesive, and a
transponderd‘%,fﬁ@‘étﬁfu%@%repared. Twenty transponder of the sheet form
prepared as descri bed above were. used for the evaluation w thout formng
a filtet with the adhesive of the UV curing type. After it was confirned

t hat the tgﬁg&@ﬁgdﬁr circuits functioned normally, the circuits were
pl aced i nt fif environnent tester and kept under a hot and hunid

diti f 60 for. 1. 000 hours.. After . the circuits treated
Gnder the not _and RER GBI stentoPrHEPE int airirRpce: vitho o dame
t enper at ur rb@dddss M ERosd EoltBiRte @4AMEREHpIG! Q:%eptb "ot 15Ukhee Gaghct | oned

normal ly. I't was found that 18
formed by using an epoxy-based adhesive of the UV curing type

fmanufactured by NORLAND PRODUCTS, Inc.; NEA1231].
| After it was confirmed that 20 transponder circuits of the sheet
form prepared as described above functioned nornially in accordance with
‘ t}le same procedures as those conducted in Example 1; the circuits were
placed into a small environment tester and kept under a hot and humid
condition of 60°C and 90% RH for 1,000 hours. After the circuits treated
under the hot and humid condition were left standing at the room
temperature for 24 hours, it was examined whether the circuits
functioned normally, and it was found that none of the 20 circuits showed

defective functions.

Comparative Example 1

In accordance with the same procedurés ‘as those conducted in
Example 1, a coil circuit of a coppei' foil was formed on the polyethylene
terephthalate film, the IC for non-contact automatic identification was

mounted on the prepared circuit by the flip chip mountinig machine using
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out of the 20 circuits showed defective functions. Conparative Exanple 2 A
transponder circuit was prepared in accordance with the sane procedures as
t hose conducted in Exanple 1 except that a fillet was formed by using. 0.1
g of an epoxy-based thernosetting adhesive [manufactured by Three Bond;
2217H] in place of the adhesive of the UV curing type, foll owed by heating
I n an oven at 220C for 25 seconds. The polyethylene terephthalate fil m of
the substrate shrunk, and the flatness of the circuit was seriously

damaged. Iny : i1t:h me_Riocedures as those,conducted in
Exanple 1, gﬁgér}{l@gﬁsc&%%n (!Hra(r?rlé%%? hgﬁﬁ%"? r%ﬁéﬁo%égec?ﬁiﬁ‘iﬁ“{% BRdt e
sheet form g@@ﬁﬁ&epﬁrf{ﬁggdsﬁ(;ﬁ%ﬁgﬁ%{e functioned normally, the circuits

were placed into a small envi tester and kept under a hot and humd

condi tion of 60CT#edtPearRbohatr &f RO sﬁlé’é’tr ﬁ}rgitﬁg%éj{aﬁ%@%scc%%ﬁﬂhw ab&fi ated

under the hot and humd condition were |eft at e room

t enper at ur ewbrg ugdd fnuttt, evdluweisn exBRbRe brtiIaENERIED Sl ESd b Resiltd/gEt | Oned
normal ly. It was found that none of the 20 circuits showed de?ectlve

functions. tengdt atiivg tFpa@nphfieBitiwhs 208finnda that thel tiantpenéLaaddes i n
accordance with the sanme procedures as those conducted In Exanple 1 except
that a fil |#smcligned ingrmallystheseingnits Irerg placed intmaysmaleehvibaimpset ti ng
adhesi ve [na{}#f ac ﬁr ed ba@:ﬁli'hree Bond; 22231 in place of the adhesive of
the W curit§§ ;Pﬁ%@{ £Bt PBiRyadiptiangd hagid conditianof 60°C Bod 30% RIF fweconds.
I n accorda i {h the ocedur.es as those conducted in _Exanple 1,
after it \M;hgﬁg@nn#l?md %Q*ﬁ{fr? © t P15 riFested; efsthe hofe and humid
condition were left standing at the room temperature for 24 hours, it was
examined whether the circuits functioned normally. It was found that 18

out of the 20 circuits showed defective functions.

Comparative Example 2
A transponder circuit was prepared in accordance with the same
procedures as those conducted in Example 1 except that a fillet was
- formed by using 0.1 g of an epoxy-based thermosetting adhesive
[manufactured by Three Bond; 2217H] in place of the adhesive of the UV
curing type, followed by heating in an oven at 220°C for 25 seconds. The
polyethylene terephthalate film of the substrate shrunk, and the flatness
of the circuit was seriously damaged. '
In accordance with the same procedures as those conducted in
Example 1, after it was confirmed that 20 transponder circuits of the
sheet form prepared as described above functioned normally, the circuits
were placed into a small environment tester and kept under a hot and
humid condition of éO"C and 90% RH for 1,000 hours. After the circuits

treated under the hot and humid condition were left standing at the room
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sheet form

prepared as descri bed above functioned normally, the circuits

were placed into a small environnment tester and kept under a hot and
condition of 60C and 90% RH for 1,000 hours. After the circuits treated
under. the hot and hum d condition were left standing at the room

tenperature for 24 hours, it was exam ned whether the circuits functioned

hum d

normal ly. It was found that 15 out of the 20 circuits showed defective
The result of Exanples 1 and 2 and Corrparative Exanple 1 to 3

Rt ﬁ%?u HPRGRarte CHRIRAnRORIE FBY SRR o

functi ons.
are shown i

def ect s Not

condi tion

Wior 7 sec RRaoars "By, RIS Anl hAF ot Yt 2o sy
- sec W curldtge@t\z{;@f‘gmﬂatlve none - 18 - Exanple 1 Conparative

epoxy-based heating at 220C 0 shrinkage of
sec substrate

150C 15 -

Comparative Example 3

A transponder circuit was prepared in accordance with the same

- procedures as those conducted in Example 1 except that a fillet was

formed by using 0.1 g of an epoxy-based thermosetting adhesive

g type
f or

Exanmple 2 thernosetting for 25
adhesi ve poor appearance Conparative epoxy-based heating at

[manufactured by Three Bond; 2223] in place of the adhesive of the UV

curing type, followed by heating in an oven at 150°C for 25 secoﬁds.

In accordance with the same procedures as those conducted in
E#ample 1, after it was confirmed that 20 traﬂsponder circuits of the
sheet form prepared as described above functioned normally, the circuits
were placed into a small environment tester and kept under a hot and
humid condition of 60°C _and 90% RH for 1,000 hours. After the circuits
treated ander the hot and humid condition were left standing at the room
temperature for 24 hours, it was examined whether the circuits
functioned normally. It was found that 15 out of the 20 circuits showed

defective functions.

The result of Examples 1 and 2 and Comparative Example 1 to 3

are shown in Table 1.
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Exanple 3 thernmpsetting for 25 sec adhesive |In Exanples 1 and 2 in which
the fillet was fornmed wth the acrylic adhesive of the UV curing type or

t he epoxy-based adhesive of the UV curing type, the adhesive was cured by
irradiation with the ultraviolet 1light for 7 seconds, and the fillet

exhi biting excellent resistance to heat and noisture was fornmed. The tine
of heating under the pressure for curing the anisotropically conductive
adhesi ve paste for bonding the senic?qﬁgftor el enent to the circuit board
was al so 7 seconds. Therefore, when the Stage of applying the adhesive of
the Wcuring Type and the Stage of curing the Wcurable—adhestve—were

di sposed after the stageaafiesi@mi Yi NIcdnlfiond} SRUMRPbGRELY CORducti ve
adhesive paste and the stagmga@ifiet 20 CuUrlcfifs t he saghaskMentpaste 1 n the
production |line of the sem conductor device, th@eChbibp® tinme of the

ani sotropically conductive adhesive paste andhddug cénditigad ti me of the
adhesive of_the W curing type can be synchronized, and the bonding of the
sem conductor elenment with the anisotropically conductive adhesive paste
and the forfmEPhnt of t hasrylicladbesivey imadistéonadtiesi veOof the UV curing type
coul d be achi eved si nul*f dh&wERd fyee wi t1h6feE 7aecdecr ease in the productivity of
t he senicoqguct r, device. In the device of Conparative Exanple 1 in which
no fillet EEmpRs med, t fRORY B tant‘?&‘?“’ﬁé@ﬁh and foisture was poor. As
shown in Conparative ExgpLe 2 and °f ‘#%kes 25 seconds for the curing
by heating when the epoxy- as&h t hernosetti ng adhesi ve was used, and a
decrease i Rolgrikoduct i vi Ly, was inevitaple. The ggm conductor device of
Conpar at i vegkxagphe 2 which was prepared by heating at 220C showed poor
appear ance due to shrinkage of the substrate although the resistance

Comparative epoxy-hased heating at 220°C 0 shrinkage of
Example 2 thermosetting for 25 sec subsirate
adhesive pOOY appearance
Comparative epoxy-based heating at 150°C 15 -
Example 3 thermosetting for 25 sec '
adhesive

‘ In Examples 1 and 2 in which the fillet was formed with the acrylic
adhesive of the UV curing type or the epoxy-based adbesive of the UV
curing type, the adbesive was cured by irradiation with the ultraviolet
light for 7 seconds, and the fillet exhibiting excellent resistance to heat
and moisture was formed. The time of heating under the pressure for
curing the anisotropically conductive adhesive paste for bonding the
semiconductor element to the circuit board was also 7 seconds. Therefore,
when the stage of applying the adhesive of the UV curing type and the
stage of curing the UV curable adhesive were disposed after the stage of

applying the anisotropically conductive adhesive paste and the stage of
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to heat and noisture was excellent. The sem conductor device of

Conparative Exanple 3 which was prepared by heating at 150C showed poor
resi stance to heat and noi sture although the appearance showed no defects.
21 What is claimed is: 1. A process for producing a sem conductor device in
a process conprising nounting a sem conductor elenent in accordance with
bondi ng process, the process conprising: applying a thernosetting resin on
a surface of a circuit board to fill the portion directly under said

urf ace of bo | ectly u |
a7 0" som contiafcriepPanthife, BRIk, B Brobiiiionh e BF e Lok B el T

resin and s@éwics,gHeTeaAhE tifhe’ 51K BABHLAYicARPShANMIHNd YdneAbePstdit 0 the

outside portions of the Sem conductor elenent,” bonding the sem conductor

el ement to anditieuicuriagatiin®yoiptles ddipsie ofeflieC AV UGlRhe SlypeERAn Bt O the
thernosetting resin, curing said thernosetting resin by %eati ng for a tine
required f osymhromgedainddt ther boadirtg 0§ thessemicondbeiodi elgmeat dwiBnileonduct or
element to said circuit board, apBI ying a photocurable resin to peripheral

portions ofnishigopivatly condwictive iveepasterand ¢he datmatipu qfettiepfiletal
portions, angd ctg*rei n sai d photocurable resin by irradiation of light for a
time requi reEhy %‘ﬂﬁsh‘ﬁ? affihe UNavers fan eoulddiernahdevasy simultandonsly 2. A
process according tpo claim wherein .the.tinme required for, curing the
t her noset t ivﬁ’(fg%gFrf%ﬁ?asﬁdﬂ%hﬁar?‘in‘éc@@%ﬁ' b micopasferdevisesai d circuit
board is about {h . 35 i reqyi red . faor .curing sai hot ocur abl e
resin to forma ?P?:t{&(% Ogl?%rrﬁo%%ggwgc_ 5‘?8%3%8?{ dc h’f‘% 27 ﬁﬂg‘i’ & the
time requirsenbal (RUMAmhiG ob NRADIAN IRGHES Pad ok NCAL! BV T ed T or
curing the photocurable resin are 10 second or |ess.
: Comparative Example 2 and 38, it takes 25 seconds for the curing by

heating when the epoxy-based thermosetting adhesive was used, and a

decrease in the productivity was inevitablé. The semiconductor device of

Comparative Example 2 which was prepared by heating at 220°C showed

poor appearance due to shrinkage of the substrate although the resistance

-to heat and moisture was excellent. The semiconductor device of

Comparative Example 3 which was prepared by heatiné; at 150°C showed

poor resistance {o heat and moisture although the appearance showed no

defects.
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4. A process according to claim2, wherein the sem conductor device is
produced by transferring internmedi ate products along a production line, in
said production line, a stage of applying the thernosetting resin, a stage
of curing the thernosetting resin by heating, a stage of applying the

phot ocurabl e resin and a stage of photocuring the photocurable resin being
di sposed in this order, and 22 0 wherein the operations in the stage of

heat curi NGRN i .stage of photocuring are synchronized. 5. A process
according to c?saélléﬁnn%?qs\’ﬂher ein the sem conductor device is produced by
transferring internedi ate products along a production line, in said
production _line a stage of applying the thernosetting resin, .a stage of
curing thel- t hérFeses forgodusyign Wlﬁ@m%?le‘&c%tne?gmgﬁfss&%Pwlﬁg t he

phot ocur ablg,ha5é B s@ffloftucki-2dt iPRALRGHES Hh bOSiRDBTREU! @l e resin being
di sposed iﬁu'Qﬁsé o!r5 er, gﬁgﬁ %%r efn the operati ongﬂéi]gbt he’ st age of heat
curi ng andpravessivengpriaig: afplyihg b dearmiosgjtingresinsyma surtace efal ciréuit Wapd ocess
according to.claim1, erein,the.thernosetti resin_is an

ani sot r opi E‘éﬁﬁ@%ﬁﬂﬁéﬂb%‘?@y&‘&ﬂ%@a CIPCOIRUBPD EY néB@BIaB}OHBt s_tué’hcl ai m 6,

wher ei n t hgy31iRRoPhorPBRINY REd&fsaid@mi@RdaabF SBineaY ib YorapREUETilNe adhesi ve
conprises applying any one selected from the group consisting of

ani sot r opi wathl spidthemhasetting resithasd spid hemmescting resin deestnop pibstantiglly onduct i ve

dhesi fil 8. j . j i:
ani sot 1 opi Eatg i Ml A G BERAIHC S Bl bR SRR I |

conduct i ve s@fieesductorfeldnient @éit@thoard by prestisetteisa@idoadidiorsdémeited from t he
group consisting of epoxy resins, polyimde  resins and urethane acrylate

resins andinefinibemmuscthag rese). uriagsaid thegmesading 1ven by eaineionaitdls ng of
parti cl es loulth§ f'ourifiy s indifs et iEr BHdinFdaRPsclichifbidy P! ated with

af or esai d

element to said circuit board, applying a photocurable resin to peripheral portions
of the bonded semiconductor element to coat said peripheral portions, and curing
said photocurable resin by irradiation of light for a time required for curing said

photocurable resin to form a fillet.

2. A process according to claim 1, wherein the time required for curing the
thermosetting resin for bonding the semiconductor element to said circuit board is
about the same as the time required for curing said photocurable resin to form a

fillet.

3. A process according to claim 2, wherein the time required for curing the
thermosetting resin and the time required for curing the photocurable resin are 10

second or less.

4. A process according to claim 2, wherein the semiconductor device is
produced by transferring intermediate products along a production line, in said
production line, a stage of applying the thermosetting resin, a stage of curing the
thermosetting resin by heating, a stage of applying the photocurable resin and a

stage of photocuring the photocurable resin being disposed in this order, and
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9. A process according to claim8, wherein the sem conductor device is
produced by transferring intermedi ate products along a production line in
said production line, a stage of applying the thernosetting resin, a stage
of curing the thernosetting resin by heating, a stage of applying the

phot ocurabl e resin and a stage of photocuring the photocurable resin being
di sposed in this order, and 23 0 wherein the operations in the stage of

d |
heat oo LR 0 bRl RS BRI BGR . 2

pol yner i zahlesypelapabadrer for radi cal pol ynmerization selected fromthe group
consisting of a urethane (neth)acrylate, a polyester (neth)acrylate, a

pol yet her (neth)acryl ate, an epoxy (meth)acrylate and a pol y(neth)acrylic
ester havigg a, GALA0REAIRLTD QAP evhatH MilcdnliEotderabALAR, 11 A process
according to c m 9, ere e photocurable resin conprises a

pol ymeri zaptodumddpdirmfamﬁ@mtm‘atedmtﬁ progadty ateng z atddunticreling ireshid r om t he

group consistin et | yei dyl s ol yest er gl c'd.Is cyclic
ol phat i o BsaKo s Fleapbtaife et eihch s BB mE o the
novol ak tyﬁ@m@&%gr@eﬁrb Sheat‘ﬁ{g,hlgﬁ Bof sAak tife ﬁnbmmymraealans of the

bi sphenol AD type poly acry i c esters having yci dyl group on the
si de chai nstagd Pmtwuong;ﬂ}ﬁ Id@@mlthblﬁgreﬁle b@llwiﬁﬁppsedr\még@lqlidﬁtfr@dphot ocur abl e

ol ootod T PoReBe gPRmOR TR uFu TR o abd i LRRER oy BROUPERE ;"

pol yester frmiyhdlaehiyédte, a pol yether (rret h) acryl ate, an epoxy
(meth)acrylate and a poly(meth)acrylic ester having a carbon-carbon doubl e

bond on the side chains. 13. A process according to clai m 1, wherein the
phot ocur abke r g8 cationic

pol yneri za%'l ong P ?g‘gf %‘ﬁﬁ téﬂ%‘p‘groupré"ﬁ‘?ﬁi@?&ﬁ%&é‘ém‘ yetnher gl yci dyl s,
pol yest er gliyattopydally copdictioe adlicsivat i ¢ epoxy

7. A process according to claim 6, wherein the step of applying of the
anisotropically conductive adhesive comprises applying any one selected from
the group consisting of anisotropically conductive adhesive paste and

anisotropically conductive adhesive film.

8. A process according to claim 7, wherein the anisotropically conductive
adhesive paste or the anisotropically conductive adhesive film comprises a
thermosetting resin selected from the group consisting of epoxy resins, polyimide
resins and urethane acrylate resins and conductive particles selected from the
group consisting of particles of nickel, silver and gold, and particles of resins

plated with aforesaid metals.

9. A process according to claim 8, wherein the semiconductor device is
produced by transferring intermediate products along a production line in said
production line, a stage of applying the thermosetting resin, a stage of curing the
thermosetting resin by heating, a stage of applying the photocurable resin and a

stage of photocuring the photocurable resin being disposed in this order, and
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resins,
resins

het er ocycl i ¢ epoxy resins,

poly(neth)acrylic esters having glycidyl group on the side chains.

wherein the operations in the stage of heat curing and in the stage of photocuring

are synchronized.

10. A process according to claim 9, wherein the photocurable resin comprises a
polymerizable prepolymer for radical polymerization selected from the group
consisting of a urethane {meth)acrylate, a polyester (meth)acrylate, a polyether
(meth)acrylate, an epoxy (meth)acrylate and a poly(meth)acrylic ester having a

carbon-carbon double bond on the side chains.

11. A process according to claim 9, wherein the photocurable resin comprises a
polymerizable prepolymer for cationic polymerization selected from the group
consisting of polyether glycidyls, polyester glycidyls, cyclic aliphatic epoxy
resins, heterocyclic epoxy resins, epoxy resins of the novolak type, epoxy resins
of the bisphenol A type, epoxy resins of the bisphenol AD type,
poly(meth)acrylic esters having glycidyl group on the side chains.

12. A process according to claim 1, wherein the photocurable resin comprises a
polymerizable prepolymer for radical polymerization selected from the group
consisting of a urethane (meth)acrylate, a polyester (meth)acrylate, a polyether
(meth)acrylate, an epoxy (meth)acrylate and a poly(meth)acrylic ester having a

carbon-carbon double bond on the side chains.

13. A process according to claim 1, wherein the photocurable resin comprises a
polymerizable prepolymer for cationic polymerization selected from the group
consisting of polyether glycidyls, polyester glycidyls, cyclic aliphatic epoxy
resins, heterocyclic epoxy resins, epoxy resins of the novolak type, epoxy resins
of the bisphenol A type, epoxy resins of the bisphenol AD type,
poly(meth)acrylic esters having glycidyl group on the side chains.
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epoxy resins of the novol ak type, epoxy
of the bisphenol A type, epoxy resins of the bisphenol AD type,
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