SPECI FI CATI ON Mounti ng net hod of seni conductor el enent TECHNI CAL Fl ELD The
present invention.relates to a nounting nmethod of sem conductor el enment for
mounting a flip chip type sem conductor element on a circuit board of
<s8em conductor elenment at high reliability and high density. BACKGROUND ART
~Conventional nounting methods of semiconductor elenent are described bel ow
by referring to the drawings. (Prior art .-1) Fig. 16 is a sectional view of
nmounting a sem conductor elenent on a circuit board in prior art 1. .In Fig.

16, reference nyner.a I.§ a sem conductor element, an electrode 2 is
formed on.the sgﬁﬁﬁghaégp@r el ement 1, and a protrudi ng bunp - (netal bal
bunp) 15 made of gold, copper, alum num solder or the I'ike is formed on
the el ectrode 2 by mnre bondi ng ' -

Mbuntlng method of semlconductor element

TECHNICAL FIELD

The present 1nvent10n relates to a mounting method of
semiconductor element for mounting a f11p chip type semlconductor
element on a circuit board of semiconductor element at high

reliability and high density.

| BACKGROUND ART
Conventlonal mounting methods of semlconductor element are
described below by referring to the drawings. |
(Prior art 1)
Fig, 16 is a sectional view_of mounting a semiconductor
" olement on a circuit'bqard_in prior art 1,
In Fig. 16, reference numeral 1 is a semiconductor element,
an electrode 2 is fofmed oﬁ the semiconductor element 1, and a
protruding bump (metal ball bump) 15 made of gold, copper, aluminum,
solder ot the like is formed on the electrode 2 by wire bonding
method, | |
Referenee numeral 4 is a circuit board made of an insulating
substrate, and a copper'foil 5 to be ﬁsed as wiring is formed on
this circuif boefd 4, and a copper-plated external electrode

terminal 6 is formed on the circuit board 4, To conduct within the



met hod. Reference nuneral 4 is-a circuit board nade of an insulating
substrate,'and:a,copper'fOiI 5 to be used as wiring is formed on this
circuit board 4, and a. copper-plated external electrode ternminal 6 is
formed on the circuit board 4. To conduct within the circuit board, a
“hole 6 formed in the circuit board 4 is filled with conductive paste 7.
Ref erence nuneral 22 is a conductive paste (conductive adhesi ve) haV|ng
conductive powder of silver, gol d, nickel, carbon or the 1ike dispersed

uni forn y on ph%@?&uﬁrbwya ke fmﬁe&&hemeabm&lﬁet beutd 4 eigTifhbledswith
the circuit board 4 and thé el'ectrode 2 of the sem ¢onductor element 1 are

electrically coppgajcdvaigdsteach other through the protrudi ng-bunp 15. The
space" betmeen the circuit board 4 and semniconductor element 1 is filled.
Reference numeral 22 is a conductive paste (conductlve
'adhes1ve) having conductlve'powder of silver, gold, nickel, carbon
or_the'like:dispersed'uniformly'on phenol Or @poXy resin._ The
‘external electrode terminal 6 of the circuit board 4 and.the
electrode 2 of the semiconductor element 1 are electrically
connected with each other through the protruding bump 15. The space
between the circuit board 4 and semiconductor element 1 is filled
with epoxy resin.20.
A mounting method‘of thus constituted semiconductor device
-is described below,
- The conductlve paste 22 is transferred on the protrudlng |
| bump 15 formed on each electrode 2 of the semlconductor element 1 by
'transfer method, it is mounted so that the protruding bump 15 may_
' coincide with the external electrode'terminal 6 of the circuit board
" 4 to be mounted and then it is heated to cure the conductlve paste
22. In this way, the electrode 2 of the semlconductor element 1
~and the external electrode terminal 6 of the,clrcult board 4 are
electrically comnected. After the connection, the space between the .
semiconductor element 1 and;circuit.board.4 is filled with.the epoiy |
J're51n 20 and by mak1ng use of the shrlnklng force of its curlng,
contlnuous contact of the conductlve powder of the conductlve paste
22 is obtalned so that e1ectr1ca1 and mechan1ca1 re11ab111ty is

assured.



wth epoxy resin 20. A mounti ng met hod of thus constituted sen1conductor
device is described bel ow. The conductive paste 22 is transferred on the
protruding bunp 15 formed on each electrode 2 of the sem conductor el enent
.1 by transfer method, it is nmounted so that the protruding bunp 15 may
Scoincide with the external electrode terninal 6 of .the circuit board 4 to

be nmounted, and then it is heated to cure the conductive paste 22. -In this
way, the electrode 2 of t he semi conductor elenent 1 and the external
el ectrode term nal 1%5 ghygglt:board 4 are electri.cally connected.
After the connectlon e Space between the sem conductor elenment. 1 and

circuit board 4 is fi 'irgg Wty bNEARGIAN WE8Y Tof2Rouritls W sEifdoRdusce Of t he

shrinking force of its ring, continuous contact of the conductive powder

?fel ;[2& Iclotnduct | B ettt Sn%cifmﬂl?.t ﬁodl‘ddmsxﬁ'lbf“aérte? £ecsahé Part@dsee vhai cal
y is assured
constltutlon in Fig., 16 are identified with same reference numerals
and the;r explanatlon 1s.om;tted. '
~In Fig, 17, reference numeral 23 is a metal bump formed on
an electrode'2 by electric plating method, and the metal bump 23 is,
| for example, plated with copper and further plated with gold.24.
. Reference numera1.25 is an external electrode terminal, and 16 is
‘a passivation film for protecting the active suiface of the
semiconductor element 1, | |
A mountinglmethod of'thus'conetituted semiconductor device
lls descrlbed below, |
The conductive paste 22 is transferred on the metal bump
,23 formed on each electrode'Z of the semlconductor element 1 by .
transfer method, it is mounted so that the metal bump 23 may
coincide with the external electrode’ termlnal 25 of the circuit
board 4 to be mounted, and then it is heated_to cure the conductlve
oaste 22, In'this way,'the electrode 2 of the semiconductor element
-1 and the external electrode term1na1 25 of the 01rcu1t board 4 are -
electrically connected After the connectlon, the space between ‘the
semiconductor element 1 and c1rcu1t-board 4 is filled with the epoxy
'resin 20, and by making use of the shrinking force of its curing,
contlnuous contact of the conductlve powder of the conductlve

paste 22 1s obta1ned so that electr1ca1 and mechan1ca1 re11ab111ty



(Pri.ar art 2) Fig. 17 is a sectional view of nounting a sem conduct or

el ement on a circuit board in.prior art 2. Same parts as in the
constitution in Fig. 16 are identified with sanme reference nunerals and
4heir- explanation is.omtted. In Fig. 17, reference nuneral 23 is a netal
bunp fornmed on an el ectrode 2 by électric plating nethod, and the netal
bunp 23 is, for exanple, plated with copper and further plated with gold
24.. ‘Reference nunmeral 25 is an .external electrode terminal, and 16 is a

passivation fil qsfgysupe@t €cting the active surface of.the sen1conductor
element 1. A nounting method of thus constituted sem conductor device is
described bel ow. The copeigetamegpaste 22 is transferred on the netal bunp

Fig. 18 is a-sectional view of mounting a semiconductof
element on a circuit'board in prior art 3, Same parts as in the
consﬁitutipn in Fig. 16 and Fig, 17 are identified with same
reference numerals and their explanation is omitted,

In Fig, 18, reference numeral 3 is a protruding.bUmp
(protruding electrode) formed on an electréde 2 by plating method,

- and 26 is an insulatingladhesive'film, and conductive particleé 27
of nickel, solder, carbon, or the like'aie uniformly dispersed in
the insulating adhesive film 26.

| A mounting method of thus constituted semicénductor device
is described below, | -

The iﬁsﬁlating adhesive film 26 is positiohed between the

',Semicondﬁctor element 1 and external électrode terminal 25 of the.
circuit board 4, and heated.and pressurized simultaneously. As a

"result, the adheéive film 26 is melted to flpw into the Spacé in the
_electrode 25, phe conductive partiéles 27'are fi#éd ahd held-by the
protruding pump 3.and external eleptrode~termina1 25, so that the
pfotrudiné bump 3 anq ex;érnal electrode terminal 25 conduct, In
the space, on the gthef hand, the conductive parﬂicles 27 femain
dispersed in the adhesive, and the insulatioh is maintained. The
adhesive film 26 is cured when cooled, and the semiconductor element

.-‘1 énd circﬁit board 4lare fixéd,.and'the connection reliability is

assured,



23 forned on each el ectrode 2 of the sem conductor elenent 1 by transfer
method, it is mounted so that ‘the metal bunp 23 nmay coincide with the
_ ext er nal el ectrode termnal 25 of the circuit board 4 to-be nounted, and:
fhen it is heated to cure the conductive paste 22. 1In this way, the

el ectrode 2 of the seniconductor -element 1 and the external electrode
termnal 25 of the circuit board 4 are electrically connected. After the
connection, the space between the semiconductor element 1 and circuit board

4is filled with the ehoxthe reainbin nethvd bf semkcosiuoser eflendnd $hrpmkr rart
force of its curing, continuous contact of the conductive powder of the

conducti ve past¢ @& psimbaat B¢, hewvehataseskmnr in Aiganis, nirgesferring
rellab|I|ty -3-7 is assured. (Prior art 3)
the conduct1ve paste film 28 on the protrud1ng bump 15 by transfer
" method and joining the bump 15 to the external electrode 6 of the
circuit board 4, it is hard to control the emount of the conductive
paste 22 to be transferred, and if the amount of the naste 22
is slightly excessive,'a'short elrcuit 30 may be formed in the
- electrode 2 by the conductive paste 22, Or if the circuit-board_4
is slightly warped, the electrode 2 of -the semiconductor element 1
and the external electrode terminal 6 of the-circuit board 4 do not
contact with each other through the eonductiVe paste_22,'and it is'f
' electrieally open between_the electrede'z and external electrode
terminal 6, _ |
Further, as shown in'Fig.'ZO, when filling the space between'
the semiconductor elementll and circnlt board 4 with EpOXY resin 20,
the epoxy resin 20 contained in.a eyringe 31.ie injeeted frem the
periphery of the semiconducton elementll,'and it takes more than 10
N o " minutes to inject, and lt was a bottleneck for shortening the cycle
time of.produetion.line of semiconductor element 1. .
In the mounting method of semlconductor element in pr1or art -
'3 -8ince conduct1on is achieved by fixing and holdlng the conduct1ve'-
' partlcles 27 between the electrode 2 of the sem1conductor element 1
and electrode 25 of the circuit board 4, if the 01rcu1t board 4 is
sl1ghtly warped or curved-A.as shown ln Fig, 21, the- conductlve.

-

particles 27 remain'dispersed.ln the adhesive 26, and the protruding .



Fig...18 is a sectional view of nounting a sem conductor elenment on a
circuit board in prior art 3. Same parts as in the constitution in Fig. 16
and Fig. 17 are identified with same reference nunerals and their
explanation’is omtted. In Fig. 18, reference nuneral 3 is a protruding
bunp (protruding el ectrode) formed on an el ectrode 2 by plating nethod, and
26 is an insul ating .adhesi-ve film and conductive particles 27 of nlckel

sol der, .carbon, or the like are uniformy dispersed in the insulating

adhesi ve film 2g f%n%ﬁﬂél nsutsi él*éhlg%vﬁqnéﬁd 3 meggmofe%t&r the

device is. dESCrIBm l'at i ng esive I'S positioned

between the Se%qpaﬁlacsaardel%east oRBELICYA B Babh AiBSE! 8 el 12525 O

the circuit board 4, and heated # pressurized- si nul t’aneous
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protruding punpIa ei¥ m6ut3hg HetBo® T ffor 8F113)knchdentdl 1)t §8%pplied
to a glass substrate which. is hardly warped or curved and is.not
- applied to resin substrate,
It is hence an object of the‘invention_to present a mounting
'method of semiconductor element free from occurrence of defects
such as short circuit or open state between electrodes, capable
 of mounting at high electric reliability, curtailing the time
~ substantially in.tne'sealing process, - and shortening the cycle time

of semiconductor production line,

DISCLOSURE OF THE INVENTION |
_To achieve the above obJect, the mount1ng method of |
sem1conductor element of the invention comprises a step of forming
- a hole in a position of a_circuit board for oonnecting a c1rou1t of
the'cirouit board and_an electrode of a seniconduCtor element, a
.-step of f1ll1ng the hole with a conductive paste for formlng an
external electrode termlnal ~a step of forming a protruding bunp on
the electrode of the semiconductor element, a step of positioning ’
the external'electrode terminal.and the protruding bump formed on
the electrode of the_Semiconductor_element, and a.step of pressing
“the seniconductor.element-to contact between the conductive paste-in

the hole and the protruding bump, thereby electrically connecting



protrudi ng bunp 3 and external el ectrode term nal 25 conduct. In the space,
on the other hand, the conductive particles 27 remain dispersed in the
adhesive, and the insulation is maintained. The adhesive film26 is cured
.when cool ed, - and the sem-conductor elenent 1 and circuit board 4 are fixed,
Sand the connection reliability is assured. -4- I'n the mounting nethod of
sem conductor elenment in prior art 1 (or prior art 2), however, as shown .in
Fig. 19, when transferring the conductive paste film 28 on the protruding

bunp 15 by trangfee) s@iiad @hé Odeﬂié&xdlla@oxbem&é 4fd the exsberdlal

el ectrode 6 of the crrcuif ard , It 1s hard to control the anmount of the
conduct i ve past g1gdrbd RErafi1 oL thebirdish toatdie amount of the paste 22 is
slightly excessive, short circuit may be formed in the

In this mounting_method of semiconductor element,. the
conductive paste charged'in'the hole of the circuit board and the
protruding bump formed on tbe electrode of the semiconductor element
are brought to contact Wlth each other, and the electrode of the
sem1conductor element and the external electrode terminal of the
circuit board are electrlcally connected,.so that mountlng of h1gh
electrical reliability is achieved without causing defects such as

short circuit or open state between the electrodes.

BRTEF DESCRIPTION OF THE DRAWINGS
Fig. 1'is a Junctlon sectional view of a semlconductor
element and a c1rcu1t board after mounting in embodiment 1 of the.
invention, | |
Fig. 2 is:a diagram showing mounting steps seqnentially in
embodiment l of the invention. |
Fig, 3 is a junction sectional viem of a'semiconductor L
element and a 'circuit board after mounting in embodiment l-of.the
: 1nvention. |
Flg. 4 1s a junction sectional v1ew of a semlconductor
element and a c1rcu1t board after mount1ng in embodiment 1 of the ; |
_1nvent10n |
Flg. 5 is a diagram show1ng steps of w1re bonding method

sequentially.ln embodiment 2 of the 1nvent1on.



el ectrode 2 by the conductive paste 22. O if the circuit board 4 ts
slightly warped, the el ectrode 2 of the sem conductor elenent 1 and the
external electrode termnal 6 of the circuit board 4 do not contact with
gach ot her through the conductive paste 22, and. it is electrically open
bet ween the el ectrode 2 and exter nal el ect r ode termnal 6. Further, as
shown in Fig. -20, when filling the space bet ween t he seni conductor el ement
1 and circuit board 4 with epoxy resin 20, the epoxy resin 20 contained in

a syringe 31 is.inj ectﬁ%f 'BOI%tah§1dihervh&ti‘eéffyaCHrottPlfdl%Enﬁlﬁ@”f’éﬁfeﬁrbfltﬁgent 1

and it takes nore than mnutes to inject, and it was a bottleneck for

shortening the Gyebeondifs %Et%d)(iﬂcénibeﬂlﬂen'ﬁez‘?ff sRNiaeadehor el ement 1. In
~the rmounting nethod of sem conductor elenent in prior art 3, since

conduction i's achi evedgpy, i xéng s2ds vigh Ge tuloesEpadpedtru@inbiys fosnay

- between the el ectrode 2. of the sem conductor el enent .and el ectrode: 25 of

the circuit boargy fhe wirlilbehdin hethBa' ih enbsdifient)2 bf ﬁHérﬁﬁfénQiorPWVed A
as shown in Fig. 21, the conductive

| F1g. 8 1s a dlagram show1ng mountlng steps sequentlally in.
.embodiment_z of the invention,
Fig. O is a diagran showing mounting steps sequentially in
embodiment 3 of ﬁhe invention,
" Fig; 10 is e diagram shewing mounting stepe sequentially in
embodimenp 4 of the invention, | . |
Fig. 11 is a diagram showing mounting steps sequentially in
embodiment's of the invention, | |
--Fig,.iz is a diagram showing mounting steps sequentially in
embediment 6 Qf the invention, |
~ Fig. 13 is a junction sectional view of a semicenductor_
element'and a circuit.board after mounting in embodiment 6 of the'_
'invention, | | B
‘Fig. 14 is a diagram showing mounting steps Sedﬁentially in
'embodlment 7 of the invention, | .
Fig. 15 is a diagram show1ng mount1ng steps sequentlally 1n'
embodiment 8 of the invention, | ' |
Fig. 16 1s a junction sectional view of a sem1conductor
' element and a c1rcu1t board after mountlng in a convent1ona1
mountlng.method_of semlconductoq element,

Fig, 17 is a junction sectional view of a semiconductor



particles 27 renmain dispersed in the adhesive 26, and the protruding -5-
~Bunp 3 .of the sem conductor elenent 1 and the el ectrode 25 of the circuit
board 4 do not contact with each other, and hence it is electrically open
petween the protruding bunp 3 and el ectrode 25. In the nounting method of
prior art 3, incidentally, it is.applied.to a glass substrate-which is
- hardly warped or curved, and is not applied to resin substrate. It is hence
an object of the invention to present a nounting method of sem conduct or

el ement free fr@Ieﬁ&ﬁuhﬁ&ﬁcélﬁuldeédﬁﬁﬂsaﬁeﬁfhloﬁﬁtﬁ@fih & icofivdrit iBhalPpen state
bet ween el ectrodes, -capable of mounting at high electric reliability,

curtailing the tmcﬁﬁtﬁigbﬁémﬂl(ﬁ ls¥émi dontilietoreal dmgfit pr ocess, and shortening
the cycle time of sem conductor production |ine.
: Fig, 18 is a junction sectional view of a semlconductor -
elementland a circuit board after mounting in a conventional
‘ mount1ng method of semiconductor element
| F1g. 19 is a dlagram showing conventlonal mountlng steps
| sequentlally.-
Fig. 20 is a diagram fon explaining a problen_of a
conventlonal mountlng method |

Fig, 21 is a diagram for exp1a1n1ng a problem of a -

conventional mounting method,

BEST MODE FOR CARRYING OUT THE INVENTION
. The invention es set forth in elaim 1 is a mounting method
of semlconductor element comprising a step of forming a hole in a
pos1t10n of a circuit board for connecting a 01rcu1t of the circuit
" board ‘and an electrode of a sem1conductor element, a step of;fllllng'
tne hoie?with'a conductive paste for forming an external electrode
‘terminal, a step of forning a protruding bump on the electrode of ;
ithe seﬂicdnductor'element, a"step of positioning the external |
electrode terminal and the protruding bump formed on the eleetrgde
-of.the'semiconducfor elenent, and a'step of pressing the
.semlconductor element to contact between the conductive paste in
the hole and the protrudlng bump, thereby electrically connectlng

the electrode of the semiconductor-element_and the external



DI SCLOSURE OF THE | NVENTI ON To achi eve the above object, the nounting
met hod of sem conductor el enent of the invention conprises a step of S
formng a hole in a position of a circuit board for connecting a circuit .of
.the circuit board and an el ectrode of a sem conductor elenent, a step of
Tilling the hole with a conductive paste for forming an external el ectrode
termnal, a step of forning a. protruding bunp on the el ectrode of the

sem conductor elenment, "a step of positioning the external electrode

term nal and theleén*oaedud}mmrraffweneﬂr@attmrel edceortingf td lthis method,
seni conduct or elenent, and a step of pressing the sem conductor elenent to

cont'act between tlhbepmmu»icf&l Mﬁnppé@ﬁtﬁctsl wihh thel eomdudtive ppste rindiie holep,

t hereby el ectrically connecting - the el ectrode of the sem conductor

el enent and t he gfxtles Rabcuit board, and is electrically connected, and hence open
state or short circuit does'not occur;

The invention as'set forth in claim 2 relates to a-mounting
method of semiconductor'elenent of_claim 1, in_which the protrnding.
bump formed on the electrode of the semiconductor element is a metal
ball bump formed by wire bonding method. When-the protruding bnmp |
1s formed by electrlc plating method, the helght of the formed bump
is about 25 microns at maximum, whereas the wire bondlng method can
form the bump as high as 50 microns or more, 50 that the amount of
“the bump filled with the conductlve paste in the hole in the circuit
board 1ncreases, and mountlng of hlgher reliability is reallzed

The invention as set forth in claim 3 relates to a mount1ng
method of semlconductor element of c1a1m 1 or 2, which further

' comprises a step of, after pressing the semlconduetor element_tO'
contact between the conductive'paste charged in the hole_of the
- circuit board and the pretruding bump on tne electrode of the_.

" semiconductor element, heating at least one ef tne semiconductor
element and the circnit:board-by e heating tool, thereby curing the
conductlve paste, By curlng the conductive paste, f1x1ng of the
semlconductor element and circuit board is stronger, and the
Junctlon 1s-h1gher in reliability. _Moreover, as eompared with the-
conventionalicuring of.the,eonductive paste in betch process by

putting the module in an oven, it can be done simultaneously with

-10 -



el ectrode terminal of the circuit board. In this nounting method of

sem conductor el ement, the conductive paste charged in the hole of the
circuit board and the protruding bunp fornmed on the el ectrode of the

semi conductor el enent are brought to contact with each other, and the

el ectrode of the sem conductor el enent and the external electrode term na
of the circuit board are electrically connected, so that nounting of high
el ectrical reliability is achieved w thout causing defects such as short

circuit or open giaigg Hat YIRCRakd) @qeimieht OHe $he BiRitBbd HESER HRVENt fdn, T&E

DRAW NGS Fi-g. | 1s a junction sectional view of a sem conductor el ément and

a circuit board gfatethareyeld Bnd pfepipddetiimt 1inedloft SemilcoN@Mtoenel et cani S
a dlagran1shomnng mounting steps sequentially in enbodiment 1 of- the

i nvention. Fig. ke sHoftenddicti on sectional view of a sem conductor el errent
and a CIrCUIt board after mounting in_enbodinent 1 of the
: The invention as set forth in claim 4 relates to a mount1ng
~ method of semiconductor element of any one of claims 1 to 3, which
further comprises-a sten.of, efter connecting the electrOde of the
semiconductor element-and the external.electrode terninal of the
circuit board, pour1ng an epoxy res1n into the space between the
semlconductor element and the c1rcu1t board and sealing, Since
- the act1ve surface of -the semiconductor element and the electrode
surface are protected by the epoxy resin, the reliability of.
connection is further lncreaseqf'
.The invention as set forth in claimn 5 is a mounting method.
- of semiconductor element.comprising a step of formlng'a hole in a
position of a circuit board for connecting a circuit of the circuit
board and an electrode of a semiconductor element, e.step of filling
* the hole with a conductive paste for forming an-external,electrooe
terminal, a step of forming a protruding bump on tne electrode of
the semiconductor element,_a step'of-disposing'an adhesive sheet
having'a'thermosetting'resin,-a thermoplastic'resin,:or'a mixed-
;thermosetting and thermoplastlc resin, on the circuit boerd forming
the external electrode term1nal or the protrud1ng bump of the
* semiconductor element, a step of positioning the: external electrode'

terminal and the protruding bump formed on the electrode of the

semlconductor element a step of press1ng the sem1conductor element

...11'_



invention. Fig. 4 is a junction sectional view of a semiconductor el ement
and a circuit board after mounting in enbodi ment 1 of the invention. Fig. -5
is a diagram showi ng .steps of w re bonding nmethod sequentially in '
.enbodi mrent 2 of the invention. -7 - Fig. 6 is a side view of a

protruding bunp formed by the wire bonding met hod in enbodi ment 2 of the

invention. Fig. -7 is a side view of a two- stage protruding bunp forned by
‘the wiring bonding nethod in enbodinment 2 of the invention. Fig. 8 is a

di agr am showi NGy Jhugly RrlgPthe @lHEdNvAbhabt! By ofHeOdioRUtifk Blmp i as to
: g. I's a di agram show ng. mounting steps sequentially in
: contact between the conductlve paste in the hole and the protruding
. bump, thereby eiectrically connecting the electrode of the o
semiconductor element'aod the externai electrode termioal of the
‘circuit boafd, and a step of heating the semiconductor element by a
heating tool to melt and cure the a&h_esive sheet, __Accordi_ne...to_ the =
_ method,isince the_adhesive.sheet protects the active surface of the
semiconouctor'element anﬂ the electrode surface after melting and
curing; the reliability of connection ie increased. Further, in the
case of us1ng the adhes1ve sheet, the tlme requlred for pressurizing
and curlng is about 30 seconds, whereas the cur1ng time is about 4
-bours 1o"the conventlonal methodlby us1ng the epoxy resin, and
'therefore since the curing time in this method is'very-short, the
cycle time of pfoduction line of“semiconductof.elementiis shOrtened.
Referrlng now to the draw1ngs, embodlments of the 1nvent1on
are described below. Same parts as in the constltutlon in Fig, 16 '
to Fig. 18 sbowing prior arts are 1dent1f1ed with same reference
numerals, and their explanation is_omitted.
(Embodlment 1) |
- Fig, 1isa sectlonal v1ew.of a circuit board mountlng a
seﬁicbndﬂctor element in embodiment 1 of the invention, .
‘As shown in the diegram,.a protruding bump 3 formed on an
--electrode 2 of a semiconductor element 1 oonteots, as being buried
1n, Wlth a conductlve paste 7 f1111ng up a hole 8 of a 01rcu1t board

'4 S0 that an external electrode term1na1 6 of the c1rcu1t board 4

-12 -



enbodi ment. 3 of the invention. Fig. 10 is a diagram show ng nounting steps
sequentlally i n enbodi ment 4 of the invention. Fig. 11 is a dlagran1shomﬁng
nmounting steps sequentially in enmbodinent 5 of the invention. Fig. 12 is a
.dlagran1shomnng mounting steps sequentially -in enmbodi ment 6 of the
invention. Fig. 13 is a junction sectional view of a sem conductor elenent
and a circuit board after mounting in embodinment 6 of the invention. Fig.'
14 is a diagram show ng nounting steps sequentially in enbodi nent 7 of the

invention. Fig. 453 & ddkpdds? élq(t‘fﬁfngen[‘i'cbﬂdddwrsél%ﬁén§qquﬁ‘é‘télébtn‘lcamly

enbodi nent 8 of e rnventi,on. 'S a junction sectional view of

e ConUet o GRS e8TIEISfo BpEsheb BT I, e o
method of semiconductor element of the 1nventlon is descr1bed below
First, the external electrode term1nal 6 of the c1rcu1t
board 4 and the electrode 2 of the semiconductor element 1 are
connected The hole 8 is forMed ina pos1t1on of the circuit board
_ 4 -and- the conductive paste 7 is printed in to fill up the hole 8 of
'the ctrcult board'4_by_mov1ng a squeegee 9 as shown in F1g. 2 (a),
and thus an external electrode terminal 33 of the circuit board 4 is
formed. _ | | |
Next, as shown in Fig. 2 (b), the'semiconductor.element 1
_is.attracted to a suction nozzle 10, and the protruding bump 3, and '
the external electrode terminal 33 of the circuit-board.4 formed by
the conductlve paste 7 filling up the hole 8 are positioned.
- Then, as shown in Fig. 2 (c), pressing the semiconductor
..elenent.l_by the.snction_nozzle 10, the prdtruding,bunp 3 is buried
into the conductive paste 7 filling up the hole 8 of the circuit
: board 4 as shown in Fig.'2'(d)
| As a result, the protrud1ng bump 3 of the sem1conductor
‘element 1 contacts with the conductive paste 7 in the hole of the
. _ .c1rcu1t board 4 and they are electrlcally connected,
. _ | A1ternat1vely, the c1rcu1t board 4 may be also a mult1 ~layer
| substrate conducting between layers in the substrate by inner via

holes as shown ’ 1n Flg. 3, or the circuit board. 4 may be also a

multi-layer_substrate_conducting between layers by.through holes as

...13_



Fig. 17 is a junction sectional view of a sem conductor -8- el ement and
a circuit board after nmounting in a conventional mounting nethod of

sem conductor element. Fig. 18 is a junction sectional view of a

~-seni conductor. el enent and a circuit board after nounting in a conventlonal
founti ng met hod of sem conductor element. Fig. 19 is a di agram show ng
conventional nounting steps sequentially. Fig. 20 is a di agram for
expl ai ning a problem of a conventional mounting nmethod. Fig. 21 is a

di agram for exp prpbl em of a conventional nounting method. BEST
MODE FOR CARRYI ﬁ@“@#?ﬁé {TVENTIO\I o g

According to this embodiment l since the protrudlng bump 3
formed on the electrode 2 of the SemiCOnductor element 1 is buried
in the oonduotive paste 7_ih the hole 8 of the circult board 4, and
contacts to be oonnected eleotrlcally, short'clrcuit is not formed,
and the'tolerable'range for warping.ehd ourving of the circuit

board 4 is extended, and open state does'not'oceur, so that the
semiconduotor element 1 and the circuit board 4.may be joined at
high reliability, |

(Embodlment 2)

Fig. 5 is a process diagram showing a forming method of a
protrudihg bump on an electrode of a semiconductor element by
employing a wire bonding method according to embodiment 2 of the
invention , and.the'wire bonding method is desoribed below while
referring to Fig. 5. | |

First, as shown in Flg. 5 (a), a metal wire 11 made of gold
copper, alumlnum, solder or the like’ is passed through a capillary
13 made of ceramic or ruby, and a metal ball 12 is formed by
electric d1scharge between the end of the passed metal wire 11 and
an electrode 14 called “torch,

Next, as shown in Fig, 5 (b), the metal ball 12 is pressed
on an’ electrode 2 of a preheated semlconductor element 1, and

_ ultrasonlc v1brat1ons are appl1ed Thus, by the act1on of -
temperature, pressure and_ultrason1c vibrations, the metal ball 12

is joined to the electrode 2,

-14 -



The invention as set forth in claiml is a nounting nmethod of sem conductor
“el'enent conprising a step of forning a hole in a position of a circuit
board for connecting a circuit of the circuit board and an el ectrode of a
sem conductor elenent, a step of filling the hole with a conductive paste .
for formng an external electrode terminal, a step of formng a protruding
bunmp on the el ectrode of the sem conductor elenent, a step of positioning
the external electrode term nal and the protruding bunmp forned on the

el ectrode of the sen C?l'ilﬁi‘c&@shﬁhgrﬁ”hg 28d(@,StEP cabi PI2§Sizdst MEfted in
seni conduct or el enent to dontact between the donductive paste in the hole

o e, r ot OB g Br- el . L WSUBVILOOL e kecuty o
‘the circuit boa%dbmuﬁ;:qerfh %nﬁé?l biiretaBtHNd, as shown in Fig. 6.

' In success1on, as shown in Fig. 5 (d), after 11ft1ng the
~capillary 13, the caplllary 13 is sh1fted sldeways and lowered_
'ﬂithoﬁt tearing the metai wire 11, end the metal wire 11 ts hrought

contact onto the metal ball 12,.and by the aetin'of temperature'end
preseﬁre, or temperatufe, pressure and ultrasonic vibrations,_the.
metal wife:li is joihed to the metal ball 12,

Cohsequently, as shown ianig. 5 (e),.the capillary ls.is
lifted, the metal wire 11 is torn off, and a two-stage protruding
bump 15 is formed by metal ball as shown in Fig. 5 (f) and Fig. 7.

o After forming the.protruding bump 15-byhmeta1 ball on the
electrodelz of the semiconductor element 1 in this method, the
semiconductor element 1 and the circuit.board 4 are joined'in the‘_
method ehown in Fig. 8. o o

The mounting method in Fig. 8 is same as the method

- expleihed in_embodimentil, and.its explanation is oﬁitted.

In this embodiment 2, in addition to the effects of
_embodiment i, a high bump of 50 microns or more can be formed by the.
‘wire honding-methed of the emhoeiment,;as eompared with the maximum
height.of aboﬁt'zs micrehs of'the_protrudihg_buhp formed by the . |
conventional electric platihg method and therefore, as shown in Fig.'
8 (e), the amount of the bump 15 burled 1n the conductive paste 7 in -

the hole 8 of the circuit board 4 is increased, and the tolerable

- 15-



t he .protrudi ng -bunp contacts with the conductive paste in the hole of the
circuit board, and is electrically connected, and hence open state or short
circuit does not occur. The invention as-set forth inclaim2 relates to a
Tounting nmet hod of sem conductor elenent of claiml, in which the-
protruding bunp forned on the el ectrode of the sem conductor element i's a
nmetal ball bunp fornmed by wi re bondi ng nethod. When the protruding bunp is
formed by electric plating nethod, the height of the formed bunp is about

25 mcrons at

MEafigBUBr WARSiI%ESand Buting 6° Ak CirkRl{ Ddabd (9T éRtEided)UED as

hi gh as 50 m crons or nore, So that the -anmount of the bunp filled with the
conduct i ve past ghdtpédit i@l hilidberdliasui ttybpardal iwsdgases, -and mounting
of higher reliability is realized. The invention as set forth in claim3
relates to a nounting (mbb@shenf Pen conductor element of claim1l or 2,

whi ch further conprises a step of,

to contact between they gepsiinki ¥xhBaSIfe sehidoReictior élvmeholia efibddine
board and ‘the protruding bunp on the el ectrode of the

£t 1cui t
of the invention is described below while referring'to Fig. 9.

In Fig, 9, a semiconductor element 1 is a;tracted to a

suction nozzlello, and is positionéd to an external electrode |

terminal of a circuit board 4 forming a*p;otruding bump 3 by
conductive paste_7 filling up a hole 8, and they afe'pressed,.and i
the ﬁrotrﬁding buﬁp 3 is buried in the conductive paste 7. At this
time, the suctibn nozzle 10 is heated by an incofpofated heater 17,
and the conductive paste 7 is cured simultaneously with préssing.

According to this embodiment 3, in addition to the effects

of the foregoing embodiments 1 and 2, by curing the conductive pastg_

7, fixing of the semiconductor element 1 and circuit board 4 is

stronger,.and highly reliable junction is‘obtained. Mbreover,

conventionally, the conductive paste 7 was ctred by batch treatment

by putting the‘module in an oven, but it can be done in the same

-equipment simultaneously with joining in the method of the

émbodimeﬁt,fand thereforé.the,cycle time of'production-line of the

g semiconductpr'element 1 can be shortened,

(Embodiment 4)
A mounting method of semiconductor element in embodiment 4;
of the invention is described below while referring to Fig. 10,

In Fig. 10, a sémiconductor element 1 is attracted to a

. _‘. 16 -

after pressing the sem conductor el enent.



sem conductor elenent. heating at | east one of the sem conductor el enent
and the circuit board by a heating tool, thereby curing the conductive
paste. By curing the conductive paste, f|Xing of the sem conductor el enent
.and circuit board is stronger, and the junction-is higher in reliability.
Mor eover, as conpared with the conventional, curing of the conductive paste
I n batch process by-putting the nodule in an oven, it can be done
si mul t aneously with - 10 - joining in the same equi pnment in the method

of the inventi oguctsen tiaklé he, Cud @s io¥et Rinedr f5luat &xverhaNeleétrode N
seni-conduct or - el enent "can be shortened. The invention as set forth in claim

4 relates to a pEmhaD®3TBE kodi Aduit ehiardnd forming hepRitirudingabym® Bebypf
clainms 1 to 3, which further. conprises a step of, after connecting the
el ectrode of thgonductive paste 7 filling up a hole 8, and they are pressed, and
the protruding bump 3 is buried in the conductive paste 7.
At this tine, a stage 18 holding the circuit board 4'is heated by
| en incorporated heeter'17, end by heating when pressing the
semiconductor element 1, the conductive paste 7 is cured.
simultaneously with pressing;. |
According to this embodiment 4, in addition to the effects
of the foregoing embodimente-lhand 2, by cufing the conductive paste
7,'fixing of the semiconductor element 1 and circuit board 4 is
stronger; and highly reliable junction is'obtained. Moreover,
conventionally, the conduotive paste 7 was cnred by batch treatment
by putting the module in an oven, but it can be done in the same
equipment simultaneously with joining in the nethod of the
enbodiment, end'therefore the cycle time of production line of the
semiconduotor element l can be shortened.. o
(Embodlment 5) | |
A mountlng method of semlconductor element in embod1ment 5
flof the 1nvention is descrlbed below while referring to F1g. 11,
In Fig. 11, in embodiment 5, a semiconductor element 1 is
pressed, and a conductive paste 7_1n a hole 8 of a c1rcu1t board 4
is brought into contact with a protruding bump 15 on an eleotrode 2
of the semiconduotor element 1, a module (circuit board 4 and

semiconductor element 1) is put on a conveyor 32,and the entire



senm conduct or el enent .and the external electrode ternminal of the circuit
board, pouring an epoxy resin into the space between the seni conduct or

el errent and the circuit board, and sealing. Since the active surface of’
Ihe sem conductor el ement and the el ectrode surface are protected by the
‘epoxy resin, the rellablllty of connection is further increased. The

I nvention as set forth in claim5 is a nounting nethod. of sem conductor
el enent conprising a step. of formng a hole in a position of acircuit

board for Conne b #s Heated byCh HeBEexC'IBCthitlebﬂ@\h@garEb ahatelthetdondectifvea
sem conduct or enent, a step of filling the hole wth a conductive paste

for formng an %é&rqais%luggdrode termnal, a step of forming a protruding
bunp on the el eCtrode of the sem conductor element, a step of disposing an

adhesi ve sheet having geddr@inP st tHiR%etRdifent? 5} hiat @a@i wishi to theieffects a
m xed thernosetting and thernoplastic resin, on the circuit board formng

the external el ggt fid@obhothganbSdinehes P @hd \Z]i BY duising thet dundaetiveopaket or
el ement, a step of positioning the external electrode
7 in the reflow method by puttlng the entire module on the conveyor
32 and heating while mov1ng, and hence it is pos31b1e to cure in- the
same productlon 11ne as mountlng. Therefore, without causing effect
on the cycle of the productlon Iine of semlconductor element 1,
fixing of semioonductor element 1 and c1rcu1t board 4 is made
stronger; so that junction of higher reliability is realized.
~ (Embodiment 6)

_A mouutihg method Of semicohductor'element in embodiment 6
offthe invention is deSCribed below while referring,to Fig. 12,

As shown in Fig, 12, in the mounting process in embodimente
1 to 5, after'mounting a.semicohductor element 1 on a circuit board

4, the space between the semlconductor element 1 and 01rcu1t board

4 is f111ed w1th an epoxy resin 20 by us1ng a syrlnge 31,

Accordlng to th1s embodiment 6, in add1t1on to the effects
of the: foreg01ng embodlments 1 through 5, as shown in Flg. 13,
by filling with the epoxy resin 20, the - act1ve surface of the

- gemiconductor element 1 and the surface of the electrode 2 are

protected, Therefore,'if the module ishexposed,'for example,,to
enviromments of high temperature'and'high humidity, oorroeiou of
the electrode 2 and protruding bump 3 can be preVented; so that

~ connection of high reliability is guaranteed,
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termnal and the protruding bunp formed on the el ectrode of the

sem conductor.-el enment, a step of pressing the sem conductor el enent to -
break through the adhesive sheet by the protrudi ng bunp so as to contact
between the conductive paste in the hole and the protrudi ng bunp, thereby"
electrically connecting the el ectrode of the seniconductor el enent and the
external electrode termnal of the circuit board, and a step of heating the
sem conductor elenment by a heating tool to nelt and cure the adhesive

sheet. According to t(mbeBided 7pi nce the adhesive sheet protects the
active surface of the sem conductor elenent and the el ectrode surface after

mel ting and curing, thg goahtild nbthodobf GeRiesiduetor ®lémsnteis @ibodiment fer,
in the case of using the adhesive sheet, the time required for pressurizing

and curing is al@Uihe3Qns@taBSis WbRIEBEd Helow Whilg refarring BH®ig, 44hours in
the conventlonal met hod by using the epoxy resin, and
- First, as shown in Fig, 14 (a), a hole 8 in a circuit board
4 rs filled with a conductlve paste 7 to form an external electrode
terminal 33, and ‘an adhesive sheet 21 hav1ng a thermosett1ng res1n,
a thermoplastic res1n, or a mixed thermosettlng and thermoplastic
resin is disposed on the circuit board 4, |
| It is also poss1ble to disperse particles of nickel, solder,
~carbon, or gold plated plastic un1formly on the adhes1ve sheet 21,
Next, as shown in Fig, 14 (b), a semiconductor element 1is
attracted to a suctlon nozzle 10 and is pos1t1oned to an external
i electrode termlnal 33 of the c1rcu1t board 4 forming a protruding
bump 15 by the conduct1ve paste 7 filling up the hole 8, |
Then, as. shown 1n Fig., 14 (c), by press1ng the sem1conductor
element 1, the adhesive sheet 21 1s torn off by the protrud1ng bump -
© 15, and the protrud1ng bump 15 is bur1ed in the conduct1ve paste 7
At this time, the suctlon nozzle 10 is heated by-an incorporated
heater-l7, and the”edhesive sheet 21.is melted and cured
simmlteneously with pressing.. | |
According to-this:embodiment-7, in_addition to the effects
of the foregoing embodiments l and 2, as shown'in Fig, 14 (d), the
adhesive sheet 2l is melted and cured, and the active surface'of
'the semlconductor element 1 and the surface of the electrode 2 are

protected so. that the rel1ab1l1ty of connect1on is further -
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theref ore since the curlng tlne in this method is very short, the cycle
ti.me of production |line of sem conductor elenment is shortened ‘Referring
now.to the draw ngs, enbodi nents of the invention are described bel ow.

Sanme parts as in the constitution in Fig. 16 to Fig. 18 showing prior arts
are identified with same -reference nunerals, and their explanation is"
omtted. (Enbodinent 1) Fig. 1 is a.sectional view of a circuit board
mounting a semni.conductor elenent in enbodinent 1 of the invention. As shown

in the diagram jacpéstedydiMyeitty whdrOsRE Che adhedive! sipde 21,0the time
sem conductor elenment 1 contacts, as being buried in, with a ’conduct i ve

DTS | o Y RSN ol b6 . 0 ko) ko e
> curing timé of epoxy resin in the pr1or art is about 4 hours, and
therefore the curing time in the embodiment is very short,,and the
' eycle time of productionlline'of semicohduetor element 1 can be
shoftened; | |
(Embodiment 8) . | |
-4 mountlng method of semlconductor element in embodlment 8
- of the invention 1s described below while referring to Fig, 15,
First, as shown in Fig, 15 (a), after fprmlng a~pro;rud1ng o
 bump 15 on an eiectrodeHZ of a semicondﬁctor element 1, an adhesive'
_sheet 21 having a thermosetting resin, a thermoplastic resin, or
a mixe& thermosetting and thermoplastic reéiﬁ is disposed .
'preliminarily.on-the protruding bump 15, It is also possible to
disperse particles of nickel, solder, carbon, or gold plated
plastic unifogmly'on the adhesive sheet 21. |
Next, as shown'in-Fig. 15 (b), the semiconductor eleﬁeﬁt
1 is attracted to a suction nozzle 10, and is positioned to.an
'externai electrode terminal 33 of a circuit board 4,forming the
bretfuding bump'IS.By a COnduetive paste 7. filling up a hole 8,.and'
by pressing, the adhesive sheet 21 is torn off by fhe protruding
bump 15, and the pfotruding bump 15 is buried in the coﬁduetive.
' baste 7. Atzthisltime; the sqctien_nbzzle 16 is heated by an
incorporated heater 17, and the adhesive sheet 21 is melted andf'

cured simultaneously with pressing.
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and.the electrode 2 of the sem conductor element 1 are electrically
connected. Referring to a process diagramin Fig. 2, a nounting nethod of
sem conductor el ement of -the invention is described below First, the
external electrode termnal 6 of the circuit board 4 and the el ectrode 2 of
the semiconductor elenment 1 are connected. The hole 8 is forned in a
position of the circuit board 4, and the conductive paste 7 is printed in

to fill up the hole 8 of the circuit board 4 by noving a squeegee 9 as
shown in Fig. 2 (a), @lh‘éoi'dllng 0 tAXé embadimhe S, r@ﬂeddetmmab di offdcts .
circuit board 4 is forned. Next, as shown in F|g 2 (b), the sem conductor

element 1 is atgf Q;heefbr‘egoﬁlgseﬁﬁdd@ﬁemzﬂﬁdlg sand ddnpabodimimg7puie 3,
and the external electrode termnal 33 of the circuit board 4 forned by the

conducti ve past gdhbsfivé |shast W i aehoéd ald afuredo%inti tivedct ikesyrfase sifown in
Fig. 2 (c), .pressing the sem conductor elenment 1 by the suction nozzle 10,

the protruding Qhé’ﬂ%eﬁm(ﬁldﬁeltdredlemeh@ I hadcthpdactface gfashe elettrddlenZJ ane t he
hoIe 8 of the circuit .
protected, so that the re11ab111ty of connection is further
'“1ncreased. Moreover, when using the adhesive sheet 21, the time-
required for pressing'and curing_is about 30 seconds, whereas the
curing time of-epox& resin in. the prior art is about 4 hours, and
therefore the curing time in the embodlment is very short, and the

cycle tlme of production 11ne of semiconductor element 1 can be

shortened,

INDUSTRIAL APPLICABILITY

Therefore, accord1ng to the 1nvent10n, by br1ng1ng the.
protrudlng bump formed on the electrode of the semlconductor element
into contact with the conductive paste in the hole in the 01rcu1t
board, and-connecting the electrode of the semiconductor element and -
the external electrode terminal of the c1rcu1t board electrlcally, a
short circuit between electrodes can be avoided, and the tolerable
range for warplng and curving of the circuit board is ‘wide, - S0 that
‘an open state between the electrodes can be av01ded and mountlng of
hlgh electrical reliability is reallzed

Moreover, by pre11m1nar11y d1spos1ng the adhes1ve sheet on
the 01rcu;t board or the protrudlng bump of the semiconductor

element, teering off the adhesiﬁe sheet at the time of mounting S0
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board 4 as shown in Fig. 2 (d). As aresult, the protruding bunmp 3 of the
gem conductor. el enent 1 contacts wth the conductlve paste 7 i-n the hol e of
the circuit board 4, and they are electrically connected. Alternatively,
the circuit board 4 may be also a nmul ti-layer substrate conducting between .
layers in the substrate by inner via holes as shown'in Fig. 3, or the
circuit board 4 may be also a nultl-layer ‘substrate conducti ng between

| ayers by through holes as - 13 - shown in Fig. 4. According to this

embodi ment 1, Si;ﬁ‘(?tethé‘?rBf.ﬂIdi Hgl| BRp GhHYP contia@t Neithothd kendictive giistd iaf the
sem conduct or el enent I's burted In the conductive paste 7-in the hole 8

of the circuit pRaicdréuitabehrdORSRELS doanbet @teeadtellyg! and medaing andhor t
circuit -is not forned,
.curlng the adhesive sheet, the active surface of the semiconductor

'element and the surface of the electrpde can be prqtected by the -
adhesive sheet, and therefore the reliabilitj of:the ponnectibn'

"~ is increased, Further, when'using the adhesive shegt, the time
required fof pressiné and Curiné is about 30 ééconds; whéreas'the
curing time of epoxy reéin_in'the prior art ié about 4 hou;s, and
therefore the curing.time in the embodiment is very short, and the

time for the sealing process is notably saved, so that the cycle

time of production line of semiconductor element can be shortened.



and the tolerable range for warping and curving of the circuit board 4 is
ext ended, and open state does not occur, so that the sem conductor el enent .
1 and the circuit board 4 nay be jOIned arhigh—reliability. (Enbodinent 2)
Fig. 5is a process dlagran1sho thod of a protruding bunp

‘on an el ectrode of a 'sem conduc LML I[ﬁ”%pl oying a wire bondi ng

nmet hod accordlng t o enbodi nent 2*ofct mMNnvent+ and the wire bondi ng
nmethod is descrlbed bel ow while referring to Fig. 5, First, as shown in

" Fig. 5 (a), q?h mnre 11 made of. gold, copper, alun1nun1 sol der or the

li ke is passed rough a caplllary 13 made of ceramic or ruby, and a netal

bal | ‘1215 formed by gl ecf phintHiaCikihge diekuRendie0endlaent eompassirtk et a

wire 11 and an el ectrode rch. Next, as shown'in Fig. 5 (b), the

netal ball 12 is pr essedig) of“fd?ln?ﬁé ra°ﬁ8132 igfa @,Ogiﬁtyﬁagech eeftEiaNBomidr
elerment 1, and

for connecting a circuit of said circuit board and an electrode of
a semiconductorlelement, |
| a step of filling said hole with a conductimepaste for
forming an external electrode terminal, |

‘a step of forming a protruding.bump on said electrode of °
said semiconductor'elememt, |

a step of positioning said external electrode terminal and

' said protruding_bump formed on said electrode of said semiconductor
element, and | |
a step of pressing sa1d sem1conductor element to contact
between sald conductive paste in said hole and said protruding
bump, thereby electr1ca11y connect1ng said electrode of sa1d
- semiconductor element and said external electrode terminal of sa1d
circuit board.

2. A mounting method of semiconductor element of claim 1,
wherein said protruding bump formed on sa1d electrode of said
semiconductor element is a metal ball bump formed by wire bond1ng
method, | |

" .3. A mounting method of semiconductor element“of claim 1 or
‘2, further comprising'a step of,‘after pressing said semiconductor
element to contact between said conductive paste charged in sald

hole of said circuit board and said protruding bump on said

This Sheet Has Been Rep
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ul trasonic vibrations are applied._Thus, by the action of tenperature,
pressure and ul trasonic vibrations, “the metal ball 12 is joined to the

el ectrode 2. - 14 -~ Then, the capillary 13 is
lifted in the perpendicular di rJMﬂM'l""m"ﬂl'Hfﬂ'kt aI wire 11 is torn off,
and a bunp 15 is fornmed by metal "bal’l &s Bhéwn* n Fig. 6. In succession, as

shown‘in Fig. 5 (d), after lifting the capillary 13, t he capillary 13 is
shifted sideways and | owered without tearing the et al wire 11, and the

metal wire 11 ig]oiuadtofCeat@sbniRohQudtte SRinehtPaldating aantedut biee ofctin

of tenperature and pressure, or tenperature, pressure and ultrasonic
vibrations, thesgpd emi¢drudtor 8ldnenbeshd gaid@ireiil bbard bi¢2a Heavimgteol, Y,

as shown in Fig. 5 (e),-the capillary 13 is
thereby curing said conductive paste;

4 ‘A mounting method of semiconductor element of claim 1 2
or 3 further comprislng a step of, after connecting said electrode
_of said semiconductor element and"said,external electrode terminal
of said circuit board, pouring an epoxy reein into the space between
said semiconductor element and said circuit board, and sealiné._

5. A mounting method of Semiconduetor element comprising :

a step of forming a hole in e'position of a circuit board
for connecting a circuit of said circuit board and an electrode of
‘a semiconductor element, - | |
o a step of filling said hole with a conductivepeste for
forming an external electrode terminal,

a step of forming a protruding bump on eaid electrode of
said semiconductor element, |

a step of disposing an adhes1ve sheet having a
.thermosetting resin, a thermoplastic res1n, or a mixed
'thermosetting and thermoplastic res1n, on said 01rcu1t board
-forming said external electrode terminal or said protruding bump
of said semiconductor element,

| ‘a step of positioning said external eleetrode terminalland
seid protruding bump formed.on said electrodelef'said semiconducton.
element, | |

a step of pressing said semiconductor element_to break

This Sheet Has Been Replaced | THIS SHEET HAS BEEN
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lifted, the netal wire 11 is torn of f, and a two-stage protrudrng bunmp 15
is formed by netal ball as shownTnm Fig. 5 (f) and Fig. 7. After formng:

the protruding bunp 15 by net ctrode 2 of the :
seni conductor elenment 1 in thTHu l“u lﬂ “I"e conductor el enent 1 and the
Circuit board 4 are joined in 't ecnet owm in Fig. 8. The nounting- '
method in Fig. 8 is sane as the nethod explalned i'n enbodinent 1, and its

expl anation is - onmitted. In this enbodinment 2, in addition to the effects of

embodi ment 1, a iGNNI S8 ARRShPSaTRfoE ARG BBETES da/1hhe vi re

bondi ng nethod of - the enbodi nent, as conpared w th the maxi num hel ght of

about 25 i cron%oﬁtac&hseﬁkeﬁréaquneoﬂaaemé)ba@% 2y 4419 ATy endignal el ectric

plati ng nethod,- and therefore, as shown in 8 (e), the anount of the

bump 15 buri ed '@otﬁﬂﬂi@flﬂhlﬁttﬁé@eﬁﬁ%l@cirid&lli‘onﬁﬁéﬁlﬁgﬂéaﬁh@lé‘dtﬁ'ﬁdé fofboard
4 |s |ncreased and the tol erabl e -

. said semlconductor element and sa1d external electrode term1nal of

said circuit board, and
a step of heating said semiconductor element by a heating

tool to'melt and cure said adhesive sheet.
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-range for warping and curving of the circuit board 4 is extended, so that
rount i ng. of higher reliability is realized. (Enbodinent 3).A nounting

met hod of sem conductor elenment in enbodinent 3 of the invention is

descri bed below while referring to Fig. 9. In Fig. 9, a sem conductor
element 1 is attracted to a suction nozzle 10, and is posi.tioned to an
external electrode termnal of a circuit board 4 form ng a protrudi ng bunp
3 by conductive paste 7 filling up a hole 8, and they are pressed, and the

protrudi ng bunpgstAchUWE 9fEi BYschesyrgnductive paste 7. At this time, the
suction nozzle 10 1.s heated by an I ncorporated heater 17, and the

conductive paste 7 is ?h'irse'(isSidg‘bké@éiﬁoﬂ%dﬁnﬂﬁéﬁméﬂﬁﬁﬁbﬂ%em'f@@m@itm to this
enbodinent 3, in addition to the effects of the foregoing enbodi nents 1 and

2, by curing tng)eaiueahatePr Biring bit dlécolodeNr SPEbARIAGE W 6léenot 1
uit board 4 1s " _ C
and a circuit-of a circuit. board at high reliability,
| It cempriees a step of forming an external electrode'

terninal 33 by filling a hole S formed in a circuit board 4.with a
.eonductive paste 7; a step of positioning thetexternel electrode
tetminal 33 and a protruding bump 3 formed on'an electrode 2 of.e
Semieonductof'l; and a stee of pressihg the semiconductor eleﬁent 1
to contact between the conductive paste-7 in the hole 8 and the
protruding bump 3; therebyﬂelectrically connecting the electrode 2

of ‘the semiconductor element 1 and the external electrode terminal

33 of the circuitlboarq 4,



stronger, and highly reliable junction. is obtained. Moreover,
conventionally, the conductive paste 7 was cured by batch treatnment by
putting the nodule in an oven, but it can be done in the same equi pnent

si mul taneously wi.th joining in the method of the enbodi nent, and therefore
fhe cycle tine of production line of the sem conductor el ement 1 can be
shortened. (Embodi ment 4) Anpunting nethod of sem conductor el ement in
enbodi nent 4 of the invention is described below while referring to Flg
10. In Fig. 10, a semconductor elenent 1 is attracted to a - 16 -

suction nozzle 10, and is positioned to an external electrode termnal 33 -
of a circuit -board 4 formng a protruding bunp 3 by conductive paste 7
f||||ng up a hig. el8 and they are pressed and

2~

3~\ﬁ\\ '

Semiconductor element
Electrode
Protruding bump (by plating method)
Circuit board
Copper foil -
External electrode terminal
Conductive paste
Hole
3 - External electrode terminal

TG0 00 =] OO O i GO DN —



the protruding bunp 3 is buried in the conductive paste 7. At this tine, a
stage 18 holding the circuit board 4 is heated by an incorporated heater’
17, and by heating when pressing the semiconductor elenent 1, the
conductlve paste 7 is cured simultaneously with pressing. According to thIS
‘enbodi ment 4_.in addltlon to the effects of the foregoing enbodi nents 1 and
2, by curingFf%e conducti.ve paste 7, fixing of the sem conductor el enent 1
and circuit board 4 is stronger, and highly reliable junction is obtained.
Mor eover, conventionally, the conductive paste 7 was cured by batch

treatnent by putting the -nodule in an oven, : n be done in-the sane
equi pment simul'taneously with joining in the met hod of the enbodi nent, and
therefore the cycle tine of production |ine of t em conduct or el enent 1
can be shortened. (Enbodinent 5) A nounti od_ sem conduct or el ement
I n enbodi nent 5 of th? 5nvent|on i's g%FCFI b _\7\Mﬂleereferring to Fig.
11. : : e .
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1 Semiconductor element T " Conductive paste
2 Electrode - 8 ~Hole
3 Protruding bump (by plating method) 9 Squeegee
4 Circuit board 10 Suction nozzle
5 ‘Copper foil 33 External electrode terminal

External electrode terminal'



In Fig. 11, in enbodinment 5, a sem conductor element 1 is pressed, and a
conductive paste 7 in a hole 8 of a circuit board -4 is brought into contact
with a protruding bunp 15 on an el ectrode 2 of the sem conductor elenent 1,
a module (circuit board 4 and semi conductor elenent 1) is put on a conveyor
32,and the entire - 17 - nodul e i s heated by a heater. 19 whil e noving,
so that the conductive paste 7 is cured. According to this enbodinent 5, in
addition to the effects of the foregoing enbodinments 1 and 2, by curing the
conductive paste 7 in the reflow nethod by putting the .entire nodule on the
conveyor 32 and heating while noving, and hence it is possible to cure in.
the sanme production |ine as nounting. Therefore, w thout causing effect on
the cycle of the production |ine of sem conductor element 1,
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fixing of sem conductor elenment 1 and circuit board 4 is nade stronger, ‘so
that junction of higher reliability is realized. (Enbodinent 6) A nounting
met hod of sem conductor el enment in enbodinment 6 of the invention:is '
described below while.refefring to Fig. 12. As shown.in Fig. 12, in the
nmounting process in enbodinents 1 to 5, after nounting a sem conductor
element 1 on a circuit board 4, the space between the sem conductor el enent
1 and circuit board 4 is filled with an epoxy resin 20 by using a syringe
~31. Accofi.n§ to this enbodinment 6, in addition to the effects of the -

. foregoi-ng enbodi ments 1 through 5, as shown in Fig. 13, by filling with the
epoxy resin 20, the active surface of the seniconductor elenent 1 and the
~surface of the electrode 2 arg protected.mTherefore, if the nodule is

i gh tenperatyre and high

exposed, for exanple, to enviragments of
hum dity, corrosion<3#;;§e elé?fxﬁfe 2 ang protrudi ng bug can be
prevented, so that C tL?n qf gh relitability iesguafanfeed.
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- 18 - (Embodi ment 7) A nounting nmethod of sem conductor elenent in
enbodi nent 7 of the invention is described below while referring to Fig.

14. First, as shown in Fig. 14 (a), a hole 8 in a circuit board 4 is filled
with a conductive paste 7 to forman external electrode term nal 33, and an
adhesi ve ‘sheet . 21 having a thernosetting resin, a thernoplastic resin, or a
m xed thernosetting and thernoplastic resin-is disposed on the circuit
board 4. It is also possible to disperse particles of- nickel, solder,
carbon, or gold plated plastic uniformy on the adhesive sheet 21. Next, as
.shown in Fig. 14 (b), a semiconductor elenent. 1 is attracted to a suction
nozzle 10, and is positioned to an external electrode termnal 33 of the
~circuit board. 4 formng a protruding '

' Fig. 6

#

Fig. 17




bunmp 15 by the conductive paste 7 filling up the hole 8. Then, as shown in
Fig. 14 (c), by pressing-the sem conductor elenent 1, the adhesive sheet 21
is'torn of f by the protrudi ng bunp 15, and the protruding bunp 15 is buried
in the conducti aste 7. At this-tinme, the suction nozzle 10 is heated by
an incorporate ﬁe er 17, .and t he adhesive sheet 21 is nelted and cured
simul taneously with pressing. According to this enbodlnent 7, in addition
to the effects of the foregoing enmbodinents 1 and shown in Fig. 14
'(d), the adhesive sheet. 21 is nelted and cured active surface of.
t he semni conductor elenent 1 and the surface of the trode 2 are
protected, so that the reliability of cbnnectig fugkher - 19 -

i ncreased. . Moreover, when using the adhesive shgét 21 the tine

(a) 33
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1 Semiconductor element _ -8 Hole
2 Electrode ' 9 Squeegee

4 Circuit board - 10 Suction nozzle .
5 Copper foil 15 Protriuding bump
6 External electrode terminal (by vire bondlng method)
T

Conductive paste : 33 External electrode terminal



required for pressing and curing is about 30 seconds, whereas the curing .
time of epoxy resin.in the prior art is about 4 hours, and therefore the
curing time in the enbodinent is very short, and the cycle time- of
production |ine of sem conductor elenment” 1 can be shortened. (Enbodlnent 8)
A nmounti ng net hod of sem conductor elenment in enbodi nent 8 of the invention
I s described below while referring to Fig. 15. First, as shown in Fig. 15
(a), .after formng a protrudlng bunp 15 on an electrode 2 of a

seni conduct or - elenent 1, an adhesi ve sheet 21 having a thernpsetting resin,
a thernDpIastlé% or a m xed thernosetting and thermopl astic resin is
di sposed preli &uilly on the protruding bunp 15. It is also possible to

di sperse-particles of nickel, solder, carbon, or gold plated plastic
uniformy on the adhesive sheet 21. 'hbxt as shown in Fig. 15 (b), the

sem conductor element 1 is attracted to a suction nozzle 10, and is
positioned to an - _ 10
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external electrode termnal 33 of a circuit board 4 form ng the protruding
bunp 15 by a conductive paste 7 filling up a hole 8, and by pressing, the
adhesive sheet .21 is torn off by the protruding bunp 15, and the protruding
bunmp 15 is buried in the conductive paste 7. At this time, the suction
hozzle 10 is heated by an incorporated heater 17, and the adhesive sheet 21
is nmelted and cured sinultaneously with pressing. - 20 - According to
this enbodinment 8, in addition to the effects of the foregoi ng enbodi nents
1 and 2, sanme as in enbodinent 7, the adhesive sheet 21 is nelted and
cured, and the active surface of the sem conductor elenent 1 and the
surface of the electrode 2 are protected, so that the réliability of
connection iBig.ullher .i ncreased. Mreover, when using the adhesive sheet

21, the tinme - ' ' -

2 1
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required for pressing and curing is about 30 seconds, whereas the curing
time of epoxy resinin-the prior art is about 4 hours, and therefore the
.curing time in the enbodinment is very short, and the cycle tinme of

- production line of semiconductor elenent-1 can be shortened. | NDUSTRI AL
APPLI CABI LI TY Therefore, accordlng to the invention, by bringing the
protrudi ng bunp formed on the el ectrode of the senlconductor el ement into
contact with the conductive paste in-the hole in-the circuit board, and
connecting the el ectrode of the sem conductor element and the external

el ectrode termnal of the circuit board electrically, a short circuit

bet ween electrqq S gan be avoi ded, and the tolerable range for warping and
curving of the CIrCUIt board is mnde so that an open state between the
el ectrodes can be avoided, .and nounting of high electrical reliability is
realized. Moreover, by pr Ilnlnarlly di sposi ng t he adhesive sheet on the
circuit board or the pr di ng b%qp of the sem conductor

2o\ _ - | _ /’ __f'zo

.20 Epoxy resin
31 Syringe

Fig. 13
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el ement, tearing off the adhesive sheet at the time of nounting so - 21 -
t-hat the protrudi ng bunp. may contact with the conductive paste in the
circuit board hole to connect electrically, and nelting and curing the
adhesi ve sheet, the active surface of the semi conductor element and the
surface of the electrode can be protected by the adhesive sheet, and.
therefore the reliability of the connection is increased. Further when
usi ng the adhesive sheet, the time required for pressing and curing is
about 30 secdhdsl&meeas the curing time of epoxy resin in the prior art
I s about 4 hours, and therefore the curing time in the enbodiment is very
short, and the tine for the sealing process is notably saved, so that the
cycle time of production line of senEEPnductor el enent can be shortened.
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-23- CLAIMS 1. A mounting method of a sem conductor el enent, conprising:
a step of forming a hole.ina position of a circuit board for connecting a
circuit of said circuit board and an el ectrode of a sem conductor el enent,
a step of filling said hole with a conductive paste for fornming an external
el ectrode termnal, a step of form ng a protruding bunp on said electrode
~of said senmiconductor elenment, a step of positioning said external

el ectrode term nal and said protrudi ng -bunp forned on said electrode of
sai d sem conductor elenment, a step of pressing said sem conductor el enent
“to contact between said conductive paste in said hole and said protruding
bunp, thereby electrically connecting said electrode of said senmi conductor
el enent and ckiigd Eternal el ectrode
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termnal of said circuit board, after pressing said sem conductor el enent
to-contact between said conductive paste charged in said hole of said
circuit board and said protruding bunp on said el ectrode.of said -

'sem conductor el enent, heating at |east one of said sem conductor el enent:
-and said circuit board by a heating tool, thereby curing said conductive
paste, and after connecting said el ectrode of said sem conductor el enent
and said external electrode termnal of said circuit board, pouring an
.epoxy resin into the space between said sem conductor el enent and said
circuit board, and seal ing. 2. A mounting nmethod of a sem conduct or

el enent of cI ﬁg1 wherein said proPRLOK ART bunp. formed on said el ectrode
. of sai.d sem co uc?o element i's a netal ball bunp formed by a wire bonding
~nmethod. 3. - A nounting nethod of a sem conductor el ement, conprisi-ng: a
step of forming a hole in a position of -a circuit board for connecting a
circuit of said circuit bgard and an f&ectrode of a sem conductor el enent,
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a step of filling said hole with a conductive paste for form ng an external
“electrode termnal, a step of formng a protruding bunp on said el ectrode
of said senmiconductor elenent, a step of disposing an adhesive sheet having
a thernosetting resin, a thernoplastic resin, or a mxed thernosetting and
thernopl astic resin, on said circuit board form ng said external electrode
termnal or said protruding bunp of said senmiconductor elenent, a step of
positioning said external electrode term nal and said protrudlng bunp
formed on S%I d eI ectrode of said seni cppi@RCcAEY el enent, a step of pressing
sai d seni cohd&ctldr el enent to break t hrough said adhe5|ve sheet by said
protrudi ng bunp so as to contact between said conductive paste in said hole
" and said protruding bunp, thereby electrically connecting said el ectrode of
. sai d sem conductor elenent and safd external electrode tefmyal of said
circuit board, and-a step of heat}ng said sem conductor efenent by a

heating tool to nmelt and - t:;f . t;;f.

(a)
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cure said adhesive sheet. 4. A mounting nethod of sem conductor: el enent
conprising: a step of formng a hole in a:-position of a circuit board for
connecting a circuit of said circuit board and an el ectrode of a

. sem conductor elenment, a step of filling said hole with a conductive paste
Tor formng an external electrode termnal, a step of form ng a protruding
bunp on said el ectrode of said sem conductor elenent, a step of positioning
said external electrode term nal and said protrudi ng bunp formed on said
el ectrode of said sem conductor element, and a step of pressing said

sem conductor el enent, and burying said protruding bunp into said

- conductive pagtegyn said hole, thergpygehgptrically connecting said

el ectrode of said sem conductor el enment and said external electrode

. termnal- of said.circuit board. '
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-25- 5. - A nounti ng devi ce including sem conductor ele gﬁ.’r Fng: a
e

sem conduct or el enent having a protruding bunp on an el ect reof, a
circuit board havl'ﬁlmlmm Hmllﬂmosition for connecting sai p‘g}}otrode of
sai d sem conducto || ernal electrode termnal formng at said
hol d, said an extefnat €l ectrdde*term nal being formed by filling a
“conductive paste in said hole, and at |eas€3one adhesive sheet selected
fromthe group consisting of a thernosetting resin, a thernoplastic resin
- and a mxed tGRAIMRtting and thernoplastic resin disposed on at |east one

of said circuit board formng said external electrode termnal and said
protrudi ng bunp of said sem conductor element, wherein said adhesive sheet

"i's broken through py saAqn&mﬁg%mmnu&ﬁmc@paémeﬁﬂ ¥6m gﬁ:ﬁﬁ? in said
hole is contact with said protruding bunp, and said electro sai d

seni conduct or el engffep ptfasming 2 holg lin ypwhmmftaedrm boaidfoe gormenting 2tiewtir ode
term nal of ngﬁ%cfél 'boapfﬁﬁdange?mgog%ﬁfﬁ%@%%q °§Fi§ tncl udi ng

sem conduct or conprisin havi ng a
protrudi ng bunp ona gsp ef fillingGdil HoewiR b .conductive paste for forming an external

electrode terminal,

a step of forming a protruding bump on said electrode of said semiconductor
element,

a step of positioning said external electrode terminal and said protruding bump

N formed on said electrode of said semiconductor element,

a step of pressing said semiconductor element to contact between said
conductive paste in said hole and said protruding bump, thereby electrically
connecting said electrode of said semiconductor element and said external electrode
terminal of said circuit board,

after pressing said semiconductor element to contact between said conductive
paste charged in said hole of said circuit board and said protruding bump on said -
electrode of said semiconductor element, heating at least one of said semiconductor
element and said circuit board by a heating tool, thereby curing said conductive paste,
and |

after connecting said electrode of said semiconductor element and said

N external electrode terminal of said circuit board, pouring an epoxy resin into the space

between said semiconductor element and said circuit board, and sealing.

2. A mounting method of a semiconductor element of claim 1, wherein
said protruding bump formed on said electrode of said semiconductor element is a

metal ball bump formed by a wire bonding method.

3. A mounting method of a semiconductor element, comprising:
a step of forming a hole in a position of a circuit board for connecting a circuit

of said circuit board and an electrode of a semicongd

b A 8o Acb3—7
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a circui-t board having a hole in a position for connecting said el ectrode
el enent; an external electrode termnal form ng at

[ ““ m‘ectrode_term’nal being formed by filling a
W
L

of said se'
sai d hol e,

conducti ve p
sai d conducti

and said protruding bunp being buried into
e Mn Said hole, said electrode of said semni conductor

el ement being electrically connected to safrtt external electrode term nal

said circuit

boar d.
a step of filling said hole with a conductive paste for forming an external

electrode terminal,

a step of forming a protruding bump on said electrode of said semiconductor
element,

a step of disposing an adhesive sheet having a thermosetting resin, a
thermoplastic resin, or a mixed thermosetting and thermoplastic resin, on said circuit
board forming said external electrode terminal or said protruding bump of said
semiconductor element,

a step of positioning said external electrode terminal and said protruding bump
formed on said electrode of said semiconductor element,

a step of pressing said semiconductor element to break through said adhesive
sheet by said protruding bump so as to contact between said conductive paste in said
hole and said protruding bump, thereby electrically connecting said electrode of
said semiconductor element and said external electrode terminal of said circuit board,
and .

a step of heating said semiconductor element by a heating tool to melt and

cure said adhesive sheet.

4. A mounting method of semiconductor element comprising:'

a step of forming a hole in a position of a circuit board for connecting a circuit
of said circuit board and an electrode of a semiconductor element,

a step of filling said hole with a conductive paste for forming an external
electrode terminal,

a step of forming a protruding bump on said electrode of said semiconductor
element,

a step of positioning said external electrode terminal and said protruding bump
formed on said electrode of said semiconductor element, and

a step of pressing said semiconductor element, and burying said protruding
bump into said conductive paste in said hole, thereby electrically connecting said
electrode of said semiconductor element and said eitemal electrode terminal of said

circuit board.

of
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5. A mounting device including semiconductor element comprising:

a semiconductor element having a protruding bump on an electrode thereof,

a circuit board having a hole in a position for connecting said electrode of said
semiconductor element,

an external electrode terminal forming at said hold, said an external electrode
terminal being formed by filling a conductive paste in said hole, and

at least one adhesive sheet selected from the group consisting of a
thermosetting resin, a thermoplastic resin and a mixed thermosetting and
thermoplastic resin disposed on at least one of said circuit board forming said
external electrode terminal and said protruding bump of said semiconductor element,

wherein said adhesive sheet is broken through by said protruding pump,

said conductive paste in said hole is contact with said protruding bump, and

said electrode of said semiconductor element is electrically connected to said

external electrode terminal of said circuit board.

6. A mounting device including semiconductor element comprising:

a semiconductor element having a protruding bump on an electrode thereof,

a circuit board having a hole in a position for connecting said electrode of said
semiconductor element; |

an external electrode terminal forming at said hole, said an external electrode
terminal being formed by filling a conductive paste in said hole, and

said protruding bump being buried into said conductive paste in said hole, said
electrode of said semiconductor element being electrically connected to said external

electrode terminal of said circuit board.
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