— - |
;e3eDj F2x6T] 1 April 2002 1 DESCRI PTI ON METHOD FOR MOUNTI NG SEM CONDUCT
ELEVENT TO O RCUI T BOARD, AND SEM CONDUCTCR DEVI CE 5 TECHNI CAL FABIIZ0PRe |
present invention relates to a nethod for nounting a sem conduct or elenent
““o a circuit board, which 1 is used for klectrically connecting projecting
el ectrodes, 10 i.e., bunps on the sem conductor elenent to el ectrodes on
the circuit board, and a sem conductor device having the

el ement nmounted on the circuit board according to the netﬁmmmn WWWM@kRCU
ART U.S.P. No. 4661192 discloses iDESORIpTOONshed specificatiqp a ne

for formng bunps on a sem conductor el enent by ball bonding an a met hod
for bonding the sem conductor elenent. The conventional nethods wll be 20
described. In Fig. 25, a high voltage of several thousands volts is

i npr essed4ETRODA FORS SOMNTE Ne) %Eﬂm@qb@@féﬁ)E%EME&@T'O%?%P{‘%&Q&DO‘C an

Au wire i6 extending froma |eading end of a capillary

di schar genpr et cbhowe TdR hgtyren the torch 17 and the | eading end 16a of
the wire,

5
TECHNICAL FIELD
The present invention relates to a method for
; mounting a semiconductor element to a circuit board, which
is used for electrically connecting projecting electrodes,
10 i.e., bumps on the semiconductor element to electrodes on

the circuit board, and a semiconductor device having the
semiconductor element mounted on the circuit board

according to the method.

15 BACKGROUND ART

U.S5.P. No. 4661192 discloses in the published
! specification a method for forming bumps on a semiconductor
element by ball bonding and a method for bonding the

semiconductor element. The conventional methods will be

20 described.

In Fig. 25, a high voltage of several thousands
volts is impressed from a discharge electrode (torch) 17 to
a leading end 16a of an Au wire 16 extending from a leading
end of a capillary 15. While a discherge current flows

25 between the torch 17 and the leading end 16a of the wire,
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2,1 April 2002 the wire 16 is turned to a high tenperature fromthe Ieadi%g
end 16a and then nelted, resulting in a gold ball 18 as shown i1MAgril@0026.
The ball 18 is fixed onto an el ectrode 3a of a sem conductor elenment 3 by

the capillary 5 15, thereby formng a bunp bottompart 19, as in Fig. 27.

Thereafter, the capillary 15 is pulled upward as in Fig. 28. The capillary
15 is | ooped above the bunp bottompart 19, so that the wire 16 is tightly
adhered to the bunp bottompart 19, and then the wire is cut. A bunp 20 is

formed | Hd Wike magners A setgondyclor gt dhadng the hums 20

formed as above is pressed to a stage avi ng a

nal oat oa Th e, 30, 08 TR cEhTRoRGEEey Aament Laduith 4 e fabedred

indicated in Fig. 30, 1 € sem con g enen

bunps 20 o] jnsto Wi a cqnducti esive_G applied on a
stage 5 Egﬁtggngggﬁﬂihéﬁcgﬁ bt?@é ad 2@3v%aé?tgﬂ¥hésfI5}¥§He&”HHﬁp§”20. In
Fig. 31, .t 1.C or el enent avi ng, the pu 20 with the

conduct i vel%;%&%g)sﬁv(e)jbg% %r SRS EPFERSYer erf‘%“?egipgtyert&ﬁ te2REdéarydes 2
on cirguit 1 and fixed, .whereby the sem conductor elenent is

el egt ri cgﬁl’y ég%%%gac‘f ego’f%l?ﬁeacibr%‘lﬁ teb%?)’é?fﬂ Parks fbscRPbdd Hek@i ndBove, |
convent i H%%léf the %gricond ctor elenent 3 and circuit board 1 are bonded
only 25 gy RETESRaudev & % B ¥Ry EL rEdUPYaEe afurigs Pbgof28.3 ~ ~
, =, 1 Apri.l, 2002 he sem conductor el enment 3. As such, the bonding
bet ween TRE SERLIIATIctl? EFed@RPes ARPYEr Elirt 3B dathas mamdl 19,

bondi ng strggg%h f ‘an, area at, the Ieading ends of the bunps 20 of the
sefi condBigt I éﬁ’@ntw%’fe an8 tife kY i e8hsraghdst viehe buswt dattsemengt h

as low, as é-ﬁ.Og at every .bonded part because only a snall anount of the
conduct iR®T bdhesi #Bdethernddie svine i® Foker & Jwlmpe2pesssthionmad iSuch

iq@gnveniencespare consequent |y brought about that the bonded part cracks
bethuse OF1% M@ERBEBF the circuit board 1

A semiconductor element 3 having the bumps 20
formed as above is pressed to a stage 14 having a flat face
as in Fig. 29. In consequence, leading end parts of the
bumps 20 are turned flat. Then, as indicated in Fig. 30,

15 the semiconductor element 3 with the flattened bumps 20 is
brought in touch with a conductive adhesive 6 applied on a
stage 5 to transfer the conductive adhesive 6 to the
flattened bumps 20. In Fig. 31, the semiconductor element
3 having the bumps 20 with the conductive adhesive 6

20 transferred thereon is registered to electrodes 2 on a
circuit board 1 and fixed, whereby the semiconductor
element is electrically connected to the circht board 1.

As described hereinabove, conventionally, the
semiconductor element 3 and circuit board 1 are bonded only

25 by the conductive adhesive 6 transferred to the bumps 20 of
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10 or a stress when the conductive adhesive 6 is'set, a connection
resi stance value is increased, and a di szonnection at t he - bondeldAprlr200R2s |
arised. An object of the present invention is therfore 15 to provide .a
net hod for nounting a sem conductor element to a circuit board whereby

.connection reliability and connection strength are enhanced bondi ng between

t he sem cgonductor, e n j i ta bo , a HOAqr 25d S @age
value is § %bFFW%Eakﬁg%%kgﬁdg%gééﬁgcghdu?%%rsggsﬂeéﬁggqﬁgé?ﬁggé

sem conduct or el enent unted,to a.ciycuit board.by.t h I to
acconpl i sBhe h&eRBEFES | eteBBfLc &Y OFHFHBJ'?O bggfq:lﬁ gggeg%é]{) f'E"he
present invention, a nethod for_ nounting a sem conductor el enent to &n
circuit bmabdnaiingh soren®Els OAMERDE &HERET the 119@7+192 S_584 the
US- Patent 5,210,938 discloses a nethod of assenbling an el ectronjc part
devi ce i rbamgskr £0i bfbtaed semretndantereefentntt ot nean@dnt e CONGRIGIohY @
part device and a conductive patern formed on this circuit board so as to
be oppositgnt9ivhe @l eserade ar posehpthedss A ldver aBselt? nggr est n erEyY
including a thermally shrinkable particle and provi ded between the

el ectronig, pagh Be¥iCeHaRsthe ofiInEUat enqar damsuhar deér echandosidugtidvef -
the thickness of "the sheet is smaller than the size of the gap between the

el ectroni c?ﬁgé%‘r’ge\&zgsa%é%ﬁgﬂrggi t- poapgert he FeNLe@Ndge k@ tdenitog. on

the circuf S not a perfectly to each other and then are easy

to cone of each other. .AVENDED E : : . hls 2 t he
“seni conduR¥eR éPEﬂBNFnéeé]ﬁaesciar%gi EIB%EF;&ET%QI: b.ﬁforueq}i/t aa%%‘fl]g\?%gastt ?gﬁegt h

gf Znt ﬁree}gggé’g@:ggélte%@ag sd%agéatggg g'fngswzaorp()fof k\:erxeseérlfeﬂg'ﬂcb%raﬁ erent
10 or a stress when the conductive adhesive 6 1is set, a

connection resistance value is increased, and a

disconnection at the bonded part is arised.
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g egre g - g e g =g TR R etV esal e w WeN

An object of the present invention is therefore

15 to provide .a method for mounting a semiconductor ement to
a circuif board whereby connection regXiasbility and
connection.strength are enhanced in nding between the
semiconductor element and circuit Aboard, and a connection
resistance value is stabilized low, and a semiconductor

20 i i ' tor element mounted to a circuit

to a circuit

AMENDED SHEET



5 adhe5|ve 6 exerts a strength as to .as 1 2.0g at every bondedgggrt
because only a sma anount of the conductlve adhesive 6 is used? h <2082
“lower a volume resistivity. Such inconveni ences a consequently brought
about that the bonded part cra .s because of a warp of the circuit board 1
10 or a stre ~ when the conductive adhesive 6 is set, a conne ion
resi stance value is increased, and a DISCLCSURE OF INVENTICN An obj ect of
the present invention is t her ef or e 1§ to provide a nmethod for nounting a
sem conductor element to a circuit board whereby connection reliability and
connection ,strength are enhanced in bondi ng between the sem conduct or
el enment and circuit board, and a connection resistance value is stabilized
| ow, and a sem conductor 20 device having a se cond ctor, t nmount ed
to a ci MSuPatebblra %?38Wé5<?+@%%€lmqtﬁ°6r°élélss‘i'8b cért?”f‘hBa dbvic?
above- desgkirbge b@bdde@here&ﬁ?éﬁreﬁhd’tg)da)foamfedrmtrasqiem'ormt pantedeyiee 6ne 2

' nvent ' g\ﬁndlﬂctm:é;aqgrnf fYrm € &r nB&é?B%Cééjfo %E%Bﬁ&:"sut&&oathfél gi6tH t 25

f
confront"@éeP’MS’Pi“lon%oé ti‘ﬁr"é°f‘?t&'ﬂﬁofe§'f’ast"éef ﬁ&]‘?’d&?g ‘géhdﬂe |\g/eH'ﬁgé\hlér1e aees

proper t panfcldanhgreited et wesastheatieeiremiemapt deyigroan ¢ 6irgldich Sf"H’e‘F of t he
circuit QQ%FéB é‘rl‘?tﬂsﬁﬁ!ﬁkcﬂnﬂiéc{h@ékrfé'sgfmﬁhe shegi stemalley thhe toe rscm:;adzf thear d, agd
sem con el e C r gg{respon S
to a pr 813%%1@ \nye% ?llegﬁg%gﬁ;g%r?%ews% 4Ol zEQF!:Lﬁtthoé%H e SeRirduetsr

€ sem con ment : |ﬁﬁﬂ{ th
opposi t devige @ e Q'Wé”cqoraé@udtoeédé’rt&d@ﬁmegéﬁ?‘&\bmjﬁ@f'?:)Pé’?eé tbei% ¥'Re
i nsul at kpgy aslbenk\we eaghd@sket.i ng the insul ating adhesive, so that the
el ectrodeon the circuit board and the projecting el ectrode on
.thesem conductorel ement are electrically connected throughthe shrinkageof
t he i nsul ati ng adhesive so as to fix thel5sem conductorel ement and circuit
board in acoupled state. A sem conduct or device according to a secondaspect
of thepresent invention has a sem conductor el enentnounted to acircuit
board according to the above nount 20net hod of thefirst aspect.According to
t he mount nethod for a sem conductorelement to acircuit board of the first
aspect and thesem conductordevi ce of the second aspect, the sem conduct or
el enent and circuit board are connected w th25the use of the insulating
adhesive, and therefore connected

ALEEHDED SHEET
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AMVENDED SHEET 1 April 2002 5 rigidly in conpdiison with the conventiona
art whereby the connection is achievedibhly by the projecting dlAumi2002 of
- the semrconductor elenment and the el ectrode of the circuit board.
Therefore, a connection resistance value at the 5 projecting el ectrode of
- the sem conductor elenent and the el ectrode of the circuit board is reduced
and | essgyarieds ardhaitdieslanentl 1B nenegichor-tHa-chghihg-Reb efher eby

realizing highly reliable bonding. 10 BRI EF DESCRI PTI ON OF DRAW NGS-fhese
and ot hep, gspeal s deal UEsenht! 13 HESEREcieBdhnd wll hamgdrethear

fromthe W ng scription taken in conjunction with the preferred

oo e B O T LB B, FTEER 28 ey

A _ Vi eW shiowi ng “structure’of a sem conduct or
one. st epbURPE AAnGradii & U6 FrBRScEos: STt Horit: b edsora oy By, 1
par;iCU|2éLZsive 6 exerts a strength as lgw“as 1-2.0g at every

bonded part because only a smald amount of the conductive
adhesive 6 is used so as Ao lower a volume resistivity.

Such inconveniences ap€ consequently brought about that the

bonded part cragk® because of a warp of the circuit board 1

10 or a stresf when the conductive adhesive 6 1is set, a
connezfion resistance value is increased, and a
{cconnection—at-thebeonded-part—ic—ariced

DISCLOSURE OF INVENTION
An object of the present invention is thereiore
15 to provide é‘method for mounting a semiconductor element to
a circuif' board whereby connection reliability and
connection 'strength are enhanced in bonding between the
semiconductor element and circuit board, and a connection
resistance value is stabilized low, end a semiconductor
20 device having a2 semiconductor element mounted to a circuit
board by the method.

In crder to accomplish the above-described object,

-+ invention, &

according to & Ifirst zspect of the prasern
me-n~d for mounting & semiconducter element to & circuics
[} . e - PLIR .y o s
25 board, which comprises:
ey SHEE



in a state where a conductive adhesive (s transferred to:prajecting E
. el ectrodes of a semiconductor elenment; Rig. 3 is a diagram of 6reré2ep2 of
t he manuf acture process of the sem conductor device of Fig. I, 25

particularly in a state where an insul ati ng adhesive is i 1 April 2002 6

transferred onLgL%;Q'grcui t boagds (A g;a,4si(£§v.a sectional view of a nodified
exanpl e of thesw‘u@horimrs—éﬁg‘m Wavings 2a BERREEAA| A ew
of a further nodiTied exanpl e of the sem conductor device of Fig. 1; Fig.

6is a Se%%ﬁgﬂgg: g\ﬁo‘?xf Be ¥Rl ki fi gd et eael dheneemicdondppOSA tevi ce

of Fig. Jf a diagramof a state where a part of the sem conductor
el ement is renoved in the,semc ct devi egeofciclaig; Poardaarsl a
diagran1o€a%%% &6 I%F“#ﬁ% ﬁg%uggg#ufgg%#%cess ?n a nodified exanple of the
sem conduct or devi ce of Ei . é} Fig. 9 is a diagramof one step’ of the 15
manuf act WFempFeRaustefr € @Hﬁﬁ ified exanpl e of the Seni ConduCt Or devl Ce of

Flg. 1, speCGflCally, a sUCCeediu g step to Fig.,8; Fig. | i m of
one Step of theeghateséngre PRBcess Hilthe ?’P&(f‘qulq ed“@?anp%ée%n%éoﬁﬁgcgzgha

sem conductor device of Fig. 1, specifically, a-succeeding step tq Fi 9:
element so that &n electrode on the ci cu1@ goaéh

corresponds to a projecting electrode on the semiconductor
element;
coupling the opposite faces of the circuit board and
10 semiconductor elément by the insulating adhesive; and
setting the insuleting adhesive, so that the electrode
on the circuit board and the projecting electrode on'the
semiconductor element are electrically connected E?rough
the shrinkage of the insulating adhesive so zs tol the
15 semiconductor element and circuit board éﬂﬁhégéﬁéﬁi in a
coupled state.
A semiconductor device according to a second
aspect of the present invention has a semiconductor e;ement‘

mounted to a circuit board according to the &zbove mount

20 method of the first aspect.
According to the mount method for a semiconductor
element to a circuit board of the first aspect and the
semiconductor device of the second aspect, the

nd circuit bozrc zare connected with

i

e
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D mm e A ‘e
semizconductor e.em

; i j and t nected
25 the use of the insuleting adhesive, ana therefore conne

forettd
TR YO ;_H:T,‘.
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Fi g. 11 is a diagramof one step of the manufacture process of the
nodi fi ed ex.arnple of the sem conductor de~Tice of Fig. 1, spediApri@0Dg, a
succeeding step to Fig. 25 i0; 1 April 2002 7 Fig. 12 is a diagram of one
step of the manufacture process of the npdified exanple of the

sem conductor device of Fig. 1, specifically, a succeeding step to Fig. 11;
5 Fig. 13 is a sectional view of the nodified exanple of the sem conductor
device of Fig. 1; Fig. 14 is a diagramof a state where a sealing resin is

injected t9giheySeM GRRIGI N A8Y] GF QﬁeFEQnyéhtgbgalléﬂfs%hégéﬁ&?ﬂbereéin

showi ng the conStitution of 10 an appar at us rinjectingt
to the sem r.devi Ge: i WF LS. L agram of a stat
BESRANIED (PR BeT Sl oF S TS 18 AR TS A 08,

where the sealing resin 1s belng Inj
em conductor . device of Fig.

Ei Wt o t ﬁgh giegref“n% °?“§¥%r@%ﬁ}%§$’@%“%g\f‘vgoﬁ&g GL56 TTOSE hadt Lh&diGE Gt Fesi n;

Fig. 18 i ectippal view of the sem conductor, device of Fig. 1 in a
state V\hek?%g%laSecoﬁ §8§Pirﬁg rBsiGPIRE G 9 &&SIF kTt ¥alrey. ato the a

sectéonal vieM/Ef thelse i copductor device of Fig, 1 in a state where the
second st ThGEHERPn & ?qrprﬁ' eBT t et PO §OR90CE R T o Slieenthas pdoft e

operation of a 23 me ho% for, nounting a sem conductor elenent to a circuit
electrode of the circuit bdard is reduced and less varied,

and at the same time, connection strength is high, thereby

realizing highly reliable bonding.

10 BRIEF DESCRIPTION OF DRAWINGS

These and other aspects and features of the
.present invention will become clear from the folldwing
description taken in conjunction with the preferred
embodiments . thereof with reference to the accompanying

15 drawings in . which:

Fig. 1 is a sectional view showing the structure
of a semiconductor device in an embodiment of the present
invention;

Fig. 2 is a diagram of one step of a manufacture

20 process of the semiconductor device of Fig. 1, particularly
in a state where a conductive adhesive is transferred to
projecting electrodes of a semiconductor elemeﬂt;

Fig. 3 is a diagram of one step of the
manufacture process of the semiconductor device of Fig. 1,

25 particularly in a state where an insulating adhesive is
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1 April 2002 8 board according to an enbodi nent of the present invention;:
Fig. 21 is a plan view of an arrangement of a rectangul ar i nsul bfPr002
adhesi ve when the sealing resinis injected to the sem conductor device of
Fig. 1 in one 5 direction; Fig. 22 is aéplan view of an arrangenent of an
el liptical insulating adhesive when the sealing resin is injected to the
sem conduct or device of Fig. 1 in one direction; 10 Fig. 23 is a sectional
vi ew of the sem conductor device of the enbodi ment in another structure
wi t hout ubragsiecroaduonitve cadhesiwet $oaprd24 is a sectional view of the
sem conduct or device of the enbodinent in a different structure with 15
using a spherical sBiiycodduct ca sbemedhalFivdewf Saamdbagiam fx ame1 st ep
of a process for formng a projecting electrode on an el ectrode of a
sem condusf othel semdtonapeeioll erlvdcd nelf catd ngy 2 | eading end part of a
capillary; 20 Fig. 26 is a diagramof one step of the process for formng
the projecting el ec degon 4 3 fi 1 (o] ,
specifically shomﬁngig sPan &ftﬁégg%g??§fg#ﬁgg%g?q?kggpggg%ngmg%gﬂggﬁthe
capid | ar yax fih [ j f f the.process 25 for formng
t he proj eec)%‘-!i:ﬂggl%f%%t?%geg%ﬁgg:ﬁg]dglcé%{}recﬁﬁgﬁé) Ofl ﬁb?l I 52002 9 the
sem conductor ele speci i cal | oW : tewth the ball. of Fig.
26 pressed to themeellpie%t r%gehtgn %hesyes%%a(lzﬂoér}%ugtloseﬁﬁeﬁgne%t ;y% gmoﬁﬁ)lse{
di agram £ﬁﬁ t t Jor form he projecting el ectrode
on the e%%%t 0 ecgf ?&% %%ﬁ?é§§§§%F§F Fgﬁﬁﬁifﬂgd%%gfi£ally showi ng a state
with the projectingFercgrode foryred on the el ectrode on the sem conduct or
el ement; Fig. 29 is = di dgram df S0RET e bf 3t vt o cBRET %0 % F2F br Ritng t he
projectig%lelectrodedon the el ectrode of the s nicoqgégtor el enent
speci fi cal1%y THoOUT MO RCEPat € Rt ph &) EEMNGE R Bt FEFesS BFLCARALEERED i n
hei%ht: Fi%p 30 Hi a diagram of one step of the process for formng the
pr&jecti & T odeDn the el ectrode of 15 the seniconductor el enent,

specifically shomﬁqg a state .
ig. B8 1is a diagram of one step of the

manufacture process in a modified example of the
semiconductor device of Fig. 1;
Fig. 9 1is a diagram of one step of the
15 manufacture process of the modified example of the
semiconductor device of Fig. 1, specifically, a succeeding
step to Fig. 8;

Fig. 10 1is a diagram of one step of the
manufacture process of the modified example of the
20 semiconductor device of Fig, 1, specifically, a succeeding

step to Fig. 9;

Fig. 11 is a diagram of one step of fhe manufac-
ture process of the modified example of the semiconductcr
device of Fig. 1, specifically, a succeeding step to Fig.

25 10;



where a conductive adhesive is transferred to the projecting el ectrodes;
Fig. 31 is a diagramof a conventional sem conductor device. 201 BEST2082DE
FOR CARRYI NG QUT THE | NVENTI ON h net hod for nounting a sem conduct or
elenent to a circuit board according to7a preferred enbodi nent of the
present invention, and a sem conductor device having a 25 sem conduct or

el ement nounted to a circuit board by the 1 April 2002 10 nethod wll be
described with reference to the draw ngs throughout which |ike parts are

desi gnated by Iike rgference nygerglsdi%g&ﬁﬂ; shEWS o geSeritenNdustor t@@vi ce
100 in which 5 a sem conductor elenent 103 is nounted to a Ccircuit board

101 accorﬂéggféetﬂr@ourﬁw@ég@d 'grf the,Pr ehekied RMbogk sRpt e Ther MOYRE

met hod for tarning the sem conductor device 100 . wll be discuss

h i nbel . SLAl k I 1 I i bed
her i nbe! Sy S BEALO A58 GOVENFLGNAL S CaNAUgh 916l STENlc A0 deRg! T be
fornmed to ap e%scggg@ei Q3a of the sem conductor elenent 103. The

ectr S

projectiH% 4 are pressed to a flat face of a stage, so that

| ead; d part th j ecti | ectrod t flat_and 15 at
the Bane. (1 mb.. uni {6FRod ARG gl IO ARG T ALECGT The Sty CURBUELE?

el ement 1U3. The projecting.el ecirodes 1U4 are preferably fornmed of Au, N,
ALl orTRe By bRg: PRG-I GETERT (it CBapF BORI AG wi th the use of a
w re described earljer. The formatjon qethog i s not qu%ted to 20 fhe

above. As indicatedfif-Fild S aRdddagréR 1° naFisgt.atﬁ) 1Rk sfeP T35 Héhot ed
by "S" in the drawing), each leading end part of the projecting electrodes

| 04 of tHeeSHM +BndNeesHedl dRef el R ICHIGIGHPT i HeVAEENOW £H %a

conductive adhesive i06 applied on the flat face of the _ .
Fig. 15 is a diagram showing the constitution of

10 an apparatus for injecting the sealing resin to the

semiconductor device of Fig. 1;

Fig. 16 is a diagram of a state where the sealing
resin is being injected to the semiconductor device of Fig.
1;

15 Fig. 17 is a sectional view of the semiconductor
device of Fig., 1 with the sealing resin injected while

coated with a heat-radiating resin;
Fig. 18 is a sectional view of the semiconductor
device of Fig. 1 in a state where a second sealing resin is

20 injected thereto;

Fig. 19 is a sectional view of the semiconductor
device of Fig. 1 in a state where the second sealing resin

is injected thereto;

Fig. 20 is a flow chart of an operation of &

25 method for mounting a semiconductor element to a circult



1 April 2002 11 stage, whereby the conductive adhesive 106 is transferred
to the leading end parts. The conductive adhesive 106 is any Kkilndprdf2002I | er
havi ng conductive properties, e.g., silver, gold or the like and not
limted in material. On the other hand, gas shown in Fig. 3 and a step 2 in
Fig. 20, in form ng the sem conductor device 100 according to the present
enbodi nent, a thernosetting insulating adhesive 107 is applied on an
opposite face 10la confronting to the sem conductor elenment 103 at a

posi tion 3@aRat acRch@ueRy Wd %@'&%68%%?0@5""%‘&“ i 4o e gonpEghed 1o

the projecting el ectrodés 104. Concrete e 1ns 1 Ng-a 07 is
anything such as anpgpoxyssgeries_resi .Sl licone-series resin, a
pol yi m de-seri es resi % efc 5o | gjnf%aséilghsk?rfnﬁg At SRESTBH Rt 2 As
w11l be 1 g i l.at i nsul at.i.n dhesive 107 is heated in, a,
range of g% g%@é&%?ef@’r"a %ayé 2191560554 % e‘%&%réet tﬁ%a\'l:bBQy-rseeeri%sllsesi n
for 15 m oyrs, pref.erab for ope hour sp as to set and shrink
in the sair}&les%?gégsgtgs%t}hée CETHIRT RE Bthe S8 996 99? A& pr dj eéhi ngne
elecérodqi.ZO 99.‘Nbreover, because of the need for the insulating
adhesi ve 107°8h*?Hé circuit board 101 to adhere to an opposite face 103b of
t he sem conductor elenent 1G3 thereby coupling the opposite faces 10la and
103b when the seni cbhBluctdr & eReRRlam3vigwarghingad arangenentuiof board 25
101, the insul ati ng adhesive 107 should be formed |like a 1 April 2002 12
proj ecti it bPtHea £i Adsiy afoerd edhesd vie | wBenattdie | seRilgng3 résihe is
insulating adhesive 107 is in liquid state. For this reason, the insulating
adhesi ve ToRHerd \Wifenthe i semacongvicd o3t atevigeyi ofosFiy.of 1 9-300Ras:
preferably 30Pas.
lrection;
10 Fig. 23 is a sectional view of the semiconductor
device of the embodiment in another structure without using
a conductive adheSive;
Fig. 24 is a sectional view of the semiconductor
device of the embodiment in a different strucfure with
15 using a spherical semiconductor element;
Fig. 25 is a diagram of one step of a process for
forming a projecting electrode on an electrode of a
semiconductor element, specifically indicating a leading
end part of a capillary;
20 Fig. 26 is a diagram of one step of the process
for forming the projecting electrode on the electrode of
the semiconductor element, specifically showing a state
with a ball formed at the leading end of the capillary;

Fig. 27 is a diagram of one step of the process

25 for forming the projecting electrode on the electrode of



5 In the description of the enbodi nent, the sem conductor elenment 103 to
whi ch the insulating adhesive 107 is applied or adhered is exenpfriliZd92 n
the formof one chip, but not restricted to this formand nmay be a wafer
before cut to one chip. 10 An exanpl e of physical properties of the

i nsul ati ng adhesi ve 107 forned of epoxy-series resin is indicated

her ei nbel ow. The i nsul ati ng adhesive 107 is set by heating at 120C for 30
m nutes. A thernmal expansion coefficient is 29x10- 6 /C, a Young's nodul us

is 10.5GPa, a 15 glass transition point_js.. bondhRonst r&enddtnt s

88. 26N antha sEniGRPEIT¢ERE i§§@€kloﬁggﬁ%%g¥ti ng strgss applied to

t he sem conductor el enent 103 whepn_t he iQ§u tin d i Ir$, Seteand
shrunken wiaght haer irad bf ofadedde t6°t ??éesse’r‘ﬁdcg% ugpgr r%é%ﬁeﬁ%t '0103. Wil e
the setting stress changes in accordance with a thickness and a size of the
sem condus¢nicehdnetirriBdemgnidt eri al and a breadth of a wiring, and a

t hi ckness, a size and a naterial of the circuit board 10

, en.the _
semi conduct or el eneft gi.s Xorhedaoli®ImaR tAf cRNE2HTER | Q nt§§tﬁFﬁﬁﬁﬁ§quare
and the circuit board is formed of 1 April 2002

5 for forming the projecting electrode on the electrode cf

the semiconductor element, specifically showing a state

with the projecting electrode formed on the electrode on

the semiconductor element;

Fig. 29 is a diagram of one step of the prbcess

10 for forming the projecting electrode on the electrode of

the semiconductor element, specifically showing a state
where projecting electrodes are uniformed in height;

Fig. 30 is a diagram of one step of the process

for forminq.the projecting electrode on the electrode of

15 the semicanductor element, specifically showing a state

where a Conductive acdhesive is transferred to the

projecting electrodes;
Fig. 31 is a diagram of a conventional
semiconductor device.

20
BEST MODE FOR CARRYING OUT THE INVENTION

A method for mounting a semiconductor element to
a circuit board according to a preferred embodiment of the
present inventicn, and a semiconductor device having a

25 semiconductor element mounted to a circuit board by the



T o I

13 0.8mmthick glass epoxy resin, the setting stress within .

392. 3x106- 1176. 8x106Pa never damages the seni conductor el enent 1 ARl 6PR2r
words, if the insulating adhesive 107 used acts the setting stress as above
to the sem conductor 5 elenent 103 and tOrcuit board 10l when set and
shrunken, the danmage to the sem conductor elenent 103 and circuit board 101
can be avoided. In step 3 of Fig. 20, the projecting el ectrodes 104 of the
sem conductor elenment 103 are registered on the 10 el ectrodes 102 of the
circuit busrlbdO¥idnd sebsheprentbyd diviosedeferehecel 6t riases drQdiiongs he
circuit board 1Ul by the conductive adhesive 106. Consequent to the

regi st erithgoudisoutt ewhostd i nské at pagtadhesiye HREigRHH AP tbg opPOsd: t €
face 10la of, the circuit board 101 with the opposite face 15 103b of the
sem condyeifyred edrenimdP3] bet ween t he senm conductor el enent 103 and circuit
board 1Gl. Then in step 4 called by a parallel setting process of Fig. 20,

t he sem conductor etgpeni wand, cd j 1 =R he_c ive
adhesive 106 and 20 ?%Eula%?%g%%g%eiéﬁégé%gggﬁgrsg%ﬁﬁ?%ﬂ%?%aﬁ% 8@%%%%5 by
a cuyre oye i seftl heqat nsul atd hesi ve nducti ve
adhgiive%lg%,(Ndégbé?ﬁ%agﬁkgﬂggélfg;t%gaaﬁéa é?phggt%nééginﬁggsﬁgg% of
the sem d I '%Wﬁﬂ; i i,t ;board 101..As a,result. th
serricondgg'?olré%t "§evite 1d%ﬁ§%§§g ﬁﬁ%ﬁﬁ&_l% %§QMﬁ€ﬁ§ﬁ§fe teT%?giPFHEJ t he
1 April 2 14 circyit board 101 and seniconductor el enent, 103 ar ot
tenporar%ﬁ% F%%@ ,Wﬁjh%§ku%%|%9%§éP189 ?hs §§Fﬁqﬂféﬁc§?ﬁe%%ﬁﬂﬁﬁti9@
adhesi ve }gg %pd i.nsul at i adhesin 107. A heating tenperature in the cure
oven is Br1z0%6C lﬁqﬁfﬁegggﬁﬁ?%%%?e'ﬂwthe case of the epoxy-series resin
adhesi ve. The cond ctLﬁe aqﬂgsive 106 ang,ins | ati ng adhesive 107 are set
under the same condifiorf t H2S SERPVENtERBALNSE LdiRsi 92 9Bt s

ad Bted t,0 be,%et and, shrunken earlier than the conductive 10 adhesive 106.
Thd’r easBRSFEF 59apVFﬁ§ sHER FFEGS ity it Ghat 45" 4he ONdFQISEt hbdesi ve
106 were fet earlier in a state without the projecting electrodes 14 and
the el ecBrBaEECE62 1GF t2 8i AR bdvafarmef Bendy, eifetaefectliGadz befded
state is unrepairable after the setting 15 and shrink of the insulating
adhesi vetN87 seTHEohuGtRY | slexeadt P t h The ipfadectdngi wstemtoegdesat t he
i nsul ati ng adhesive 107 is set and shrunken in 25 mnutes and the

conduct i ¥édadhesPrese@g it set flatodariengifes astape, sedvt ithgtt dmpediatgir e of

100C, the insulating adhesive 107 is set
end parts of the projecting electrodes are turned flat and

15 at the same time, uniformed in height from a surface of the
semiconductor element 103. The projecting electrodes 104
are preferably formed of Au, Ni, Al, Cu or solder by
plating or conventional ball bonding with the use of a wire
described earlier. The formation method is not limited to

20 the above.

As indicated in Fig. 2 and a step 1 in Fig. 20
(the step is denoted by "S" in the drawing), éach leading
end part of the projecting electrodes 104 of the
semiconductor element 103 1is brought in touch with a

25 conductive adhesive 106 applied on the flat face of the



20 and shrunken in 20 minutes and the conductive adhesive 106 is set in 35
mnutes at the setting tenperature of 120C, ' or the insul ating! Agrie2?02
107 is set and shrunken in 10 m nutes and the conductive adhesive 106 is
set in 20 mnutes at the setting tenperature of 150C. 25 In order to set
and shrink the insulating 1 April 20 15 adhesive 107 earlier than the
conducti ve adhesive 106 with the above-described timng and also to surely
bond the projecting electrodes 109 with the el ectrodes 102 on the circuit

board 101 by the insulating adhesive, K 107 set d. 5 ghkr unkep garddsrr & t hout
causi ng detrege, ehgrebyr &40& 6?H§H€tPVﬁa%é%?éi}%e%??oﬁ'uc?gr el'ement 103,

the insul ati ng adhesive 107 that has the above-descri he i cal :
properti&bishenﬁbawénglﬁn@aﬁ@??sﬁn(ﬁnﬁnc?aggggﬁyg g |¢§¥§és%q% of the
setting, the insulating adhesive 107 is 10 adapted to have .a gell]i tinme
and a setgiyg Kiine i ciiddereahbvéngt haAnoHEsd Y6 PREPES fi v ‘aihfesi ve
106. Further, the insulating adhesive 107 is adapted to be set at a | ower
t enper at W £ $&r ASqHDE 69 tRERJYE kehensemctorduetis?d el oAt €163 by t he
setting and shrinﬁ thereof. A difference of the 15 gelling time and the

settdng time betweepnt BRei B3Weat immddhesi sBo¥07 iand bnd c8Pfe BadHeF ve
|06 1s due to a difference of conponents. That is, the insulatjng adhesive

107 is 5¢f qjo{]a@i@hegbye £RNENENI ngortied nedriiTaAIG Y| A9 W AdhESY ve
| 07 is se ile” the conductive 20 adhesive 1C6 is dried and solidified

when a zg%%(gg%dglquo%n_t 54 | ggir@geBﬁ:A ehitiodinGarthi t 0d atBEIMES Nt ned

in the Ctive“adhesi ve 106 evaporates. The presence/ absence of the

ot g TR B e s e eonductor 1 Ao
2002 16 confronting to the semiconductor element 103 at a position
10 not in touch with electrodes 102 which are to be connected
to the projecting electrodes 104. Concretely, the
insulating adhesive 107 1is anything such as an epoxy-series
resin, a silicone-series resin, a polyimide-series resin,
etc. so loﬁé as it shrinks and sets by heat. As will be
15 described iater, the insulating adhesive 107 is heated in a_
range of 60—200°C, preferably at 120°C in the case of the
epoxy-series resin for 15 minutes to 2 hours, preferably
for one hour so as to set and shrink in the same process as
the conductive adhesive 106 of the projecting electrodes
20 104. Moreover, because of the need for the insulating
adhesive 107 on the circuit board 101 to ladhere to an
opposite face 103b of the semiconductor element 103 thereby
coupling the opposite faces 10la eand 103b when the

semiconductor element 103 is arranged on the circuit board

25 . 101, the insulating adhesive 107 should be formed like a



el ement 103 and circuit board 101, i.e., internal stress changes
corresponding to a setting tenperature, for exanple, 990.3x10" Pampit 200DC
for 30 mnutes, 882.6x106Pa at 120C for 30 mi nutes and 1520. 0x106Pa at 150C

for 15 mnutes. 5 Therefore, not only the timng shift of the setting is
required, but the setting stress should be 392. 3x1061176. 8x106Pa as _
nmentioned earlier. Since the sem conductor elenent 103 and circuit board
101 are connected by the insul ati ng adhesive 107 as 10 well as by the

conduct i On«gﬂ%ﬁﬂ&? &Qth%gggﬁ%dPP 585?895'61?’%%""@1‘31‘1#1&3'%%?“&5 ﬁaiﬂ”lg&

and sem or el enen IS 1Thcreased owi ng to the se ng a

opi to of The stPosd ety ¢apRa oIt st b o T e beenet ho 2o |

o 5 di f1aHence H1onel Rl LBRBIRERBY CobAT ot e’ arotne BFPCat Soart 101
Accor di ngi YU SH CHrEet | Brv7 85P SRaMo8 oA LT Aie IUF pYEYBLE! P 8Fect rodes
varied, and at the Shmetbere CAHE: bk BBndS or LEFemERbO ey of FR

board 101 are bonded stably and highly re[iablg with | arge connection
st r engt h.SeP5 CAHBUAMNT t heePABEl AdhgadietrhetPe7 insWpfieg adhesive

107 is applied or adhered is exemplified in the form of one
chip, but not restricted to this form and may be a wafer
before cut to one éhip.

10 An example of ©physical ©properties of the
insulating adhesive 107 formed of epoxy-series resin is
indicated hereinbélow. The insulating adhesive 107 is set
by heating at 120°C for 30 minutes. A thermal expansion
coefficient is 29x10°%/°C, a Young's modulus is 10.5GPa, a

15 glass transition point is 113°C, a bonding strength is
88.26N and a setting stress is 882.6x10%°Pa.

The setting stress applied to the semiconductor
element 103 when the insulating adhesive 107 is set and
shrunken has the risk of damage to the semiconductor

20 element 103. While the setting stress <changes in
accordance with a thickness and a size of the semiconductor
element 103, a material and a breadth of a wiring, and &
thickness, a size &and a material of the circuit board 101,

when the semiconductor element is formed of C.4dmm-thick

25 silicon with 10mm square and the circuit board is formed of



1 April 2002 17 onto the circuit board 101 in order to sinplify the

manuf acture process in the foregoing description, the insul atingAadh2302/e
| 07 may be applied to the opposite face 103b of the sem conductor el enent
103, or both opposite 5 faces 10la and }QBb of the circuit board 101 and
sem conductor el enent 103. In addition, although the insulating adhesive
107 is applied only at one point between the sem conductor el enent 103 and
circuit board 101 as indicated in Fig. |, 10 the present invention is not’
limted to this and the insul ating adhesive.,107_cap.hb | : .

pl ural i ty? POkt Sk adliat SefPRENdUCT DI te ih@essiﬁg,‘nélg%’gﬁ%% i%‘}nl 3. s,

6 in accordance wth an increase of an area of the sem conductor, el enent
103. WherB3Ae3% WU lat T nduth&s veneBero7 aMadtfi ed t REMIEORSHEE TR nt s,

t he amount of the insulating adhesive 107 applied_once is reduced, so that
vari at i orsl émemppl i clt i ohhgowrds déér ddxrdingHABLARG LEast ¥Rt Hibunt

of the insulating adhesive |07 to be applied. The insul ating adhesive 107

i s preventssd f aots 2@hepseddiimy totthes ehsctbodes to2the sRBIEONEHAT Poard
10l when the sem conductor elenment 1U3 is nounted on the circuit board 1UL.
Whers t he ssneondaoBorared engntuit3 amardi AOdi twhryar et0arnd e SBEHAEE B Wit h
each other as in Figs. 1, 5 25 and G if the insulating adhesive 107 is

di sposed 190 agiaf@lge foAmlid 2003 cthdurtadheedearytof 10Be aidciodesi t103a
of the sem conductor elenent 1D3 and el ectrodes 102 of the circuit board
101, the Joltow g effiestszabedeserted. In the event the sem conductor

el ement 103 is detected to be defective after 5 being nounted to the
circuit board, the {psykai g gehesigie 407 eheepwofeaerines eestmroales
adhering to at | east one 0f the electrodes 102 on the circuit board 101 can
be sof t engfy byrhegli ngnlihe fisfacd vel sfEheondacthale elamnte todabautthe
20D-230C which is a tenperature not |lower than the glass 10 transition

poiyy of élheecxlhfe‘é&'éé“ fég agdhesive, o § pchecr edugerd 101bent stupBatenths

i nsul ati ng adhesive 107 can hence be separated fromthe circuit board 101,

and the sen cLgr tRkerm@t+40R31dS 1650¥gdthe ahouuikd seseadsolr em t he
circuit &agéﬁggﬁ.EéoFﬁ%hgﬁgﬁwnuté%ogrd 101 can be Jgéd again, to 15 which

2 P00 ST SEMELEL BLeURAE 101 n vt dlénoul the stetstmaieed

e e O i0de: 02 0L e h% ELLS UL P U th M1 0T GoSEIEEORAUCEBpoatere 110
face 10la of.the circuit ‘board 101 with the opposite face

15 103b of fhe semiconductor element 103 Dbetween the
semiconductor element 103 and circuit board 101. |

Then in step 4 called by a parallel setting

process of Fig. 20, the semiconductor element 103 and
circuit board 101, i.e., the conductive adhesive 106 and

20 insulating adhesive 107 are set in the same process by a
cure oven heating and setting the insulating adhesive 107
and conductive adhesive 106, or by a heating tool with a
heater heating at least one of the semiconductor element

103 and circuit board 101. BAs a result, the semiconductor

25 device 100 shown in Fig. 1 is obtained. At this time, the



20 103a of the sem conductor elenment 103 and the el ectrode 102 of t%
circuit board 1Ul. The insul ating adhesive 107 in the foregoind'ﬂ%ﬁ PStion
isin liquid state. However, the insulating adhesive nay be nolded to a
pellet or film whereby the 25 anpbunt oi4the insul ati ng adhesive 107
supplied varies |ess. 1 April 2002 19 The insul ating adhesive 107 of a
const ant anount can be supplied. At this time, the insulating adhesive 107
shaped in the pellet or filmis preferably rectangular or 5 elliptical in
pl ane hawiingal t ebglaird ol bleadid satiieccofdurtiosnellearernthanod. Asewindtbe
described later, a first sealing resin 161 is injected to a gap between the

sen condugingyored et £ 108danBua reditiindlopy dsd01bgs tHoWet hifhJo 1k Rét er
t he sem conductor elenent 103 and circuit 10 board 101 are fixed by the

i nsul ati reRAhesi Ve ddeshenibeeahbr shssaaltiing renids16d i§7injected into
the gap froma side end face and a nei ghboring part 206 of the

sem conduct or el emgnt %gﬁfkﬂgongeﬁ;g%(fﬂb asi!geprtﬁgentcgp[g)ytggégws $20.11in

Figs. 21 and 22, air bubbles”are t Bd at 15 a rear end par of 1he
oW A1 49 AdBR X5 107 | RS ILECL O A gL i0n O e SN 20k
kbt SRR TR TN BN i e L RN
0, BLanecageltl 3 0RUL0 olee UshErelya e 20koivysely In Lhe oy ection
d rection orthogonal, L, Lk oot o 1 sel I, 2ot SamL et Jn, L 2
adapted to be set and shrunken earlier than the conductive
10 adhesive 106. The reason for adapting such the timing is
that if the conductive adhesive 106 were set earlier in a
state without the projecting electrodes 104 and the
electrodes 102 on the circuit board 101 bonded, the
defective bonded state is unrepairable after thée setting
15 and shrink of the insulating adhesive 107. The setting is
eXecuted with a timing, for instance, that the insulating
adhesive 107 is set and shrunken in 25 minutes and the
conductive adhesive 106 is set in 40 minutes at the setting
temperature of 100°C, the insulating adhesive 107 is set
20 and shrunken in 20 minutes and the conductive adhesive 106
is set in 35 minutes at the setting temperature of 120°C,
or the insulating adhesive 107 is set and shfunken in 10
minutes and the conductive adhesive 106 is set in 20
minutes at the setting temperazture of 150°C.

25 In order to set &nd shrink the insulating



ratio of not smaller than 1 can be applied also to a plane shape of the
applied insul ating adhesi ve 107 when the insul ati ng adhesi ve 107Apms 4092
liquid state. Since it is necessary far the pellet or filmshaped

i nsul ati ng adhesive 5 107 on the circuit;ygoard 101 to touch the opposite
face 103b of the sem conductor el enent 103 when the sem conductor el enent
| 03 is nmounted on the circuit board 101, a height of the pellet or

fil mshaped insul ati ng adhesive 107 fromthe opposite face 10la of the

circult 18qhasidelllon ssices Nahodl ko ddifal@uohe Ehegx 3l hg pe! | et

or filmin plane is smaller than a di stance between t ect rodes a of

the sen C@HQUCéEUv@l@é@é‘fsiﬂagé SPPM%{;” - .alis%‘dt%asséPgrlT&ﬁitg%g Jhhe

corresponding to a distance between the sem conductor

he case hersERadpa IS TS | ACenabeat RO ot 1 ¥ ELaES: et S0 sfhe. |

the case where t pe

enpl oyed, I i ects are qobtained. As described earlier, when
the i nsul%%?%éigd%?sg}r\% f@g ﬁﬁ’ I‘%E] i d0SdAd g (RIResiKeapd | caeforen®
operation_for_4he insul.ating,adhesive 107 and a nount operation for the
seni %ondusc}%%?n%?%n?ﬁtﬂf&r o%fggfjﬁz FIe RIpSEME IOL 8r§ -carEFe@ksutor

separately as.ip steps .2 and 3 in Fig. 20. To the contrary, when the pellet
or filn}gﬁgbeblpﬁsGPaﬂﬂﬁb saResPREUIPY sedgBent silfde tHee 25nsuAediiveg i s

solid, the pellet or filmshaped insulating 1 April 2002
adhesive 107 that has the above-described physical

properties is employed. Moreover, in order to secure a
timing shift of the setting, the insulating adhesive 167 is

10 adapted to have a gelling time and a setting time which are
earlier than those of the conductive adhesive 106. Further,
the insulating adhesive 107 is adapted to be set at a iower
temperature so as not to damage the semiconductor element
103 by the setting and shrink thereof. A difference of the

15 gelling time and the setting time between the insulating
adhesive 107 and conductive adhesive 106 is due to a
difference of components. That is, the insulating adhesive
107 is set as an adhesive component contained in the
insulating adhesive 107 is set, while, the conductive

20 adhesive 106 1is dried and solidified when a solvent
component called as BCA (butyl Carbitol acetate) contained
in the conductive adhesive 106 evapora£es. The
presence/absence of the solvent component is one reason for
the difference of the gelling time and setting time.

25 The setting stress applied to the semiconductor



21 adhesive 107 can be di sposed between the circuit board 101 and

sem conduct or el ement 103 while the af orenentioned nount oper atliARiili200Bei ng
performed. Although the insulating adhesive 107 is directly 5 adhered to
the opposite face 103b of the sem conduggor el enent 103 in the above
description, as will be depicted later, an insulating resin 153 of, e.g.,
epoxy-series resin nmay be forned at the opposite face 103b of the

sem conductor el enment 103 beforehand, thereby constituting 10 a

serm condugl gl eBa! 80, 30d,Lhereal igr Jdie SeMLCONdYNLOr £ cuaiodRl | o

connect e hé Circuit board 1 t he i'nsul ati ng adhesive 107. More

speci fi cal,l referring to.Fig. .8, _after . j i el r 4 are
f or ned oﬁ:}ﬁv{geesl e%?’f%%&cﬁegggor'%t Re nggtsle%ectgé;ln%%%#&g ’errg{r%% %géﬁlplt %é

sem conductor_element 103 is fitted on a 'rotary %ﬁgl @4. The ggquating
resin i 539& 3pHPad ale & OREEr 150% e dhipakeson & %b% 1% e?fa 83b of
the sem conductor elenment 103, and the rotary table 151 is rotated in an
arrow di rfsct i 30, Mimwmsegndnce;2@s0x hORR Fﬁé. P 0t hefphsulat PAGULES -n 153
is scattered by a centrifugal force, so that the opposite face 103b of the
semTonddtegre it egennoto3cah tHee eltd@imstieshidsa PR tHee p&EPHEY 45 the
projecting el ectrodes 104 are covered with the insulating resin 153.. But a
| eadi ng erediparad, ofouthe e pragetingg steespodehordd abe exfdsett¥% om t he
i nsul ating 1 April 2002 22 resin 153. The insulating resin 153 is then
set. Aftén 1heé=61Pengs menmtlicadichgeandienrts of the projecting el ectrodes
109 are pressed to a base material 152 having a flat face, as shown in
Figs. 10 and 11, tlsihsdy thki rapnheondiehdi ng lemergar 1 83ofantchecprepééti ng
el ectrodes 109 flat and exposed as a bond face. Afterwards, as in Figs. 12
and | 3, therxpnortkye adhesioteed0byi $her aisieds ainghedheadivieg 0d parts of
the projecting electrodes 109 as described earlier, and the insulating

adhesi ve Q7 iz diypposeddbeiveenvehadhesiem aotjuctameat eiemt si56nght
circuit board 101, whereby the sem conductor elenent 150 is connected to

the circyett Ry ¢ H i ddhei sepdseaduot ok nde sies ddndudmntf @témieet besdonmes a
sem conduct or device 155 shown in Fig. 13. As described herei nabove, when

the insuliatingckeas@s n olﬁ%dhs dor neek onsdthei epposhde $aeent03prof thbe
sem conductor el enment 103, the insulating 'resin 153 protects the

sem condyqton 811§t gl 031 98d 18) 805§ he oGl Pdest A03ael nedihgePeibpagry of

the projecting electrodes 104, and at the same tinme, makes the 20

sem condugtor, el Srend éf'p%borsltwsess:ﬁagy@swdn@bsttwee A heicraungggron the

r e
circuit boardj101 and prevents the el ectrodes 103a of the sem conductor

fdeom, eé; %%O;ﬁ%&@gﬁgf ef‘EEEEgBQQ hQ 4t he S AMLANdUEd o1 glevbge 155,

el nt
a ggﬁceséggrﬁenjec setting the insulating resin to a 25 gap between

the Circ%k% b%?%%u%%l %g%r%enhﬁqndﬁﬁgortglegquifference of thermal
expansion coefficients of the «circuit board 101 and
semiconductor element 103 and a warp of the circuit board

101. Accordingly, a connection resistance between the

20 projecting electrodes 104 and electrodes 102 of the circuit
board 101 is decreased and less varied, and at the same

time, the semiconductor element 103 and circuit board 101

are bonded stably and highly reliably with large connection

strength.

25 Elthough the insulating adhesive 107 is applied



1 April 2002 23 1U3 is effectively elimnated. Wile the insulating resin
153 may not contain a material such as silica or the |ike contndgril2gORhe.

t hermal expansion of the insulating resin 153, if the insulating 5 resin
contains the material, it becones al nostj-equal to the insulating adhesive
107 in conponent, thereby reducing a stress at an interface between the
insulating resin 153 and insul ating adhesive 107. In each of the
above-descri bed sem conductor 10 devices |00, 110, 115, 116, 155, the first

sealing 1g8kB 16hel Schobegted ka the gaP sl vasachhe semcqpduci or ehgrent

and circuit boa e.g., in a manner as illustrated in F

R N S LR . W AT I L N TN

the senicon _ vice 5as drscussed
o e LSRRI BRI ! el ranLoes, BSVE L et AL
i de ond T288 O ¢ hBos AHEbRONET6Fotou e aitp 103 “6F Both Gpposite
5 faces 10la and 103b of the «circuit board 101 and
semiconductor element 103.

In addition, although the insulating adhesive 107
is applied only at one point between the semiconductor
element 103 and circuit board 101 as indicated in Fig.'l,

10 the present invention is not 1limited to this and the
insulating adhesive 107 can be applied at a plurality of
points as in semiconductor devices 115, 116 shown in Figs.
S5, 6 in accordance with an increase of an area of the
semiconductor element 103. When the insulating adhesive

15 107 is applied at two or more points, the amount of the
insulating adhesive 107 applied once is reduced, so that
variations in application amount is decreased, enabling a
constant amount of the insulating adhesive 107 to be
applied. The insulating adhesive 107 is prevented from

20 spreading to the electrodes 102 of the circuit board 101
when the semiconductor element 103 1s mounted on the
circuit board 101. |

When the semiconductor element 103 and circuit

. board 101 are connected with each other as in Figs. 1, 5

25 and ¢, if the insulating adhesive 107 is disposed so as not



and one of parts in the vicinity of the side end face, as indicated by the
reference nunmeral 206 in Fig. 19. Preferably, the interior of &AwiRkPAg
chanber 173 is reduced in a pressure |lowered than an atnospheric 25
pressure by an air discharge device 172 I ter the 1 April 2002 29

sem conductor device 100 is set in the chanber 173 the interior of which
can be reduced in the pressure |owered than the atnospheric pressure by the
ai r discharge device 172. Under the pressure-reduced state, the first

seal i ng S5tpesidhaldl asyapfl itk oal ecthedeisr Aiia boar d ht0ls &h DBgnliadh o3 des
of the sem conductor device 100 fromthe side end face and the nei ghboring
part 206 eflemeatsenttoaddctalecierodes 1002byoa thsi ncifeedi deysad790as
represented by arrows. After the application is conpleted, the interior 10

of the chankerfdY3owsnpet Fnedts0 hLhe atpesphari c pressuke. Mapwhi Lge the
gap part between the sem conductor el enent 103 and CIrCUIt board 101 sealed

by the figshiseabiuedokeeilkmksk @m% i g4 éé@élatééetta% g%%ttﬂfvé he

sem conduct or device 100 is still in the pressure- red ate Eecause

15 0b a poesayr fodhtber eacend hﬁxfddfé ﬂangt?%ewu&g_ PR ReE IR The

four sides invades the gap as own |n ereby

t of, 6 at t hi h I
the gap bEt wegh 198 @2%%%% eb P é‘ﬁ%ﬁf‘l“?’% ER R i‘%&sea )
th b t d h
stress andbeeneLREoRERT 4B By TS i ioA e L OR cBRabry Bt

above- desgy ! gledaelmge%gn TELD00: " SOIPRLLIOD. heié‘rﬁe{l%t nog Oafb app' yin

200-230°C which is a temperature not lower than the glass
10 transition point of the insulating adhesive, to be reduced

in bond strength. The insulating adhesive 107 can hence be

separated from the circuit board 101, and the semiconductor

element 103 is removed in about 15 seconds from the circuit

board 101. So, the circuit board 101 can be used again, to
15 which a good semiconductor element 103 is mounted.

Although the aforementioned effect is lost, the
insulating adhesive 107 may be disposed to adhere to the
electrode 102 of the «circuit board 101 as in a
semiconductor device 110 of Fig. 4, cr both the electrode

20 103a of the semiconductor element 103 and the electrode 102
of the circuit board 101.

The insulating adhesive 107 1in tﬁe foregoing
description is in liquid state. However, the insulating
adhesive may be molded to a pellet or film, whereby the

25 amount of the insulating adhesive 107 supplied varies less.



25 sealing resin fromthe side end part of the sem conductor

1 April 2002

25 el enment 103 and the neighboring part 20G in the atnospheri c1pkpd2002,
the sealing resin can be injected to the gap in a shorter time. Moreover,.
even if the sem conductor elenent 103 is gas |arge as 15x15mmor nore, the
sealing resin can 5 be injected easily i'n a short tine. A heat-radiating
resin 163 may be provided to the sem conductor device having the first
sealing resin 161 filled in the gap as above, in a manner as shown in Fig.
17 to cov t .face of the seniconductor device. 1n 10 this case,

t he heat - r%é&i glterllér,\wgﬂ?g;s?ﬁ fé%lensalsv% ﬁﬁZr n%f E‘on‘aﬁ’a#@?gy FCIT affd oge
0.2-2Wnk, nore %referably, IWnk or larger to effectively radiate the heat

generatedsgppgﬁg

sem conductor device. If alumna or the like netallic

filler of good thernal onductivit¥pis,included in 15 the first sealing

resin 161, heat radfati SfEiReen

eofinHl alekh T opdlie s dveelldhenshapedcan

be inproved even w thout the heat-radiating resin 163. Wen the netallic
filler islBsedherheglilater ¢85 cdidad s h rreterabtpat rectanad aregace

conductivitX_of the filler. 20 In place of the nethod of injecting the
Lh

seal Png res
sem conduct or device 100, for instance, with a
smaller than 1. As will be described later,

ptigalsén pdrdecthavigiementengthchn-beesdihed aiyi ccaviernag t he

a first

sealing resin 161 1is injected to a gap between the

10

15

20

25

t2miconductor element 103 and circuit board 101 as shown in
Fig. 14 after the semiconductor element 103 and cifcuit
board 101 are fixed by the insulating adhesive 107. When
the first sealing resin 161 is injected into the gap from a
side end face and a neighboring part 206 of. the
semiconductor element 103 in one direction as represented
by arrows 201 in Figs. 21 and 22, air bubbles are formed at
a rear end part 202 of the insulating adhesive 107 in the
injection direction of the arrow 201, resulting in the
formation of a void part. For eliminating the air bubbles,
therefore, the insulating adhesive 107 is arranged to be
streamlined to the injection direction, and further the
insulating adhesive 107 is arranged in plane so that a
ratio of a lateral size 204 thereof in the injection
direction of the arrow 201 to a 1ongitudinél size 203
thereof in a direction orthogonal to the injection
direction is not smaller than 1.

The above condition of the length-and-breadth



second sealing resin 162 as shown in Figs. 18 and 19. The second sealing
resin 162 is, e.g., a filmshape or in 25 liquid state. Fig. 18 Ahid@902he
liquid state resin, while 1 April 2002 26 Fig. 1 shows the filmof the
resin. Concretely, after the seniconduc;gr device 100 is heated in the
chanber 173 in the pressure-reduced stafe, the whole face of the

sem conduct or elenent 103 is covered with the second 5 sealing resin 162.
The working chanber 173 is returned to the atnospheric pressure, and the

second sealing resin_ 102 is set, whereby the sem.conductor device.100 is
seal ed. A& %i%ﬁl?@taEmémﬁﬁr &hal t% ‘f%’é ﬁﬁt ﬁgﬁl&feogﬁéil? ngoaﬁdglrﬁréecti ng
the insul ating seali resin.from 10 the .side d f.ace t he nei ghbori ng
part 206 Sg’fapceneo emtggndGBPgrleéil 'eﬁﬁ‘ﬁfﬁf % taﬁ eé:‘tlﬁ’[?spﬁ ?ﬁcwg‘re&s > the
second sealing resin can be applied in a short{ tinme in the formof a sheet,
whi ch can édpe with adkesavenck®hseSoftnt nelSehfcStdi& or i@kt 18035 15
Simlar to the case when the first sealing resin 161 1S used, the

heat - r adP&Gaf$aesiipr Eherege bet agdifdilanghapest dvioeket brat adhgsdviena
filler or the like may be included in the second sealing resin 162. The
first sedlilresibe 1G6i1r andt sdsmrd séllli g 260nedi nthe?2 oppe sirtef efalley of
epoxy or acrylic-series, nore preferably conposed of a material containing
an epoxy léStmponert . The fi semiswalduntarsi relidtemhd skednd wkahi ngthesin

162 may be thernoplastic resin, not restricted to thernoset resin. 25 In
t he aboveéegémonshdictore benénts 1000, id10pubt®d on the circuit board

101, a height of the pellet or film-shaped insulating

adhesive 107 from'the opposite face 10la of the circuit
10 board 101 is such that allows the touch. For example, the

pellet or film in plane is smaller than a distance between

the electrodes 103a of the semiconductor element 103 shown

in Fig. 1 and has the height corresponding to a distance

between the semiconductor element 103 and circuit board 101,
15 i.e., 20-200um, and slightly exceeds the distance.

In the case where the pellet or film-shaped
insulating adhesive 107 is employed, the following effects
are obtained. As described earlier, when the insulating
adhesive 107 in 1liquid state is used, an application

20 operation for the insulating adhesive 107 and a mount
operation for the semiconductor element 103 onto the
circuit board 101 are carried out separately as in steps 2
and 3 in Fig. 20. To the contrary, when the pellet or
film-shaped insulating adhesive 107 is used, since the

25 adhesive 1is solid, the pellet or film-shaped insulating



1 April 2002 27 116, 155, the projecting el ectrodes 104 are connected to
the el ectrodes 102 on the circuit board 101 via the conducti ve Tagirdd00@
106. However, the conductive adhesive 106 is not necessarily required. Fig.
23 represents a 5 sem conductor device 231 wherein the sem conductor

el ement 103 and circuit board 101 are fixed with each other only by the

i nsul ati ng adhesi ve 107, wi thout using the conductive adhesive 106. Since
the insul ati ng adhesi ve 107 has shrink properties, the sem conduct or

Vi the ITEHaTYBgt Sansarve A07 <EngeBoReBseR 15 e Br o e PRRG EITEt T odes

via the insulating adhesive 107,

104 are b e d ] Lcall connec to,the electrodes 102 on the

circuit Hﬁgédqfﬁ%céﬁégégégn ?%%mgggicgﬁgucVBF & ehBft F68T8AE™ME TG Rui t

board 101 are fixed gnl% bé he insulgting dhesive i 07 as above, the
1PBatar &G

proj ect i i ¥Hecthoad ediife RF ed to the el ectrodes 102 on the

circuit board 10l via the jnsulating adhesive 107. However, it is better to

use the conductive 2HHeQR¢R 1d6 tidptinking efhasdee2d Conhectiaectly
reliability nore as described "earlier. Although the sem conductor el enent

103 3 s f 1309584 hé X oFBgoi PEPeRafBl efa¢de Ibint ofet hbe | sembcohidmicted t o

element 103 in the above description, as will be depicted
later, an insulating resin 153 of, e.g., epoxy-series resin
may be formed at the opposite face 103b of the
semiconductor element 103 beforehand, thereby constitﬁting
10 a semiconductor element 150, and thereafter the
semiconductor element 150 is connected with the circuit
board 101 by the insulating adhesive 107. lMore
specifically, referring to Fig. 8, after the projecting
electrodes 104 are formed on the electrodes 103a of the
15 semiconductor element 103, the semiconductor element 103 is
fitted on a rotary table 151. The insulating resin 153 is
applied to a nearly central part on the opposite face 103b
of the semiconductor element 103, and the rotary table 151
is rotated in an arrow direction. In consequence, as in
20 Fig. 9, the insulating resin 153 1is scattered by a
centrifugal force, so that the opposite face 103b of the
semiconductor element 103 and the electrodes 103a in the
periphery of the projecting electrodes 104 are covered with
the insulating resin 153. But a leading end parts of the

25 projecting electrodes 104 are exposed from the insulating



the exanple and is applicable to a spherical sem conductor elenent 213 as
shown in Fig. 24. A seniconductor device 25 215 i s obtai ned witIhApH&002

spherical sem conductor el enent 1 April 2002 28 nmounted to the circuit
board with the use of the nount nethod ef the above enbodi ment. Although
the present invention has been fully described in connection with the
preferred enbodinent 5 thereof with reference to the acconpanyi ng draw ngs,
it is to be noted that various changes and nodifications are apparent to

those skilledyindhe anf %%Cékiﬁg]@ﬂg Srgg Ao | ggt Irtft %ﬁmié%{:}.gnbggtaé'ﬂ ned

under st ood as i ncluded” W't Ri n e scope t He prese _
R%mfgfa?ﬁgﬁgdfgeégig&?in%h%”'?%%d&%%y g%%ar%aEQ%re%%anhe:lp gﬂécggg% 29

electrodes 104 are pressed to a base material 152 having a

flat face, as shown in Figs. 10 and 11, thereby making the

5 leading end parts of the projecting electrodes 104 flat and

exposed as a bond face. Afterwards, as in Figs. 12 and 13,

the conductive adhesive 106 is provided at the leading end

parts of the projecting electrodes 104 as described earlier,

and the insulatiﬂg adhesive 107 1is disposed between the

10 semiconductor element 150 and circuit board 101, whereby

the semiconductor element 150 is connected to the circuit

board 101. The semiconductor device thus manufactured
becomes a semiconductor device 155 shown in Fig. 13.

As described hereinabove, when the -insulating

15 resin 153 1is formed on the opposite face 103b of the

semiconductor element 103, the insulating Tresin 153

protects the semiconductor element 103 and also the

electrodes 103a in the periphery of the projecting

electrodes 104, and at the same time, makes the

20 semiconductor element superiorly resistive to moisture

after mounted on the circuit board 101 and prevents the

electrodes 103a of the semiconductecr element 103 from being

corroded. According to the semiconductor device 155, a

process cf injecting and setting the insulating resin to a

25 gap between the circuit board 101 and semiconductor element



1. A nmethod for nounting a sem conductor elenment (103) to a circuit board
(101 ), which conprises: applying an insul ating adhesi ve (107) 1liApria2002uid
state having a property of shrinking upon being set,, at |east at either of
opposite faces (10la, 103b) confronted $9 each other of the circuit board
i 01 ) and sem conductor elenent (103); registering the circuit board (101
) and sem conductor elenent (103) so that an electrode ( 102) on the
circuit board corresponds to a projecting electrode ( 104) on the

sem cond 9rlglggggétigg§%onggﬂﬁhf 4.he opposite faces (10la, 103b) of

the circuit” board and sem uctor ement (103) by the insulating

adhesi ve (107): andgeetling.t g Oar;ﬁg&%g diesiaue (IO POCHRL e,

el ectrode (102) on &Gi t the projecting electrode (

104) on the sem conductor elenpent (1 ele C rough
the. sihri T o1 (HEh nehl 521 A6 Cadhed e "’1(% GELET o7 PR

sem conduct or e] enent 03) ,and cir.cuit_board ) coupl d.state. 2.
. he netﬁﬁ???ﬁl%%uﬁﬁrép% 4B GRS of 8 B Kléf)qi FP@&HI%%ard
(101) according to claiml, wherein_the i nsulatlng fdheg é 12

appld ed a‘fesa”bd%‘P’?F%%P%thFomBEeFﬁa@ou&ﬁ PGS dFMPRE BRBELr S’et()%Z) on
the circuit board (101 ) and the_projecting el ectrode (104) on the

senm condudtotlal Engnedpesdde | hoi?he”boﬁﬁmé’ﬁn%t'e Bhefﬁgyse‘:rﬁ‘@%ﬁfdr&l%t Gr

el enent ( 103) and circuit board ( 101 ). 1
April 2006 B358.atThen nbthedfase hedineeng tél%elrﬁfdblrﬁmelﬁ%rr@%ﬁehﬁ( f@si) to a
circuit board ( 101 ) according to claiml or 2, wherein the insulating
adhesi ve inOati sn@appihesive a0pglurality of points on the either of
opposite faces (10la, 103b) so as to reduce an application anpunt, of the

i nsul ati ng adhesi velx 108dachppbifedtbrce abswyetisamibed i opemiaonfector
application anmount is decreased. 4. The nmethod for nounting a sem conductor
el drtent (dEB8)cd B00| r dAlit, bdbabd (1M, )1abcortdiengiivstnypeamieiraf thaims 1 to

1 161 is injected to the gap between the semiconductor
element and circuit board, e.g., in a manner as illustfated
in Fig. 14 or in step 5 of Fig. 20. The injection of the
first sealing resin 161 may be omitted in the semiconductor

15 device 155 .as discussed above. An injection operation cof
the first sealing resin 161 will be described now by way of
example of the semiconductor device 100.

In a way of the injection method, the first
sealing resin 161 is injected by a resin injection device

20 171 from the side end face of the semiconductor device 100
and one of parts in the vicinity of the side end face, as
indicated by the reference numeral 206 in Fig. 14.

Preferably, the interior of a working chamber 173

is reduced in a pressure lowered than an atmospheric

25 pressure by an air discharge device 172 after the



wherein the insulating adhesive (107) is set by a cure oven. 5. The nethoh
for mounting a seniconductor elenment (103) to a circuit board (16prih2002
according to any one of clainms 1 to 4, which conprises, after fixing the ;
circuit board ( 101 ) and sem conductor ®enent (103), injecting a first
sealing resin agent (161 ) to a gap between the circuit board (101) and
sem conduct or elenent (103) froma side end face and its nei ghboring part
206) of the sem conductor elenent (103) on the circuit board (101 ). 6. A
(206)
met hod f ok efBuRiidigtd Seakeaeduct b e emendt (103)4 i}ﬁ,)? Lt rd 1ol
), which conprises: disposing an insulating aéﬁes?v% ?ﬂﬁj g%a&?ﬁg gh
property ohtghhiorKidg YR9RHLELNG t) st..at..either of opposite faces
e réﬁ¥é§ﬁ En t5e g%ggqyr oyegﬁ@

(101 a, 103b) confronted to each other o ecircuit 0

sem condu Lsreqgisterin he.circuit hoar 101 ) and

seni condug{qgg1 ehﬁﬁmé%fgg%rég %@%Séhnr% éé’t rtg‘ e Tﬁﬁz%léﬁ%@&@%iﬁjﬁmf’eboard
(101 ) co spo t rojecting el ectrode (104) on the sem conductor

el ement (&33) cqgﬁdp"rf nSh?h roepsp%%%g ‘er?é‘d‘éég( fgfg,e)flo § SfriSte TepELPE

boar 101 .én em conduct or el enen 103) by the insul ati ng adhesi ve
(107 ;(anﬂe%%?t?ﬁg e § %ﬁiﬂﬁtﬁdﬁé§ﬁﬁé%QH%%,b%@I@hépltmﬁaﬂ%mf¢@ue

(102) on the circuit board (101 ) and the projecting el ectrode (104) on the
semi condu%’t‘g‘?seloeqereﬁ}t’e( e eprderbefridaiise céAfecteemt Hhsughidee end

shri nkage_of the insulating adhesive (107) so as to fix the sem conductor

el enent 15935 & citheui RepelberEnED1PR tn A060upf edheat eentilve nhidtog:
further conprisin% appl yi ng, before disposing the insulating adhesive
(107), arf§Vsef atlilfy P¥sin Xassy fisedrdevitend #h ebectepdes¢i9ad) on t he
sem conductor elenment (103) to the opposite face (103b) of the

senm condW®iAVWe! endftteriod)e application'is toApdlielte2)02tB4 exceptidor a
part of the projecting electrode (104) connected to the electrode ( 102) on
the @ircuift Wuarch{modr)]73héseire tafined tthe tilns Wiakd neh&£sENpEa53)reeat S,
the insul ati ng adhesive (107) is disposed at |east at either of opposite

faces (10kmnwioshy, TheThmprepant hetwanmting & cSABERIHIE OF - e
(103) to a circuit board (101 ) according to claim®6, wherein the

i nsul ati @ ¥ esid (ir&B)t iscapgl ted Byadeeppiyng Heher i sl 8¢k DonHesbB;(153)
to a nearly central part on the opposite face (103b) of the sem conductor

?Egg?nt (1¥03) abpre@donadohet atyet aBbar( 18idksangdsr ofgd i Ngeh NELQLAL ¥t bl e
' device 100 is still in the pressure-reduced state. Because
15 of a pressure difference, the first sealing’ resin 161
applied along the four sides invades the gap as shown in
Fig. 16 thereby filling the gap. The amount of the first
sealing resin 161 applied at this time is such as seals the
gap between the semiconductor element 103 and circuit board
20 101, thereby preventing invasion of moisture and corrosion,
easing a thermal stress and securing reliability at the
bonded part. |

According to the above-described injection method,

in comparison with the method of applying the insulating

hS)
w

sealing resin from the side end part of the semiconducter



8. The nethod for nounting a sem conductor elenent (103) to a circuit board
(101 ) according to clains 6 or 7, which conprises) after fixi Ag \RrAh&002
circuit board (101 ) and sem conductor elenment (103), injecting a first
sealing resin agent (161 ) to a gap betweéen the circuit board (101 ) and
sem conductor elenent i103) froma side end face and its neighboring part
(206) of the sem conductor elenent f103) on the circuit board (101 ). 9.
The method for nounting a sem conductor elenment ( 103) to a circuit board (
101 ) acceidimpgtt 08l anm &hewmerigjhhor hiegi psnkakD6g iadhes eerr{ddMet sca

pel | et -shaped or filmshaped and the first sealing resin agent (161 ) is

I nj ect ed pnesserdir ehki sraling thes gapcaetveedntbetedr ¢oi tHeoayah (14103 )
and sem conductor elenent ( 103) fromthe side end face and its nei ghboring
part (2063heftéhetseri.contbiedi®vee| eapbh (HORhoONsthecshhayitbrbeard 4101 ),
the insul ati ng adhesive (107) disposed is rectangular or elliptical In

plane withoa skzey atd)yof a8 henatsm sor dhbeet | emeorddooonal Q90 can
injection direction of the one direction of the first sea ng resin agent (

161 3 to @ebigadthuksgdinection igpparaldgl to the injection direction of
not small er thgﬁ 1. 10° ng met hod for nﬁhnting a sem conduct or el enment

(103) 'to a oi rouit RoEde( A0Lo) BEQUND £03Sh8) o S Bb BrctiELeln d e

injection of the first sealing resi'n agen e gap

circuit b a em conduct or . el engnt 103), com prises:
bri ngi ng %ép%ﬁgrrl%‘g#gﬁoa%?ed\%( 1?:%&31%6 %(?on ﬁE?gr W[Eherd AR udder a
A . ri pressure-reduced state |lower than an. atnmgspheric
i ' f ﬁgﬁ? il ﬁooz 32 3 d d I h her i
pressure e 1% hyF t hePsare? Qb'ﬁl'yilﬁ’gatﬁréam??’éta§\g§|’?‘f‘u@ +BsfAJagdnt (161
) in a whole peripher f the _sem copductor el enent (. 103) along.the side
end fac\é\%dcgfgrngﬁ%b@??’%ﬁ Gace (‘%‘gﬁgﬁf F97R! Cptoheftic €67 i€ emend 1Y 103)
unq the pressure-reduced, state sg as to seal, the gap; and returning the
circlit JSW CAFEY) éﬁ& sBRPEGHAGEETT R et 1@# t BaFheat HBepHari c
pressure, so that the first sealing resin agent 161 ) applied to the side
end face CORFYISL Vet Yhody i By paree(2086) Pniadliémkne Habecdrsefesablye a

pressure difference. '
1W/mk or larger to effectively radiate the heat generated

at the semiconductor device. If alumina or the like
metallic filler of good thermal conductivity is included in

15 the first sealing resin 161, heat radiation efficiency of
the semiconductor element 103 can be improved even without
the heat-radiating resin 163. When the metallic filler is
used, the filler is coated with a resin coat so as to
negate conductivity of the filler.

20 In place of the method of injecting the sealing
resin, the semiconductor element 103 can be sealed by
covering the semiconductor device 100, for instance, with a
second sealing resin 162 as shown in Figs. 18 and 19. The
second sealing resin 162 is, e.g., a film-shape or in

25 liquid state. Fig. 18 shows the liquid state resin, while



11. The method for nmounting a sem conductor elenment (103) to a circuit
board ( 101 ) according to any one of clains 5 and 8 to 10) furftAenl 2002
conprising: covering the sem conductor elenent (103) with a heat-radiating
resin (163) after the first sealing respg agent f161) is injected. 12. The
met hod for nounting a sem conductor element ( 103) to a circuit board (101
) according to any one of clains 1 to 4, 6 and 7, further including: after
fixing the circuit board (101) and sem conductor el enent (103), bringing
the circurigbonredshdfd }handismgronduct s oh emeabnb1@3L 14Ndelr &y
pressure-reduced state | ower than an atnospheric pressure; covering tRe

serm condusé erceherentx (Wi thop SRoondapeal Lt LRS! Lagant, (1631 woder

the pressure-reduced state; and returning the circuit bo

' d th hey | t | th
e conduct or B SReRt (105 "Chl 0 ERECEr: cur P bol b 101 TRC6y (R SOl

seal i ng resj.n t, (162 13. . Th thod for nounting a sem conductor
el enent (Si%%cé‘ogélgc%élfcu%%e’%g}:d ?f 1 )lsacc?&Vcﬁ’f‘ﬁthong}éi B8, WGV the
secqnd seali,ng resin. ag (1 %&éis resin_having a property of softening
by %gat)%ﬂﬁ%ﬁbQSr%%H?eg?EretS cV?ﬁi%%% SPABOBRerk 1 pﬁ%s%ﬁgéraﬁdzﬁg when
t he sem ¢onduct or %%enent §103% is covered with the second sealing resin
agent (162)° SHJEPSRIRRE 1r eBEEFEVFEduERE sthg eSeEandTIRe afeihdr €8 nmB &R | ng a
sem condyctor elenent (1031 to a circuit board (101) according to clains 12
or 13, fdit F&Ti MFRRY: tRYFeR§cPREUSEesndeydald AP0 riesi seadedt (162)
wth a heat-radiating resin (163) after the sem conductor elenent (103) is
seal ed by the secof¥fcordimpily, 2089 3goBmpakedg Wddim ddent ndeRdd 16f The
met hod for nounting a sem conductor elenment (103) to a circuit board (101 )
accor di ngPid Yamg omed ofindleditiisnd 2 the 1upswheténg tdemlsieopndeseal | Agomesi n
agent (162) is a filmshaped. 16. The nethod for nmounting a sem conductor
el éfent the3)sieea wid chisiceboand (104 )neiopdssl gyt paany @06 obfcl ghas 12
to 14, wherein the second sealing resin agent (162) is in liquid state.
semiconductor element 103 in the atmospheric pressure, the
second sealing resin can be applied in a short time in the
form of a sheet, which can cope with a size increase of the
semiconductor element 103.
15 Similar to the case when the first sealing resin
l6i 1is used, the Theat-radiating resin 163 may be
’ additionally provided, or the alumina filler or the like
may be included in the second sealing resin 162.
The first sealing resin 161 and second sealing
20 resin 162 are preferably of epoxy or acrylic-series, more
preferably composed of a material containing an epoxy
component. The first sealing resin 161 and second sealing
resin 162 may be thermoplastic resin, not restricted to

thermoset resin.

25 in the above semiconductor devices 100, 110, 115,



17. The nmethod for mounting a sem conductor elenent (103) to a circuit
board (101) according to any one of claims 1 to 16 further conpgrigili2§02
provi ding a conductive adhesive (106) to the projecting el ectrode (104) on
t he sem conductor elenent ( 103) while disposing the insul ati ng adhesive
(107) at least at either of the opposite faces of the circuit board (101 |
and sem conductor elenent (103); setting the conductive adhesive (106)
parallel with the setting of the insulating adhesive (107) in a parall el

setting pnegessisso that ﬁf@j@é@ghgo@édﬁﬁad@@ e cireuicorPeatkd 185 ) is

further electrically connected with the projecting el ectrode (104) on the
sem CondU%% %'1%%%%&%03)1-02185Jh9cﬂ@t hod: £9f £ Mkl 89 foseny candugkor

el enent ( to a circuit board ( 101 ) according to claim 17, wherein, in

order to gpkgh%togigéﬁ?éﬂﬁ%Z;eg? ( {Radven t ﬁeCEE%thﬂ¥¥¥c£é%%?}vé wi th

the projecting electro on the sem conductor elenent (10 In the
paral | el tin rqce f n I; dhesj.v 6 .
i nsul at i nSS dhe i\%é’oﬁ( ﬁ%‘i)%,sst%rr‘}glﬁ’ﬁsgggpﬁ%dgdhezﬁé E%%O%Qﬁgeégﬁugnda

shrupken before the condyctive esive (.106), is_set. 19 . Th hod_f or
nDunSing ﬁegéﬁpaﬁﬁﬁﬁﬂﬁnééﬁiﬁ%n$9?1@ 4% Th P?cﬁ??ESSQBECEE%U%%%Q%%ﬁding
to any one of clains 1 to 18, erein in_the setting of t i nsulatin
adhesi ve {287pNGj Figcddt £9 2he géﬁ?éoH&%bt%Fc |§E§ﬁﬁ'€9ﬁﬁnb nd
circuit board 1101 ) from hei ng damaged b Lhe setting and shripk of the
insulatinéhﬁdW&ﬁqk??4ﬁﬁl?dae§ép€i&ﬁﬁnr@g§ SHFiﬁE%Qgtﬁ es&h ¥Sr
el ement (103) and circuit board (101) by the setting and shrink of the
i nsul at | ngdbaﬁéyﬁvé0(6107)514r§euet§iegnﬁe¥as1#ﬁa%én9 ggbesiye136/10r6 $he TS pa.
~. . 1 April 2002 34 20. The nethod for nDuntin? a sem conduct or, el enent
(103) to mrepectieshodbhe EEOE Corubtdiel nglewehhy l8deapd €laicks t1 hapnd,
wherein the projecting electrode (104) is forned of Au, Ni, A, Cu or
sol ler. 2101Thereet wdl fed nonet i rapetizerm cohelict roiented (v03) ttide
circuit board (101 ) according to any one of clains 1 to 20, wherein the
i nsul ati ngnadhesivg (ddivdsivet Hdlhosend 2eonFhauabthyd fhe powdEatd g
sem conductor elenent ( 103) to a circuit board (101) according to any one
of cl ai nseletorddps. 10Hdereien it achsandtehgectdheslyy cohbErtied & the
epoxy-series resin, a siliconeseries resin or a polyimde-series resin. 23.
The net hodl et rsauBt 10g ansemecanduniinr leben@nt0(103) to a circuit board
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Even when the semiconductor element 103 and

15 circuit board 101 are fixed only by the insulating adhesive
i07 as above, the projecting electrodes 104 are surely
connected to the electrodes 102 on the circuit board 101
via the insulating adhesive 107. However, it is better to
use the conductive adhesive 106 together to enhance

20 connection reliability more as described earlier.

Although the semiconductor element 103 is flat in
the foregoing example, the mount method is not limited to
the example and is applicable to a spherical semiconductor
element 213 as shown in Fig. 24. A semiconductor device

25 215 is obtained with the spherical seniconductor element
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New claims 1 to 24

1. A method for mounting a semiconductor element (103) to a circuit board
{101), which comprises:
applying an insulating adhesive (107) in a liquid state having a property of
shrinking upon being set, at least at either of opposite faces (101a, 103b)
confronted to each other of the circuit board {101) and semiconductor
element {103);
regisiering the circuit board (101) and semiconductor elément (103) so that
an electrode (102) on the circuit board corresponds to & projecting elec-
trode (104) on the semiconductor element (103);
coupling the opposite faces (101a, 103b) of the circuit board and semicon-
ductor element {103) by the insulating adhesive (107); and
setting the insulating adhesive {107) so that the electrode (102) on the
circuit board {(101) and the projecting electrode {104) on the semiconductor
element (103) are electrically connected through the shrinkage of the
insulating adhesive {107} so as to fix the semiconductor element (103) and

circuit board (101) in a coupled state.

2. The method for mounting a semiconductor element {103} 10 2 circuit boarz
(101} according to claim 1,
wherein the insulzting sdhesive (107) is applied at & position not 1o be in
touch with any of the electrode (102} on the circuit board (101) and the
projecting electrode {104) on the semiconductor element {103) in the
coupled state of the semiconductor element (103} and circuit board (101).
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semiconductor element (103) by the insulating adhesive {107}); and
setting the insulating adhesive (107}, so that the electrode (102} on the
circuit board (101) and the projecting electrode (104) on the semiconductor
element (103} are electrically connected through the shrinkage of the

insulating adhesive (107) so as to fix the semiconductor element (103) and

circuit board (101) in 8 coupled state,

the method further comprising

anolving, before disposing the insulating adhesive {107), an insulating resin
(153) for protecting an elecirode {103a) on the semiconductor element
(102) 10 ihe opposite face (103b) of the semiconductor element (103)
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10. The method for mounting a semiconductor element {(103) to a circuit board
(107) according to claims 5 or 8,
wherein the injection of the first sealing resin agent {161) to the gap
between the circuit board (101) and semiconductor element (103} com-
prises:
bringing the circuit board {101) and semiconducior element (103) under &



109R&" ()- *$, 1099&' ()- 10&10&3t [ UXVVVVVVVV 109
$1098&' () - F10%4.094.0% yy&lO%Va&[ ()-S2 yy&%&/d?tfy#& (())/&%2()- "1 April 2002
gg%/ow&x& ()-S2vwxyz| K| L|}\; . 410] %  &10% % ()--2 &109%A& ()--2
&l 10«5?} ‘(&L& (2) &102{40%8;& ()." 2 e &10%& (&l 2\ &10%&' ()--2LIM NT|”}I]]bA410| %
" 100) &4, "10% &8 ()- 4" 10943248 ( 109%41] &4&' () -

()-\10] %0] 4#}a}}} ~X~| [ : A410|% 9n?/<10%4] &4& ()- " F10%] &4& () -

910% &&' ()- " 10%4] 10%41], & 9
S/ | Y8.0%4] 84&P(ESSUreFH H!?)% f@&&*‘(‘j"er lha?‘iédé/%irgigh%)‘/ﬁe%&e(l%@% zﬁé@()ﬁélol o
N&#NVA0%] &4&sp: " 10%1] &4& () -, "W obUsl0  9B1098& () - 104] &4104] &4104] &4

OZL0%] 848 LhyingSHoLMA] bl rosimsaisH% &mn _wihblel QRpBA® 09 14 [ : bUA10

i e LAt A b o e

°/<100/¢( & & () - Pert0BR@e the- semncg@d%or(glemgbh &n d tr\ﬁ@'& ?Jce
" 10%&m&’ () - sta¥e $6Wetoea) the ga;iﬁ.%r&rr& ()-  $10%TKY&' () - 10&1o&<4|df A410&

51‘”}83%”9 jeten ;‘&Wg&(gﬁl Al “%M s(aﬁ.conducl&"/m&m%rﬁ)(qo&vmm ()-
L- mLO%me! (ptmoq_ erif QURSEHEE ( 2 tha 2)0/ pabees () -

@' 10%&& () - &he ¥id#& EYgi&f aCe- andsltgmmt(oymg n‘fI‘(?J f'aﬁ e gap éc)nse-

“OYOLOWTENE! ()arHols YdRLOre bifRISINIBE () -+  SQ810%
S Q810K ( &K & %’)em S or e () sgf??lO%&& ?? v :(@;L%lgg/&; ()- +M/ U410 Y

F"109%&& ()- SG' 10%#&& - F109 9
0d0%R& (1 MEhe mathadfor rg%unmé&éﬁ%géﬂ’(“)du%m'/f 0/#&8( &5’ %1%3%8@ ﬁ
3" 10%8&&" () - (10 HHRUHEAES (t&:-anyscﬁielﬁ)ﬁ’/dﬂ&&\t(§6¢7@|§Wﬂl@l(}mhe' PIORTEDgE & ()- 9

Iggjigz‘{ #&{ & WQ t\ﬁe/dsgo g&ﬁ&%relemeﬁtYWm { heat-raBEAVH&ESI0)1 63) .
ESI }ow&& () aftef %’g%t&&a‘ (4 resis %&%’i‘o‘%‘/ﬁigﬁ%%wﬁ buﬁg /Wﬁ&f‘o(% 18 & ()_
0% 1 & & () - sm'10%1& & ()- F 10%1& & ()- @"10%1& & ()-. Y 10%

1 & & () 1bj kI yhy WekBod kér@OUaAsRa (Spmicoribe®e 2kerognt (108) 109@igEitbpard | & 10

:)i&léoo/a/el#i& ()OWT§&£§&{\% to anf, b Eaffod ) X014 O/AHA O, fuhaOHCIsdRIK,) -

5110% #. & () afgniing the it Pz (é‘?) gfiﬂ Q r element (103),
FLO%84& () - 9baagsagas#3&63#3>oerdu1Q‘§)f;m3£%?y)on %pérfﬂgg@%pg (193 eds 2 vuato
0! 10%& () - #g'é'sguqe#t‘%dﬁﬁed st&'eﬂ@%@}#ﬁ&u 60 stmotpGig 48e€9ure; | 1094 #4& ()-Z

Vlowas () Fereinl Hme i TR P S I S8R

109Z#Z&' () agemm%?-&umier The e A BY %ltf 9 |
0 (')100/4Y4& ( Yetubrfihg Weuéitaun boaﬂd)Q/ZQQ a(n)cLZefmlcSm gég & 119 §: #4&&(%)|
109Z#7& () -s ﬁl@ &[;w &dlre 20 a’l@{’@#e?a&ﬂﬁés@mbbdwmaelemerom@m/@#@& ()-

0s 100778 {) 572 eréoa/%#éégm o ferdirg g AR 07 E

010%3p#G&' () -910Z#Z10Z#210Z#Z 5: 10%Z#Z& 5:10%Z& :
0: 1 10%#4& () -The métﬂae%f@l#m&uﬁimg a@eMud@W#(&Zr(e)!emem(l@tﬁm&)@&?rl(:g{t\éggr%o

| 10%Gp#G& 0
, 21 1%@0#65&)(( Ul%? ;:fﬁ -41188;; %sl 10{"‘)#& ()-[ 3110% ()-
0 l 10%p#&' () \A()W'@ﬁfj g8 qjé\gl E%g}qg ﬁ% %7%1% 95(@ ?jvmg a property of

softening by heat, whuch is heated returned to the at
and set when the semiconductor element (103) is covered with the second

sealing resin agent (162} under the pressure-reduced state.

osphenc pressure

14. The method for mounting a semiconductor element {103) to a circuit board
{101} zccorging 1o claims 12 or 13, further including:
cozling ihe second sezling resin agent (162) with 3 heat-radiating resin

(163) after the semiconducior elemant (103) is sealed by the second
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16. The me;ho:%%r mountmg[ a]semlconcdu%togr lémklerrmrtnﬂ%%r) B%VW Zt{l:Lgard

(101) according to any one of claims 12 to 14,
wherein the second sealing resin agent {162) is in liquid state.

17.  The method for mounting a semiconductor element {103) to a circuit board
(101) according to any one of claims 1 to 16 further comprising:
providing a conductive adhesive (106) to the projecting electrode (104) on
the semiconductor element (103} while disposing the insulating adhesive
(107) at least at either of the opposite faces of the circuit board (1 01) and
semiconductor element (103});
setting the conductive adhesive (106) parallel with the setting of the insu-
lating adhesive (107) in a parallel setting process, so that the electrode
(102) on the circuit board (101) is further electrically connected with the
projecting electrode (104) on the semiconductor element (103).

18. The method for mounting a semiconductor element {103) to a circuit board
(101) according to claim 17,
wherein, in order to surely bond the electrode (102) on the circuit board
(101) with the projecting electrode {104) on the semiconductor element
(103), in the parallel setting process of the conductive adhesive {106} and
the insulating adhesive {107), the insulating adhesive (107) is set and
shrunken before the conductive adhesive {106) is set.

19. The method for mounting a semiconductor element (103) to a circuit board
(101) according to any one of claims 1 to 18,
wherein in the setting of the insulating adhesive (107}, in order to prevent
the semiconductor element (103} and circuit board (107} from being dam-
aged by the setting and shrink of the insulating adhesive (107), a setting
stress acting to the semiconductor element (103) and circuit board {101)
by 1he setting and shrink of the insulating adhesive {107) is designed tobe
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The method for mounting a semiconductor element {103) to a circuit board

(101} according to any one of claims 1 to 19,
wherein the projecting electrode {104) is formed of Au, Ni, Al, Cu or solder.

The method for mounting a semiconductor element (103) to a circuit board
(101) according to any one of claims 1 to 20,
wherein the insulating adhesive (107) is thermoset.

The method for mounting a semiconductor element (103) to a circuit board

{101) according to any one of claims 1 to 21,
wherein the insulating adhesive (107) is an epoxy-series resin, a silicone-

series resin or a polyimide-series resin.

The method for mounting a semiconductor element {103) to a circuit board
{101) according t6 any one of claims 17 to 22,
wherein the conductive adhesive (108) is a conductive filler including silver

or gold.

A semiconductor device having a semiconductor element {103) mounted to
a circuit board {101) according to the mount method of any one of claims

1to 23.



