PROCESS FOR PRCDUCI NG SEM CONDUCTOR DEVI CE AND  SEM CONDUCTOR DEVI CE
BACKGROUND OF THE I NVENTION 1. Field of the Invention The present
invention relates to a process for producing a semiconductor device and a
sem conductor device. Mre particularly, the present invention relates to
a process for efficiently producing a sem conductor device exhibiting
excel l ent resistance to heat and noisture and reliability in accordance
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i nstrunments. Therefore, sem conductor devices produced in accordance with
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sem conductor elenment 3 via a bunp 5 on the sem conductor elenent 3. The
sem conducti¥eseitte fprmenton s relidedta oa t peckss for efficiently producing a
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. Description of Related Art
Electronic products using semiconductor devices such as IC and LSI
are always required to become smaller and Lighter 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
boﬁdjng 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 clement 3 via a bump 5 on the

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




circuit board 1 with an anisotropically conductive thernpsetting adhesive
6 so that the bunp 5 and the electrode 2 which face each other are

el ectrically 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
elenment and forns a fillet 7. Due to the fillet 7 formed at the peri pheral
portions of the sem conductor elenent 3, infiltration of oxygen and water
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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




2 a problemin that the productivity in the production of the sem conductor
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 under 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
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possibility that the reaction starts in the syringe due to the high
reactivity,de&WGlﬁﬁatﬂﬂﬁgﬂ@dis the possibility that corrosion of the
circuit takes place since the catalyst is strongly acidic. SUMVARY OF THE
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formed by applying a photocurable resin to peripheral portions o

bonded seni¥d@idtle greaction temperature is raised to 300°C, that there is the
possibility 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 reliability in accordance with the flip
chip bonding process and a semiconductor device produced in accordance
with 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 eﬂiciently'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




3 elenent, thereafter. The present invention has been conpl eted based on
this knowl edge. The present invention provides: (1) A process for producing
a sem conduct or device which conprises, in a process conprising nounting a
sem conductor elenment in accordance with a flip chip bonding process,
bondi ng the sem conductor elenent to a circuit board with a thernosetting
resin, coating peripheral portions of the bonded sem conductor el enent
with a photocurable resin and formng a fillet by photocuring the

phot ocur abl elemeit) tharehfic?) Eh@%ﬁe@@ﬂﬂﬁﬂ%ﬁtioﬁ%&scﬁe&%mﬁféﬁgw based _
sem conductor el ement nounted on a circuit board in accordance W th a flip

chi p bondi nghsrlouseledgewher ei n t he seni conductor el enent is bonded to the
circuit board with a thernosetting resin at portions directly under the
seni conduct or el dledresentigvantiphipeovidesf or ned with a photocurabl e resin at
peri pher al rtions of  the sem conductor elenent. BRI EF DESCRI PTI ON OF THE
DRAW NGS Fi Sﬁr eAPre?Rﬁﬁ/sf%PE@iq%&w seprigondictandexigermtlicly bompeisse ninconduct or
device. Figure 2 shows. a di agram descri bing an enbodi nent of the process
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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

the semiconductor element.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a 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 circuit board



4 2 An electrode 3 A sem conductor elenment An electrode 5 A bunp 6 An

ani sotropically conductive adhesive 7 Afillet 8 A thernosetting resin 9
A phot ocurabl e resi n DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The process
for producing a sem conductor device of the present invention conprises,
in a process conprising nounting a sem conductor elenent in accordance
with a flip chip bonding process, bonding the sem conductor elenent to a
circuit board with a thernosetting resin, coating peripheral portions of
t he bonded sem c@lductdoreletigoBat with a photocurable resin and formng a
fillet by photocuring the photocurable resin. In the nmounting of a

sem conduct or el 8nent A seraconddetocelasheft the flip chip bonding process, a
bare seni conductor el enent which is not packaged, i.e., a bare chip, is
used for the noudtingAnsgldctepdet rodes on the functional face of the

sem conductor el enent ,are connected to electrodes on the circuit board. In
accordance with- Phe f#HUBR p bondi ng process, the area occupied by the

nount i ng and the hei ggt of, the nmoynting can be decreased, and the obtained
i nst runent can b8 FoiEPPIEAHY cARdnetive adkgestover, the |ength of the

connecti on bet ween thg ﬁlfer m nal s of the

8 A thermosetting resin

9 A photocurable resin

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The process for producing a semiconductor device of the present
invention comprises, in a process comprising mounting a semiconductér
element in accordance with a flip chip bonding process, bénding 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
packaged, 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 bonding 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




el ectrodes can be made shorter than that in accordance with the wire 5
bondi ng process, and. the loss in the high frequency signals can be .
decreased. In the process of the present invention, the process for bonding
the sem conductor element to the circuit board with the thernosetting
resinis not particularly linmted. Exanples of the process include the
process in which an anisotropically conductive adhesive paste (ACP) is
used, the process in which an anisotropically conductive adhesive film

(ACF) is usédndingherpressesmd nhwhiosh i RBE- B YRdjucsicRrdleshne Raste (NCP)
?s uéed, the process in which non-conductlvgﬂgdhéglveﬁflgn1%NEE? I'S used,
the epoxy @gergpsed.ated sol der connection process (ESC), the controlled
col | apse chip connection process (C4) and phe ultrasonic flip chip bonding
process. The ani Bbtth@m’wlsﬁ@fébﬁ@me&eirntanaelﬂnaen,vmepmb@ss Hrapndaheshye of
the liquid formaqr the paste form containing conductive pa(tlclgs
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invention, it is preferable that the anmount o otr
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to coat the circuit board is adjusted so that the portion directly under
the semi corfi¢epenlaged selder cenuentivinepmicyss (ESC), the controlled collapse chip
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
‘simultancously. In the process of the present invention, it is preferable
that the amount of the anisotropically conductive adhesive paste placed on
the circuit board as drops or applied to coat the circuit board is adjusted so
that the portion directly under the semiconductor élement 1s completely

filled with the thermosetting resin and the thermosetting resin does not

extend into the outside portions of the semiconductor element.



filled wth the thernosetting resin and the thernosetting resin does not
extend into the outside portions of the sem conductor elenent. 6 The

ani sotropi cally conductive adhesive filmis a filmforned froma

t hernosetting resin conprising conductive particles and, in general, both
sides are lamnated with a cover filmand a release film The

ani sotropically conductive adhesive filmis cut into a. prescribed size and
pl aced on the circuit board after the cover filmis renoved, and the

seni conduct or el Giennisstrppiatist condtepvehdhdavs M idf €m Wisnd EhSasg il m
is renoved. The thernosetting resin is cured when the sem conductor :
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and the bondi ng between the circuit board and the sem conductor el enent,
the el ectri 8ldesnaeet lominatedesrith he edeut fddesafidced réleagachlngt heThand t he
el ectric insulation %}Eg ween adj acent el ectrodes are achi eved
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are adj ust eH'3%6% fi wguit; Bg o hhes €AYV eto Adbc iip reslovadntandothdat t he
portion dir nder. the sem cpnduct or el is,conpletely fined with
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paste or thgleaftiridk Bkl Ad RORHICEY ¥Sheaadlies] D BLLRGhYde particl es of
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the thernosetting resin formng the anisotropically conductive adhésive
paste or t héeaglesioia opineztiop ldween tthe @lectrodes 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
are 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 mickel, silver and gold,
particles of resins 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.



adhesive filminclude epoxy resins, polyinide resins and urethane- acrylate
resins. 7 In the process using the non-conductive adhesive paste or the
non- conducti ve adhesive film the sem conductor elenent and the circuit
board are bonded to each other via the non-conductive adhesive paste or

t he non-conductive adhesive film The paste or the filmis pressed between
t he sem conductor elenment and the circuit board, and a condition that

el ectric current can fl ow between the correspondi ng el ectrodes (bunps) but

cannot flow bet wegnipiNNRE&IIA[YinG] érﬂgﬁanghﬁxﬁghggéggged;gﬁagn;Qﬁe

thernosetting resin inthe non-conductive adhesive
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non- conducti ve adhesive paste or the non-conductive adhesive

preferabl e bbatd ababonled porcaichrotHer 0 te WoHLNH 16t FE HRLHIN L B EMENt
IS conpletegﬁéfil led with the thernosetting resin and the thernosetting

resin does rext-eortluative adbegive sfithe. p&Flid gastofort Hee SHM GO NEHEEEAT
element. In the ESC process, the circuit board is coated with the
t her noset t | Rgtwees the swmicaaductopetatnent ind the vbdutidiosednabdiapenditishe gol d
wire formed,to the shape of the e|lectrode on the functional face of the
seni conduct thatoeloRbHL SREredb| ean fﬂ)‘?vécba*t‘?.‘ée%rthéd corresprndahg celeciteded t he
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mel ting. Thegh-cbh@udt®fd | Ahdlivee iy H8hedN® In the process using the
non-conductive adhesive paste or the non-conductive adhesive film, it is
preferable that that the portion directly under the semiconductor element
isl 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 board 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.




sem conductor elenent is filled with a thernosetting underfill resin, and
the resinis cured. 8 In the ultrasonic flip chip bonding process, bunps of
a gold wire forned on the electrode on the functional face of the

sem conductor element are brought into contact with . the gold el ectrode
on the circuit board, and the netals are bonded to each other by applying
ultrasonic vibration in the direction parallel wth the face of the
circuit board under a pressure. Then, the portion directly under the

senmi conduct or el Bieht ultsadonid €&h Whikh ban! i i agin, and
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the portiop direct]ly under the sem conductor elenment is filled with the
cured 'thera‘iﬁ"@‘btﬁr’rﬁ’g he dnetals mre hondegdr toceadte othért by sapplginer altkssonfiat t he
~portion dir Ct%ié un(iglrﬁdi_he sem conductor element is filled with the
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crosslinking nononmers, crosslinking _

electrodes, the semiconductor element can be regarded to be bonded to the

circuit board with the thermosetting resin in these processes since the

. portion directly under the semiconductor element is filled with the cured
the;'mosetting 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
prepolymers 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.




prepol yners and other resins. In the process of the present invention, any
of photocurable resins of the radical polynerization type and photocurable
resins of the cationic. polynerization type can be used. 9 Exanples of the
phot opol yneri zation initiator for the radical polynerization include

benzoi n, benzoin ethyl ether, acetophenone, di et hyl am noacet ophonone,
1- hydr oxycycl ohexyl ketone,. benzophenone, p -p henyl benzophe none,
di chl orobenzophenone, 2-net hyl ant hr aqui_.none, 2- am noant hr agui none,

2- et hyl t hi oxant hxengpies befhajie ghoipolymbsization irfKamsy &5r ofhd N&dical

pol yneri zabl e prepol yner for the radical polynerization include urethane
(met b) acr yl Reksnenedtyarst mclydret bouapiy, dieespimpobthel hether, (aBitHp BedaHeat €S,
epoxy (meth)acrylates and p oly(nmeth) acrylic esters having the

car bon- car b8HR wippacatenhensaes ldwdshayeyslohexahbieementhenhephenone,

phot opol yneri zatian inifiator for the cationic. polynerization include
conpounds hBW PheRenss dehlgrhemzopkanones y2rmathydanthreiigirsmef oni um

[ , i | f oni. [ . omatj.c diazonium jons and aromatic
odoni um 1 SR IRARHAGRL B 12 5By P RORER oo chenzvh distethy ] ketal
hexaf | uoro ' flhuoro- ;anti nbnat e ni on and
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pol yet her glycidyls, polyester glycidyls, cyclic aliphatic epoxy resins,
het er ocycl i kawpgthe cashascadpardoubds bowd oh thbaidoseliak type, epoxy resins
of the bisphenol A type, epoxy resins of the bisphenol AD type,
Exampﬁas of the photopolymerization initiator for the cationic
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 anions such as
tetrafiuoroborate  anion, hexafluorophosphate anion, héxaﬂuoro-
antimonate anion and hexafluoroarsenate anion. Specific examples of
the above compounds include ﬁ-methoxybenzenediazonium
hexafluorophosphate, diphenyliodonium hexafluorophosphate  and
triphenylsulfonium  hexafluorcantimonate. 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

10




pol y(not h)acrylicesters having glycidyl group on the side chains. Exanples
of the reactive diluent include cyclohexyl (neth)acrylate, 2-ethyl hexyl
(neth)acrylate, lauryl (nmeth)acrylate, stearyl (meth)acrylate, _
N-hydroxyethyl (nmeth)acrylam de, Nvinylacetam de and conpounds 10 obtai ned
by hydrogenation of the nucleus of bisphenol A diglycidyl ether. Exanples
. of the crosslinking nononer include 1,4-butanediol di(nmeth)acrylate,
noepentyl glycol di(nmeth)acrylate and pentaerythritol tri(neth)acrylate.
Exanpl es of Ogmned byshydrkematiore pb thereruclows! ofdsispRetal 4 Ayd1aay D MRS

di (nmet h)acryl ate, pol ypropyl ene ql ycol di (et h) apryl ate and novol ak

- pol ygl yci dyéxgptmles anphes wpsslinkivghemonvasirn imdhdee Rahusagsdianes.

I i des, pol yi m des ol ycar bonates, phenol resins, urea
PS'S.Vﬁit and ﬂ@%&%ﬁ)@ﬁéwﬁé%ﬁ@@gnwtyh@wgc@ etifactydater aadnperiﬁgaﬁy’thmﬁli t het
ocess for, gpat,i t peri pheral portions of the sem conductor el enmen
| \?m'r't h the ph%@%ﬁﬂ%ﬁ%ﬁ%s?ﬁxg@l’iﬁ olggm “"’%‘Tlﬁkmg”f’é‘?ﬂf’;ﬁ?‘; ?»:de génm/ggn
t he sem co UGLAlv1esd €Meni S adi(g%ﬂet SI}ZﬁE’,t e pho _
i i t h& g8 Jacrplate e ni bylend emegkycoly
Soppl Wn?ﬁéﬁﬁﬁl@%@ﬁ@i@%ﬁ ARG A9 T 0n g st g of e
sem conductor elemerit by a |sp§an£§a | e ke. ’é’ﬁ’ that - dijptgrto
el ement haspedid arigellieZ € polyu2€tHdrdei d gf&%ﬁ%@r a_tﬂogy%rﬁzde ) Eﬁg%e iﬁggp I €

the four sides of the sem conductor Whi t he

like is movedycarbonhkes, phossis®sins, hén RIESEREA &xﬁmgﬁﬁhé)?%sime fillet
conposed of the photocurable resin alone can be fornmed i n the peripheral

portions of the Isefhecorudest of thepesent isvéarttod, MhepiobénfodibgGhbnUNder the
sem conductor elenent is conpletely filled with the cured thernosetting
resin and tBe&ipheral portions of ri;rﬁe semiconductor element with the photocurable
resin is not particularly limited. For example, when the semiconductor
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 peripheral portions of the semiconductor
element since the portion directly under the semiconductor element is
'complletely 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 noj: particularly limited. For example, the photocurable resin
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thernosetting resin does not extend into the outside portions of the

sem conductor elenent. In the process of the present invention, the process
for curing the photocurable resin applied to the peripheral portions of
the sem conductor elenent is not particularly limted. For exanple, the
phot ocurabl e resin 11 can be cured by irradiation of the applied

phot ocurable resin with Iight wusing a spot |ight source. The wavel engt h of
the light for the irradiation can be suitably selected in accordance with

the type of cihébe plneidobplipadiatied iofthe MplRUOPhSHOPRFILIE FodiB WD licht |
phot ocurabl e resin. Exanples of the |light include visible |Ii1ght ﬁaV|ng a
wavel engt h usinghe spotalight sdurte0 The #Rdvelengthl dﬂm\éili%}fttfof itBE Grra@ydtish @
wavel ength in the range of 300 to 450 and ultraviolet Iight having a
wavel ength fant he reuifblpf sed@rted o in0Oacenrdmtranceithat tha50typm bahdihd t i 'S
preferable t at,tPe intensity of the light for the irradiation is in the
range of 1,PBPFopalysuerdeRtian chutiaker epmpripedef br athe photoberatdegeesifi. 3, 000

to 4,000 n2. ;W he. .i.nt Lty. the light for the irradiation is
s(r)ral ler t %’C‘ﬁ%‘%ﬁ ﬁ‘s\ﬁ%ﬂa}gﬂt{]’r@ﬁé‘? gflﬁ%@ Baht il%vmg ¢ wageleagth g thee

hot bl LA t time. .b di fficult. The. photocurable
Feain 1o r e orouTle 0 B, I icte g RaYing A VaHelenth ihiha ranes at | on
oxceeding EioaR B 4o0EhA HierB0itler BACENARE o wRCREATE f Rngsicess o
t he presenttd 40ERE MhardcBg ai2%0 nhad €4t i@ﬁﬁ'@%éﬁ{&i?@fgtﬁﬁ%htqué%r}%ﬁﬁ%i’ng

resin for bonding the seni conductor el enent e circuit
heating is tAkedight foe tharirradsatitie is inehe r2AgEd bEY, 00OMRNOHE LA¥IGE2 bha

phot ocurabl e resin applied to the peripheral portions of the sem conductor
el ement . - THoped greferebly o dpe vdngopify$,000 to 4,000 mW/em2. When the
' intensity of the light for the irradiation is smaller than 1,000 mW/cm?2,

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/cm2 or smaller and,

in general, an intensity of light exceeding 6,000 mW/cm? is not necessary.

" Tn accordance with the process of the present invention, 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, the 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
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€ rnosetting resin, the stage of curing the thernosetting resin by
ngtitgg, rr?he stage of appl ying t_ﬂe photocurabl e resin and the stage of
phot ocuring the photocurable resin are disposed in this order in thg _
production |ine of the sem conductor device, and the seni conductor gw ce
can be produced by transferring intermedi ate products along the production
line while the operations in the stage of heat curing and in the 12 stage
of photocuring are synchroni zed. ;iqlrncg apt)ar at uies ft(erLP_enst?ﬁe of
applying th '
pﬁgt )c/)cu?abl gtﬁgg?ﬁﬁgé%bgﬁgﬁég%ﬁc a%%cga?ﬁggagﬁg% ﬁ%esc%ﬁ_ggﬁtsﬁﬁ?a‘gf
producti on lappdgingt hhesgﬁbmn@lmborreggylfﬁ@ GRR Qﬁ%%“%ﬁﬁtdcﬁr&m% ﬁnce
~with the process of the present invention w thout Trajor“changes ™ n e |
product i on Ipheéocirable mesinbamn suedt ankii gani ehe? cabidly Feltﬂéﬂet@_cﬁfi'@éé\ﬁ%@aﬁr gms_ e
scribing an embodi ment of the process f_or_ producing a sem conductor device
of the pres®iednei@nlines. thefeersivondudtnr Hegiseead, bapdduetiltinbRasMianch S
coated with a thernosetting resin 8. A semconductor element 3 is placed ]
at a positi Wt%ﬁﬁﬁﬂéfoé@ﬁﬁ the peesest dnventjonesitho@t dﬁgbﬂeﬁangbsa_lmn@ter bs ucr:d
‘that electric urrenlti cari,(j#gﬁ;s between an el ectrode 2 on the circui ﬁ_a
1 and an el 85?‘?‘6‘55’“4 BRW sheenrgedt or el errgnt E’;} Vlﬁ :t ibﬁrrpbi. al Re;dl zf

ition, the i .conducgt.or el nt i.s ress under he
af fji p chip muﬁ?ﬁrﬁ%éﬁi ,g?mgrﬁes OﬁVelegﬁgéerﬁ*ggmbmgﬁrﬁf armuﬁliengfﬂtth ge
1 conduct j [ . ircukt . . (
e ot 1 PSRt SO b0 i F RS Rab ve”
Ser conduct A etk Feaatld inbhld Bkt | s (BRI IHIEARLESLY 27
the thernosetting resin does not extend into the outsid e
resin 8. A semiconductor element 3 is placed at a position on the coated

thermosetting resin 8 decided in a manner such that electric current can
pass between an electrode 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 into 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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sen conductor elenent. Then, as shown in Figure 3, a photocurable resin 9
is applied to the peripheral portions of the Sem conductor elenent 3 and
cured by irradiation with light, and a fitlet is formed. Due to the fillet
formed in the peripheral portions of the sem conductor el enent,
infiltration of oxygen and water into the thernosetting resin is prevented,
and the sem conductor device is protected. The area of bonding between the
sem conductor elenment and the circuit board is increased, and the 13

strengt h susirength tichnpacthes irpagl Btehgtheos ¢he CRAGIEE lctde \Heiee Ss
a

i nproved. The sem conductor device of the present invention is

sem conduct mapxweidce conprising a sem conductor el enent nounted to a _

circuit board in_accordance with the flip chip bonding process, wherein the

seni-conduct or el Ehentsensicoshtiser t devive ooff cthe  poavedit wiihbemtidherigoset ti ng

resin at portions direcfly under the sem conductor elenent, and a fillet is

formed wit hseémﬁﬂB‘le%tGF &er gnprIgMmenHa rsephieprdugior elcamentomouineed to a

sem conduct gQr e{gman%. I n c&nventign | sem conductor devices prepared in

accor dance SHTH PR&CG P RCORTFNISoHMH: r@‘eﬁf@d‘@é@ bopdingaprpsess: whegeinetdien f or

bondi ng a sem. r,el enent t cifcuit bqard.is used in a great

anount , andS% z?l @?ﬁ?‘g(f%?sel o?rﬁla I‘Wi“ﬁﬁ&ttﬂéﬁ? ﬁgPHﬁg@@F?lﬁH“ﬂé DArPesetadeout of

t he portionedid 86Hbi ' tor element. In a . sepm conductor

devi ce prepar ed F%b;é%%ggggﬁ%@fvﬁ%%} EE ﬁggg ﬁ‘ul‘g"%ﬂﬁ‘i" Orb‘glﬁmeﬁé’ and 6‘0@%‘2 1830

ani sot r opi gathyd CaRgHCld VEhadhesible PaShe A A P! hgal | gnductive

adhesive filmare mainly ﬁsed as the ther H%seﬁ}flﬂggr?gspﬁﬁi@;é a/ufsitgla an

ani sot r opi eehliyomdurdor tlengertat ¢hicdhvastibha JeichReRith} ggvfcﬁ§ bPepari@ndi ng
the -

bet ween the sem conductor el ement and the circuit board,
in accordance with the flip chip bonding process, a thermosetting resin for

bonding a semiconductor element to a circuit board is used in a great
. amount, and a fillet is formed with the thermosetting resin foirced out of
the portion di_rectly under the semiconductor element. In a
semiconductor device prepared in accordance with the flip chip bonding
process, an anisotropically conductive adhesive paste or an anisotropically
conductive adhesive film are mainiy 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 oxyéen 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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el ectric connection of electrodes which are faced to each other and the

el ectric insulation between adjacent el ectrodes can be achieved

si mul t aneously. However, for the material fornming the fillet, it is not
necessary that the material is an anisotropically conductive material but
it is inportant that the bonding strength between the sem conduct or

el enment and the circuit board is increased, and infiltration of oxygen and
water into the inner portions of the sem conductor device is prevented so

that resist anhented hedtredialilini oft theesepichh@uaBRdePREYS iRk raked. C?Vhe\ﬂ 14
enhanced and reliability of the sem conductor device is rnproved. en the

resin formni ihetiesiniforeting sthehdilkdnis ahet embhegs e ithéfflode®fihp réligsposed
directly under the sem conductor elenment, it is not always easy that a
resin havi ngisnesedukrectlyi wadeethy spreidondsctorreloinent,i itlietndtalealkseheg. | n

t he Senicondﬁctor device of the present_invention, the thernosetting resin
for bonding® Weasr@ﬁ%bﬁam& the Blasishitable prepesties dor theo fillgt andelebied.

phot ocurablcf resin formng the fillget can be sel ected i ndependently from
each ot her. "rﬁgﬁesre&lé?ga‘ﬁ&qf WFFen%iYhesHFQS&Hﬁén’ff@mtl%f‘fhect@fmojseﬁémg sfying
the propert] r ired far the.fillet can be selected to formthe fillet,
and the se%‘l&(i% rﬁﬁg’ 8r8m(§e§/}fec 591389?8?1%0553%‘?8813 F:"é r‘iﬁe CEIcrHhardyand thae
obt ai ned. TghLSURTRIK ant.age he present .inventjon., in

accor dance g\nht h theﬂ%rerg%ielggﬁ%?ﬁgh@p@elg%ﬁ niei)r?v%eﬁ?(%ﬂ,maﬁ%e@k’ﬁit@ohéiﬁ%t or

devi oe. exh! Badt Diheax CTtebdford ieSiAlle Saddh RERINERE BRI, BMdoLEld a0 Tty

can be efficiently -produced in accordance wth t} I'p o
process. Ththespripeotidsiet@uirdd YorctheofilléheaPbe %@Ibfctl_égs‘t’@ﬂ)trhpfheeﬁﬂbﬁ' dntl

excel l ent. resistance to heat and noisture. EXAMWP
the semiconductor device exhibiting excellent reliability can be obtained.
To summarize the advantages of the present invention, in
accordanpe 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 35 pm to a polyethylene terephthalate film having a width of

16 mm, a length of 45 mm and a thickness of 50 pm via a urethane
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The present invention will be described nore specifically with reference to
exanples in the foll ow ng. However, the present inventionis not limted
to the exanples. Exanple | Using a substrate prepared by |lam nating a
copper foil having a thickness of 35 umto a polyethylene tereplithal ate
filmhaving a wdth of 16 mm a length of 45 mmand a thickness of 50 um
via a urethane 15 adhesive having a thickness of 10 gm a coil circuit
having a line width of 200 [um and wound 10 folds was prepared. On the
prepar ed . ci bdUbdive Hhavike BOthiFlObsE YAt ayt ikduit | I fieat.

[ manuf act ured by PH LIPS SEM COV%%’TCT%%%E@SI’;I’ el e%&% Egﬁéutgjziehﬁ%t"{é‘%nl#noﬁ 1.5
m] was noul06giubynd woupd ¢0ifpldstkdd pirgaseghi ne [ manufactured by KYUSHU
MATSUSHI TA ELECTRIC Co., Ltd.; FB30T- usi ng an anisotropically

conduct i ve adhesDwe ffast pregaradufcactit; ednbyl(KYREERMACHeMaca!l atuparat i on;
TAPO402E] as_ the adhesive. The ampbunt of the anisotropically conductive
adhesi ve paitentifigspione dmppufansurid byi PHIAIPSoSEMIC@NDIICTORS) Tddear ea,
which was 0.4 mmP. The tenperature of heating the anisotropically
conduct i ve thRifEE] ¢& PaRYESvmanlawpe seunted tpradlintchip posinting meadiée t he.

mounti ng welRSRERERRED By KOUVERD | NS ISDIRITERE S SIRROTBIC, Gocohtit: To ¢ he

curing typet PaaaorTct HreE oy AR BT SoRHET | NS owaeaiRIcd as

2P L s AL oyl o e O
adhesive. The amount of the anisotropically conductive adhesive paste

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

| mm?2, 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.;
NOA88] 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
K.K.; 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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acrylic adhesive of the UV curing type was cured by irradiation with Iight
for 7 seconds using a UV spot |ight source [ HAMAMATSU PHOTONICS K K. ;

LC6], and a transponder circuit was conpleted. After it was confirned that
20 transponder circuits of the sheet form prepared as described above
functioned nornmally using a kit for evaluation of |Icode [manufactured by
PHI LI PS SEM CONDUCTORS; SLEV400], the circuits were placed into a snall
environnment tester [manufactured by ESPEC CORP.; SH 241] and kept under a

hot and 16 humiid ceadetién 6N 60fC @Qﬂ@@%%ﬁ@&%é@ho&r@%ﬂ%ﬁe g@éﬁﬁ% the

circuits treated under the hot and hum d condition were ng at

the room tawptsdtmder tles hattahduianid ¢onthtios XedTe 188 WARANRY at 1R ohFUi ts
functioned normally, and it was found that none.of the 20 circuits showed

def ective ftamepéransre Hoam@de Boulsanidpenmerexinitilt Syether pEkepasiechitd
accordance with the sanme__procedures as those conducted in Exanple | except
that the fifunstionad norsyallse amyl it 5vasgfoandethas nobasddha Afedratdtofhdvial UV
curing type (é{!manu act ured by NORLAND PRODUCTS, Inc.; NEA 1231J. After it
was confi r nefeERR WPtdsnsponder 'circuits of the sheet form prepared as
descri bed above functioned normally in accordance with the sane
procedures as those conducted in Exanple 1, the circuits were placed into
a snall enng/ﬁ 5 tester and kept under a hot and humid condition of

60' C and 90% or 1,000 hours. After the circuits treated under the hot

and huri d condi (7 Qephel Ehbuih ADGNGr s H1°al SRnd CTRE BALGLO" 24

hours, it was exam ned whet her the ci
procedures as those conducted in Example 1 except that the fillet was

formed by using an epoxy-based adhesive of the UV curing type
[manufactured by NORLAND PRODUCTS, Inc.; NEA1231J.

| After it was confirmed that 20 transponder circuits of the sheet

form prepared as described above functioned nornially in accordance with

. the 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 procedures as those conducted in
Example 1, a coil circuit of a coppef 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 mountirig machine using
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functioned nornmally, and it was found that none of the 20 circuits showed
defective functions. Conparative Exanple 1 In accordance wth the sane
procedures as those conducted in Exanple 1, a coil circuit of a copper'’
foil was fornmed on the polyethylene tereplithalate film the IC for
non-contact automatic identification was nounted on the prepared circuit
by the flip chip nounting machine using 17 the anisotropically conductive
adhesi ve paste as the adhesive, and a transponder circuit was prepared.
Twenty trangpe shsfd Li above .were.
used for the eggﬁﬁg?ﬁgﬁaafthouﬁu%g%gkﬁﬁgﬁeéqﬁ?ﬁ§ %ﬁ %@ﬁ% CASHIY:
Wcuring typenspbhéér tikcuid sy &oseph i@ that t he transponder circuits
functioned normally, the circuits were placed into a snmall environnent
tester and kept iiwdaty drdipoaddr bfwhe sﬁ@aﬂfotrhpﬁréﬁaré@%m(:ﬁﬁe/a BHo{Or
1,000 hours. After the circuits treated under the hot and humd condition
were |eft sweneliusgd dor threevdontivernpihattfeniiag 281160with thd adRssivesan ned
whet her the circuits functioned normally. It was found that 18 out of the
20" ci r cui t sthenEWeermigag éxpe-v eAftan ét wensonfiompd that vhe Bxampbad®r dréuiansponder
circuit masﬂ3§§§ ﬁd in cordance wth the sape procedures as those
conduct ed i %pthe gixeuids rrenecplaged infe ﬂn@daﬂyemmtgnanﬂ g of

b tt fact by Th Bond; 2217
o PRy ot B TRREhhRP a3 %?}pphgﬂ”” Bfor bf Pttt ant.pOte i for Lo o
oven at 220 r ec e eth e tere | ate fi.l mof the
ﬁr b@ hgllf_iréS %@% 5@9 c1r8191t¥ %reX\l,e%n uncﬁar %‘e hl'axlot and humid

substrate shrunk, and t
condition were left standing at the room temperature for 24 hours, it was

the

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 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
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of the circuit was seriously damaged. In accordance with the sane
procedures as those conducted in Exanple 1, after it was confirned that 20
transponder circuits of the sheet form prepared as descri bed above
functioned normally, the circuits were placed into a small environment
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 humd condition
were left standing at the room 18 tenperature for 24 hours, it was exam ned

whet her theygi j NGl no o Jrowas f th none of the 20
et téih : i
circuits shomeg%é]g?eec%#ve%%c |Sbn§:. ﬁ)'r/rp%}?aéﬂn\?? &Oﬁ%eﬁ gﬁ‘% F’rr‘é'ﬁg?)onder
circuit wasfpi@RAAMdALF OrHARGE Mith ¢ 0 asy loge
conducted in Exanple | exg%pt f?ﬁat a ]H?I Flgi? %sgegffﬁenggd‘léggﬁugs’l %%%?"ﬁ g of
~an epoxy- bagefdctibe rumsaidst ng adhesi ve [nmanufactured by Three Bond; 22231
in place of the adhesive of the W curing type, followed by heating in an
oven at 150C for 25 seconds. In accordance with the sanme procedures as
those conducted in Exanple 1, after it .was confirnmed that 20 transponder
circuits of ComparstieeExopie S epared as descri bed above functioned
normal Iy, the circuits were placed into a snall environnent tester and
kept under a hotAdwansprnfey civeitit twasm pospaaed mndc®ddaid fath théGantwurs.
After the ci rcu&ts treated under the hot and hum d condition were |eft
standi ng atPYqeANESn7S t1&epe repdietadopn Jhixamptes 1 pxrcapisthatani filet whast her t he
circuits functioned normally. It.was found that 15 out of the 20 circuits
showed  def Elﬁe\(} erbfyu Mging 0.T g of an epoxy-based thermosetting adhesive

[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 seconds.

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 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. 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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The result of Exanples 1 and 2 and Conparative Exanple 1 to 3 are shown in
Table 1. 19 Table 1 Adhesive forCondition of Nunber of defects Note after
treatment forming filletcuringunder hot and hum d condition Exanple
lacrylic adhesive irradiation with 0 of W curing typeW for 7 sec _
epoxy-based irradiation with Exanple 2adhesive of W for 7 secO W curing
type Conparative nonel8 Exanple | Conparativeepoxy-basedheating at

220Q0shri nkage of Exanple 2t hernosettiggglier 25 secsubstrate adhesi vepoor
appear ance Conparative epoxy-based

Adhesive for Condition of Number of defects = Note
forming fillet curing after treatment
under hot and
humid condition

Example 1 acrylic adhesive  irradiation with - 0
: of UV curing type UV for 7 sec

Example 2 epoxy-based rradiation with o -
adhesive of UV for 7 sec
UV curing type
- Comparative none - ' 18
Example 1
Comparative epoxy-hased heating at 220°C 0 shrinkage of
Example 2 thermosetting for 25 sec substrate
adhesive poor 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 adhesive of the UV
curing type, the adhesive 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 fype 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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heati ng at 150C Exanple 3thernosetting for 25 seelb5 adhesive In Exanples 1
and 2 in which the fillet was forned with the acrylic adhesive of the W
curing type or the epoxy-based adhesive of the UV curing type, the
adhesive was cured by irradiation with the ultraviolet light for 7
seconds, and the fillet exhibiting excellent resistance to heat and

noi sture was forned. The tinme of heating under the pressure for curing the
ani sotropi cally conductive adhesive paste for bonding the sem conductor

el enent to theingl tledlialdhboive dpais il $Re Hro@aSRGS Link6f ¢he Smickheitbpe st age
of applying the adhesive of the Wcuring type and the stage of curing the

W curabl e dedbies;j tiee warimedtiapose thafdrisotitisicallp@en@hctiad RUKb e [HiRte

ani sotropi cally conductive adhesive paste and the stage of 20 curing the
adhesi ve pasnd the tdwring dituet ofonhe i adhasfive hd HenildV¥ncudhgr typdevas epe t he
curing time of the_ anisotropically conductive adhesive paste and the
curing ti mesyichrpaizgdhagidy ghetbondeng)wf cthei sgmicppductam demesy metthotheed, and

t he bonding of the_s {; congduct OMI ement wth the anisotropicall
conduct i ve arawetswécag stndiciveradhesivmppste and tthe frmation of the fillet

AR A RSN S R TR
neat and mov SEorG et B8 AlutavEl oo sedioPbadendgries and 5, 1t
takes 25 secondspf Ghe!di&i&d of MoYarative Example 1 in which no fillet was
' formed, the resistance to heat and moisture was poor. As shown in
Comparative Example 2 and 3, it takes 25 seconds for the curing by
heating when the epoxy-based thermosetting adhesive was used, and a
decrease in the productivity was inevitable. 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 heating at 150°C showed
poor resistance to heat and moisture although the appearance showed no

defects.
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heati ng when the epoxy-based thernosetting adhesi ve was used, and a
decrease in the productivity was inevitable. The sem conductor device of
Conpar ati ve Exanple 2 which was prepared by heating at 220C showed poor
appear ance due to shrinkage of the substrate although the resistance to
heat and noi sture was excell-ent. The sem conductor device of Conparative
Exanpl e 3 which was prepared by heating at 150C showed poor resistance to
heat and nvoi sture al though the appearance showed no defects. 21 CLAI M 1.
A process for producing a sem conductgrafgi ce which conprises, in a
process conprising nounting a sem conductor elenent in accordance with a
flip chip bonding process, bonding the sem conductor elenent to a circuit
board with a thernosetting resin, coating peripheral portions of the

bonded seni donduptaese feneridusitdha aephiesiistebievice WHCROImpeIEk g 2
fillet by photocuring the photocurable resin. 2. A sem conductor device
conpri si ng BIYER$ computsiog nehwrteny amparit@atiuctor elegidnthtacb@dathcé Rvith
accordance vmé_hh flip chip bonding process, wherein the sem conductor

el ement is BIRB&AR bopdmemniosess: bpading thietserzicondertoneletidmdgomediduint
portions di%%%$gﬁ$@ﬂder the sem conductor elenment, and a fillet is fornmed
with a phot 8% r 8sthPrmospting eel, peating merarherah@ortinhe crfdtine or

el ement . 22h0nded semiconductor element with a photocurable resin and forming a

- fillet by photocuring the photocurable resin.

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 thé 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

- the semiconductor element.

22




