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METHOD OF MOUNTI NG SEM CONDUCTOR DEVI CE 5 USI NG ANI SOTROPI C CONDUCTI VE
ADHESI VE TECHNI CAL. FI ELD The present invention relates to HM’MMM
nounting a sem conductor device whereby the sem conductor

Il

connected 10 with, and fixed to the surface of a circuit boardsw+th the
use of an anisotropic conductive adhesive. BACKGROUND TECHNOLOGY A net hod
of nounting a sem conductor device whereby the sem conductor device is

connected with, and fixed to the surface of a 15 circuit bo ' ’
use of an ani sotropic conductive_adhesive has been put to pr% ME{B H m
The conventi onal nethod of muntpﬁéémgugs%nductor devi ce ‘

hereinafter with reference to Figs. 11 to 16. Figs. 11 to 14 ar®0%8@tti onal

views show ng respective steps of the 20 conventional nethod of nounting
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conductive particles 12 25 having electric conductivity, contained in an

ani sotropi ¢ conductive adhesive 13, are sandw ched between the respective

W ring patteisNte AL FIELD

The present invention relates to a method of mounting a
semiconductor device whereby the semiconductor device is connected
10 with, and fixed to the surface of a circuit board with the use of an
anisotropic conductive adhesive.
BACKGROUND TECHNOLOGY
A method of mounting a semiconductor device whereby the
semiconductor device is connected with, and fixed to the surface of a
15 circuit board with the use of an anisotropic conductive adhesive has
been put to practical use. The conventional method of mounting a
semiconductor device is described hereinafter with reference to Figs. 11
to 16.
Figs. 11 to 14 are sectional views showing respective steps of the
20 conventional method of mounting the semiconductor device.  As
shown in these figures, with the conventional method of mounting the
semiconductor device, wiring patterns 15 provided on a circuit board 17
are connected with bumps 14 formed on a semiconductor device 16,
respectively. 'When making such a connection, conductive particles 12
25 having electric conductivity, contained in an anisotropic conductive

adhesive 13, are sandwiched between the respective wiring patterns 15



1 *000002* 1 and the respective bunps 14, thereby effecting electric
conduction therebetween by the agéency of the conductive particles 12. The
ani sotropi ¢ conductive adhesive 13 is conposed of the conductive particles
12 which are mxed in an adhesive resin 11 of a 5 thernosetting type, nade
of an epoxy based adhesive, so as to have electric conductivity, and is
formed in a filmlike shape on a base film while being protected by a
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In a next step, as shown the sem conduct Vi ce 1 I s placed

Fespoct | ve K nangcrblected %5%983?‘32?’% The b???‘c‘ﬁ‘??"’ﬁ%gﬁﬁq'e‘s B The
respectivepReihie partiQEsBHade dM&ilver SAIAEHCHP SoUENBES to 10 um in
diameter, or composed of resin particles made of a plastic, with gold
10 (Au) plating applied on the surface thereof.

The circuit board 17 is provided with the wiring patterns 15
formed on a substrate thereof, made of glass epoxy resin, ceramic, or
glass. The wiring patterns 15 are formed of copper or gold, or
composed of an indium tin oxide (ITO) film, or so forth for use in a

15 liquid crystal display panel, and the like.

An operation of mounting a semiconductor device comprises the
following steps.

First, as shown in Fig. 11, the anisotropic conductive adhesive 13
is transferred onto a part of the circuit board 17 where the

20 semiconductor device 16 is to be connected.

In a next step, as shown in Fig. 12, the semiconductor device 16
is placed on the circuit board 17 disposed opposite thereto, after
aligning the respective wiring patterns 15 provided on the circuit board
17 with the respective bumps 14 formed on the semiconductor device

25 16.

Subsequently, the semiconductor device 16 is thermally press-



25 16. Subsequently, the sem conductor device 16 is thermally press 2
bonded to the circuit board 17 by heating the sem conductor device 16
whil e applying a pressure P thereto by use of a heating and pressurizing
tool 18 provided with a built-in heater as shown in Fig. 13, thereby
curing the adhesive resin 11 contained in the anisotropic conductive 5
adhesi ve 13. Then, as shown in Fig. 14, upon curing of the adhesive resin

11, the sem conductior .device 16 _is bonded to, and fixed to_ the surface of
the ci rcuib%@%ﬁ?amﬁ?,e Cémlhﬁpa@f 4d1by heaBRa i sRuiconguCtardease B weor

t he respective bunps 14 of the m conduct or deyice 16, and the 10
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particles 12 contained in the anisatropi c conductive _adhegive 13. Wth
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process proceeds’ fr t.he outset. at a. 15 .tepperature required for curing
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howeyer, th adhea’ve resin 11 of the thernosetting type, such as an epoxy
based adhe®Ve!V&rid-so forth, softens up rapidly when heated to nore than

s curt g renc Diobof Bn b TR PR R B T °F 2
mount i ng the SBAARIY VRSB o aRAFte, BT e LAY LG of
press- bondiadcirPiRased 588 thdt'@lb¥iri€ Bnddetish W nhfifaitRAdbédvilbnhen the

sem conduct or devic
the respective bumps 14 of the semiconductor device 16, and the

10 respective wiring patterns 15 through the intermediary of the
conductive particles 12 contained in the anisotropic conductive
adhesive 13.

With this method of mounting the semiconductor device, a
thermal press-bonding process proceeds” from the outset at a

15 temperature required for curing the adhesive resin 11 by use of the
heating and pressurizing tool 18, however, the adhesive resin 11 of the
thermosetting type, such as an epoxy based adhesive, and so forth,
softens up rapidly when heated to more than a certain temperature, and
i1s turned into a half-fusion state. Thereafter, a curing reaction

20 proceeds, thereby curing the adhesive resin 11. Figs. 15 and 16 are
enlarged views showing conditions of a structure for mounting the
semiconductor device before, and after the thermal press-bonding
process, respectively.

Fig. 15 shows the condition when the semiconductor device 16 is

25 placed on the circuit board 17, that is, the condition before heating and

pressurizing are carried out by use of the heating and pressurizing tool



25 placed on the circuit board 17, that is, the condition before heating
and pressurizing are carried out by use of the heating and pressuri zing
tool 3 18 as shown:-in Fig. 13, showing an enlarged view of a part of the
sem conductor device 16, and the circuit board 17, respectively, so as to
illustrate with clarity the state of the conductive particles 12 existing
bet ween the bunps 14 and the wiring patterns 15. At this point in 5 tineg,
precedi ng the heating_and pressurizing, the adhesive resin 11 renains in
the filmlil&easkhpwmintFignskhr showingsgegnlaiged vigw shoawdarh afi the 16, when
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betygen thgsd &3PeRE | Néating and pressurizing tool 18 in order to cause the
adhesive resin 11 to be cured, the adhesive resin 11 is cured rapidly,
and at the same time, is crushed and fluidized, thereby being forced out
of under the semiconductor device 16. Since a spacing between the
respective bumps 14 and the respective wiring patterns 15 is narrowed
15 down to a minimum, portions of the adhesive resin 11, in the vicinity of
the respective bumps 14, is forcefully pushed out by the respective
bumps 14, and are fluidized at the maximum.
Along with the adhesive resin 11, which has been fluidized, the
conductive particles 12 are also pushed out outside under the respective
20 bumps 14, and consequently, when the thermal press-bonding process is
completed upon curing of the adhesive resin 11 later on, many of the
conductive particles 12 will be found to be present in regions lying off
the bottom face of the respective bumps 14. Accordingly, there will
remain only a few of the conductive particles 12 between the respective

25 bumps 14 and the respective wiring patterns 15.

Thus, a problem has been encountered with the conventional



25 bunps 14 and the respective wiring patterns 15. Thus, a problem has been
encountered with the conventional 4 nmethod of nmounting the sem conductor
device in that connecting resistance between the respective bunps 14 and
the respective wiring patterns 15 becane high because of a tenporary
sof t eni ng phenonenon occurring to the adhesive resin 11 of the

ani sotropi ¢ conductive 5 adhesive 13 prior to curing thereof caused by
heating during the thermal press-bonding process, and pushing out of the
conduct i vemgtiied cobsmopntingd the deemiconductor rdevioerbisy that t¢onnestingct i ve
particles 12 left out between the respective bunps 14 and the respective
Wi ring patfesisianas begwasedhpyrespeetive ibumips fldr ard dheirespeative mering

sem conduct or dey{ %. 10 I.n order tod&;Ld down t he connecting resistance at
a | ow | evepatigrns é pediieraghtbreause obanlemaponssy spbleairg pheaoBEIRICt | ve
particles 12 are |eft, out getmeen the rezgective,bunps,l4 and the
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10 In order to hold down the connecting resistance at a low level, it
is required that as many as possible of the conductive particles 12 are
left out between the respective bumps 14 and the respective wiring
patterns 15. To this end, it is necessary to expand an area of a
connecting region where both the parts described are to be connected
15 with each other so that many of the conductive particles 12 can be
arrested therebetween.
However, in order to implement high-density mounting, it is
necessary to reduce an area of the connecting region, thereby rendering
it difficult to arrest many of the conductive particles 12 between the
20 respective bumps 14 and the respective wiring patterns 15.
Consequently, the number of the conductive particles 12 left out in the
connecting region will become fewer. Accordingly, the conventional
method of mounting the semiconductor device described in the
foregoing is unsuitable for high-density mounting because a connecting
25 resistance value becomes high, and connection tends to become

unstable.



25 resistance val ue becones high, and connection tends to becone unstable.
5 The invention has been devel oped to solve such a problemas described
above with the conventional nmethod of nounting the sem conductor device
usi ng the ani sotropi c conductive adhesive, and it 1is therefore an object
of the invention to enable stable connection to be 5 effected at | ow
connecting resistance even if the area of the connecting region is snal

by increasing the nunber of conductive particles arrested between the
respective bunpBhefinvhrtisanhaoikent developedetcandlvet kech ess paoblam &d ri ng
patterns of the circuit board, thereby rendering the nethod suitable for
hi gh- densi dgsarihetd i apove owhhsChesrBveRtiDEE] | MeEhad ORf Toneuntingnthe t he

met hod of nounting a sem conductor device using_an, anisotropic conductive
adhesi ve, s@mmnd%gwbdsmei wsisgtthergnisetsapia eerducive adhesivagasd dps (1) to
(4). 15 (1) a step of disposing the anisotropic conductive adhesive,
conposed ofs &mqumareomct |0cf|tg§ ipvgrdon fo smahle stable coasesation tg be
thernosetting type, in a regi.on on, the surface of a CI{CUIt board, where
wiridg pat€ ﬁﬁ@daa@lq%m@ecmng rgsistaneot Vel Hethegateneo s‘%brﬁ COMREING  devi ce
on the surface of ﬁ E ci,rcuit, boa d after ali.gnin qg § Ylded on
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predeterm ﬂle reDspectswe wiring patterns of the circuit board, thereby rendering the
method suitable for high-density mounting.

10
DISCLOSURE OF THE INVENTION

To this end, the method of mounting a semiconductor device
using an anisotropic conductive adhesive, according to the invention,
comprises the following steps (1) to (4).

15 (1) a step of disposing the anisotropic conductive adhesive,
composed of conductive particles mixed in an adhesive resin of a
thermosetting type, in a region on the surface of a circuit board, where
wiring patterns are formed;

(2) a step of placing the semiconductor device on the surface of

20 the circuit board after aligning bumps provided on the semiconductor
device with the wiring patterns formed on the surface of the circuit
board, respectively;

(3) a step of provisionally press-bonding the semiconductor
device onto the circuit board by applying a predetermined pressure

25 thereto at a temperature lower than the curing temperature of the

adhesive resin of the anisotropic conductive adhesive; and



25 thereto at a tenperature |lower than the curing tenperature of the
adhesi ve resin of the anisotropic conductive adhesive; and 6 (4) a step of
bondi ng the sem conduct or device, as provisionally press-bonded, onto the
circuit board by curing the adhesive resin at a tenperature causing the
adhesive resin to be cured. Wth the nethod of nounting the sem conduct or
device as 5 described above, electric conduction is preferably effected
bet ween the bunps of the sem, conductor, device and.the wiring, patterns of
the circuit bo@soﬁ S%Qgchqf\déﬂl&,thﬂ serHeonduetosrdayiee &y pravisionally
press-bonding .the sem conguctor devic nto the circuit, board. Further,
Phe stop ABECSBRRAGHGRRLO e FIEguIDORIY BY g the 2AResi BSIR b rim)

st ng. 1 nETHBFELT (eCrin g agBeupaasinderef ariah ho step desor) bed tnder
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board, resﬂf‘e"éérﬁfédﬁduﬂéﬁ‘déﬁ%ﬂﬁftﬁ‘fﬂe%ﬁrc'ﬁ‘i’t“t')‘&?&9 the sem conductor device
according to the 1 nvention, since provisional press-bonding is effected at
a tenperature @jrcbf thelshsp ALbGIHYE ubBet (4P Indy Be PRRAMAPHY Hemct i ve
10 of thermal press-bonding using a heating and pressurizing tool set at a
temperature causing the adhesive resin to be cured.

Otherwise, the step described under (4) may be performed by
placing the circuit board with the semiconductor device provisionally
press-bonded thereto in a furnace set at a temperature causing the

15 adhesive resin to be cured, or by placing the circuit board with the
semiconductor device provisionally press-bonded thereto on a hot plate
set at the temperature causing the adhesive resin to be cured.

Further, with the method of mounting the semiconductor device,
the conductive particles are preferably brought into contact with the

20 bumps of the semiconductor device and the wiring patterns of the
circuit board, respectively.

With the method of mounting the semiconductor device according
to the invention, since provisional press-bonding is effected at a
temperature at which the adhesive resin of the anisotropic conductive

25 adhesive remains in a condition of low fluidity in mounting the

semiconductor device on the circuit board, the conductive particles are



25 adhesive remains in a condition of low fluidity in nounting the
sem conduct or device on the circuit board, the conductive particles are 7
hel d sandwi ched between the respective bunps and the respective wring
patterns while the adhesive resinis in a condition of high viscosity, so
that a | arge nunber of the conductive particles are |left out therebetween
As final curing of the adhesive resin is effected 5 thereafter, it is
possible to achieve a stable connection at a | ow connecting resistance
wi th many beld sendvrahed i between ithe exespeativei hympsn andethsomespedtie r egi on.
Furthernore, since many of the conductive  particles can be left out in the
connect i ngWiEgEBoRatterny whidesthe adhesivediesin isdnad ecomditione of ohiglet i ng
regi on, thereby, enabljng ¢connection t e 10 realized at a still finer
connect i onVIHCOERY ﬁ%r‘ih%‘é@g@@e = &%IW“@F pastichreaeNes ouy. 1 i s
an enl arged schematic sectign vi ew showi ng part of L an ani sotropic
conduct i ve&%ﬂﬁggiquor '%%eﬁpgi acm&oﬁgoﬁlen&ah@w& desHx i§egflestrtict or
device accgrding to.the inveptfion. Fgs. 2 to are schemati c sectional
vi e shovﬁ’r‘?@e‘f‘@gbe&tt i1§epo§9t16t?s ton a§b’gﬁ’é‘n@e S@bﬁﬁn(’@%‘éﬁﬂ%nﬂt & lpwe met hod
of mounting the .sem conductor, device according to the.invention, Figs. 6
and 7 are CARBSGIUIE SETISTRCE VUBIIABN o tHesGendictive PETFICA SERANNG  “of t he

unber of - ok EofDectiaifaion eﬁﬁf@%ﬁé'r%gﬁiﬁ;e%ﬁn&é ?péim%iv%&%ﬁ?ﬁaivh%ﬁ“ e
i et . SETPRY SRV of 1
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circuit 253hoard, o?sthgog@ﬁﬂé'&iﬂ’g tr@gfo}fl?tthkfbl}}h%nﬁgﬁﬁgoéoﬁ&ectlco%wg d onal

exanpl e,
10 realized at a still finer connection pitch than before.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an enlarged schematic sectional view showing a part of

an anisotropic conductive adhesive for use in a method of mounting a
15 semiconductor device according to the invention.

Figs. 2 to 5 are schematic sectional views showing respective
steps in sequence of an embodiment of the method of mounting the
semiconductor device according to the invention.

Figs. 6 and 7 are enlarged schematic sectional views of a

20 principal part of the steps shown in Figs. 3 and 4, respectively.

Fig. 8 is a diagram showing the number of conductive particles
existing between respective bumps of the semiconductor device
mounted by the method of mounting the semiconductor device
according to the invention, and respective wiring patterns of a circuit

25 board, as compared with that in the case of the conventional example.

Fig. 9 is a schematic sectional view showing an example of



Fig. 9 is a schematic sectional view show ng an exanple of 8 another step
substituted for the step of the nethod of nounting the sem conductor

devi ce according to the invention, shown in Fig. 4. Fig. 10 is a schenmatic
sectional view show ng an exanple of still another step substituted for
the step of the nmethod of nounting the 5 sem conductor device according to
the invention, shown in Fig. 4. Figs. 11 to 14 are schematic secti onal

vi ews showi ng respective  steps in sequence of the conventional method of
nmount i ng - aang@er cesapusthstitated fer the giep 16f Hrel methade of inabgtiags themat i ¢
sectional views of a 10 principal part of the steps shown in Figs. 12 and
13, respecs¢migandugtarderice aocrrdingrip the inventipn, sherRmndNg. Br ef erred

enbodi ments of a nmethod of nounting .a sem conduct.or device accqordjng to the
i nvention are déderlilbisga isﬁh%ﬂ@taﬂplseﬁgpéﬁﬁé(ﬁ‘@rs Oy4ng; a1 €X @ estxlg Figs. 1

to 10. In these figures, parts_coryespondi to hose .of the conventi onal
exanpl e shapthics qugss_ustﬁﬁp@ﬁéog,tée %t@ggh%QH%Mng@Pgﬁg@gn ral s.
Fig. .1 is an enlarged schematic sectional, view shaw ng .a part, of an

ani st r opi &er@m@{qt%asm&wer ine tosthe IHVPHEO%%ngP I*r%ﬁuﬂ“fi ng 20 the
sem conduct or vi ce .according to the inventioon. The, ani.sotropi c, conductive
chesive 1 1 orbags. -t Af 48 Wi@re%éeﬁ%%@levw SROYGRE Jesbectiise film

and a surface of, the opposit jde t hereof | rotected by a ,.cover film
o hough 1 FEBSL iRt 1 GACPRETeof 1Eo sonvertonnh Hthsts S dholeibdedd ve
adhesive 13 | 0 f a multitude of conductive 25 particles 12 in the
range of 3%%&50@@;&2516&8}2 Cof gmin dianmeter which are mxed in a film of

an adhesive resgills iy d NG QdenBigdd Bt ctional views of a
10 principal part of the steps shown in Figs. 12 and 13, respectively.

BEST MODE FOR CARRYING OUT THE INVENTION
Preferred embodiments of a method of mounting a semiconductor
device according to the invention are described in detail hereinafter
15 with reference to Figs. 1 to 10. In these figures, parts corresponding to
those of the conventional example shown in Figs. 11 to 16 are denoted
by same reference numerals.
Fig. 1 is an enlarged schematic sectional view showing a part of
an anisotropic conductive adhesive for use in the method of mounting
20 the semiconductor device according to the invention. The anisotropic
conductive adhesive is formed in a film-like shape before use on top of
a base film, and a surface of the opposite side thereof is protected by a
cover film although illustration thereof is omitted. The anisotropic
conductive adhesive 13 is composed of a multitude of conductive
25 particles 12 in the range of 3 to several tens of um in diameter which

are mixed in a film of an adhesive resin 11, in the order of 15 to 100 um



9 in thickness, having a construction provided with electric conductivity
i n thickness direction. The filmof the adhesive resin 11 is set to a
thickness in the order of 15 to 100 m however, a specific thickness
thereof is decided upon 5 according to a height (height froma substrate)
of bunps 14 forned on a sem conductor device 16 to be nounted and a hei ght
(height froma substrate) of wring patterns 15 provided on a circuit
board 17, as shown in Figs. 6 and so forth, For exanple, on the assunption
that the Bubbiskaess,Jmvingra penguctionronided withy efegtriereondictyiti i n
hei ght, 10 the filmof the adhesive resin 11 needs to have a thickness in
excess of Hl thiekpess ¢ireeti®hess) equival ent to the sum of hei ghts of both

ess of 38 pm
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10 the film of the adhesive resin 11 needs to have a thickness in excess of a
height (thickness) equivalent to the sum of heights of both elements
described, and accordingly, is set to have a thickness of 38 um or more,
that is, the sum of both the elements.
Further, the adhesive resin is formed in a film-like shape by the
15 printing method or the transfer method, however, in practice, the film of
the adhesive resin is formed to a thickness thicker by about 10 pum than
the thickness described above, taking into account accuracy in forming
the same. Accordingly, in the above-mentioned case, the film of the

adhesive resin 11 is formed to a thickness in the order of 50 um, thicker

20 by about 10 pm than 38 pm.

For the adhesive resin 11, an insulating and thermosetting resin
such as an epoxy resin, a phenolic resin, and so forth, for example, an
epoxy based thermosetting resin, is used.

The conductive particles 12 to be mixed in the adhesive resin 11

25 are in the range of 3 to several tens of um in diameter, and are metallic

particles made of silver or solder, or resin particles made of a plastic,

10



10 with gold (Au) plating applied on the surface thereof. The di aneter of
the conductive particles 12 varies depending on a gap (spacing) between
the wiring patterns 15 to which the bunps are to be connect ed,
respectively. For exanple, if the gap is 10 pm the 5 dianmeter of the
conductive particles 12 is set at no nore than 10 pmin order to prevent
short-circuiting fromoccurring between the wiring patterns 15. The
conductive particles 12 in an anount of 4 Wt % (% by weight) are added to
t he adhesi Wath gelch(An) platingapphiedoa the surfagsethescoft her eby forming the
ani sotropi c conductjve adhesive 13. 10 The circuit board 17 shown in Fig. 2
and subsequent Thediametes ofghgwgansmosivierpartisles 12 wgrisawdependingond ned on a
substrate thereof,, de of a glass epoxy resin, ceramc, or glass. The
Wi ring pat 8&p rﬁ%paicangg%ét%@w gririagoprtieras lgoiqiwhieh dhenbysaps afe #n i ndi um
tin oxide (ITO film or so forth for use jn a liquid crystal display
panel , andDeneonnagéed,1 sespeciyehnt i Bar gxaraples i ihgthengap eisi ﬁ@nunb,t the devi ce
16 on the circuit board 17 conprises the followi ng steps. In this case of
t he Pret hoddisimetsnefithg eanslustiviecpartiglesol 2 deset 8t notmeres dpan 49 finein
conventional nethod, the respective wiring patterns 15 provided on the
circuit bo@FAErito frevenhsberiediraniting Keome opewtring teyweenpthel avitistgred on

t he sem conduct or  device 16. When nmeking such a connection, the conductive
particl es RoUeEsi by eilder eordedticruparicley 12%in aBamarahed battnde(% he

ef ot i ng-BY eBi BB careI et (Ot fhe GHNEDEN BYIM HdaBBNCH BXHHE Sonduct i ve
feposi t | ontSRaPSHGG; COFTEDS JOrGHR e AN O MNGCPRIGHER 208e8BkaLs-, gol d. or
COPR5T The circuit board 17 shown in Fig. 2 and subsequent figures is
provided with the wiring patterns 15 formed on a substrate thereof,
made of a glass epoxy resin, ceramic, or glass. The wiring patterns 15
are formed of copper or gold, or composed of an indium tin oxide (ITO)
film, or so forth for use in a liquid crystal display panel, and the like.
15 An operation of mounting the semiconductor device 16 on the
circuit board 17 comprises the following steps.
In this case of the method of mounting the semiconductor device,
the same as the conventional method, the respective wiring patterns 15
provided on the circuit board 17 are connected with the respective
20 bumps 14 formed on the semiconductor device 16. When making such
a connection, the conductive particles 12 having electric conductivity
are sandwiched between the respective wiring patterns 15 and the
respective  bumps 14, thereby effecting electric conduction
therebetween by the agency of the conductive particles 12. The bumps
25 14 are formed by the plating method, the vacuum deposition method, or

so forth, using material such as solder, gold, or copper.

11



11 First, as shown in Fig. 2, the anisotropic conductive adhesive 13 is
di sposed by the transfer nethod and so forth on a region of the surface of
the circuit board 17 where the wiring patterns on which the sem conductor
device 16 is to be nounted are forned. The 5 anisotropic conductive
adhesive 13 is disposed so as to be equivalent in planar size to the

sem conduct or device 16 to be nounted, or so as to be spread in a range

| arger (wi der) by about 2 nmthan the outer djnensions of the

seni conduct or  deirP AS1810WR dONKiE: e tBatanisotsepicpeenductiviepdbesiveol 3nmen
transferring the ani sotropi c conductive adhesive 13 fornmed, on the base
film the #niddsnossgi bycthediansier mptbedvend $q dortht onpafisgiommf &he as to
match with a transfer regi.on where the sa is.to be transferred, and the
ani sot r opi &uxfaﬁ@ﬁttﬁ\@eclwﬁéa% <) &gleémtﬂgswwm& Patiemns ﬁntwglqh hef er
region. 15 Subsequently, transiér.of t he ani sotrqpi c cqonduct,i ve ,adhesi ve 13
onto the c?‘?@mqr&ﬁEP&Pﬁ dovice | 1| éhetfd egetm%wﬁat HEEndPIHEMs s - ing of
t he ani sotropi ¢ conduct, ve adhesi ve . as di sposed abpve, with the wuse of
 hehti ng. AERPTARIE ConghfvAaubEsGy T Bys BliastlAorE B7BY Snpbiaibat T, " The
range of abput 80 t 000C. . Pressure .of. a ni tude .enabl i ng t.he

o 2ot rop; BTN o BTSRG0T d8YicR Tt B uolReb BFRR B tedi t boar o
17 may be fi.ci.en r re . b ie this peint in tinme.
Ther eafter,gbl]{eﬁlé1 Bﬁsé ?%F% F‘ﬁ%@%@dag?)f %yNg%%ﬁltag Mh%ﬁ ﬁ{eg_od\;)?r t he

sem conduc i ce i I rf Cl i ard 17
after ali ghﬁh&gﬁé@groefitglgcst%@ggﬁagcw%pqér}gg%;tﬁt g?ﬁ%@@‘%gﬁgﬁlﬁégﬂghe&e

circuit boagg 3f with the respective bunps 14 formed on the sem conductor
devi ce 16. uBséquentIy,

10 When transferring the anisotropic conductive adhesive 13 formed
on the base film, the anisotropic conductive adhesive 13 is cut
beforehand so as to match with a transfer region where the same is to be
transferred, and the anisotropic conductive adhesive 13 as cut is
disposed in the transfer region.

15 Subsequently, transfer of the anisotropic conductive adhesive 13
onto the circuit board 17 is implemented through thermal press-bonding
of the anisotropic conductive adhesive 13, as disposed above, with the
use of a heating head (not shown) heated up by a heater to a
temperature in the range of about 80 to 100°C. Pressure of a

20 magnitude enabling the anisotropic conductive adhesive 13 just to be
pasted to the circuit board 17 may be sufficient as a pressure to be
applied at this point in time. Thereafter, the base film is peeled off.

Next, as shown in Fig. 3, the semiconductor device 16 is placed
on the surface of the circuit board 17 after aligning the respective

25 wiring patterns 15 provided on the circuit board 17 with the respective

bumps 14 formed on the semiconductor device 16. Subsequently,

12



12 provi si onal nmounting of the sem conductor device 16 is inplenented in

step of thernal

press-bonding (referred to hereinafter as provisional

press-bondi ng) of the sem conductor device 16 onto the circuit board 17
a tenperature T, lower than a tenperature (referred to as curing 5
tenperature) at which the adhesive resin 11 of the anisotropic conductive
adhesi ve 13 starts undergoing curing reaction while applying a

predet erm ned pressure P, to the semi conductor device 16

the rear fREQVIS sRoypiang of Kbe werpeonductos deyice 1 asamplementas b
heati ng and pressurizing tool 18 provided with a 10 built-in, heate

heating and S¥R LN
heat er and a thernpcoupl.e are installed, sp that heating is., prqvided
the hear or PRSSTEORGRBLPE LS scuifoRBIcIGRegeld bple e Cleuthiisd e

nresy-bending (ketemd: ta berednatige asiprovispnal

a
r. The
he

by

provi sional press-bonding.is effected at a tenperature at which, the
hdhesi ve r alsPntoPEERRG i FOWET AheR utemperaiiy dhetartadiiteyas suing gh

[ ity., Such t t ' tur.e | t th '
{enper at ur EHpctRuel dRE. R o e *aaRERVER SR, Sk Topi " camibehic

adhesive 1

t enp
800C. The

200 to 100t Ry FE drp eodrBAIECHRuET IR o SERICHIRRAF dRibCREL S onc

GondiihP pRaBRSR T st Tpb el R rBL

press- bondpng, itﬁe}“éiﬂfeeéf‘%)é Rede® Rt " tifereBf Wi i e tﬁﬁﬂﬁé o Ze! H§td

conductive particles 12 containe

€ ani sotropi ¢ cohd I've

13 to comerdiigdd By GRRIGCH Medithd BRdCHBRSunAinY td81°18 provided with a

10

15

20

25

built-in heater.

The heating and pressurizing tool 18 has a construction wherein
both the heater and a thermocouple are installed, so that heating is
provided by the heater while temperature can be controlled by the
thermocouple.

The provisional press-bonding is effected at a temperature at
which the adhesive resin 11 can remain in a condition of low fluidity
and high viscosity. Such a temperature is a temperature lower than the
curing temperature of the adhesive resin 11 of the anisotropic
conductive adhesive 13, and more specifically, is in the range of about
30 to 80°C.

The pressure P, at the time of the provisional press-bonding is
applied to the area of a connecting region on the bumps 14 in the order
of 200 to 1000 kg / cm® The pressure applied at the time of the
provisional press-bonding is preferably pressure of a magnitude causing
the conductive particles 12 contained in the anisotropic conductive

adhesive 13 to come just in contact with the bumps 14 of the

13

ng
to
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rder

hesi ve

a

at

fromthe side of
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13 sem conductor device 16, and the wiring patterns 15 of the circuit board
17, respectively, thereby effecting electric conduction therebetween. At
this point in time, the adhesive resin has such low fluidity as to allow
the sane to soften up a little, and is not prone to flow out between 5 the
bunps 14 and the wiring patterns 15, so that a nultitude of the conductive
particles 12 can be held sandw ched t herebetween. Subsequently, as shown in
Fig. 4, heating is applied at a tenperature T2 (T2 > Tj) . higher than the
curing tenprmigandicser dpeiceakhaand, ther witing patterns hé ofrtheirapf boarbnduct i ve
adhesive 13 while 10 app)]ying a pressure P2 by use of the heating and
pressuri zi hd, respecusely, sherpdby effedting elespidg wopdyrondheehetweent he adhesi ve
resin 11, the enperature T2 at which heating, is applied_ is . set in the
range of about E%SMIQBU!L@mf‘aﬁbetaﬂgeﬁ’é@tﬁeﬁ@h%S aeh ey feiditshes Hur ati on
of 5to 30 . seconds. Further, the pressure P2 is applied to an area of the
15 connectauawr&e}i FNS fO sAECH S [Hiepand KeNQERIQIN MO OHEDEEeers | s i n

the prder gf 200 to.1000.kg / cm 2 . The pressure P2 may, differ . fromthe
pr esBur o phe, DRI 14 and el HEMBE PAECKIOISs Fordat ot GBRIIBG Gl and | <
preferably

pressuri zi ﬁgﬁ%‘ﬁlﬁi\é@ Bgﬁé&ggd?{@aﬂ% ?’PES&%W?C&WE@’Q%%W%%:? i:lggc?inged
sbove by vae, ol oIS hoRRSTIFIE 18 hBfludCs BRI R uE, Lo
e T efalakl S O S S BB BRI SRR iCheS, 12,
Dutpe 14 2Rydithe siESRE S Yie! b BRoBE e e AIRESTE Ta BRI | e
sem Onduc&[%lying a pressure P, by use of the heating and pressurizing tool 18.
In this case, if epoxy resin is used for the adhesive resin 11, the
temperature T, at which heating is applied is set in the range of about
150 to 250°C, and the heating is applied for the duration of 5 to 30
seconds.  Further, the pressure P, is applied to an area of the
15 connecting region on the bumps 14 of the semiconductor device 16 is in
the order of 200 to 1000 kg / cm?®  The pressure P, may differ from the
pressure P, applied at the time of the provisional press-bonding, and is
preferably higher than the pressure P; (P, < P,).
When a heating and pressurizing process is applied at the
20 temperature T, as described above by use of the heating and
pressurizing tool 18, the adhesive resin 11 of the anisotropic conductive
adhesive 13 softens up once, and is turned into a half-fusion state,
however, the conductive particles 12 will not flow out since the same
are held sandwiched between the respective bumps 14 and the
25 respective wiring patterns 15. Thereafter, as the curing reaction

proceeds, causing the adhesive resin 11 to be cured, the semiconductor

14




14 device 16 is bonded to the circuit board 17 as shown in Fig. 5, so that
el ectric conduction between the respective bunps 14 of the sem conductor
device 16 and the respective wiring patterns 15 can be naintained with
certainty by the agency of a plurality of the conductive 5 particles 12
hel d sandwi ched therebetween. Thus, with the nethod of nounting the
sem conduct or device according to the invention, the sem conductor device
is mounted by carrying out a heating and pressurizing process applied in
two st agesdeviser ks headgdhestheecirewitboardi k7 esrsbovat teFighd, podhasti onal
press 10 bonding is applied. Consequently, the follow ng effect, differing
from thatek@m@hémwﬁvélm ohatweers e the anespedsiveughtmpsoud 4 T digect is
descri bed hereinafter m‘:th reference to Figs. 6 .and 7. Figs._ 6 and 7 are
enl arged sSHBHANGUCQE deyHe 10iand the respeglivecwiang patterss kheastps shown
in Figs. 3 and 4, respectively, fqr 15 illystrating wth clarity the state
of the conmfémaa/@efﬁ)ém Seusnty s thapgeay BEaRERIT tspeendudivunps 14
and the respectiv i ri.n atterns 15. As described above, with the nethod
accordi ng Pg“i(hés ??mﬁéﬁtsg‘!}ﬁ?’lgm‘i a&régFtVbq’%suri zing is applied beforehand
t hrough the pregcedi ng,,st of .provisional .press-bonding as showm) in Fig. 6
in 20 nounting tHeSs fhéﬁ%&l@&‘fﬂﬁ&f@@%ﬂ@% tﬁﬁesmc&ﬂ CEHallVICE unl i ke
t he conventi onal t hgd whereby a_pressurizing and heat.ing an r.ess-
bondi ng. pr deasdind v fi Hveisnonl SRIFOEHtel Hvighds "Betdled 05 ¢
conducti ve S] 3uLLS..carri out at a tinme. Accprdi.ng the tinme
when t he h‘é%gpﬁlﬁ §ﬁ5]app8€t§ﬁ i%cﬁgreﬁgnﬁ%ggc?%ﬁ aBBﬁF&gmt L‘}é/f)ég%& ve resin
11 is appl]| i 0.-Fi t uck.l articles 12 have al ready
been hel d @%&%ﬁggv\%@%gﬁg&sﬁ 11H§ GRRdUSHLY She fntovmona press-
10 bonding is applied. Consequently, the following effect, differing from
| that for the conventional case, can be brought about. The effect is
described hereinafter with reference to Figs. 6 and 7.
Figs. 6 and 7 are enlarged schematic sectional views of a
principal part of the steps shown in Figs. 3 and 4, respectively, for
15 illustrating with clarity the state of the conductive particles 12
sandwiched between the respective bumps 14 and the respective wiring
patterns 15. As described above, with the method according to the
invention, sufficient pressurizing is applied beforehand through the
preceding step of provisional press-bonding as shown in Fig. 6 in
20 mounting the semiconductor device 16 on the circuit board 17, unlike
the conventional method whereby a pressurizing and heating and press-
bonding process for curing the adhesive resin 11 of the anisotropic
conductive adhesive 13 is carried out at a time.
Accordingly, by the time when the heating and pressurizing
25 process for curing the adhesive resin 11 is applied as shown in Fig. 7,

the conductive particles 12 have already been held sandwiched between

15



15 the respective bunps 14 and the respective wiring patterns 15 (4 pieces
thereof in the figure). Accordingly, even if heating for curing the
adhesive resin 11 is applied subsequently, the conductive particles 12
remai n sandw ched between the respective bunps 14 and the respective 5
wiring patterns 15, and will not flow outside of the respective bunps 14
even if the adhesive resin 11 becones fluidized. This nmakes it possible to
arrest nore of the conductive particles 12 between the respective bunps 14
and t he reBemsipestive tivgppddt andthel sesplectize wivslg peotterns $ard pisceont act
wi th both the respective bunps 14 and the 10 respective wiring patterns 15.
As the conthegeol/dnpthe ifigure).12 Aacosdiggly devennidt B@&ung funeusngethe when
sandw ched between the respectjve bunps 14 and the respective wring
patterns 18dhesi¥eiesdy 1drsaappliedsubseurisly, vibepeonduatve partigles ke
respective bunps 14 and the respective wring patterns 15, respectively,
becgmes Wi aréng%)rx sanrbpicheghesweasy tfxweép@ram buswsdld endrfheaaspedieg i ng

connecting r.esi stance. w, Fi 8 shows the n er of the conductjve
part?cl es Wéﬂpgtﬁﬂberﬁétlxéﬁdt‘ﬂgl nek W&Slgﬁégﬁﬁﬁasm?él%@%@@ﬁi% Wiring

o mount i B ehetfe De SRRDRYR ottt heDFHVBEY | DRIGifedomyBis SRS it th t hat
ot hod of  RBOHPIRAC: HESSEARSR R A eBagietivEnptiidteh I beiRReR bR coent s
of - rmount i i PEUSerPORHE, A6, ARL . Fesnelten oMl aBRlRs L LSH M (e care
conduct i ve e B8y A by B BOR: reBhER e BB Aiblnchg  ne
semy§ Onducfe%'i)egﬁ%cﬁiriﬂé]ﬁ%&eﬁﬂ $5.  As the conductive particles 12 undergo

deformation to some extent when sandwiched between the respective

bumps 14 and the respective wiring patterns 15, a contact area of the

conductive particles 12 with the respective bumps 14 and the respective

wiring patterns 15, respectively, becomes wider, thereby improving
15 electric conduction, and lowering connecting resistance.

Now, Fig. 8 shows the number of the conductive particles
existing between the respective bumps and the respective wiring
patterns in the case of mounting a semiconductor device using the
method of mounting the same according to the invention in comparison

20 with that in the case of mounting a semiconductor device using the
conventional method of mounting the same. In the figure, the vertical
axis represents the number of the conductive particles. The figure
shows that in the case of mounting the semiconductor device using the
method of mounting the same according to the invention, there exist 8

25 pieces on average of the conductive particles while with the

conventional method of mounting the semiconductor device, there exist
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16 about 5.5 pieces on average of the conductive particles. It is thus
shown that, with the nethod of ‘nmounting the sem conductor device according
to the |nvent|on a greater nunber of the conductive particles remain in a
connecting region between the respective bunps and the 5 respective wiring
patterns. In this case, the sem conductor device was nounted on a gl ass
board by the nethod of nounting the sanme according to the invention, and
by the conventional nethod of nounti ngilthe sane, respectively, so as to be
abl e to obgkewe 3thepicoonau iavgraggyiodnt eas@ndpetivenpanticdss. t hE~ 10 themduct i ve
particl es I’EITB.I nlamg; in the connecting regi on was neasured in respective
cases. shewa v avid sthej pegh @@b@%mtlﬁg thegesemigomducéar deiCastep  of
fully curlng t adhe ive resin 11 of the _ani opi c. conductiy adhesi ve
13 is carrfeRPr g[§9t PN YERHEOR R BRRAHET ﬁéng?f-‘d Qfﬁ’@s‘iﬁﬂ@%@’mlﬁ %%ss usi ng
t he heating and essurlz ng tool %@ ho wev as in Fi t he
step descr BB, \?ecﬁﬁpe & dFEIY E‘Weﬁ‘} a’iﬁSBSCtEW’e "pr%lﬁr% g%ﬁ'ard 17
with.the sem conductor device 16 provisionally press- bonded thereto in a
furndce ZOI%SQFCQV‘%&VE@F&)B?@?W‘% causing the adhesive resin 11 to be cured,

" Sout 2235 s RS SRR TR T,

e RReHrufLon olnbA  B RS AR 5 L
1

not B AR5 ol A IR ARAE RURERR A, AF 2

gb(iut 5 10,80 BB t0 obREVIhLBhfledithd Fe Bl | ARAmHY hilnfheiUdf thd N heater

10 conductive particles remaining in the connecting region was measured

in respective cases.

With the above-described embodiment of the. invention, the step
of fully curing the adhesive resin 11 of the anisotropic conductive
adhesive 13 is carried out by applying the heating and pressurizing

15 process using the heating and pressurizing tool 18, however, as shown
in Fig. 9, the step described above may be carried out by placing the
circuit board 17 with the semiconductor device 16 provisionally press-
bonded thereto in a furnace 20 set at a temperature causing the adhesive
resin 11 to be cured, in the range of 150 to 250°C, and by subsequently

20 supplying heat from a heat source 21 of the furnace 20.

Otherwise, as shown in Fig. 10, the step described above may be
carried out by placing the circuit board 17 with the semiconductor
device 16 provisionally press-bonded thereto on top of a hot plate 30 set
at a temperature causing the adhesive resin 11 to be cured, in the range

25 of 150 to 250°C, and by heating for a duration of about 5 to 30 seconds.
The hot plate 30 is provided with a built-in heater 31.

17



17 | NDUSTRI AL APPLI CABILITY Wth the nmethod of nounting the sem conduct or
device according to the invention, in effecting thermal press-bonding of
the 5 sem conductor device onto the circuit board by use of the

ani sotropi ¢ conductive adhesive, provisional press-bonding is applied at a
tenperature at which the adhesive resin has low fluidity, prior to curing
of the anisotropic conductive adhesive, so that a | arge nunber of the
conductive particles can be held sandwi ched between the respective 10 bunps
and the respective wiring patterns. This nakes it possible to attain
stabl e connection at a | ow connecting resistance value, thereby enabling

t he senmi coRYIHISTRIAL ceAPBIAEABUIEY with hi gh connection reliability.

Furthernore, since it is possible tg |leave out nore of the 15 conductive
particles in thWithHireaethgd ofgnownting the semicondiecton dawing agpordarg on can
be reduced mhiLe mai nt ai ni ng the_sanme connecting resistance value as
before. Actor dhéigljivention. t He nekfrelangs thetmal nPrass-boading taof t the
i nveption, conneciion to finer wiring patterns_becones possible so as to
be adapt ab%ﬂ%(&niﬂ%ﬁt devige 911%&1}!1%%@111':150@1 bysuser of Ahgeanisatropigrount i ng
a seniconductgr devicg usi ng an aniﬁghrggjc cogducttve adhesi ve,
conpri si ngtORIUGLYE oAARFINEsi RICYISIONA J¥estprRding niticePPEedddsive, 5
conposed of conductive parnti.cles m.xed i.n .an adhesi.ve resin of a.
t her noset t{eﬁ’&PWE%Ee AN lcr}btheo?l&laerﬁlf'ﬁ5e%lﬁrl?a§c@)%$ﬁ%&5yr BUOT (B SHTHIE wher e
wring patfprfie a%ﬁ?otl}gﬁi%EQOnductive adhesive, so that a large number of the
conductive particles can be held sandwiched between the respective
10 bumps and the respective wiring patterns. This makes it possible to
attain stable connection at a low connecting resistance value, thereby
enabling the semiconductor device to be mounted with high connection
reliability.
Furthermore, since it is possible to leave out more of the
15 conductive particles in the connecting region, an area of the connecting
region can be reduced while maintaining the same connecting resistance
value as before. Accordingly, with the method of mounting according

to the invention, connection to finer wiring patterns becomes possible

so as to be adaptable for high-density mounting.
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a step of placing the sem conductor device on the surface of the circuit
board after aligning bunps provided on the sem conductor 10 device with
the wiring patterns forned on the surface of the circuit board,
respectively; a step of provisionally press-bonding the sem conduct or
device onto the circuit board by applying a predeterm ned pressure thereto
at a tenperature |lower than the curing tenperature of the adhesive resin
of 15 the anisotropic conductive adhesive; and a step of bonding the

seni conduct or device, as provisi ondCLAIM® ess- bonded, onto the circuit
board by curing the adhesive resin at a tenperature causing the adhesive
resin to be curkd. /2. mathad mfd eountingtd rgmicosdrekiddeviie deiigtusi ng an
20 ani sotropic conductive,adhaﬁime accordinggto claim1l1, wherein electric

conduct i on2Ri§OlOPiE ceRdBetve edhesiven GABPTIMNEhe seni conduct or device and
the wirin atterns of the.circuit poard, respectively,.int step of
provi si ongl Fy vis e§%e-Pooﬂgi ﬁ@sﬁﬁngeﬁﬁﬁom%@%ﬁ?ﬁ)@eﬁ%@é%ﬂ‘@ t ﬁaﬁ€$1W65i t
board. 25 3. A nethod of nting a . .sen conductor deyvi ce using a

oo oo BompRaEd L ob S onshti. PAESURS | TKED 0 Snpalesiver Bt AR &t ep 10
of bondi ng,the sem conductor devi ce, provi si opal |. ss- bonded, onto
the of rcui NEBBUIRETILE S¥PS-oadeBion,on fBegrirtae: ohn Sttt Beardl WheTeisi ng a

heati ng and .@ress%{i Zi n9 %ool (i.et at a tenperature causing the adhesive
resin to b&IUBRAENS ANIQENEYY of nounting a seni conduct or device using

o 0o P S BRSO 00, B DBl e e e
circuit board after aligning bumps provided on the semiconductor
10 device with the wiring patterns formed on the surface of the circuit
board, respectively;
a step of provisionally press-bonding the semiconductor device
onto the circuit board by applying a predetermined pressure thereto at a
temperature lower than the curing temperature of the adhesive resin of
15 the anisotropic conductive adhesive; and
a step of bonding the semiconductor device, as provisionally
press-bonded, onto the circuit board by curing the adhesive reéin at a
temperature causing the adhesive resin to be cured.
2. A method of mounting a semiconductor device using an
20 anisotropic conductive adhesive according to claim 1, wherein electric
conduction is effected between the bumps of the semiconductor device
and the wiring patterns of the circuit board, respectively, in the step of
provisionally press-bonding the semiconductor device onto the circuit
board.
25 3. A method of mounting a semiconductor device using an

anisotropic conductive adhesive according to claim 1, wherein the step
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bonded, onto the circuit board is perforned by placing the circuit board
with the semi conductor device provisionally press-bonded thereto in a 10
furnace set at a tenperature causing the adhesive resin to be cured. 5. A
met hod of nounting a sem conductor device using an anisotropic conductive
adhesi ve according to claim1, wherein the step of bonding the

sem conduct or device as provisionally press-bonded, onto the circuit board
is perfornmed by placing the circuit board with the 15 sem conductor device
provi si onabf qmcgng- thensemicondhumtor slevachoas pravisiorally qiress-bemdedat ur e
causing the adhesive resin to be cured. 6. A method of nounting a

seni conduceBto s cueuilsherydais perteaped &y meass fctiovmal press- b@ndmg)r ding to
claim1l1, wherein the conguctlve particles are brought into contact with

t he bunps Bsingha hegtingrpnd resswiziggytaal %@tt%éemlpﬁf%r%&@ﬂémﬂs%ﬁ t he
circuit board, . respectivel n the step of provisionally press-bonding

t he senlcégﬁﬁ%Y%Feg- $EQd1:he circuit board. 20

5 4. A method of mounting a semiconductor device using an
anisotropic conductive adhesive according to claim 1 or 2, wherein the
step of bonding the semiconductor device, as provisionally press-
bonded, onto the circuit board is performed by placing the circuit board
with the semiconductor device provisionally press-bonded thereto in a

10 furnace set at a temperature causing the adhesive resin to be cured.

5. A method of mounting a semiconductor device using an
anisotropic conductive adhesive according to claim 1, wherein the step
of bonding the semiconductor device as provisionally press-bonded,
onto the circuit board is performed by placing the circuit board with the

15 semiconductor device provisionally press-bonded thereto on a hot plate
set at a temperature causing the adhesive resin to be cured.

6. A method of mounting a semiconductor device using an
anisotropic conductive adhesive according to claim 1, wherein the
conductive particles are brought into contact with the bumps of the

20 semiconductor device and the wiring patterns of the circuit board,
respectively, in the step of provisionally press-bonding the

semiconductor device onto the circuit board.

20



