Speci ficati on PROCESS FOR THE PRODUCTI ON'OF SEM CONDUCTOR DEVI CE Techni cal
Field The present invention relates to a process for the production of a
sem conduct or devi ce which conprises nounting a seni conductor el enent on a
not her board or daughter board in a face-down arrangenent. Background of
the. I nvention As a.demand acconpanying the recent inprovenent of the
properties of sem conductor devices there has been noted a process which
conprises nounting a sem conductor elenment on a nother board or daughter
board having a wiring circuit progpeedfiicatdom i n a face-down arrangenent.
(e.g., flip-chip process, direct chip attach process). This is attributed
to the fact thaPRPCBSSsEGR THE CPRORDUCTIEN OBHf SEMICORPUCERY, DEVECE as a
process which conprises bringing a sem conductor elenment into electrical
cont act wileehnicadd Frikede with a gold wire to give a packaged form which is
t hen nounted on a_not her -board_or daughter board, are liable to_delay in
data transm ssi onThEr REFFSRY | ARVeRELIGR Lel@des (FAN&NIREIAFYuEOF o the
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Background of the Invention
As a demand accompanying the recent improvement of the
- properties of semiconductor devices there has been noted a
process which comprises mounting a semiconductor element on a
mother board or daughter board having a wiring circuit provided
thereon in a face-down arrangement (e.g., flip-chip process,
direct chip attach process).- This is attributed to the fact
that_processes which have heretofore been used, such as a
process which comprises bringing a semiconductor element into
electrical contact with a lead frame with a gold wire to give
a packaged form which is then mounted on a mother board or
daughter board, are 1liable td delay in data transmission
through wiring, error in data tiansmission due to crosstalk.
On the other hand, the foregoing flip-chip process and
direct chip attach process are disadvantagebus in that a
semiconductor element and a mother or daughter board which have
different linear expansion coefficient are brought into difect
electrical connection with each other, reducing the reliability

of the connection. As a countermeasure against this difficulty



t here has been taken an action which conpiises injecting into the gap

bet ween the sem conductor elenment and the foregoing board a liquid resin
material which is then hardened to forma hardened resin in which the
stress concentrated at the electrical connection can be dispersed,
enhancing the relia- bility of the connection. However, the foregoing
liquid resin material needs to be stored at ultra | ow tenperatures
(-40[err]C) as well as needs to be injected into the gap between the

f or egoi ng thereohdacbeenetakent anndchdandwhiichugbmpriygesngnjedbing LAte
action is djsadvantageous in that the injection position and the anount of
t he resin ¥Bepgapnjhatiwaern sthe asemicendueher oblementumntrthei icregbing
action requireg that the resin used normally stay liquid, it is difficult
to use a sBPRYdrRstianid Fesin matergial which ds dben hardeordatopfienul ac
resin. Thebgégsené i nvention has pbeen worked out under these circunstances.

An obj ect FBePr SRR i MntY! s e ps&¥Fesé acpreertzated tat the

eain | ayerLrrCERER) o BORERELART KR BRocthaRs ko e ARG D oBe Hand

accorl | sretEY b aceidl: | Hovenst B8 chrBasine: hid¥if ot tBect |

the. preoenieaect £1 MASIPLE0 oo (Bhofod het HELERE I Mot tufEr el L.
as well as needs to be injected into the gap between the

foregoing semiconductor element and board through a syringe.
Thus, this action is disadvantageous in that the injection
position and the amount of the resin to be injected can hardly
be controlled. Further, since this action requires that the
resin used normally stay liquid, it is difficult to use a solid
resin -material having a high reliability such as phenolic
resin.

The present invention has been worked out under these
circumstances. An object of the present invention is to
provide a process for the production_of a semiconductor device
which can easily form an underfill resin layer in the gap
between the foregoing semiconductor and board and facilitates
the resin underfilling. |
Disclosure of the Invention

In order to accomplish the foregoing object of  the
present invention, the first aspect of the process for the

production of a semiconductor device according to the present

application comprises mounting a semiconductor element on a



printed circuit board with a plurality of connecting el ectrode portions
provi ded i nterposed therebetween, and then sealing the gap between the
foregoing printed circuit board and sem - conductor elenent with an
underfill resin |ayer, characterized in that said underfill resin layer is
formed by nelting a lanellar solid resin provided interposed between the
foregoing printed circuit board and sem conductor elenent. In other words,
t he present invention conprises sealing with an underfill resin |ayer the
gap bet we@rinted ctiedtuditr boatrdbwatl anplerakity onf axmored) igre el egiincidehave
been connected to each other with a plurality of connecting el ectrode
portions postiged prmowigdedeintérpesed wharahetwasiucand thensgalinorthe
device, characterized in that said sealing resin layer is fornmed by nelting
and har deria®y hetwaen| &hesoferegeing prdn ¢hrenbbs bearst verd Semi-
foregoing printed circuit board and %ﬁ%%fpndUCtof el enent . Thus, the
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foregoi ng=printed circui oard and “seni conductor el enent” and the sealing

the gap therebet WegNothbl #of&S! tHPAPriseft’ Bvéft fbndipBises sealing
with an underfill resin layer the gap between a printed ciréﬁit
board and a semiconductor element which have been connected to
each other with a plurality of connecting electrode portions
provided interposed therebetween to produce a Semiconductoﬁ:
device, characterized in that said sealing resin layer is
formed by melting and hardening a lamellar solid resin provided
interposed between the foregoing printed circuit board and
semiconductor element. Thus, the connection between the
foregoing printed circuit board and semiconductor element is
completed while melting the foregoing lamellar solid resin,
preferably under pressure. Accordingly,' as compared with the
conventional complicatéd process which comprises connecting a
printed circuit board to é semiconductor element, and then
injecting a sealing resin into the gap therebetween to complete
the connection, the connection between the foregoing printed
circuit board and semiconductor element and the sealing the gap
therebetween with a resin can be effected at a time,

drastically simplifying the production process. Further, since



drastically sinplifying the production process. Further, since -3- a
solid resin having excellent storage properties is used as a sealing resin
instead of liquid resin, the production process is not |liable to the
foregoi ng various problens caused by the injection of the liquid resin into
the gap. Further, the inventors found during their study of the invention
the fact that the use of an epoxy resin conposition conprising an inorganic
filler having a maxi num grain di ameter of not nore than 100 [err]min a
pr edet er manéelpdopestinohavinghex¢el bgot nstevage propertidesis mgrsksisblae to
fairly effect the packing of the gap between the foregoing circuit board
and seni c6f@ddng rEisdmednsikeaso e ﬂéﬂ##ﬁgrﬁﬁ}nvo¢@§ PrRdugHdenf Priocessi n
| ayer fornmed by Itlng the foregoi ng solid resin n be eaS|Iy formed by,
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of not more than 100 um in a predetermined proportion as the
foregoing solid resin makes it possible to fairly effect the
packing of the gap between the foregoing circuit board and
semiconductor element without forming any voids.

The underfill resin layer formed by melting the
foregoing solid resin can be easily formed by, e.g., a process
which comprises placing an underfill resin sheet (a kind of
lamellar solid resin) on the foregoing printed circuit board,
placing a semiconductor element on the underfill resin sheet,
heating and melting the underfill resin sheet so that the
underfill resin thus molten is packed into the gap between the
printed circuit board and the semiconductor element, and then
hardening the underfill resin.

In some detail, the underfill resin layer formed by
melting the foregoing solid resin can be easily formed by a
process which comprises forming an underfill resin layer in
such an arrangement that the connecting electrode portions

provided on the surface of the foregoing printed circuit board

are each partly exposed, placing a semiconductor element on the



such an arrangenent that the connecting électrode portions provided on the
surface of the foregoing printed circuit board are each partly exposed,

pl aci ng a sem conductor el enent on the -4- foregoing printed circuit
board in such an arrangenment that the el ectrodes of the sem conductor

el ement cone in contact with the connecting el ectrode portions, heating and
melting the foregoing underfill resin layer so that the underfill resin
thus nolten is packed into the gap between the printed circuit board and

t he sem cdpdegbdhgepeimtiéd aixtuiebdardldn sgchhen tncerrigendnt dahat the
Alternatively, the underf ill resin |ayer forned by nelting the foregoing
sol i d resiedecamodeseadi [bhef crameid:dndwr tpro cxbament chomenpni sestaokniwaghan
underfill resin layer in such an arrangenent that the connecting el ectrode
portions $h§HQRanﬂtinEeebﬁﬁacedgfHﬂﬂ?ﬂqn&xxmﬁgtﬁngn@@@(ﬂ@%&i&gbﬁhﬁd are
each partly exposed, placing a sem conductor el enent on the foregoing
printed ciP&eEPipgarmdar es iR r LAYRFe AP At tFRe cnBdeFrbidl sPSiRe
sem conduct or

oo Condugh o SRTUEN s SOUE LD POt ack, ALY IR Conneell a0 clesl F0d8.
AR R R R S e L S R,
L1 e T 0 AU TR AR | GRS DT g
underfill s6@3EB- by melting the. foregoing solid resin can be easily
formed by a process which comprises forming an underfill resin
layer in such an arrangement that the connecting electrode
portions pfovided on the surface of the foregoing brinted
circuit board ére each partly exposed, placing a semicoﬁduétor
element on the foregoing printed circuit board in such an
arrangement that the electrodes of the semiconductor element
come in contact with the connecting electrode portions, heating
and melting the foregoing underfill resin layer, preferably
while the joint ball forming the electrode portions are being
flattened under pressure or after they have been thus
flattened, so that the underfill resin thus molten is pécked
into the gap between the printed circuit board and the
semiconductor element, and then hardening the underfill resin.
In addition, the underfill resin layer formed by
melting the foregoing solid resin can be easily formed by a
process which comprises providing an underfill resin layer'on

one side of the foregoing semiconductor element, placing the

semiconductor element on a printed circuit board having a



In addition, the underfill resin |ayer fornmed by nelting the foregoing
solid resin can be easily forned by a process which conprises providing an
underfill resin |ayer on one side of the foregoi ng sem conductor el enent,
pl aci ng the sem conductor elenent on a printed circuit board having a -5-
plurality of connecting el ectrode portions provided thereon in such an
arrangenent that the underfill resin |ayer conmes in contact wth the
connecting el ectrode portions, heating and nelting the foregoing underfil
resin | ayeplarallidly olfecondectihyy eksctrdode spomt tans iprgeidest] therecrhdngap
between the printed circuit board and the sem conductor elenment, and then
har deni ng shehurmerdrtrangasent théatethet underfitlile newlor flayer esomesayiar
formed by nelting the foregoing solid resin can be easily forned by a
process whicomtaskpritidy phevcenngciingn@demtnodeeportigng, oheahing; gadof
the foregoing printed circuit board, placing a sem conductor elenment having
a plural it redtigghntbei nforeeRingdansitfiidds FrS§INdelaYREr 3 dhathethe

inted ci it di h t. that th i | d
Dot ons t Heden 133 Seeng BRb s Ro L oA PR ar s e IS hE Boweans Enenc®
d [ ti t.he f i der,- fi,l in.l that _th derfil
esi -t hus PROMEER ot aoRe FORREL a7le ts, Sot sBbRurRar Atkmbite POY hegar o
and the sep condyator, &l gjrlfclmﬁfmd.f harg;eépﬂawsewefche' Link@%ieq11! N

particul ar, when tHe und resi'n sheet
resin layer formed by melting the foregoing solid resin can be

eaéily formed by a process which comprises providing an
underfill resin layer on one side of the foregoing printed
circuit board, placing a semiconductor element having a
plurality of connecting electrode portions provided thereon on
the printed circuit board in such an arrangement that the
connecting electrode portions thereof come in contact with the
underfill resin layer, heating and melting the foregoing under-
fill resin layer so that the underfill resin thus molten is
packed into the gap between the printed circuit board and the
semiconductor element, and then hardening the underfill resin.

In particular, when the underfill resin sheet or
underfill resin layer as a sealing material for sealing the gap
between the printed circuit board and the semiconductor element
is pressed until it exhibits at least one of the following
physical properties (a) to (c) while béing heated for a
predetermined period of time so that the underfill resin thus
molten is packed into the gap between the printed circuit board

and the semiconductor element, a homogeneous good underfill



underf ill resin layer as a sealing material for sealing the gap between
the printed circuit board and the sem conductor elenent is pressed until it
exhibits at | east one of the follow ng physical properties (a) to (c) while
bei ng heated for a predeterm ned period of time so that the underfill. resin
thus nolten is packed into the gap between the printed circuit board and
the sem conductor el enent, a honogeneous good underfill -6- resin | ayer
can be fornmed without trapping fine voids by the packed portion: (a) Resin
viscosity rresiat lages dadh be Girmenl seitidyt Seappinggfinatvohdsi byt iche
gelling time of the underfill resin sheet or underfill resin |ayer before
heating i sphekéd pbetdehking time thereof is 30%of the initial gelling .
time; and (c) Supposing that the initial residual heat of reaction of the
underfill fe9i nRekdet véscoadbyf ikl nobslaspapbanbBiBP8 REASPIAg i s 100% as
determ ned by a differential scanning calorineter gherelnafter refergﬁg to
as "DSC'), (ble Fuppeginghshaetotheecinitdnlt gelédng §imgt ofpitber HAACTAILd

the initial residual heat of reaction. Brief Descriptio t he,Dr
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and
(c) Suppoéing that the initial residual heat of reaction of
the underfill resin sheet or underfill resin layer before
heating is 100% as determined by a differential scanning
caloriméter (hereinaftér referred to as "DSC"), the residual
heat of reaction thereof is not more than 70% of the initial
residual heat of reaction.
Brief Description of the Drawings

Fig. 1 ié a sectional view illustrating an embodiment
of the semiconductor device obtained by the process for the
production of a semiconductor device according to the present
invention;

Fig. 2 is a sectional view illustrating a -first
embodiment of the process for the production of a semiconductor
device according to the present invention;

Fig. 3, too, is a sectional view illustrating a first
embodiment of the process for the production of a semiconductor
device according to the present invention;

- Fig. 4, too, is a sectional view illustrating a first

embodiment of the process for the production of a semiconductor



invention; Fig. 2 is a sectional viewillustrating a first enbodi nent of
the process for the production of a sem conductor device according to the
present invention; Fig. 3, too, is a sectional viewillustrating a first
enbodi ment of the process for the production of a sem conductor device
according to the present invention; Fig. 4, too, is a sectional view
illustrating a first enbodi nent of the process for the production of a
sem conductor -7- devi ce according to the present invention; Fig. 5,
t0o, i s adewdrieomsicoriddng [tioutheapregeats invendiondi nent of the process for
the production of a sem conductor device according to the present
invention; Fig. 6Fig.aS5se$ooondls @ sgctilonadr atlewy id lustaay iagbadifaxst of
t he process_for the production of a sem conductor device accqrding to the
present | REPRGigENtEPE the prpress Lorsthe BRAduGEEAn| oF & SERHCRGIARCELEONd
enbodi nent, of, t he procgss forﬁ®re %rodu%tLon of .a_sem conductor device
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I nventi on;
device according to the present invention;

Fig. 7, too, is a sectional view illustrating a second
embodiment of the process for the production of a semiconductor
device according to the present invention;

Fig. 8 is a sectional view illustrating the process for
the production of a substrate on which a semiconductor element
is placed, which is used in the second embodiment of the
process for the production of a semiconductor device according
to the present invention;

Fig. 9, too, is a sectional view illustrating a second
embodiment qf the process for the production of a semiconductor
device accordinglto the present invention;

Fig. 10, too, is a sectional view illustrating a second
embodiment of the process for the production of a semiconductor
device according to the present invention;

'Fig. 11, too, is a sectional view illustrating a second
embodiment of the process for the production of.a semiconductor
device according to the present.invention;

Fig. 12, too, is a sectional view illustrating a second

~ embodiment of the process for the production of a semiconductor



Fig. 9, too, is a sectional viewillustrating a second enbodi nent of the
process for the production of a sem conductor device according to the
present invention; Fig. 10, too, is a sectional viewillustrating a second
enbodi ment of the process for the production of a sem conductor device
according to the present invention;, Fig. 11, too, is a sectional view
illustrating a second embodi ment of the process for the production of a
sem conduct or device according to the present invention; Fig. 12, too, is a
sectionaldﬁWéﬂqqugﬂﬂdﬂngngcat@ecga@semuodmwemmi@h;the process for the -
production of a seniconductor -8- devi ce according to the present

i nvention; Fig. 1¥igs 33sk%td @#&Itl@in@g.' vuearsxlfhwhgaiaa_:m fﬁg’rot?mmg@hc.ond
embodi ment_of the process for the production of a_sem conductor device
accor di ng el’“g’c’ldlweﬂr%eggn*%h‘? %ﬁ?%%qﬂﬁ gheiprodugtieniofHmsepiegnductor

illustrating.a further .second _enbodi ment of the process for the production
de%& € §FCREMRg %8b5$&iR§eFSDFhénﬁPQ§éHP7invention; Fig. 15is a
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accor di ngskbfitBAdBEe®e el 1%8NhteBrding to the present invention;

Fig. 15 is a sectional view illustrating a still
further second embodiment of the process for the production of
a semiconductor device according to the present inventidn;

Fig. 16 is a sectional view illuétrating a third
embodiment of the process for the production of a semiconductor
device according to the present invention; |

Fig. 16, too, is a sectional view illustrating a third
embodiment of the process for the production of a semiconductor
device according to the present invention;

Fig. 17, too, is a sectional view illustrating a third
embodiment of the process for the production of a semiconductor
device according to.the present invention;

. Fig. 18 is a sectional view illustrating another
embodiment of the semiconductor device obtained by the process
for the production of a semiconductor device according to the
present invention;

Figs. 19 (a) to (d) are schematic diagrams illustrating
a continuous process for the production of a semiconductor

device as a second embodiment of the production process



Fig. 16, too, is a sectional viewillustrating a third embodi nent of the
process for the production of a sem conductor device according to the
present invention; Fig. 17, too, is a sectional viewillustrating a third
enbodi ment of the process for the production of a sem conductor device
according to the present invention; Fig. 18 is a sectional view
i1lustrating another enbodi nent of the sem conductor device obtained by the
process for the production of a sem conductor device according to the
present inyesdr@imgFitgs. the (prebentd)imventside Btwirerbiagr #1%.i | host(&fi ng
a continuous process for the production of a sem conductor device as a
second enbbllustitatést he B oditEgeon spepces¥ig?- 19 a¢br dibhusbrates prasent
i nvention, wherein Fig. 19 (a) illustrates a B stage step, Fig. 19 (b)
i || ust rat eposipbeningnang contachtbendbendtepstBpg. F1Y. (4P {Elustramses at es
a sealing resin_gelling step, and Fig. 19 (d) illustrates a curing step;
Fig. 20 is@assasingnaesinegalling rsfiehy and eFbgdi Ant(Df kHastgatemduct or
device according to the present invention; Fig. 21 is a sectional view
i |l ustrati PR PFRess for the producti on of a seniconductor device; Fig.
22, too, is a sect'onmzdnﬁwvilluitrathng.the.gioc ssttor t he production of
a seni conduct or déit%e:20 15 a sectiona 1ew iYlustrating an embodiment
of the semiconductor device according to the present invention;
Fig. 21 is a sectional view illustrating the process
for the production of a semiconductor device;
Fig. 22, too, is a sectional view illustrating the
process for the production of a semiconductor device;
Figs. 23 through 26 are diagrams illustrating how the
sealing resin sheet to be used herein is properly used; and
Figs. 27 and 28 are diagrams illustrating a preferred
embodiment of the process for the production of a semiconductor
device according to the present invention.
Description of reference numerals
1 ... Printed circuit board, 2 ... Connecting electrode, 3 ...
Semiconductor element, 4 ... Underfill resin layer, 10
Underfill resin sheet, 13 ... Underfill resin layer, 14, 15 ...
Underfill resin layer, 18 ... Underfill resin sheet
The embodiments of the present invention will be
further described hereinafter.
The semiconductor device produced by the process for
the production of a semiconductor device according to the

present invention is configured such that a semiconductor
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Figs. 23 through 26 are diagrans illustrating how the sealing resin sheet
to be used herein is properly used; and Figs. 27 and 28 are di agrans
illustrating a preferred enbodi nent of the process for the production of a
sem conduct or device according-to the present invention. Description of

reference nunerals 1 ... Printed circuit board, 2 ... Connecting el ectrode,
3 ... Semconductor elenent, 4 ... Underfill resin layer, 10 ... Underfil
resin sheet, 13 ... Underfill resin layer, 14, 15 ... Underfill resin

| ayer, 18 elemgmder3f iilsl momnitedslveciontheiekbedi meprdnfed lod eudtebioard 1
invention will be further described hereinafter. The sem conductor device
produced byitheagplberalityrof kenpecting eheotradeen? qurmiticierd igdeirpesed
according to the present invention is configured such that a sem conduct or
- 10 - dhexrebetyeaen asushewnodnofidgsi de offuxtiemt @ sindexifii ldoxesin
with a plurality of caonnecting el ectrodes 2 provided interposed

t her ebet wedAYRE &hdfin Togmedy between, ther printedysimcuity boaxd dy ands the
formed between th rintechir ui,t board 1 and the sem conductor el enent 3.
In the pfe?@ﬂFcPH§€%F95nF W?n%oﬁnecting el ectrode may be a known el ectrode
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of the be a known electrode alone but is a concept including an
electrode and a conductor provided in the electrode such as
joint ball. Thus, the connecting electrode portions of the
printed circuit board and the connecting electrode portions of
the semiconductor element may generally be connected to each
other with an electrode alone provided interposed therebetween.
'In practice, however, at least one of the connecting electrode
portions of the printed circuit board and. the connecting
electrode portions of the semiconductor element may be composed
of an electrode and a joint ball, whereby the connécting
electrode portions of the two sides are connected to each
other.

Accordingly, in a normal embodiment, the plurality of
connecting electrode portions 2 for electrically connecting the
printed circuit board 1 to the semiconductor element 3 may have
a joint ball or the like provided on the surface of either or
both of the printed circuit board 1 and the semiconductor
element 3. Both the two electrode portions may be made of an
electrode alone.

The material constituting the plurality of connecting
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printed circuit board and the connecting el ectrode portions of the

sem conductor el ement may generally be connected to each other with an

el ectrode al one provided interposed therebetween. In practice, however, at

| east one of the connecting electrode portions of the printed circuit board
_~and the connecting el ectrode portions of the sem conductor elenent may be
conposed of an electrode and a joint ball, whereby the connecting el ectrode
portions of the two sides are connected to each ot her. Accordingly, in a
nor mal entRkRGRIFAde mertiionsal(joynsf babhakcd |lr$gn@Fe%P$%%l%llY ot egdhy
electrically connecting the printed circuit board 1 to the sem conduct or
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eutectic solder or a sol
portions 2 made of the foregoing eutectic solder or a solder
material which deforms at a predetermined temperature.

The material constituting the foregoing printed circuit
board 1 is not specifically limited. These materials can be
roughly divided into two groups, i.e., ceramic board and
plastic board. Examples of the foregoing plastic board include
epoxy board, and bismaleimide triazine board. The lamellar
solid resin according to the present invention, if its
hardening temperature is predetermined low, may be preferably
used without any restriction even in the case where the
combination of a plastic board and a connecting electrode
portion 2 made of a low melting solder makes it impossible to
predetermine the connecting temperature to a high value.

In the present invention, as the material constituting
the foregoing underfill resin layer 4 there may be used a
lamellar solid resin. For example, a solid epoxy resin
composit.ion may be used.

The foregoing epoxy resin composition can be obtained

from an epoxy resin (component a), a hardening agent (component
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material which deforns at a predetermined tenperature. The materi al
constituting the foregoing printed circuit board 1 is not specifically
limted. These materials can be roughly divided into two groups, i.e.,
ceram ¢ board and plastic board. Exanples of the foregoing plastic board

i ncl ude epoxy board, and bismaleimde triazine board. The lanellar solid
resin according to the present invention, if its hardening tenperature is
predeterm ned | ow, may be preferably used without any restriction even in

t he case Wer earidie axnnhimatgaomnicof fildleast | (Cdmorerend @) camedsseptial

el ectrode portion 2 made of a low nelting solder nakes it inpossible to

pr edet er nigrmpanentshnad | Agayenpeladurd tan cohdghayyl tempprathsepr e
invention, as the material constituting the foreqgoing underfill resin |ayer
4 there neme "@Fednanyakemparassred aesed haxgineignpeant %o sdidirasshxy
resin conposition may be used. The foregoing epoxy resin conposition can be
obt ai ned 4k an epoxy resin (conponent a), a hardening agent (conponent -
12 - b) and an | nponent. c), as essenti al

and stays solid atTl’%?r%%ql o R ureeSL0rh e GARATET i%)r;oirg)onne?q;ts

cpowy & o8 TP LT Ead o SRE: RPCarl JCRTR: Fod i Htam b T S

solid at QQﬂ%égéEﬂfé. In practice, any known epoxy resin such as
biphenyl type epoxy resin and cresol novolac type epoxy resin
may be used. Further, a low viscosity epoxy resin which
exhibits good wetting propertieé during melting is preferably
used. In particular, from the standpoint of wetting
properties, epoxy resins having the following structural
formulae (1) to (3) are desirable. These epoxy resins may be

used singly or in combination.

0 HaG CHs Jis |
’ 42}&()“3'0— D'CHg-'ég.'}Hz . b (1)
Ha Hz" :
/0\ C(CHa) s /'0
CHe-CH-CHa-0—( O )—0-CHa-CH-CHy - (2)
(HsC)s

HaC CHa

g . 0
éz}CH'CHz‘O" "CHz—@-O'Cﬂz‘é‘}Hz °e ( 3 )
Hs s
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t enper at ur e. In practice, any known epoxy resin such as bi phenyl type

epoxy resin and cresol novol ac type epoxy resin may be used. Further, a
| ow viscosity epoxy resin which exhibits good wetting properties during
melting is preferably used. In particular, from the standpoint of

wetting properties, epoxy resins having the follow ng structural fornulae
(1) to (3) are desirable. These epoxy resins may be used singly or in
conbi nation. [err] Anong epoxy resins represented by the foregoing
structural formulae (1) to (3), those having an epoxy equival ent of from
150 to 230 g/eq and a nelting point of from60[err]C to 160[err]C are
desirable. For tHEGRF pERO¥ IENS ngrepresantedg hy ophe | cfoxdgaing

resin conponent, the resin conponent preferably conprises a |iquid epoxy
resinin a?tcréﬁfé*’?ﬁkﬁam%ﬁmulﬁ?e hakdedithg GHent thesfod@®ing tan benessd

' practi ORI R 100, EIRINOKag ol coebrny G aticiraR
ot hy | heXalg 0f SRR oo “dangaeigaBley, “pde eBa PRpRar ok incing e
o0 IS Srdetding S uonaeBtielRoREL " HHFT IR SRS,
P e, SRR PSR IR B bl
The hardening agent (component b) to be used with the
foregoing epoxy resin (component a) is not specifically
limited. In practice,.any hardening agent which has been
commonly used, such as acid anhydride-based hardening agent,
e.g., phenoiic resin and;methylhexahYdrophthalic anhydride, may
‘be used. In particular, phenolic resin is desirable. As the
foregoing phenolic resin there may be used a phenol novolac or
the like. A phenol novolac having a low viscosity is
particularly desirable. In particular, those having a hydroxyl
group equivalent of frém.80 to 120 g/eq, preferably from 90 to
110 g/eq, particularly from 100 to 110 g/eq, and a softening
point of not higher than 80°C, preferably from 50°C to 70°C,
particularly from 55 to 65°C, are desirable.
Referring to the mixing proportion of the foregoing
epoxy resin (component a) and hardening agent (component b), if
a phenolic resin is used as a hardening agent, the hydroxyl
group equivalent in the phenolic resin with respect to one
epoxy equivalent in the epoxy resin is preferably predetermined

to a range of from 0.7 to 1.3, more preferably from 0.9 to 1.1.
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110 g/eq, particularly from 100 to 110 g/eq, and a softening point of not
hi gher than 80[err]C, preferably from50[err]Cto 70[err]C, particularly
fromb5 to 65[err]C, are desirable. Referring to the m xing proportion of
the foregoing epoxy resin (conponent a) and hardening agent (component b),

I f a phenolic resin is used as a hardening agent, the hydroxyl group

equi valent in the phenolic resin with respect to one epoxy equivalent in
the epoxy resin is preferably predetermned to a range of fromO0.7 to 1.3,
nore preferably fras) ©hé inotgadnie fidller (dsmpbmentocyahocbéihbed with
(conponent c¢) to be used with the foregoing conponents a and b there may be
used any i hbegafexegoingr aguipsnemts har eandode bhemeuswnay sl?ﬁ:hu§§d5| NlEa
powder, cal cium carbonate and titanium di oxide (titaniumuwhite).

parti cul ar inoxgaBic cbilker iviiigbhas: heregpéore Been usgwdaich ps ae&wam e.
Spherical silica powder |§H§$rt|cularly desirahl e. The HHX|nun1gra|n

di anet er ?W@ﬁE'fd?%b%+ﬁﬁ te 1 iandker titgmddmentlioride pfELERALNY not
??r?héhﬁgxlﬁﬁﬁ{ezié? ﬂa."%@‘c’u@#&%ﬂ%ﬁéﬁ T
D Pk gy Lok AR RIS BT o6, Shig o f%fﬁlac“azgpﬁ%aegyeﬁ
b gesbtarly Sy R AL O
[err]ﬁl WhgbPegdlihgf Md¥yanic filler (component c) is preferably not more
than 100 um, particularly not more than S0 pm. This is because
if the maximum grain diameter of the inorganic filler exceeds
100 pm, the packing of the gap between the printed circuit
board and the semiconductor element (gap to be filled with an
underfill resin layer) may be impossible. Further, the
inorganic filler preferably has an average grain diameter of
from 1 to 20 pm, particularly froﬁ 2 to 10 um, while satisfying
the foregoing requirement for maximum grain diameter.
Accordingly, from the standpoint of the maximum grain diameter
of the foregoing inorganic filler (component c) is preferably
predetermined to not more than half, more preferably from 1/10
to 1/3 of the distance between the printed circuit board and
the semiconductor element (gap to be filled with an underfill
resin layer). This is because if the maximum grain diameter of
the inorganic filler is predetermined to not more than half the
distance between the printed circuit board and the

semiconductor element, the packing of the molten underfill

resin layer into the gap between the printed circuit board and
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t he foregoing requirenent for maxi mumgrain diameter. Accordingly, fromthe
st andpoi nt of the maxi mum grain dianeter of the foregoing inorganic filler
(conponent c) is preferably predetermined to not nore than half, nore
preferably from1/10 to 1/3 of the distance between the printed circuit
board and the sem conductor elenent (gap to be filled with an underfil
resin layer). This is because if the maximum grain dianeter of the
inorganic filler s predetermned to not nore than half the distance

bet ween thke mEemicandudtani elepeatd cand be hdadadivcorfifiectedel ehelmoutt he
packi ng of the nolten underfill resin layer into the gap between the
printed ciPeedechaarvob®s. - 15 - the sem conductor elenent can be fairly
ef fected wi thout producing voids. In general, the content of the foregoing

inorganic filler (FongSRekele) the pFeiteRbl Pipr kbRt doRegodng HRTFBRECt han
90% by wei gh nore preferably not nore than 80% wei ght articul arl
ot mor ot EakleB ok SoRnsnenE 6Y ARe RBiaraRINy BT 1Q56F e gty more”

conpositi(){ll;ﬂ This o S, because.if the content of the ingrganigc fill far
3 B

nore than © aliove l_a%f red dng’g?r%l BEEHTER lgonrﬁ%_tf“(? het Iénsli_%eigy
Ciroui t boarHIRE, EREERRIEE Y fof Hifte ar A0 BE Al T S SL4E,

circuit board , causl ng € epoxy resin

conposi ti Ofei GhPeot! Sk IdbdAF FUsEHEBbnpBYERELAN MK i§OFBI b&€aRbe 2PE NN OF
reduci ng streSs such as ' _
content of the inorganic filler is far more than the above
defined range, electrical connection between the electrode of
the semiconductor element and the electrode of the printed
circuit board cannot be fairly effected, causing defects.

The epoxy resin composition to be used in the present
invention may comprise an agent for reducing stress.such as
silicone compound (side-chain ethylene glycol type dimethyl
siloxane, etc.) and acrylonitrile-butadiene rubber, a flame
retardant, a wax such as polyethylene and carnauba, a coupling
agent such as silane coupling agent (e.g., y-glycidoxy-
propyltrimethoxysilane) or the like incorporated therein as
necessary in a proper amount besides the components a to c.

As the foregoing flame retardant there may be used a
brominated epoxy resin or the like. A flame retarding aid such
as diammonium trioxide may be used in combination with the
flame retardant.

The foregoing epoxy resin composition to be used in the
present invéntion.caﬁ be obtained by, e.g., the following

method. 1In some detail, the components a and b as the resin
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silicone compound (side-chain ethylene glycol type dinethyl siloxane, etc.)
and acrylonitrile-butadiene rubber, a flane retardant, a wax such as .
pol yet hyl ene and carnauba, a coupling agent such as silane coupling agent
(e.g., [err]-glycidoxy- propyltrimethoxysilane) or the like incorporated
therein as necessary in a proper anount besides the conponents a to c. As
the foregoing flane retardant there may be used a brom nated epoxy resin or
the like. A flame retarding aid such as di ammoniumtrioxide may be used in
conbi nat i compbhbnthe afrkame lrteidarrida rddm ibten feor pef egalehp xyndesi heabipgsi ti on
to be used in the present invention can be obtained by, e.g., the follow ng
met hod. Thesoresidet gofnponkatsompurenmeolieandabe adhane maxed witd - the
conponents are nelted in adm xture preferably under heating. The resin
conponent §OrRg9ing| t @emmoReMen G xatdw OPtdleanaldiegRHieEonpddéfivesand
optionall§ ot her additives. Thereafter, to the mxture i s added a_catal yst
for contr@herRATERE, r BACERYiMIXEHES dbt adsled Pe cat@dvSsr APLy SPBEFOFAANT
uni formsystemis, wthdr by _a pal let, cooled, and then sybjected to
reser r of FifgTBRCEHELEY «ENOEoPs: Hba0iiEer SHhEeLm, AESHRG:  cARBpUR EPES; o
conpositign n be obtained. .ln general, the.eppxy resin c Ltiqn_thus
obt ai ned ggsﬁ‘gggebsv\m.%ﬁ‘%r?w r%pﬁagugegte’ntclosoc}et%ﬁa%éqdﬁ?}%o ggﬁ’ 3?8%? y aéri ng
Qﬁt curing,ggn_bg) YRR 65SEHle £Ex8UEN BokR! 205hGBES 28AAL, ! RRECqBBY B USed
epoxy resin composition can be obtained. In general, the epoxy
resin composition thus obtained is mixed with a thixotropic
agent so that the hot fluidity during hot curing can be
suppressed. As such a thixotropic agent there may be used an
acrylonitrile-butadiene copolymer.

The catalyst to be Dblended for the purpose of
controlling the reactivity is not specifically limited. 1In
practice, compounds which have heretofore been used as
hardening accelerator may be used. Examples of such a
hardening agent include triphenyl phosphine, tetraphenyl
phosphate, tetraphenyl borate and 2-methylimidazole.

The method for mixing the foregoing various components
and producing a sheet therefrom are not 1limited to the
foregoing methods. For exampie, the mixing of the foregoing
various components may be carried out by means of a twin roll,
triple roll or the like. The production of a sheet. can be
accomplished by rolling the resin pomposition or by applying

the resin composition mixed with a solvent to a base film, and

then allowing the solvent to evaporate away. The supply of the
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acrylonitril e-butadi ene copol yner. The catal yst to be bl ended for the

pur pose of controlling the reactivity is not specifically |imted. I n
practice, conpounds which have heretofore been used as hardening
accel erator nmay be used. Exanpl es of such a hardeni ng agent include

tri phenyl phosphine, tetraphenyl phosphate, tetraphenyl borate and
2-nmet hyl i m dazol e. The nethod for m xing the foregoing various conponents
and producing a sheet therefromare not Iimted to the foregoing nethods.
For exanpl £oregeing xepopyfresin faomgps itgomdino kdiec foponefit tapaymékesaiti ed
out by nmeans of a twin roll, triple roll or the like. The production of a
sheet can pesatkbaplpsRPdnee gienirpndRchens| devdapdsen éh wrebytapeesl ng
‘the resin conposition mxed with a solvent to a base film and then

al | owi ng tRRSSoPLRAectioR\BdBt%t e away. The supply of the - 17 -

f oregoi ng epoxy regin conposition, in the form of tape nmakes_ it possible to .
produce sem conduc ?wt%%CEE%EFQﬁI%PY%E&*?Qﬂr i Yﬂ&é??ﬁ?ﬁhﬂﬁi bEERE | n

h ' ' . hi ck f .th h I €. derfi,ll [
Shoet | o rbrint | JTHRSHIAT F UG [ SRPTR 45 REFRBILY { FRILE + BO120% PPy m
As prEViOg@f%ngQ%%Qnﬁgamtfﬁ B§Ofﬁ§§m%°r t he production of a sem conductor

r the p n

devi ce ac I g resent 1nver iop conpri ses nounting a
sem conductor el engDt, QR ;31 e tEbheH), L the process for the production

of a semiconductor device according to the present invention
comprises mounting a semiconductor element on a printed ciréuit
board with a plurality of connecting electrode portions
provided interposed therebetween, and then sealing the gap.
between the printed circuit board and the semiconductor element
with an underfill resin layer, characterized in that said
underfill resin layer is formed by melting a lamellar solid
resin provided interposed between the printed circuit board and
the semiconductor element. The foregoing process for the
production of a semiconductor device can be roughly divided
into three embodiments.

(1) Firstly, the first embodiment of the process for
the production of a semiconductor device according to the
present invention Qill be described in sequence in connection
with the attached drawings. 1In this production process (first
embodiment), as the foregoing lamellar solid resin there may be
used a sheet-like resin, i.e., underfill resin sheet. |

As shown in Fig. 2, a solid underfill resin sheet 10 is

placed on a printed circuit board 1 having a plurality of
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board wth a plurality of connecting el ectrode portions provided interposed
t herebet ween, and then sealing the gap between the printed circuit board
and the sem conductor elenent wi'th an underfill resin |ayer, characterized
in that said underfill resin layer is formed by nelting a lanellar solid
resin provided interposed between the printed circuit board and the

sem conduct or el enent. The foregoing process for the production of a

sem conduct or device can be roughly divided into three enbodi nents. (1)
Firstly, sphefhicel egbodestingof elleetprdeespordionse fdodosti balds)a 2

sem conductor device according to the present invention will be described
in sequen@s?ovﬁd@énn‘é]&#%ﬂflvm ht hehat ammeE tdmagn A§SCtradeni RO ARt Zon

process (first enbqodinent), as the foregoing |lanmellar solid resin there may
be used aP¥R¥dded; %QF@QHQ$Q¢ therghajatean . r%&ﬁ?ﬁ%?@%ﬁlyﬁsa§hBRHWPnlplg

having & Bidranitf GemeApEtey F#?Sem'reeaf fCEd el ERsaunfgreidte
(ol ok Bin?sRESY: H°L41E SRS SISO, ShEckERJBoRALL RS 2

provi ded R erpos as sh

sert condughaheRleriis dohay Phaged:o0et e bB‘ﬁﬁ i idd e ?ﬂéffpioreelﬁ

predet ermned position Sem con or errent entatively

ngg_edT}]gslﬁ}%%éﬂi@eE:E;'thbn&?‘ci&“b?hﬁﬁhﬁg eRb aaa' bt BucReki Bfe! URqdsei9
resin sheet 10 is then heated and melted under pressure so that
it is packed into the gap between the semiconductor element 3
and the printed circuit board 1. The underfill resin sheet
thus molten is then hardened to seal the gap. Thus, an
underfill resin layer 4 is formed. In order to tackify the
underfill resin sheet, a rubber component such as
acrylonitrile-butadiene copolymer is incorporated in the epoxy
_resin composition used. In this manner, a semiconductor device
shown in Fig. 1 is produced. In accordance with the foregoing
pressing procedure, the joint balls 2 are éressed so that they
are normally flattened (reduced in height) to further secure
the connection between the electrodes.

The foregoing process for the production of a
semiconductor device has been described with reference to the
use of the printed circuit board 1 having a plurality of
spherical connecting electrode portions (joint balls) 2
provided thereon. However, the present invention is not
limited to such a csnfiguration. Fér example, a semiconductor

element 3 having the pluraiity of spherical connecting
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resin sheet 10 is then heated and nelted under pressure so that it is
packed into the gap between the sem conductor elenent 3 and the printed

circuit board 1. The underfill resin sheet thus nolten is then hardened to
seal the gap. Thus, an underfill resin layer 4 is formed. |In order to
tackify the underfill resin sheet a rubber conponent such as

acrylonitril e-butadi ene copolyner is incorporated in the epoxy resin
conposition used. In this manner, a sem conductor device shown in Fig. 1 is
produced. keleatrodéanpertibhst hgjéimiegdiald gy e@si pgopideddwr, dree jsddet
balls 2 are pressed so that they are normally flattened (reduced in height)
to further (sonnectilon coidelctthereef waay e wsedir odes.tims ¢asegdcage
process for the production of a sem _conductor device has been descri bed

with ref er ¥he&et oat eemkeeruetrr palanentci dcuhavibdr dthe h AR uPdl ity

of spheri cal _.connec¢ting el ecitrode _portions (joint balls) 2 provided
Cher bor ' Cobeelenl | (oRnesELig: GlRGaraEy Peehibne A ¢ BEoYLasHL P the

of sphor | cALEBRREREGOL 18 neo0g) dobPang RafRRaNe L BRI shipyy 1y 26
i ded ' ' i . . : | iS.
(case wher BLACEEPRCEhATRIFERCETR 4 Brialed Gt Chdiie ) e Rplid 4705

gglni“gchinggr !gle.ft{1ggienpésl{]ﬁeéeétl;ﬂied&llgﬂoviadegeﬂﬂcéﬁﬁué%}a%’léxﬁ@ﬂ@o% | ha¥ing . 2
connecting electrode portions 2 provided thereon is placed on
the underfill resin sheet 10 in such an arrangement that the
printed circuit board 1 and the connecting electrode.portion
side of the semiconductor element 3 are opposed to each other.
In the case where the connecting electrode portions 2 are
provided on both the printed circuit board 1 and the
semiéohductor element 3, the underfill resin sheet 10 is
provided interposed between the connecting electrode portions
2 of the two components as shown in Fig. 5. The subsequent
procedure is the same as mentioned above.

As the foregoing underfill resin sheet 10 there may be
preferably used a tackified sheet-like epoxy resin composition
if the underfill resin sheet 10 is tentatively bonded  to the
semiconductor element 3 or printed circuit board 1. The size
of the foregoing underfill resin sheet 10 is properly
determined by the size (area) of the semiconductor element 3 to
be mounted thereon. In general, the of the forégoing underfill
resin sheet 10 is preferably predetermined slightly smaller

than the size (area) of the semiconductor element 3.
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pl aced on the surface of a printed circuit board 1 as shown in Fig. 4.
Subsequently, a sem conductor elenent 3 having connecting el ectrode
portions 2 provided thereon is placed on the underfill resin sheet 10 in
such an arrangenent that the printed circuit board 1 and the connecti ng
el ectrode portion side of the sem conductor elenent 3 are opposed to each
other. In the case where the connecting el ectrode portions 2 are provided
on both the printed circuit board 1 and the sem cgonductor elenent 3, the
underfill Sdaidagiaet tlte | thpeknedsd ang evpbghtl bét viden wndexbhhbcresdn
el ectrode portions 2 of the two conponents as shown in Fig. 5. The
subsequent Spestedif eCPB tfe REAREBLY nPFEOG eI™iB6se PAsthRe g of nfhe
underfill resi.n sheet 10 there y be_preferabl sed a tackified,
sheet - | | ke SERORSPANCERT, SHEBENE! on £t DEnEOURIERS LHPTEeD ATShELE S42psof
tentativel y,bonded t.o the sem conductor element 3 . ar printed. cifrcuit board
1" The. ot 26087 AR AL IR CLRY | PLeFEEPROo oKt LS FHGA] oh  £he
det er mi ned S| e t.-he sepg conguct . ted
! R@E&ntc@a éf:f‘%éef% : B%)ﬁgfif & 1 Q'_gilé 9{4&&.8”%%&%1%;& *_{xgyrg%

t her eon. gener al egoi NG under f i resin shee
f bl s ' i ' h
e condus P aResTALL reglatpgR] ¥ SR Ky BACKIBGNICHE, bR Rbteeh Ehe

the under f biniE85alctBeck1AilehitN 308nBr QRS b ipkeACLEEBLARILBY LG S ZE Of
t he sem conductor elenent 3 to be nounted thereon and the size of

In the foregoing process for the production of a
semiconductor-device, the heating temperature. at which the
foregoing sealing resin sheet 10 is melted is preferably
predetermined to a range of from 70°C to 300°C, particularly
from 120°C to 200°C, taking into account the deterioration of
the semiconductor element 3 and the printed circuit board 1 and
other factors. Heating can be accomplished by means of an
infrared reflow furnace, hot air oven, heating plate, etc.

The packing of the underfill resin thus molten into the
gap between the semiconductor element 3 and the printed circuit
board 1 is preferably effected under pressure as mentioned
above. The pressing conditions may be properly predetermined
by the number qf connecting electrode portions (joint balls) 2
and other factors. In some detail, the pressure is
predetermined to a range of from 0.02 to 0.5 kg, preferably
from 0.04 to 0.2 kg per connecting electrode portion.

In the fo:egoing first embodiment of the production
process, it is particularly preferred that the step of plncing

the underfill resin sheet 10 on the printed circuit board 1 and
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t he spherical connecting el ectrode portions provided on the printed circuit
board 1, i.e., the volune occupied by the underfill resin |ayer 4 formed by
packi ng the gap between the sem conductor elenent 3 and the printed circuit
board 1. In the foregoing process for the production of a sem conduct or
device, the heating tenperature at which the foregoing sealing resin sheet
10 is nelted is preferably predetermned to a range of from70[err]Cto
300[err]C, particularly from120[err]C to 200[err]C, taking into account

t he det er itleat pdacdngt tlee ssemigamtinator element 3 emdchéeangenfiidd cesdni t
board 1 and ot her factors. Heating can be acconplished by neans of an

i nfrared ﬁélﬁlerlf)u@ﬁa%]ée FaP &t rdasanghehei wed ng-}bl ein ghegtadi¥ A8 of

t he underf resin thus nolten into_the gap betmeen t he sem conduct or
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perlod of time so that the molten underfill resin is packed
into the gap between the printed circuit board 1 and the
semiconductor element 3. In this manner, the laminate is
pressed so that the underfill resin sheet 10 exhibits the
following physical properties (at the end of pressing). Thus,
a good homogeneous underfill resin layer can be formed without
catching fine voids by the packed portion. 1In other words, if
the printed circuit board 1 and the semiconductor element 3 are
merely contact-bonded to each other under pressure, as in the
case where the underfill resin sheet 10 exhibits a resin
viscosity of leés than 5,000 poise, a gelling time exceeding
30% of the initial gelling time and a residual heat of reaction
exceeding 70% of the initial residual heat of reaction, it is
likely that fine voids can be formed in the underfill resin
packed in the gap, i.e., underfill resin layer portion.

(a) Resin viscosity is not less than 5,000 poise;

(b) Supposing that the initial gelling time of the underfill
resin sheet or underfill resin layer before heating is 100%,

the gelling time thereof is 30% of the initial gelling time;
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sheet 10 or the step of placing the underf ill resin sheet 10 on the

sem conduct or elenent 3 and then placing the printed circuit board 1 on the
underfill resin sheet 10 be followed by the step of pressing the |am nate
until the foregoing underfill resin sheet 10 exhibits at |east one of the
foll owi ng physical properties (a) to (c) while being heated for a
predeterm ned period of tinme so that the nolten underfill resin is packed
into the gap between the printed circuit board 1 and the sem conduct or

el ement 3.andIn this manner, the lamnate is pressed so that the underfil
resin sheet 10 exhibits the foll owi ng physical properties (at the end of
pr essi ng) . (ThusSuppeming hthayehheuinahdslf ivels idugiln hegte o f arednt fan nedl
wi thout catching fine voids by the packed portion. In other words, if the
printed citkei undexfdll amsxrnesbemtcmuenéerénéﬁ%rﬁe%uar dayere| Before
cont act-bonded, to each_other under pressure, in.the case where the
underfill l?%‘FW%héét 180&x i detgrmised le-'écd"Sl F}fSPrFB*s‘éatlhaﬁF%“W

P10 o SEM LR, (e5oCg8 0 ol EalflSh oSl IB 20 R
eaction, et A ot P ST T L
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100% the gebdiom theEpbheyeh)l s 1%0%é)fpf£'fef£‘bﬂrahogellle's'§9 ﬁHéYF’S;O@@ -
poise, particularly not less than 10,000 poise, as mentioned
above. The resin viscosity was determined at 175°C by means of
a flow tester available from Shimadzu Corp.

Refefring to the physical property (b), the gelling
time is preferably not less than 30%, particularly not less
than 20% of the initial gelling time. The gelling time is
measured, e.g., as follows. In some detail, the specimen to be
measured is placed on a heating plate. The period between the
point at which the specimen is melted (end of the initial
gelling time) and the point at which a line drawn by a wire on
the surface of the thin specimen film thus spread begins to
extend and deform is determined as gelling time.

Referring to the physical property (c), the ;esidual
heat of reaction is preferably not more than 70%, particularly
not more than 65% of the initial residual heat of reaction.
For the measurement of residual heat of reaction, DSC is used

as mentioned above. In some detail, the specimen is heated to

a temperature of from 60°C to 200°C at a rate of 5°C/min.
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and (c) Supposing that the initial residual heat of reaction of the
underfill resin sheet or underfill resin |layer before heating is 100% as
determ ned by a differential scanning calorineter (DSC), the residual heat
of reaction thereof is not nore than 70% of the initial residual heat of
reaction. Referring to the resin viscosity defined in the physical property
(a), it is preferably not |less than 5,000 poise, particularly not |ess than
10, 000 poi se, as nentioned above. The resin viscosity was determ ned at

175[ er r ] Cunderearheese caorfdididnsst drheansidtaloife rfeaarhisSin mdd 20 t@mperaRefmer ri ng
to the physical property (b), the gelling time is preferably not |ess than
30% part icdulfamdny HGHC [tes <L AT izORegisurtedl.i nitial gelling tine. The
gelling tine is neasured, e.g., as follows. In sone detail, the specinen to
be measured is pl d23d Fhea seEENAg Fhadinente pfr ithe hPEREERSt HEORHoithe at
whi ch the specinen is nelted (end of the initial gelling and the

poi nt at \BﬂO&?CzHQ%@fdPa\ﬁr‘FW%%Crtho#e[VH&esGFF%E@"-&H ttﬁ’e% RTE5EG e

filmthus .spre d be q xtend, a def orm.i s det erm ne ellin tlne
Ref orr n'gltr‘ 3@1 . p&SBSFIIPea jn %%%u%%? B CHRARE 3'
pr ef er abl y 5[3 dﬁ17g %9 par. cq:l airl y nt o %éls %}é)l% éo (%{é%onr&'t'al_

r esi dual or t neasure eat

LEZ?E?%%@%&%@?@%%% AR B YL BN Papin i gRYRR ' ©

Slerr] U mMyked #A8 underfill resin layer directly formed on at least one

of the surface of a printed circuit board and a semiconductor
element both having connecting electrode portions provided
thereon. |
As shown in Fig. 6, an underfill resin layer 13 is
formed on the surface of a printed circuit board 1 having a
plurality of spherical connecting electrode portions (joint
balls) 2 provided thereon in such an arrangement that the top
of the connecting electrode portions 2 are exposed.
Subsequently, as shown in Fig. 7, a semiconductor element 3 is
placed on the pfinted circuit board 1 in such an arrangement
that the.connecting electrode portions 2 the top of which have
been exposed to the exterior of the underfill resin layer 13 is
- brought into contact with the electrode portions of the
semiconductor element 3.- Subsequently, the entire laminate is
heated to melt the underfill resin layer 13. The laminate is
pressed so that the molten underfill resin layer 13 is packed
into the gap between the semiconductor element 3 and the

printed circuit board 1. The underfill resin layer 13 is then
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Under these conditions, the heat of reaction at a tenperature of from
90[err]Cto 180[err]Cis neasured. (2) The second enbodi nent of the
process for the production of a sem conductor device according to the

present invention will be described in sequence in connection with the
attached draw ngs. In this production process (second enbodi nent),
as the foregoing lanellar solid resin there may be used an underfill resin

| ayer directly forned on at | east one of the surface of a printed circuit
board and haséenedntiocseal ethearagap botTthusgyiamgundenddiiilngesincliagde foisi ons
provi ded thereon. As shown in Fig. 6, an underf ill resin layer 13 is
formed on foxmedsf doe tdfisampnnaredthe rermicanduetar [depiap showmr ahi Figof
spherical connecting el ectrode portions (joint balls) 2 provided thereon in
such an artah§cPEPEUERd: the top of the connecting electrode portions

2 are exposed. Subsequent as shown in Fig. 7, a sem conductor el epent

Ly .
3 is placed on theT5$i%ﬁ@ﬁFfﬁ#%&ﬁ?skﬁmﬁﬁwﬂFi stermed o thgefRrta¢daPit he

ting, el ectrpd tjons, 2 the top. of which have b d o th
exter i or "obN® nPEHREST | 1TLREL T BRAR 14 | DB nEPRRFSCEYnt SRRTSF TV he

FLect o0, BPCLL 23R oL LFRFT SR BTRN ohsSURRRRR' Bl REeLRRL €
Disaen oebifhe U RI4EOMOI loff ] R USookid SPAERA L Pug o602
can be produced, e.g., as follows. In some detail, as shown in
Fig} 2, a solid underfill resin sheet 10 is placed on a printed
circuit board 1 having a-plurality of spherical connecting
electrode portions 2 provided thereon (same as in the foregoing
first embodiment of the process for the production of a
semiconductor element). Subsequently, the foregoing underfill
resin sheet 10 is heated and melted so that an underfill resin
layer 13 is formed on the surface of the printed circuit board
1 having a plurality of spherical connecting electrode portions
2 provided thereon in such an arrangement that the top of the
connecting electrode portions 2 are exposed as shown in Fig. 6.
The sealing resin layer 13 may be produced by the
following method besides the foregoing method. In some detail,
as shown in Fig. 8, a printed circuit board 1 having connectihg
electrode portions 2 previously provided thereon is prepared.
Subsequently, an epoxy fesin composition is applied to the
surface of the printed circuit board 1 having connecting

electrode portions 2 provided thereon by a print coating method

to form an underfill resin layer 13. In this manner, an
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printed circuit board 1. The underfill resin layer 13 is then - 24 -

har dened to seal the gap. Thus, an underfill resin layer 4 is fornmed. In
this manner, the sem conductor device shown in Fig. 1 is produced. The
underfill resin |ayer 13 fornmed on the surface of the printed circuit board

1 having spherical connecting electrode portions 2 provided thereon such
that the top of the connecting el ectrode portions 2 are exposed as shown in
Fig. 6 can be produced, e.g.;, as follows. In sone detail, as shown in Fig.
2, a sol i chndeddiflli esiasiliayeire28 18 formediciad sucha fur iaxtrechgement tthiadard 1
having a plurality of spherical connecting electrode portions 2 provided
t her eon (<dee tap iof the tonsgoitigdf iedectevidedpoetions 2Zhaner exposeddoast he
production of a sen conductor el enent). Subsequently, the foregoing
underfil | shesim igh&dg.16.is heated and nelted so that an underfill resin
| ayer 13 is fornmed on the surface of the printed circuit board 1 having a
plurality of sphefP€al fOFR9OdNgng RIASHILENor tERs prpducEéen tREredn in
such an arrangenent .that. the top o& t he .connegcti.n ,e%gctrode portions 2 are -
exposed a8 BGHRORG Herg degicey Bage been, dBESEIPRL, B ths TREFTEECE, S0UL8 by
the follow ng nethod besides.the_for.egain had. Jln sone detajl. as _shown
i F g, SR SRR PTLEITd boara LT conr Y iRg & R THALLbY: Bons. 2
previ ousl y provided Eg.%@%%%h% PLYRALEaeSU BISHBAL' ¥ (531nEPOB41AES N2
conposition s applie 0 the
provided thereon. The present invention is not limited to this
configuration. Similarly to the previously mentioned first
embodiment, a semiconductor element 3 having the plurality of
spherical connecting electrode portions (joint balls) 2
provided on one side (connection side) thereof may be used. In
this case, as shown in Fig. 9, an underfill resin layer 13 is
- formed on the surface of a semiconductor element 3 having a
plurality of spherical connecting electrode portions (joint
balls) 2 provided thereon in such an arrangement that the top
of the spherical conhecting electrode portions 2 are exposed.
Subsequently, the foregoing printed circuit board 1 is mounted
on the semiconductor element 3 in such an arrangement that the
connecting electrode portions 2 the top of which are exposed to
the exterior of the underfill resin layer 13 is brought into
contact with the electrode portions of the printed circuit
board 1.
I1f the connecting electrode portions 2 are provided on

both the printed circuit board 1 and the semiconductor element

3, the underfill resin layer 13 is formed on at least one of
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surface of the printed circuit board 1 having connecting el ectrode portions
2 provided thereon by a print coating nmethod to forman underfill resin

| ayer 13. In this manner, an - 25 - underf ill resin layer 13 is
formed in such an arrangenent that the top of the connecting el ectrode
portions 2 are exposed as shown in Fig. 6. The foregoing process for

the production of a sem conductor device has been described with
reference to the use of the printed circuit board 1 having a plurality of
spherical c&hseccPngeckdngr ogdeptirrdensppirsiion balide) 2fpr beitted thker eon.
The present invention is not limted to this conflguratlon Simlarly to
t he previ ouSPPREANLENER $u¢htan AFF@ngements thati tbadtep 7f dhendpregolhiagi ng
the plurality of spherical connecting el ectrode portions %]0|nt balls) 2
provi ded onCBHEeEFGBQ(66ﬁﬁ§€PﬁGnP§F8éyn§h3r§6P rEPOSEdusedOr| Rxampecass,

2 sem conduEPBIReTBrERE" 3Tfavihade %L}a&:%ﬁé? B f°f]5§ﬂs§%meﬂt 3ec Ry che
Chat the oBubEaFRe orh s policBhARcBPRn S IBmen chonpBipBom Blurel ERhostd.
SUbseque”tl¥Phé?§c£9reg8hﬂgcgﬁh8tte@&EEHHE bgsggagnghe_ T34EhES, BRILDS 2

sem conduct o enent N such~an arrangenen onnec

el ectrode pﬁﬂa{rQ&édz thigelo?P 19 tl‘? i“ﬁi‘[)ﬁr%ﬂ&éﬁgnizo that LY oF Lhe

underfill resin layer 13 is broug
spherical connecting electrode portions 2 are exposed.

Subsequently, the semiconductor element 3 having connecting
electrode portions 2 the top of which are exposed to the
exterior of the underfill resin layer 13 is mounted on a'
printed circuit board 1 having connecting electrode portions
provided thereon. Alternatively, as shown in Fig. 11, an
underfill resinllayer 13 is formed 6n the surface of a printed
circuit board 1 having a plurality of spherical connecting
electrode portions 2 provided thereon in such an arrangement
that the top of the spherical connecting electrode portions 2
are exposed. Subsequently, the semiconductor element 3 having
connecting electrode portions 2 provided thereon is moﬁnted on
the printed circuit board 1 having connecting electrode
portions 2 the top of which are exposed to the exterior of the
underfill resin layer 13. Alternatively, as shown in Fig. 12,
the underfill'resin 1ayer 13 is formed on the surface of the
semiconductor element 3 having connecting electrode portions 2
the top of which are exposed to the exterior of the underfill

resin layer 13 in such an arrangement that the top of the
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contact with the electrode portions of the printed circuit board 1. If the
connecting electrode portions 2 are provided on both the printed circuit
board 1 and the seniconductor element 3, the underfill resin layer 13 is
formed on at | east one of - 26 - t he connecting el ectrode portion side
of both the two conmponents in such an arrangenent that the top of the.
foregoi ng connecting el ectrode portions 2 are exposed. For exanple, as
shown in Fig. 10, an underfill resin layer 13 is formed on the surface of a
seni conductsphestisredniconnestimg glpctradet povtiophec?iare exporedi ndn the

el ectrode portions (joint balls) 2 provided thereon in such an arrangenent
that the t &Fhsir t handphan c'andéﬁﬁhbgt inesid ekaye¥e Y3or 1§ oformeg cony d.
Subsequently, the sem conductor el ement 3 havin onnecting el ec{rode
portions 2 HEacsh F anibeHEed SdFssed thorrd 3« FiRT A PRBTARAEY! O
resin layer 13 i.s unted qn _a printed circuit board 1 having connecti.,ng

el ect r ode. FHRETHRE I ERARSH e BRSEEEO0R PEREIONSe/d, PERy S AaF ey 37 11

SQJSZ?;L-AHW@GZ&&%ﬁ‘%ﬁq%ﬁ"’ea’#é ST e "R e FhE BBz SchY %%%%e%kg%? t
P onmect  ng SHkradh, Mok Elb 1 290CHE ioddlf oneShpEEapRAREY, *ine
sem CondUCts%rmi%o‘?'ﬁﬁ&tto'i' RAMaA tCBMRET L HhE eSS £ O LU LB HARREAESD

t hereon i s nounted on
the top of which are exposed to the exterior of the underfill

resin layer 13 is mounted on the printed circuit board 1 having
connecting electrode portions 2 the top of which are exposed to
the exterior of the underfill resin layer 13. The subsequent
step is as mentioned above. The underfill fesin layer may be
hardened while the joint balls are 5eing flattened preferably
under pressure or after the joint balls have been thus
flattened.

In Figs. 10 td 12, the formation of the underfill resin
layer 13 on the printed circuit board 1 having connecting
electrode portions 2 provided thereon can be accomplished by a
method similar to the.process described above with reference to
the printed circuit board 1 having connecting electrode
-portions 2 provided thereon. Further, the'ﬁormation of the
underfill resin layer 13 on the semiconductor element 3 having
connecting electrode portions 2 provided thereon can be
accomplished by heating and melting an underfill resin sheet 10
or applying an underfill resin layer to the surface of the

semiconductor element 3 having connecting electrode portions 2
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the printed circuit board 1 having connecting el ectrode portions 2 the top
of which are exposed to the exterior of the underfill resin layer 13.
Alternatively, as shown in Fig. 12, the underfill resin layer 13 is forned
on the surface of the sem conductor elenment 3 having connecting el ectrode
portions 2 the top of which are exposed to the exterior of the underfil
resin layer 13 in such an arrangenent that the top of the - 27 -

spherical connecting el ectrode portions 2 are exposed. On the other hand,
an under f iptowiskad ol B8 sirf dthee e gdiang pcaessof a printed circuit
board 1 having a plurality of spherical connecting el ectrode portions 2
provi ded t hereon mm-§h§thHGG9;aggﬁﬂﬁﬁviﬁﬁ@PdPW@nﬁoptbﬁ ﬁh@e§£#%4iﬁﬁﬂln
connecting el ectrode portions 2 are expos Subsequently, the
seni conduc Etife%lléTéﬁt‘lSBfﬁWPﬁgléoHHEQ?Fﬂbllél%?Yb%drﬂ“fli JRLZORERPY &F of

~whi ch d derfill I 13
mount ed ﬁﬁe%r%?v&q%?@&*%&q%?%do&bﬁwé%%?@m$ et dopeiag Bm  ons
2 the.t f to th t f th derfi I
13, "The SUBRMRITbntRe: B35, PEIaRth R ACREOB UTRE AT Poall 10er
be h At d f bl d
e o %demr%uﬁeao%f# DY SR S fzﬁedpf.eneaf‘gsy o
12, the formation of &fie pOARLEIAS LES5Aa! BK¥BbalReRl b#e vMd Prshdd ot t

board 1 havi ng connect1 ng
process, the temperature at which the underfill resin layer 13

is heated is preferably predetermined to a range of from 70°C
to 300°C, particularly from 120°C to 200°C, taking into account
the deterioration of the semiconductor element 3 and the
printed circuit board and other factors, as in the first
embodiment of the production process. Heating can be
accomplished by means of an infrared reflow furnace, hot air
oven, heating plate, etc. as mentioned above. The foregoing
pressing conditions may be properly predetermined by the number .
of connecting electrode portions (joinf balls) 2 as in the
first embodiment. In some detail, the pressufe is
predetermined to'a range of from 0.02 to 0.5 kg, preferably
from 0.04 to 0.2 kg per connecting electrode portion.
In the foregoing second embodiment, as shown in Figs.

10 to 12, further embodiments are possible in the configuration
that where a underfill resin layer 13 is formed on at least one
of the connecting electrode portion side of the printed circuit
board 1 having connecting electrode portions 2 provided thereon

and the semiconductor element 3 having connecting electrode
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el ectrode portions 2 provided thereon can be acconplished by a nethod
simlar to the process described above with reference to the printed
circuit board 1 having connecting electrode portions 2 provided thereon.
Further, the formation of the underfill resin |ayer 13 on the sem conduct or
el ement 3 having connecting el ectrode portions 2 provided thereon can be
acconpl i shed by heating and nelting an underfill resin sheet 10 or applying
an underfill resin layer to the surface of the sem conductor elenment 3

havi ng conmpeattinmmseReprovddedothenasn2in s2i¢h an aprangement hehaortles tiop t he .
foregoi ng process. In the foregoing second enbodi ment, the underf ill resin
layer 13 tlufs e meshnecping eebéx yrodevpoetions h2t argoerppgedr  olmespimse
designed such that it is grevented fromflow ng out beyond the g bet ween
t he seni costf¥@idr, efignexddBtion tee phentwrdertild ¢ nesdnd 1 aﬁgrnefﬂn orRéq

above. In the fore 0|n% second enbaodi nent qf the roductlg 1;)rocess F%ﬁf
terrperaturéméﬁe &1pndehest | %SPFOV&QEQ 13nterpesedd e

E;g?g?figlggg to f#?%gﬁ of fro HZ% é%ﬁhto 300!eEr!C %ﬁrtl%%fﬁily from
o Eotctr ol g St P, s ORI b
gfgfgp' gfg%%gg%mﬁaﬁﬁe q 12[5‘0 LR ﬁﬁﬁ&&iﬂ'?&‘éiﬂrf@& fEPt é”“foz‘?&’eed“’orl‘%%té ng
surface of a semiconductor element 3 having a plurality of
spherical connecting electrode portions 2 provided thereon in
such an arrangement that the top of the spherical connecting
electrode portions 2 are exposed as shown in Fig. 13.
Subsequently, the semiconductor element 3 having connecting
electrode pbrtions 2 the top of which are exposed to the
exterior of the underfill resin layer 13 is mounted on a
printed circuit board 1 having connecting electrode portions
provided thereon with an underfill resin sheet 18 pro#ided
interposed therebetween. The underfill resin layer 13 and the
underfill resin sheet 18 are heated and melted, and then
hardened.
| In a further embodiment of the type shown in Fig. 11,
an underfill resin layer 13 is formed on the surface of a
printed circuit board 1 having. a plurality of spherical
connecting electrode portions 2 provided thereon in such an
arrangement that the top of the spherical connecting electrode

portions 2 are exposed as shown in Fig. 14. Subsequently, a

semiconductor element 3 having connecting electrode portions 2
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pressing conditions nmay be properly predeterm ned by the nunber of
connecting electrode portions (joint balls) 2 as in the first enbodi nent.
In sone detail, the pressure is predetermned to a range of from0.02
to 0.5 kg, preferably fromO0.04 to 0.2 kg per connecting el ectrode portion.
In the foregoing second enbodi nent, as shown in Figs. 10 to 12, further
enbodi nents are possible in the configuration that where a underf ill resin
| ayer 13 is fornmed on at |east one of the connecting el ectrode portion side
of the pridsedcsintmd tobobthe prhatedg cdoomddt ibopmd ekt hadéngoconoesting
provi ded thereon and the sem conductor el enent 3 having connecting _
el ectrode elggtrode REXtiPRS 2 2prithe déapt ek ewhich Ak gxpasedngedrehet hat
the top of the connecting el ectrode_portions_ 2 are _exposed. In sone detail,
in addi ti oR*t8TERE Rfdekhe| prdexfd llaywagsim layennddr Mith (a3 yndgedilis
rovi ded i nt erposed be en the printed circujt board 1 and_.the .
Sem conduct6P 8 EREAE 5 Brovdded iRsPaRoSeH HheTPbREYehoMR ARISFEL

h in.Fig. 10, . derfill | 13 ig f d he f
of "5 sen CERBIE: SPYEFeIENTRS Vhvi WS E [t 49T dhdndd dae Bt Ay
el ectrode f&%&tcb?ar,‘sa%dpEpéhdﬁQthﬁéﬁo“pk@fégﬁﬁlgnugaéi‘”g?.g‘éghrlahat the top
of the spherical ‘conneciing el ectrode” portron are” exposed as shown

et Sote mormoc 5B, SN ShOE, SEEDRRRCHE! Y EhETEgpor hakhdnePREC200
an underfill resin layer 13 is formed on the surface of a
seniconductor element 3 having a plurality of spherical
connecting electrode portions 2 proﬁided thereon in such an
arrangement that the top of the spherical connecting electrode
portiohs 2 are exposed as shown in Fig. 15. On the other hand,
an underfill resin layer 13 is formed on the surface of a
printed circuit board 1 having a plurality of spherical
connecting electrode portions 2 provided thereon in such an
arrangement that the spherical connecting electrode portions 2
are exposed. Subsequently, the semiconductor element 3 having
connecting electrode portions 2 the.top of which are exposed to
the exterior of the underfill resin layer 13 is mounted on the
printed circuit board l.having connecting electrode portions 2
the top of which are exposed to the exterior of the underfill
resin layer 13 with an underfill resin sheet 18 provided
interposed therebetween. The subsequent step is the same as
described above.

- In a further embodiment shown in Figs. 13 to 15, the

temperature at which the underfill resin layer 13 and the
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exterior of the underfill resin layer 13 is nounted on a printed circuit
board 1 having connecting el ectrode portions provided thereon with an
underfill resin sheet 18 provided interposed therebetween. The underfil
resin layer 13 and the underfill resin sheet 18 are heated and nelted, and
t hen hardened. In a further enbodi nrent of the type shown in Fig. 11, an
underfill resin layer 13 is forned on the surface of a printed circuit
board 1 having a plurality of SEQerical connecting el ectrode portions 2
provi ded tweesdililnregin gheqkrbhqafeheates: isheredgterminedsidar iraage
connecting electrode portions 2 are exposed as shown in F55i014. .
Subsequen@fy £roms i °Cotdu A8 Col @referabday ifxeme e & iteg 2908 &r F@king
“portions 2 - 30 - i g, mounted.on the printed circguit board 1 _having
connect i nd'né:l°e<?tcr°8&’é‘tp3‘|}ﬁ rexipration gf R Femiso LoF fdempat 3
exterior qQf the underfilil resin layer, 13 wi.th_ an underfill resin,sheet, 18
rovi ded AL FRSSBREERRRcHHtaben PR dnabhs P ERFErg e Aol Heir oFiy
underfill in s . | , "

B! SHESE A8 AP DPUrddcdnd IR LAY <2 é&@&e@%sggag%&%eidn

pr ef erabl y under pressu ther enbo

Fig. 12, o@@derfi i n er | Orc'HT?ﬁ'i' otﬂya f

sem condu?!t%or ga'l eneﬂr}%r%}?ér:]fdvi Egéa %]F%sr%ﬁ%y 0 slg:lr}erl caﬁagof]}?éc?’%ﬁgerly

el ect rOder?;!%FdTe't@ﬁi%e@r oy 8 ALRBERLF Nbtidt BTG Id1RRASBIY Joialidne 2t op

of the sp i cal connecting el ectrode
and other factors as in the foregoing embodiments. In some

detail, the pressure is predetermined to a range of from 0.02
to 0.5 kg, preferably from 0.04 to 0.2 kg per connecting
electrode portion.

In the foregoing second embodiment of the production
process, it is particularly preferred that the step of placing
the semiconductor element 3 on the printed circuit board 1 in
such an arrangement that the connecting electrode portions 2 of
the semiconductor element 3 are brought into contact with the
connecting electrode portions (joint balls) 2 provided on the
surface of the printed circuit board 1 or the step of placing
the printed circuit board 1 on the semiconductor element 3 in
such an arrangement that the connecting electrode portions 2 of
the printed circuit board 1 are brought into contact with the
connecting electrode portions (joint balls) 2 provided on the
surface of the semiconductdr element 3 be followed byAthe step
of pressing the laminate untii the foregoing underfill resin
sheet 13 exhibits at least one of ﬁhe following physical

properties (a) to (c¢) while being heated for a predetermined
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portions 2 are exposed as shown in Fig. 15. On the other hand, an underfil
resin layer 13 is forned on the surface of a printed circuit board 1 having
a plurality of spherical connecting electrode portions 2 provided thereon
in such an arrangenent that the spherical connecting el ectrode portions 2
are exposed. Subsequently, the sem conductor el enent 3 having connecting

el ectrode portions 2 the top of which are exposed to the exterior of the
underfill resin layer 13 is nounted on the printed circuit board 1 having
connect i ngoetted r ofe tpmet isonLidatt hehe opobtenhiiodeafdldxpesdar tic tpacked
exterior of the underfill resin layer 13 with an underfill resin sheet 18
provi ded e pdhed J3er BesvRean. t%eP@&M—@Que‘mr@ih'b poarde LamAdasthe
descri bed above. In a further enbodi ment shown in Figs. 13.to_ 15, the,

t enper atur@%’ec‘%ﬁ‘t@ﬁ‘?%@lﬁm‘h% rB%i thigyranner g ‘?Hén denfiill reiﬂﬂ"blerf
i1l resin sheet redetermned to ran e of, frq r]C

eated i
to 300[err}%735r ePé Fglfﬁoﬁhﬁﬂﬁh%¥?W§Q% Ebﬁfé???cPrP ﬁFﬁéeﬁnt Iéc
the deterioration of the_sem co ducta §ﬁg nd the r| ed c CUIt
board 1 artFR heFe3aM or 85 BSREAPTSHed™ Sy e b
t he sane qg&&gid%% nentloned above. Further t he pre55|ng condi tions nay
be properly predeterm ned by the nunber of connectlng el ectrode portions 2

and ot her fget or odi “h%ﬂSgéRéSﬂQ' Hﬂdgg??grhnmg%gn 1ay2 S UL 45 A dpmdd®

pressure i's pre et rmne range o
without trapping fine voids by the packed portion.

(a) Resin viscosity is not less than 5,000 poise;
(b) Supposing that the initial gelling time of the underfill
resin sheet or underfill resin layer before heating is 100%,
the gelling time thereof is 30% of the initial gelling time;
and
(c) Supposing that the initial.residual.heat of reaction of
the underfill resin sheet or_underfill resin layer before
heating is 100% as determined by a differential scanning
calorimeter (DSC), the residual heat of reaction thereof is not
more than 76% of the initial residual heat of reaction.

A particularly preferred range of the resin viscosity
(a), a particularly preferred range of the gelling time (b) and
a particularly preferred range of the residual heat of reaction
(c) are the same as those described with reference to the first
embodiment. The methods for the measurement of the resin
viscosity, gelling time and residual heat of reaction are the
same as used in the first embodiment.

(3) The third embodiment of the process for the

- 33 -



to 0.5 kg, preferably fromO0.04 to 0.2 kg per connecting el ectrode portion.
In the foregoi ng second enbodi nent of the production process, it is
particularly preferred that the step of placing the sem conductor elenent 3
on the printed circuit board 1 in such an arrangenent that the connecting
el ectrode portions 2 of the sem conductor elenent 3 are brought into
contact with the connecting el ectrode portions (joint balls) 2 provided on
the surface of the printed circuit board 1 or the step of placing the
printed ciprafiucbdandof ansemicenductprudevice| apeprdingntgutheapresent
arrangenment that the connecting electrode portions 2 of the printed circuit
board 1 ar&n¥eBhéAn Widd Lshidescrikedthe conpesting &liddh rh abterhad

(j oi nt baIIs% 2 provided on the 3urface of the sen conductor el ement 3 be
fol | oned b§T Wéngﬁep &1 bhissPRYARFELIPE PFAERSEn FRiFH cenbeaiBenE) unbB®efi | |
resin sheet 13.exhibifs. at |east one.of the follow n sical properties
(3 1o’ (o LafptEAEero 0 dan it AR BenbEermmnaong St Raidbe baldt a e
so that th L] | . cked. i nt he bet ween t he
print ed Ci?%%%S%aélﬁq‘iﬂ%%#%#eeéée%ﬁc?ﬁ&%@gt( &FOFh nP%gﬁEnsPﬁﬁcﬁaﬂ e?,

t he underfiLl ' er, hi hi t ol J:qi Leal._pr [ for
t he sane r%é%%%sggeﬁ{é%i gr%e e\;?\lj&t h&ér eﬁgégﬁgé tcé' H’i’ggf %%E%n%gdl"ﬁnﬁﬁ ﬁ%us,

a good hompgeReoys) ¥ derd iddovRRld 4t2%he E8ANBELEAGEYectrode portions.

The third embodiment will be described with reference
to the use of an underfill resinilayer laminated with the
surface of a semiconductor element. In some detail, as shown
in Fig. 16, an underfill resin layer 14 formed on one side of
a semiconductor element 3 is prepared. Subsequently, the
semiconductor element 3 is'placed on a printed circuit board 1
having a plurality of spherical connecting electrode portions
(joint balls) 2 providéd thereon in a predetermined positibn in
such an arrangement that the underfill resin layer 14 laminated
with the semiconductor element 3 is brought into contact with
the connecting electrode portions 2. Thereafter, the underfill
resin layer 14 is heated and melted. The molten resin is
packed into the gap between the semiconductor element 3-and the
printed circuit board 1 while fhe joint balls 2 are being
flatﬁened,- preferably under pressure. The resin is then
hardened to seal the gap. Thus, an underfill resin layer is
formed. 1In this manner, the semiconductor device shown in Fig.
1 is produced.

On the other hand, another example of the third
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wi t hout trapping fine voids by the packed portion. (a) Resin viscosity is
not |ess than 5,000 poise; (b) Supposing that the initial gelling tine of
the underfill resin sheet or underfill resin layer before heating is 100%
the gelling time thereof is 30%of the initial gelling time; and (c) _
Supposing that the initial residual heat of reaction of the underfill resin
sheet or underfill resin layer before heating is 100% as determ ned by a
differential scanning calorinmeter (DSC), the residual heat of reaction

t her eof i semdendimert t dfintheYmpadoduled iiom tpradcessi wihl beatdesicrideel ivith A
particularly preferred range of the resin viscosity (a), a parti cularly
pref er r ed ¥ehREENAC the Y [usg) af ran (Wyderkilld pesinlaydy Jmmimmtet amnge
of the residual heat of reaction (c) are the sane as_those described with
ref er ence e tFerface ofnodripted cipeaifethrard f or IRhsomeasigt@ddnt af t he

resin viscgsity,.gelling_tinme and residual heat of reaction are the sane as
used in tﬁ’g“f"f’{s’tgeﬁ’b‘édi nt an nderd il wesid olryient 181 formedr @peeng or

nvent  on 9% "6 ERH 56l ThreRih BEGh it RIRP AR SERRS Y

o not usel SPRLBbSictor’ BIhIETR FRYiH of o R Y | SF o Pl

provided QrdietSHd 338ctrole portions (joint balls) 2 provided thereon
is placed on the underfill resin layer 15 formed on the surface
of the printed circuit board 1 in such an arrangement that the
connecting electrode portions 2 are brought into contact with
the underfill resin layer 15. Thereafter, the underfill resin
layer 15 is heated and melted, preferably under pressure, so
that the molten resin is packed into the gap between the
semiconductor element 3 and the printed circuit board 1. The
resin is then hardened to seal the gap. Thus, an underfill
resin layer is formed. In this manner, a semiconductor device
shown in Fig. 1 is produced. |

The formation of the underfill resin layers 14, 15 in
Figs. 16 and 17 can be accomplished by, e.g., applying an
underfill resin layer-forming material for sticking the
underfill resin sheet to the surface of the semiconductor
element 3 or the printed circuit board 1.
The size of the underfill resin layers 14, 15 is

properly predetermined by the size (area) of the semiconductor
element 3 as_in the first embodiment. 1In general, the size of

the underfill resin layers 14, 15 is preferably predetermined
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sem conductor elenent or printed circuit board on which no joint balls are
provi ded at the connecting el ectrode portions. The third enbodi nent w ||l

described with reference to the use of an underfill resin |ayer |am nated

with the surface of a sem conductor elenment. In sone detail, as shown in
Fig. 16, an underfill resin. |layer 14 fornmed on one side of a sem conductor

el emrent 3
pl aced on

I S prepared. Subsequently, the sem conductor elenment 3 is
a printed circuit board 1 having a plurality of spheri cal

connect i ng sélighttlgdesneok Xewnthénoitie balis) (drpagvicdedthdesemicondactor

predet erm

ned position in such an arrangenent that the underfill resin

be

| ayer 14 | edemengd 3+t h tSignislanlsondddeor thicknass3 arnd brwright | mfo tbet act

with the connecting el ectrode portions 2. Thereafter, the underfill resin

| ayer 14 i

bet ween the_sem conductor elenent 3 and the printed circuit bpard 1 while

the joint
resin ist

hen hardenedt th h der f |
Formod. I mCPRASC ARG LoERE SRR PRRRABRoP /cduPre SHBWFOLHME, E?S'c%pﬁ%%ei»y' °

pr oduced.
enbodi nent
t he use of

sngexfid langsinl layers The 1%Iaamh hagnenerlyapredetermined biap
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e Bigldeh 1 2Rt HRVAS 4o¥BTREE BY pASKIRY! Sz S3p, petween,

circuit boar

In the third embodiment of the production process, the
temperature at which the underfill resin layers 14, 15 are
heated is predetermined to a range of from 70°C to 300°C,
preferably from 120°C to 200°C, taking into account the
deterioration of the semiconductor element 3 and the printed
circﬁit board 1 and other factors, as in the first and second
embodiments. Heating can be accomplished by means of an
infrared reflow furnace, hot air oven, heating plate, etc. The
packing of the underfill resin thus molten into the gap between
the semiconductor element 3 and the printed circuit board 1 is
preferably effected under pressure as mentioned above. The
pressing conditions may be properly predetermined by_the number
of connecting electrode portions (joint balls) 2 and other
factors. In some detail, the pressure is predetermined to a
range of from 0.02 to 0.5 kg, preferably from 0.04 to 0.2 kg
per connecting electrode portion.

In the foregoing third embodiment of the production
process, it is particularly preferred that the step of bringing

the underfill resin layer 14 provided on one side of the
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shown in Fig. 17, an underfill resin layer 15 formed on one side of a
printed circuit board 1 is prepared. Subsequently, a sem conductor el enent
3 having a plurality of spherical connecting el ectrode portions (joint
balls) 2 provided thereon is placed on the underfill resin layer 15 fornmed
on the surface of the printed circuit board 1 in such an arrangenent that
the connecting el ectrode portions 2 are brought into contact wth the
underfill resin layer 15. Thereafter, the underfill resin layer 15 is
heat ed andemdiaantiugiiasr eediemenginddr exsgontasd t Watht heheplaanneadsing i s
packed into the gap between the sem conductor elenent 3 and the printed
circuit b&daFtrodmmeorsions ©f Hde mudddedy aigaddt haserdydp or ties stap
underfill resin layer is forped.. In this nner,_ a.seniconductor device

shown in @y PEAEDE JdiR ehdenfd klomastithr 4o Heo RfRrdad dredne 1Sdflé s
PN AL N SNt SRR NS R
(911 S A, SISPGSBS Pl IS
protet o THIECRY G B8 RAuAE UUB SRIERIGUA SOR0! et
' FLgf g;ﬁﬁ@&ﬁj@gﬁf&&ﬁeqe\y& -14, $b1 Wbt Bht eNeblRN e SkZ&HAT ea)
following physical properties (a) to (c) while being heated for
a predetermined period of time so that the molten underfill
resin is packed into the gap between the printed circuit board
1 and the semiconductor element 3. In this manner, the
underfill resin layer 13 exhibits the following physical
properties. Thus, a good homogeneous underfill resin layer can-
be formed without trapping fine voids by the packed portion.
(a) Resin viscosity is not less than 5,000 poise;
(b) Supposing that the initial gelling time of the undérfill
" resin sheet or underfill resin layer before heating is 100%,
the gelling time thereof is 30% of the initial gelling time;
and
(c) Supposing that the initial residual heat of reaction of
the underfill resin sheet or underfill resin layer before
heating is 100% as determined by a differential scanning
calorimeter (DSC), the residual heat of reaction thereof is not
more than 70% of the initial residual heat of reaction.

- A particularly preferred range of the resin viscosity

(a), a particularly preferred range of the gelling time (b) and
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el emrent 3. Simlarly, the thickness and weight of the underfill resin
| ayers 14, 15 can be properly predeterm ned by the size of the

sem conductor elenment 3 and the size of the connecting el ectrode portions

. 2, i.e., the volunme occupied by the underfill resin layer 4 fornmed by
packi ng the gap between the sem conductor elenent 3 and the printed circuit
board 1. In the third enbodi nent of the production process, the tenperature
at which the underfill resin layers 14, 15 are heated is predetermned to a
range of frampaiiiewlla@liyopBéfiperedGangefel ahey resddua2Oheat |&E teaction
200[err] C, taking into account the deterioration of the sem conductor

el enent 3 afw) tsdre phensanecas dhasdcestribmd] witherefarence, tasthe fimst
first and second enbodi nments. Heating can be acconplished by neans of an
infrared r cmkadimgniace, Thet Bethedsn fogedihagmgrgusement. orhethgcliefimnf
the underfil] resjin thus nolten into {he ga aﬁftmeen t he sem conduct or

el ement 3 SRFINBLEHq AL IAT &ime 0 Fef deatnly reactdry anfidihe
ti d ab o T ' diti b |
D edot er m AR, HESHIATL IR Sidite GRERELEREEAT ode port ons (] ornt bal I's)
Fange of fromo. 00 A, ogaRBTE CRbCbenicoRaRt e fidulde RESHA AR
| ectrod QN sl 12t A ' ' ' '
ot ocese. i 1£8 P £irde 86 HRICEOLAB0NTHEALETOEUHE Be lud o AUIRIE R

11 resin | ayeh ibdndetodededic8NSs SIS 1Ypd 1% wh3Eh the underfill resin

layer 4 thus formed doesn’t protrude from the periphery of the
semiconductor element 3 on which it has been mounted as shown
in Fig.. 1. However, another example may be of the type in
which the underfill resin layer 4’ protrudes from the periphery
of the semiconductor element 3 on which it has been mounted as
shown in Fig. 18 depending on the purpose of semiconductor
device.
In the semiconductor device thus produced, the size of _

the semiconductor element 3 is normally predetermined to a
width of from 2 to 20 mm, a_length of from 2 to 30 mm and a
thickness of from 0.1 to 2.0 mm, preferably from 0.2 to 1.0 mm.
The size of the printed circuit board 1 having a wiring circuit
formed thereon, on which the semiconductor element 3 is
mounted, is normally predetermined to a width of from 5 to 120
mm, preferably from ld to 70 mm, a length of from 5 to 120 mm,
preferably from 10 to 70 mm, and a thickness of from 0.05 to
3.0 mm. The gap between the semiconductor element 3 and the

printed circuit board 1 into which the underfill resin thus
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sem conductor elenent 3 into contact with the connecting el ectrode portions
of the printed circuit board 1 or the step of bringing the underfill resin
| ayer 15 provided on one side of the printed circuit board 1 into contact

wi th the connecting el ectrode portions of the sem conductor elenent 3 be
foll owed by the step of pressing the lamnate until the foregoing underfil
resin layers 14, 15 exhibit at |east one of the foll ow ng physical
properties (a) to (c) while being heated for a predeterm ned period of tine
so that tme s paekefli iF nexsially Hoemed tat2PQ hangRrafemasdy tfrem
printed circuit board 1 and the sem conductor elenent 3. In this manner

t he under i [t0 198 ym. -ayer 13 exhibits the follomﬁng physi cal properties.

- Thus, a good honbgeneous underf resin la be for.me t hout,
t r appi nggfi ne voi gfi%ﬁfrtlﬁg p‘éﬂ:k@t}ep(ﬁrﬁgﬁi’: ‘("%/ﬁ ‘?/l geﬁgr?g, s 5¥5 M ess

under 111 1P¥8m % rgtmet BRGBPRELRST teﬂeqaaa,”ivtrif?éfﬁﬁs KESeFEd Ao ~R09 ¢ he
gel 1 ng tiymg theregl s 300pobningndtbl ] 8 Jf%ngtﬁé 1M 4 PR 10

that the iriti'a reactron o e und resin eet or
o ror oot (P EISAAVEE DELOOR, a0 pRodSLEPTY el R 1 000
thereof ig$oigk.migd 1594 Oﬂfuﬁé‘eof NEhd ek £l Qﬁahshe@t ief prese Tr'a%'lPr
particularly preferred range of the resin viscosity (a), a particularly
preferred frapg® . tNe3®ahinitged | "BThE) 18Adar S%pansion coefficient of
the hardened resin is preferably from 7 to 50 ppm. More
preferably, the melt viscosity of the resin is from 1 to 500
poise, the gelling time of the resin at 150°C is from 1.0 to 15
minutes, and the linear expansion coefficient of the hardened
resin is from 12 to 40 ppm. In other wofds, if the melt
viscosity of the resin is predetermined to the above defined
range, the resulting resin exhibits good packing properties.
Further, if the gelling time of the resin is predetermined to
the above defined range, the resulting resin can exhibit a good
formability. 1In particular, the resin can be hardened in a
reduced period of time. Moreover, if the linear expansion
coefficient of the resin is predetermined to the above defined
range, the hardened resin and the semiconductor element can be
prevented from undergoing defects due to stress such as crack.
The melt viscosity was measured by a flow tester viscometer.
The gelling time was measured on a heating plate. The linear
expansion coefficient was meésured by thermal mechanical

analysis (TMA).
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a particularly preferred range of the residual heat of reaction (c) are the
sanme as those described wth reference to the first enbodi nent. The
nmet hods for the neasurenent of the resin viscosity, gelling tine and
resi dual heat of reaction are the sane as used in the first enbodi ment. An
exanpl e the sem conduct or device produced according to the first to third
enbodi ments of the production process is a sem conductor device of the type
din which the underfill resin layer 4 thus formed doesn't protrude fromthe
peri phery of the sksimemdimed aberenttide prodesd fér hebte BSESIUBLIGE o £S
shown in Fig. 1. However, another exanple may be of the type in which the
underfill @esemicgpguctorprdeyicies scconding ptoi pitey yprbésthe stvawniiblgt or
el ement 3 on which it has been nounted as shown in Fig. 18 depending on the
pur pose of CIRRF £38% LRSI LR Fhe gam hetevesmnia @riinted eiovdwit theardranticed,
the size of the squggnductor element 3 is nornally predetermned to a
wi dth of % orffFYPIHIGHRT a S1EMANE oropngRted: 0t30 Aarhndothen| criths af
fromO.1 tq¥2.qln§% eferab%. froH10 2 to 1.0 om The sjze of the printed
circuit bPrHaAh ié%ﬁqgnwﬁfiﬁﬁng BHEEORS, RREt1RRT RFPVIiedHinteEpRsed
sem condu QR | ntﬁg Ls,hormally.predetermned to a w dth of
fromb5 tocttl% %ﬂ pérger% g‘r’ia%l? ;g#rg ?ﬁkf‘%T76eﬁ1’rP daVER gt Fheractsrized, i
nm  preferghly fiMnkede3 140 £8; o2 t?' C fr 0. 05 to 3..0 mm
The gap between fﬁe se%&gbnductép g %gn g3¥§§§é?ﬂ%y twelting a lamefiar
solid resin provided interposed between the printed circuit
board and the semiconductor element. Thus, the resin thus
molten is packed into the gap between the printed circuit board
and the semiconductor element to connect the two components.
Accordingly, -as compared with the conventional complicated
process, the connection between the printed circuit board and
the semiconductor element and the sealing the gap therebetween
with a resin can be effected at a time, drastically simplifying
the production process. Furthér, since a solid resin having
excellent storage properties is used as an underfill resin
instead of liquid resin, the production process is not liable
" to the foregoing various problems caused by the injection of
the liquid resin into the gap.

Further, the use of, as the solid resin, an epoxy resin
composition comprising an inorganic filler having a maximum
grain diameter predetermined to not more than 100 um
incorporated therein in a predetermined proportion makes it
possible to fairly pack into the gap between the printed

circuit board and the semiconductor element without producing
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printed circuit board 1 into which the underfill resin thus - 38 -
nolten is packed is normally from5 to 200 pm preferably from5 to 100

[err]m Referring to the properties of the underfill resin |ayer 4 forned
by sealing the gap with the underfill resin, i.e., properties of the
underfill resin, the nelt viscosity of the resin at various tenperatures is

preferably from1l to 1,000 poise. The gelling tinme of the resin at
150[err]Cis preferably fromO0.5 to 30 mnutes. The |inear expansion
coef fici enanpfvohdshardened resin is preferably from7 to 50 ppm Mor e
preferably, the nelt viscosigi of the resinis from1l to 500 poise, the
gelling tine of tHEhecandenfilboresin axer réprmed by nelwingtthe apdlidhe
| i near expansion coefficient of the hardened resin is from12 to 40 ppm
In other wE®84N Fpni ke #ormed; Pyod Mragesshahich FIRPHISRR MO HERD t 80t he
above defineq range, the resulting resin exhi%its opd packing properties.
Further, [PREREELLE| FREIR| ARSBE PRCTPEPRIRLeR CUErRl T hogrio PLEcLBG.2
defined range, the resulting resin_can_exhipi},a good E@; bplity. [
par t 1 cul ar SORHESPRNE ST S BbTE PR nER WideEFLEL et r8eTr hepfdng and
Mor eover, | Eb? | £ [ efficie e e I ned
to the abd@%l e gﬂ%g§?ghge, qﬂé%%gr e%é%gﬁégéHﬁgﬁ%q?ﬁéﬁgggpbgﬁgééﬁgiégﬁn
el ement capgbg.n ek 9 Mg d ' fe(ﬁ::%'rﬂ-_‘ée'd L0 S BS SoSHER &5d
crack. Thef%eﬁ? %?écgéﬁ yikgs ngégﬁg§%@%§qgﬁﬂcwvtester VI scomet er
the semiconductor element, and then hardening the resin. Thus,
the use of an underfill resin sheet as the lamellar solid resin
makes it possible to drastically enhance the efficiency of
production of semiconductor device.

The underfill resin layer formed by melting the solid
resin can be formed by a process which comprises forming an
underfill resin layer on the printed circuit board in such an
arrangement that the connecting electrode portions are each
partly exposed, placing a semiconductor element on the
semiconductor element mounting substrate in such an arrangement
that the electrode portions of the semiconductor element come
in contact with the connecting electrodes, heating and melting
the underfill resin layer so that the underfill resin thus
molten is packed into the gap between the printed circuit board
and the semiconductor element, and then hardening the resin.
Alternatively, the underfill resin layer formed by melting the
solid resin can be formed by a process which comprises forming

an underfill resin layer on a semiconductor element in such an

arrangement that the connecting electrode portions provided on
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The gelling time was neasured on a heating plate. The |inear expansion
coefficient was neasured by thermal nechanical analysis (TMA). - 39 -
above, the process for the production of a senm conductor device.

nent i oned
accordi ng

to the present invention conprises sealing the gap between a

As

printed circuit board and a sem conductor el enent connected to each ot her
with a plurality of connecting el ectrode portions provided interposed
t herebetween with an underfill resin layer, characterized in that the
thei nshafacei ©f othed ssmindndugter | sieeat saréed gagdi npprétyded
I nt er posed between the printed circuit board and the sem conductor el enent.

underfill

Thus, the

exposedausplating thepasemiconductor Glsnsntieen tihe pprantsed

circuit board and the sem conductor elenent to connect the two conponents.
Accor di ngl girsgitonbaa®d win h Such c8AyeATFEREPTeBHED| FRakt edhe oedestrere
connection between the Rrinted ci.rcuit pboard and the sem conductqr _el enent

and the seRPE&dOPReofap
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time, d tically.,si | fyi th duct i d Lurt e s Sl
Sol 14 1 g HORRTPRIREXBLPFERPYeD o BEREPRE U MRS 0, S0 BESRRE4TdoFPRRP

resin inst
f or egoi ng
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the gap. FUhLhghe BdESE He pPintla 82Lbd1EO548ra HhFRNY sbfibBnductor

element, and then hardening the resin. Thus, the use of an
underfill resin layer as the lamellar solid resin makes it
possible to drastically enhance the efficiency of production of
semiconductor device. |

The underfill resin layer formed such that the
connecting electrodes are each partly exposed éan be easily
formed by a process which comprises placing an underfill resin
sheet on a printed circuit board or a semiconductor element
having connecting electrode portioﬁs provided thereon with the
connecting electrode portions provided interposed there
between, and then heating and melting the underfill resin sheet
or by a process which comprises applying an underfill resin
layer-forming material to the surface of a printed circuit

board or a semiconductor element having connecting electrode

 portions provided thereon.

The underfill resin layer formed by melting the solid
resin can be easily formed by a process which comprises
preparing an underfill resin layer provided on one side of the

semiconductor element, placing the semiconductor element on a
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conposition conmprising an inorganic filler having a maxi mum grai n di aneter
predeterm ned to not nore than 100 [err]mincorporated therein in a
predet erm ned proportion nmakes it possible to fairly pack into the gap
between the printed circuit board and the sem conductor el enment w thout

producing - 40 - any voids. The underfill resin layer formed by nelting
the solid resin can be forned by a process which conprises nounting an
underfill resin sheet on the printed circuit board, placing a sem conductor

el emrent on pdisteddercfiidduirtesiboagitbethaviiaay | g g@isknaglittiyng ofhe comghexcft iinig
resin sheet so that the resin thus nolten is packed into the gap between

t he print e@leiatagde poxtdoasdproeidedi therran dn enchedl axmangementhdhadni ng
the resin. Thus, the use of an_underfill resin sheet as the lanellar solid
resi n makedhe upderfgild rgsapadeyen FomennbhPRERCeMith dhg comnRcdd®@ i on
of sem condyctor device. The underfil]l [

resin |layer forned i ng the
solid resi FIEGTHRES RHIWS o BPBELRY AAFCH s%gefapﬁéﬁgﬂi e i | |
O et AL o L DPR" o ¥l 20 LA B P
e oL e ShEBSbrdn e BRI E0 BURR FRE AT eR R e
element COR JmdntONtAed Phil HWERMRFILRY SLEGR| 0JeR1 tOFARLL MeFPY e ! NT
underfill resin layer formed_by'melﬁing the solid resin can be
easily formed by a process which comprises preparing an
underfill resin layer provided on one side of the printed
circuit board, placing a semiconductor element having a
plurality of connecting electrode portions provided thereon on
the printed circuit board in such an arrangement that the
connecting electrode portions of the semiconductor element come
in contact with the underfill resin layer, heating and melting
the. underfill resin layer so that the underfill resin thus
molten is packed into the gap between the printed circuit board
and the semiconductor element, and then hardening the resin.
In particular, in the various production processes, if
the underfill resin sheet and_the underfill resin layer, which
are underfill materials for sealing the gap between the printed
circuit board and the semiconductor element, are pressed until
they exhibit at léast one of the following physical properties
(a) to'(c) while being heated for a predetermined period of

time so that the underfill resin thus molten is packed into the

gap between the printed circuit board and the semiconductor
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the underfill resin layer so that the underfill resin thus nolten is packed
into the gap between the printed circuit board and the sem conduct or

el enent, and then hardening the resin. Alternatively, the underfill resin
| ayer fornmed by nelting the solid resin can be fornmed by a process which
conprises formng an underfill resin layer on a sem conductor elenent in

such an arrangenent that the connecting el ectrode portions provided on - 41
- the surface of the sem conductor elenment are each partly exposed,
pl aci ng t ekementeordugdad bbmogehneoust lsealr iresih clagert clamarke | fosmed an
arrangenent that the el ectrode portions of the printed circuit board come
i n cont acwithohtt natebiangcanwgfénecveddesbyhthei rgckad pertiag,tmaking
underfill resin |ayer so that the underfill resin thus nolten is_ packed
into the §hpPBEFREAR tRcOBERANC EPMEGPRABEEPH dAViFRceZERILBABuUéROEDe
el emrent, and then_ hardening the resin. Thus, the use of, gn unde filh resin
| ayer as FRUIPRALAEY, JSOMGVCELVAtHakeLbG: JhosRfbl ENPo BRHAQG cBFy ERRance
t he efficiencé of Eﬁoduc i on_of sgﬂicﬁnducto% dgvice. The underfill resin
| ayer for REMEABAUERRE BAEMEBHNELERNGEI BPFEERE are each partly exposed
can be easily roed b cess i oppL] SES agj an underfill
resin sheZ?BonkgsgﬁiXféﬁgggﬁguig %%grgg%$ gﬂééngbgﬁéuﬁéggeélenent havi ng
connectin |l e . DAriiops oV g h i hgec ecll .
CrebuaaS) PSLRBEE A0 LhAPSCRECKefal NGEERTY!Link "B "ORE%GhABRe 11
resin sheet or underfill resin layer before heating is 100%,
the gelling time thereof is 30% of the initial gelling time;
and
(c) Supposing that the initial residual heat of reaction of
the underfill resin sheet or underfill resin layer before
heating is 100% as determined by a differential scanning
calorimeter (DSC), the residual heat of reaction thereof is not
more than 70% of the initial residual heat of reaction.

The prior art underfill process using a liguid resin
comprises bringing the eleétrode of the semiconductor element
and the electrode (mostly solder electrode) of the printed
circuit board into contact with each other, melting the solder
by a heating furnace, allowing the solder to cool to ordinary
temperature, and then injecting a liquid resin into the gap
between the printed circuit board and the semiconductor
element. If a flexible board such as film is used as the
printed circuit board, the gap between the printed circuit

board and the semiconductor element becomes smaller at the

central portion of the board than at the periphery of the board
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bet ween, and then heating and nelting the underfill resin sheet or by a
process which conprises applying an underfill resin |ayer-formng materi al
to the surface of a printed circuit board or a sem conductor el enment having
connecting el ectrode portions provided thereon. The underfill resin |ayer
formed by nelting the solid resin can be easily fornmed by a process which
conprises preparing an underfill resin |layer provided on one side of the
sem conduct or el ement, placing the sem conductor elenent on a - 42 -
printed cideito bblexmahvshlnkaje rduring cfhe orerrse neetween rwiithgoawabns
provi ded thereon in such an arrangenent that the underf ill resin |ayer
cones i n cheemcthe hepting chirrate mpd| eeling: R rordRary ckanprRr akwre,
nelting the underfill resin |ayer so that the underfill resin thus nplten

i s packed PFFIFIPRALED FAMTERG thR FAR PR IRsptLiRieRFbingtihked with
sem conduct.or el enent, and_ _then, hardeni.ng {he resin,. Al ternativel he
underfill ‘F’é%i’r%‘i‘h’;igrr’eﬁ&?’n&huﬁylﬂé???ﬁa't Lites: F&E?hac%ﬁeﬁgﬁ%%gﬁi‘/ré
formed by pr SS Lch. conpri ses_preparing.an upderfil si_n laver
provi ded o%’ ohlg%gi aaégM(;P tﬂF&rb@%%tgﬁrgP%guiqoa%ér df‘epﬁ'é‘l’l& n%eéﬁsgm Koe
el ement hayj | upal jt.y. o] i el o] |01 vide
t hereon oraﬁ{]%'%gt%:réi)n?éd dctlttraccg{ tgb%g:?'gtfie%%sruc %IE] grgr gﬂrfgéearrleﬁl$%§t ltfg:hgthe
connectirubé%f§$rode portions of the sem conductor el enment cone in contact
with the underfill resin layer, heating and nelting

However, the present invention makes it possible to

tor

secure.sealing with a predetermined thickness of underfill
resin layer without attaching any such a stiffener.

As mentioned above, the process for the producﬁion of
a semiconductor device using an underfill resin sheet according
to the present invention has many advantages as compared with
the prior art production process. |

However, the semiconductor device thus obtained may
warp due to the thermal shrinkage coefficient of the
semiconductor element and the board depending on the conditions
of production of semiconductor device.

In general, warpage occurs with the semiconductor chip
side as outer surface.

The inventors made further studies to solve the problem
of warpage. As a result, solution was obtained. Thus, the
second aspeét of the present invention will be described
hereinafter.

The second aspect of the present invention has been

worked out under these circumstances. Thus, another object of
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the. underfill resin layer so that the underfill resin thus nolten is
packed into the gap between the printed circuit board and the sem conduct or
el enent; and then hardening the resin. In particular, in the various
production processes, if the underfill resin sheet and the underfill resin
| ayer, which are underfill materials for sealing the gap between the
printed circuit board and the sem conductor elenent, are pressed until they
exhibit at |east one of the follow ng physical propertles (a) to (c) while
bei ng heat thef cprasgnrtdetrventien peks odf provddso @haPreresendEeri | theesin
thus nolten is packed into the _gap between the printed circuit board and
the seni coRggdugkiongof a ssméﬁenﬂucaogo&@mg%b% capy|inhidit | Bher

can be fornmed wi thout catchin any i ne vpids the packed ortion, , maki ng
t boesi bl BEYBEEBRGS Ph RHARR QL EBF SRVLES daidq GvEing FHE FOrpabion: y

(conduct i vi etc f joint. of fhe sem conductor ele Wt h
substrate. (L'a) aﬁesf’%“fﬂrséd‘g'; tyr?ssuhoti?%%’é t fn g 00 g&g ‘5 en Suﬁg%m ng
LRt 1 B PhodELLL DTl AR L) nlhl TUCBRel P MRS,
11 o By dekssunpng Misbctpryen ishgsriaigl et o
heating is 10096aSTﬂétféﬂéQS§nQYOﬁjébEf%Ee@ﬂéﬂpf€§ﬂﬂﬂ'Ehventlon can be
accomplished by a process for the production of a semiconductor
device which comprises mounting a semiconductor element on a
printed circuit board with a plurality of connecting electrode
portions provided intérposed therebetween, and then sealing the
gap between the printed circuit board and the semicoﬂductor
element with an underfill resin layer, characterized in that a
lamellar solid resin provided interposed between the printed
circuit board and the semiconductor element is heated for a
predetermined period of time until the temperature of the solid
resin layer reaches a predeterﬁined range where the printed
circuit bbard and the semiconductor element are connected to
each other under pressure under the following conditions (X)
and (Y) so that the solid resin is melted to form the underfill
resin layer. -
- (X) Supposing that ﬁhe initial residual heat of reaction of
the solid resin before heating is 100% as determined by a
differential scanning calorimeter (DSC), the residual heat of
reaction thereof is not more than 70% of the initial residual

heat of reaction; and
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calorineter (DSC), the residual heat of reaction thereof is not nore than
70% of the initial residual heat of reaction. The prior art underfil
process using a liquid resin conprises bringing the el ectrode of the

sem conductor elenment and the el ectrode (nostly sol der el ectrode) of the
printed circuit board into contact with each other, nelting the solder by a
heating furnace, allow ng the solder to cool to ordinary tenperature, and
then injecting a liquid resin into the gap between the printed circuit
board and (e The covelpénaterencof. thé asbhéxohdechoar d slsems fikmis
used as the printed circuit board, the gap between the printed circuit
board andpridetemiminedudtighes] ethant tletonef el printedt bércebtr Bbapdrti on
of the board than at the periphery of the board - 44 - due to thermnal
shri nkageaadr thg dihtference bertismnerstung besweenobheneisqwt dg@ssuthane and
cooling tg grdinary tenperature, occasionally causing the gap to be
|nsuff|C|éHtFy filled with the liquid resin thus injected. Thus, if such a

bractice to-att achia CHIGR Ay CISPREFSFS areth%[‘é"réoq&?ié‘wan HBheder

e B SRR OB PR Sab FAC e bl 2 SoFrgesay s

a stiffengompfs sEEMhbOREING Y Lonitshdice8eS81586nt Nen Y %(Jj:li% Q9L cuit
board with a plurality of connecting electrode portions
provided interposed therebetween, and then sealing the gap
between the printed circuit board and the semiconductor element
with an underfill resin layer, characterized in that a lamellar
solid resin provided interposed between the printed circuit
board and the semicohductor element is heated for a
predetermined period of time until the temperature of the soiid
resin layer reaches a predetermined range where the printed
circuit board and the semiconductor element are connected to
each other under pressure under the following conditions (X)
and (Y) so that the solid resin is melted to form the underfill
resin layer. Thus, the satisfaction of the foregoing specific
conditions (X) and (Y) during the connection of the printed
circuit board and the semiconductor element under pressure
makes it possible to suppress the degree of warpage of
semiconductor device due to the difference in thermal shrinkage
coefficient between the printed circuit board and the

semiconductor element, reducing the stress applied to the

semiconductor element. As a result, a semiconductor device
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a sem conductor device using an underfill resin sheet according to the
present invention has nmany advantages as conpared with the prior art
production process. However, the sem conductor device thus obtained may
warp due to the thermal shrinkage coefficient of the sem conductor el enent
and the board dependi ng on the conditions of production of sem conductor
device. In general, warpage occurs with the sem conductor chip side as
outer surface. The inventors made further studies to solve the probl em of
war page. @scelleny|in xeliabbhitcapibe mikaingls, the second aspect of
t he present invention will escribed hereinafter. The second as ect of

t he ﬁresent mvenﬂ%ﬁ"%sa]tﬁ%rg % ehafitthe dise (dks PR § t 8% 3ys,
for the préﬁfgﬂ. 75 %°fg%%?%%h%*ﬁﬁf%ﬁﬁ%ﬁ',f%in%?ﬂ#ﬁ%#ﬁ’rﬁhfbife%?Fég ring >
Cer 1 % Q¥ BRG Yrd th (ISl A8 S § ol NGl BEPE ERAp fofhm 1
board, mak f@é&dtQhQEB HCq 2 Ofeg &8 fﬁegega ?oi‘.@ibﬂg ngz{ke@(cfll.l ent

rellablllty or egoi ng obj ect ne present I on can
acconpl i S*?S’sg@fbfe PEgCeairh9r fiha Rﬂ@'”&éﬂ: OBee&eénS%%Ccﬁﬂ%ééH deM e

whi ch co es nounting a Sem conductor ‘el enent on
board and the semiconductor element without producing any

voids.

The séal resin layer formed by melting the solid resin
can be easily formed by, e.g., a process which comprises
placing an underfill resin sheet on the printed circuit board,
placing a semiconductor element on the underfill resin sheet,
connecting the printed circuit board and the semiconductof
element to each other under pressure under the foregoing
conditions (X) and (f) while being heated for a predetermined
period of time so that the underfill resin thus molten is
packed into the gap between the printed circuit board and the
semiconductor element, and then hardening the underfill resin.

Further, the underfill resin layer formed by melting
the solid resin can be easily formed by a process which
comprises forming an underfill resin layer on a printed circuit
board having connecting electrode portions provided thereon in
such an arrangement that the connecting electrode portions are
each partly exposed, placing a semiconductor element on the
printed circuit board in such an arrangement that the electrode

pdrtions of the semiconductor element come in contact with the
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printed circuit board with a plurality of connecting el ectrode portions
provi ded interposed therebetween, and then sealing the gap between the
printed circuit board and the sem conductor element with an underfill resin
| ayer, characterized in that a lanellar solid resin provided interposed
between the printed circuit board and the sem conductor elenent is heated
for a predeterm ned period of tinme until the tenperature of the solid resin
| ayer reaches a predeterm ned range where the printed circuit board and the
senm conductames teimgn te Jaaat mosien gt dis caTnnEdtemgrtder guriesssd @ ipedert t he
follow ng conditions (X) and (Y) so that the solid resinis nelted to form
t he under fp93nd r @a8dn thgersendgondghersi edemient t o i eachalothesr dwaldeheat
of reaction of the saolid resin before heating is 100% as deternm ned by a

di f f er ent iPHESSEHMPAGSTaFBRi FRE IO IMBCOnditdanssi(§laprnfebY) ofh¥kabeing
thereol | il diioe LR 00000, LU LLELRl g esudual heat gl eact i, and
o et et AR Y AL BAARE PEAS. B ChaE bR s 3 gt o
1o LrEBARRRobeh AN OO LRI SRR BTLARRILLEE R SRBRRILY 0

printed citheliyhderfill resin. Alternatively, the underfill resin layer

formed by melting the solid resin can be easily formed by a

process which comprises forming an underfill resin layer on a

semicoﬁductor element having connecting electrode portions

provided thereon in such an arrangement that the connecting

electrode portions are each partly exposed, placing the

semiconductor element on a printed circuit board in such an

arrangement that the electrode portions of the printed circuit

board come in contact with the connecting electrade portions,

connecting the printed circuit board and the semiconductor

element to each other under pressure under the foregoing

conditions (X) and (Y) while being heated for a predetermined

period of time so that the underfill resin thus molten is

packed into the gap between thé printed circuit board and the

semiconductor element, and then hardening the underfill resin.

In addition, the wunderfill resin layer formed by

melting the solid resin can be easily formed by a process which

comprises preparing an underfill resin layer provided on.one

side of the semiconductor element, placing the semiconductor

element on a printed circuit board having connecting electrode
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board wth a plurality of connecti.ng el ectrode portions provided interposed
t her ebet ween, and then sealing the gap between the printed circuit board
and the sem conductor elenent with an underfill resin |ayer, characterized
in that a lanellar solid resin provided interposed between the printed
circuit board and the sem conductor elenment is heated for a predeterm ned
period of tinme until the tenperature of the solid resin |ayer reaches a
predet erm ned range where the printed circuit board and the sem conduct or

el ement ar emeniet egrbvidadh tidmyonuniiar sucissane ammergentent’ othawi the ,
conditions (X) and (Y) so that the solid resinis nelted to formthe underf
ill resin lmderfillusreshe dayesf amemn dh coatlhotegeitly thecidammecting
conditions (X) and (Y) during the connection of the printed circuit board
and the serflesioirderperient, werreprrg utke npképtpd pdrsuiite bogrsy@ndss
t he degree of warpage of sem conductor device due to the difference in
ther mal  shribfk SRR ducigntelRnerlente neagh| ALBETCUndgr: PESSSYTE ANdRE

SE orel e et and SO ANE B S 208 LS BB R

et abi 11 o ta feallal Tt dd JPS Al B0 VIR RS 0o SN,

St By T B REROPLES R b 0Bl k0160 TRt poara
and the semiconductor element, and then hardening the underfill
resin; Alternatively, the underfill resin layer formed by
melting the solid resin can be easily formed by a process which
comprises preparing an underfill resin layer provided on one
side of the printed circuit board, placing a semiconductor
element having connecting electrode portions provided thereon
on the printed circuit board in such an arrangement that the
underfill resin layer comes in contact with the connecting
electrode portions of the semiconductor element, connecting the
printed circuit board and the semiconductor element to each
other under pressure under the foregoing conditions (X) and (Y)
while being heated for a predetermined period of time so that
the underfill resin thus molten is packed into the gap between
the printed circuit board and the semiconductor element, and
then hardening the underfill resin.

Embodiments of the second embodiment of the preseﬁt
application will be further described hereinafter.
The semiconductor device produced according to the

process for the production of a semiconductor device according
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possible to fairly fill the gap between the printed circuit board and the
sem conduct or el enent w thout producing any voids. The seal resin |ayer

formed by nelting the solid resin can be easily forned by, e.g., a process
whi ch conprises. placing an underfill resin sheet on the printed circuit
board, placing a sem conductor elenent on the underfill resin sheet,

connecting the printed circuit board and the sem conductor elenent to each
ot her under pressure under the foregoing conditions (X) and (Y) while being
heat ed f ortoa tvee gateseiitndaivieartios dk ishagnsdnt Fdig.t e underfill resin thus
nolten is packed into the gap between the printed circuit board and the

sem conduct or el edf@anthegrcesdmn inaretdriiong the matierial lcorestiituting kde t he
underfill resin layer fornmed by nelting the solid resin can be easily
formed by j@iptodwdlsl wwighinmrand seeardy ke kindndér thel lameldarapgedidn a
printed circuit board having connecting el ectrode portions provided.thereon
in such afe@ifan{bReRPOKNaFeEhB ¥hiFRFah P IRRatIRPIbmsashs thee epaxy
partly exposed, placiﬁgga sem conductor el enment on the printed circuit

board in SR VateRtey nEBRPXY hEES RN R oMt &ropegtion of
SET NG P SRR oFAR LSRR Phe AR SRS, BT+ BRI e
ot O o ned B BER L' 41 EAE0RE1 B58 LORELNE  HRGSE W nlcthd TRV LAY
production of underfill resin sheet, the kind of catalyst to be
used, etc. are quite the same as mentioned above with reference
to the first aspect of the present invention.
As mentioned above, the process for the production of
a semiconductor device according to the present invention
comprises mounting a semiconductor element on a pfinted circuit
board with a plurality of connecting electrode portions
provided interposed therebetween, and then sealing the gap
between the printed circuit board and the semiconductor element
with an underfill resin layer, characterized in that a lamellar
solid resin provided interposed between the printed.circuit
board and the semiconductor element is heated for a
predetermined period of time until the temperature of the solid
resin layer reaches a predetermined range where the printed
circuit board and the semiconductor element are connected to
each other under pressure under the following conditions (X)
and (Y) so that the solid resin is melted to form the underfill
resin layer. The foregoing process for the production of a-

semiconductor device can be roughly divided into three
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heated for a predetermned period of tine so that the underfill resin thus
molten i s packed into the gap between the printed circuit board and the
sem conductor elenment, and then hardening the underfill resin.
Alternatively, the underfill resin layer formed by nmelting the solid resin
can be easily fornmed by a process which conprises formng an underfil

resin | ayer on a sem conductor el enent having connecting el ectrode portions
provi ded thereon in such an arrangenent that the connecting el ectrode
portions aermbeddinepist| yThapioregoingaressing senpeeferetdy efdestedohoa
printed circuit board in such an arrangenent that the electrode portions of
the printe@ncPrtent pughdtiakethe iontdalds ramoe fladtensg ascdnr she
portions, connectlngﬁthe rinted circuit board and the sem conduct or

elenﬁgtlto tizsk E@H iﬂf& r°Sr§§§u?€eﬁﬁ85rl?H@“FbPB?oing conditions (X) and
ndier { |§ it ngspﬁﬁtsggrasf’ GHAL K R, T e”cﬁwob*é%i@”gﬂ tﬁ%a'ﬁ?iﬂ{leaf
nder 111 FR8 FEY 30 R8P Tho BRERE" GR Y| 120 cih0Y ok B ERE MY o ¢ g
the solid ??Efgrgﬁ@ Qi S@ﬁthngoéﬁgr@(\e@eEr gﬁgﬁ l,"‘@h&hrﬁgﬂghieﬁe%efﬁ” ng

an underfi feésin a er provi on one sid he sem conduct or el ene

pl aci ng th%e?@'@lﬁﬂ“@ﬂ%&%fehgnﬁai fBré RhhA! ?g%gblﬁ_icﬂh& ?Hi‘{:ﬁlaﬁlaiééggdual

connecting el ecirode - portions provi hereon in such an
arrangenmenpehRabft BBaction; and

(Y) The temperature of ihe semiconductor element is
predetermined higher than that of the printed circuit board,
and the difference in temperature between them is not less than
50°cC.

(1) The first embodiment of the process for the
production of a semiconductor device according to the present
invention will be described in sequence in connection with the
attached drawings. In this produétion process (first
embodiment), as the foregoing lamellar solid resin there may be
used a sheet-like resin, i.e., underfill resin sheet.

As shown in Fig. 2, a solid underfill resin sheet 10 is

- placed on a printed circuiﬁ board 1 having a plurality of
spherical connecting electrode portions (joint balls) 2
pfovided thereon with the connecting electrode portions 2
provided interposed therebetweén. Subsequently, as shown in
Fig. 3, a semiconductor element 3 is placed on the underfill
resin sheet 10 in.a predetermined position. The semiconductor

element 3 is then tentatively bonded to the underfill resin



underfill resin |ayer comes in contact with the connecting el ectrode
portions, connecting the printed circuit board and the sem conductor
el enent to each other under pressure under the foregoing conditions (X) and
(Y) while being heated for a predeterm ned period of tinme so that the
underfill resin thus nolten is packed into the gap between the printed
circuit board and the sem conductor elenent, and then hardening the
underfill resin. Al ternatively, the underfill resin layer formed by
mel ti ng t hehseti dOr.esiTheahaminebai Ly tbeneddessadnudssls v candenpilles .
preparing an underfill resin |layer provided on one side of the printed
circuit bouedinpisheetg 10 septishdest dhe| tpppgohnrgi fgnddnient i (% evhileode
portions provided theregn on the printed circuit board_in such an
ar r angenenPeingdt heatednfers f| Prederarniped peried; afcbim@ct &HFtkhengame
connecting, el ectrode portions of the sem conducto eleneng, C nnectingythe
h GiRE: WRe

printed ci Felfe @&d??ﬂ@°§%ﬂf§pﬁﬁ%ﬂQﬂnQﬁ tt?oéég . |
Pressur e WpdELalie. LARSACLAg SRNELAN ol it Yo' L, DD fested, (o
packed Py Ny R PEL VRS Nl I e o AR B oB HETREH !
oo oo RS RSRLSERBEELoSPRALASHLY Mo, i Gl BRtINpbonn 1.
the producth@n, et SEIM AN N GIOEnERVhaPdBALAT €h ¥eal R%he gap. Thus, an
underfill resin layer 4 is formed. In this manner, a
semiconductor device shown in Fig. 1 is pfoduced.
The foregoing process for the production of a
semiconductor device has been described with reference to the
.use of the printed circuit board 1 having a plurality of
spherical connecting electrode portions (joint balls) 2
provided thereon. However, the present invention is not
limited to such a configuration. For example, a semiconductor
element 3 having the piurality of spherical connecting
eléctrode portions (joint balls) 2 provided on one side
(connection side) thereof may be used. 1In this case (case
where a semiconductor element 3 having the plurality of
spherical connecting electrode portions 2 provided on the
surface thereof is used), a solid underfill resin sheet 10 is
placed on the surface of a printed circuit board 1 as shown in
Fig. 4. Subsequently, a semiconductor element 3 having

connecting electrode portions 2 provided thereon is placed on

the underfill resin sheet 10 in such an arrangement that the
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to the present invention is shown in Fig. 1. In the present invention, the
material constituting the joint ball, wring and board, the kind of the

| anel lar solid resin, the epoxy resin which can be preferably used, the
epoxy equival ent, the epoxy resin hardener, the m xing proportion of epoxy
resin and hardener, the inorganic filler to be used, the maxi num grain

di aneter and content thereof, the nethod for the production of underfil
resin sheet, the kind of catalyst to be used, etc. are quite the sane as
ment i oned ppiotedviairqwiterkoard tb and thescoappettingf eflegtpodecportion

I nvention. As nentioned above, the process for the production of a

sen conductiste @y ithe semicandyctor: atepentehtare appessd dehaacdeothet i ng
a sem conductor elenent on a printed circuit board with a plurality of
connect i ndTel BBe r 688 IR s tBRO\FUMEG NG pBiegtrRere RATMEANS aAd 3%en

sealing the gap, between the printed circuit RQoard and the sem conductor
ol arent WBHPARShAS | HOWeb the) aPFinterhr STEH Fad BORTEhat o ARdre s

lid ' ' ' h | dcircuit.b dth
ol el AU L S1BgBE PELVERE URBELDI P SN Lpbept d5nd e
h . . ' i . 1
Lpe Lemerirnal e sl ieuRdeitl (SIe Ao Rel gls

to each otiiefe UDHET cRGCEBHPSURLE" ALNSHG B 1 GONdl LT e 0bsifhenl) SO

that the solid resin s ne orm the und resin |layer. * The
foregoi ng PRERfT Qs W RafdUals HRnefiochedeEereduct or device can be

roughly di'vided into three - 51 - _

As the foregoing underfill resin sheet 10 there may be
preferably used a tackified sheet-like epoxy resin composition
if the underfill résin'sheet 10 is tentatively bonded to the
semiconductor element 3 or printed circuit board 1. The size
of the foregoing underfill resin sheet 10 is properly
determined by.the size (area) of the semiconductor element 3 to
be mounted thereon. In general, the of the foregoing underfill
resin sheet 10 is preferably predetermined slightly smaller
than the size (area) of the semiconductor element 3.
Similarly, the thickness and weight of the underfill resin
sheet 10 can be properly predetermined by the size of the
semiconductor element 3 to be mounted thereon and the size of
the spherical connecting electrode portions provided on the
prinéed circuit board 1, i.e.,.the volume occupied by the
underfill resin layer 4 formed by packing the gap between the -
semiconductor element 3 and the printed circuit board 1.

In the foregoing process for the production of a

semiconductor device, the temperature at which the foregoing
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enbodi ments. The foregoing pressing is preferably effected to an extent
such that the joint balls can be flattened as in the first enbodi nent of
the present invention. (X) Supposing that the initial residual heat of
reaction of the solid resin before heating is 100% as determ ned by a
differential scanning calorineter (DSC), the residual heat of reaction
thereof is not nore than 70% of the initial residual heat of reaction; and
(Y) The tenperature of the sem conductor elenent is predeterm ned higher

t han that uaidetrfd 10r relséth eheetti 10baar Heated Foe d biredemeeminedeppeiadur e
between themis not less than 50C. (1) The first enbodi ment of the process
for the pedducimenadtez sdhe csemilcondudtorcelaneortdi g hae tiheempr plaped

invention will be described in sequence in connection with the attached
drawi ngs. therpen inia pnededegwiioed pesition is ipraferaiddi peetpteaninkd
foregoing lanmellar solid resin there may be used a sheet-like resin, i.e.

under fi| | tPedi Fagiggetof Ao’ G ntari 300°C, apastigqulaplyf frem 12876 theet

10 is pla on a printed ¢ircuit board 1. haV|n a plurality of spherlcal
connectrné%gfgctr ﬁﬁﬁtlbﬁ§°(JQQHPQQ¥ISS CFdPTfdOBon i t hthee

SubsequentPpeaEaBiEeR B eRepy égﬁﬂeéﬁ%ﬁ%&%%e%%%{ﬁ% 254, heeBdon
the underfltherr %Sacr]:or@eet fll J.ng redegeerglégggpflshéaogy 'Il'ukéeanssenéfogguctor

infrared reflow furnace, hot air oven, heating plate, etc.

If the underfill resin sheet 10 is pressed until it
satisfies the foregoing condition (X) while being heated for a
predetermined period of time so.that the underfill resin thus
molten is packed into the gap between the semiconductor element
3 and the printed circuit board 1 to connéct the two components
to each other, the pressing conditions may be properly
predetermined By the kind of the ﬁnderfill resin sheet, the
size of the semiconductor chip, the number of bumps, the final
desired thickness, etc. In some detail, the pressure is
predetermined to a range of from 10 to 40 kg/cm?. The pressure
can also vary with the number of bumps per unit area of the
semiconductor chip. Therefore, the laminate is pressed under
a pressure of 80 g per bump as a standard. In practice,
however, the pressure is properly prédetermined depending on
the desired final thickness of the semiconductor device.

The first embodiment of the production process
comprises placing an underfill resin sheet 10 on the printed

circuit board 1, placing a semiconductor element 3 on the
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elenment 3 is then tentatively bonded to the underf ill resin - 52 -

sheet 10. The lamnate is then pressed until the underfill resin sheet 10
satisfies the foregoing condition (X) while being heated for a :
predeterm ned period of time. At the sane tine, the two conponents are
connected to each other under pressure under the foregoing condition (Y).
In this manner, the underfill resin thus nolten is packed into the gap

bet ween the sem conductor elenent 3 and the printed circuit board 1. The
underfill resderfsllheesharsgbeet 10, senl plaeingpan Tinderfibl indesinl sheeesin
layer 4 is forned. In this manner, a sem conductor device shown in
Fig. 1 is ptodercthe Bemicondpsitar eleresd SBor plheipgotibet ppimbédacircuit
sem conductor device has been described with reference to the use of the
printed ci re@a¥dpdaP ?hﬁaﬂr&ﬁ’@réléllurr@lsiltfy:éﬁheé:pﬂé}d cand c‘d‘tﬁi@c@h@iﬂlng
el ectrode tions i nf ba] | rovi ded t heregn However t he
present i n\F/) ‘Pl%lﬁléé‘xo‘t’l#‘f‘h’r’i gPat’Ed)slu(,alﬁldaté‘SnF?B&FSPFiBﬁtOFoﬁléwaﬁﬁI 3 ta

S conduct Lok SERRL & 3. Brep oS-, oler bif SF ety m&t eCt‘Eﬂﬁgs(n’flbé
CL OfF,

bl mo! (el tFFnite betld Hlted $83%a ﬁﬁ%ﬁs???@aagﬁoﬁémg SE T T vod

on the surffﬁeth g %a‘nde& US@ﬂén gg:aggéd unger fdllf.]éefffii‘ s8g¢h Js%éesc P giced

on the surface of a printéd circu oard 1 as s
exhibits a specified residual heat of reaction [condition (X)]

(at the end of pressing). Further, when the temperature of the
semiconductor element is predetermined higher than that of the
printed circuit board, and the difference in .temperature
between them is not less than 50°C [condition (Y)], the
fesulting semiconductor device is liable to warpage. As a
result, the stresé applied to the semiconductor element 3 can
be drastically reduced, making it possible to obtain a
semiconductor device excellent in reliability. In other words,
if the residual heat of reaction of the underfill resin sheet
10 exceeds 70% of the initial residual heat of reaction, and if
the temperature of the printed circuit board 1 is the same as
or higher than that of the semiconductor element 3, or, even if
the temperature of the semiconductor element 3 is higher thanl
that of the printed circuit board 1, the difference in
temperature between the two components falls below 50°C, the
resulting semiconductor device may warp_due to the difference
in thermal shrinkage between the printed circuit board 1 and

the semiconductor element 3. As a result, the reliability of
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Fig. 4. Subsequently, a sem conductor elenment 3 having connecting
el ectrode portions 2 provided thereon is placed on the underfill resin
sheet 10 in such an arrangement that the - 53 - - printed circuit board 1
and the connecting el ectrode portion side of the sem conductor elenent 3
are opposed to each other. In the case where the connecting el ectrode
portions 2 are provided on both the printed circuit board 1 and the

semn conductor elenment 3, the underfill resin sheet 10 is provided

i nt er posed:-Heetsareicdrivncmnn eldvitg elac teodeduadd.ons 2 of the two
conponents as shown in Fig. 5. The subsequent procedure is the sane as
ment i oned above. As mpptfionedoabgvendshd iddndiddion §K¢ered@itéerichamytHee
preferably used a tackified sheet-1like epoxy resin conposition if the

under fi | | Hasiidnalhbeat]19f| seachion insidch potdedrectham 2% penthictdardlyerent
3 or printed circuit board 1. The size of the foregoing underfill resin
sheet 10 YR | thamt 8pfki Add the tinitiak yesidyabi heat odninsmethicinor
element 3 0 nmount ed thereon. In ,general, .the of the foregoi ng underfil
resin she t°r1%?\es"‘8ta_§ff§?5ﬁn§ BEeﬁﬁ?éaﬁ?ieﬁeéFi%ﬁt#‘?ﬁ%m‘!eﬂ)&éﬁ usrel- si ze
(o) o7, B ABERER" 480 FonChtdi Yo, iias B Hhoh VomimEubes SE T8l e
flhzesg];eﬁi cgl con%mg{%%c rodegfot)?‘t,?gmngggpggggége%’ﬁg{%ﬁgr&(‘j’n&g i%Inzse' °

the heat of reaction at a temperature of from 90°C to 180°C is

measured.

As - mentioned above, the temperature of the

semiconductor element 3 and the printed circuit board 1 under

the foregoing condition (Y) can be measured by means of a

thermocouple.

An example of continuous process for the production of

a semiconductor device at a good production efficiency

according to the first embodiment of the present invention will

be described. In some detail, as shown in Fig. 19 (a), a

printed circuit board 1 having connecting electrode portions 2

provided thereon, on which an underfill resin sheet 10 has been

placed, is passed through a drying furnace 40 so that the

underfill resin sheet 10 is put in B stage state (half-cured

state) (B stage step). Subsequently, as shown in Fig. 19 (b),

a semiconductor element 3 attached to the end of a heating

contact-boﬁding tool 41 is positioned above the printed circuit

board 1 in such an arrangement that the semiconductor element

3 is placed on the underfill resin sheet 10 which has been put
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printed circuit board 1, i.e., the volune occupied by the underfill resin

| ayer 4 formed by packing the gap between the sem conductor elenent 3 and
the printed circuit board 1. In the foregoing process for the production of
a sem conductor device, the tenperature at which the foregoing - 54 -
underfill resin sheet 10 is heated for a predeterm ned period of tine after
the sem conductor el enment 3 has been placed thereon in a predeterm ned
position is preferably predeternmined to a range of from70[err]C to

300[ err] C,impaBt stapgear Istateonin 28| prefetesmioedepdsd tiamki ndt itineo samsount
the deterioration of the sem conductor elenment 3 and the printed circuit
board 1 arfinghdihe semdconduchor edgmeat BelacpbapedsprEny tRaLisfelan
infrared refl ow furnace, hot air oven, heatlngH plate, etc. If the underfll

resin shediondpd £ thesypderfiill resin sheet ePF‘BYbﬁ%‘iin%“c‘E}FRhHmdPFd I I
while b f d d f th th

Yost n ¢ o bt o DR A BrPRBt e Ihel ear e, AR A Ao

3 and trm}éﬁﬂﬂﬁé%’ﬁ%ﬁé:(ﬁ é¥§§' sﬁggggﬂggii thgs PWR”Pﬁﬂgﬁéi {ﬁ F |nd of

ot her, the pressing con roper predeternne

the underfa}LA. FEaLingheBby Wie £ 281 pbuiiie: ae@oq@dmtgsneaﬁ Wilth e

of bunps I na eS|red t hi ckness, etc I'n sone deta the pressure

|s predet efR i t Q8 Ge ddmiddHiukltdr® Aéléﬁﬂimeﬁ]whﬂéw eSS Wekerf an
al so vary wth the nunber of bunps per unit area
tentatively bonded to the underfill resin sheet 10 so that the
underfill resin sheet 10 is heated for a predetermined period
of time. In this manner, the underfill resin sheet 10 is
gelled (step of gelling underfill resih). This operation is
predetermined such that the foregoing conditions (X) and (Y)
are satisfied. 1In this manner, the underfill resin is packed
into and gelléd in the gap between the printed circuit board
and the semiconductor element. After the packing of underfill
resin, as shown in Fig. 19 (d), the underfill resin which has
been gelled by bringing the heating tool 43 into contact with
the semiconductor element 3 is cured at a predetermined
temperature. Subsequently, the printed circuit board 1 is
cooled by a cooling plate 44 positioned below the printed
circuit board 1 (curing step). In this manner, as shown in
Figs. 19 (a) to (d), the various steps are assigned by
operations and connected in series to make a continuous line,
making it possible to seal the semiconductor device shown in
Fig. 1 in a short period of time. In some detail, the

semiconductor device production system comprising the foregoing
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sem conductor chip. Therefore, the lamnate is pressed under a pressure

80 g per
properly
sem condu
conpri ses
1, placin
10, or pl

bunp as a standard. In practice, however, the pressure is
pr edet er mi ned dependi ng on the desired final thickness of the
ctor device. The first enbodi ment of the production process

pl acing an underfill resin sheet 10 on the printed circuit bo
g a sem conductor elenent 3 on the - 55 - underfill resin s
acing an underfill resin sheet 10 on the sem conductor el enent

of

ard
heet
3,

pl aci ng t eorgrimtcars diimeuinakbsaitl gosmilite tondembpilkler esabingaeitiin 1and
t hen connecting the printed circuit board 1 and the sem-conductor elenent 3

to each o
whi | e bei
pressed,

reaction

t enperatu
of the pr
themis n
sem condu
applied t
it possib
ot her wor

tSRgongsd @eprdsidural gREcandmdtenegisivigcecondi tions (X) and ()
ng heated for a predeterm ned period of tinme. In this manner,
t he under(@) | Thesi fecardt emp et sof sthei Pregesssi flonl then
&g&gﬁitLon gﬁg] (at the end of pressing). Further, when the

UGHHON B @ rRFFHCOAN IR AV G eFE05dEinge Fhitdiee Present:
LQR%Ft&!rCULﬁgg ara and tHe.difference jn tenperature between
orrese That F’_&r PECTLRBHAFEi BRIUGNTT, 1 (RPHIRGH 19 yith the
Gt Yaciy C A q?QIe t g _war, e. Jesult, the stress
T s\gm ?gﬁgﬁé{t r el e(r)'r%lnt t13&%% pggésé'lpg: O 2 BRPCEES U c dFeCrmg
| o TNG 3sSE '(¥§¥%ﬁﬁ ' Ll.egnt_in._reliability.
&?’Holgfl the res! dug% ea o)?‘{q g%eﬁgﬁ?éggtlﬁg %ﬁé%lrlfﬁ?r? é'g‘}yn%?h
used an underfill resin layer directly formed on at least one
of the surface of a printed circuit board and a semiconductor
element both having connecting electrode portions provided
thereon.

As shown in Fig. 6, an underfill resin layer 13 is

formed on the surface of a printed circuit board 1 having a
plurality of spherical connecting electrode portions (joint
balls) 2 provided thereon in such an arrangement that the fop
of the connecting electrode portions 2 are exposed.
Subsequently, as shown in Fig. 7, a semiconductor element 3 is
placed on the printed circuit board 1 in such an arrangement
that the connecting electrode portions 2 the top of which have
been exposed to the exterior of the underfill resin layer 13 is
brought into contact with the electrode portions of the
semiconductor element 3. Subsequently, the entire laminate is
pressed until the wunderfill resin layer 13 satisfies the
foregoing condition (X) while being heated for a predetermined

period of time. At the same time, the two components are

connected to each other under pressure under the foregoing
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10 exceeds 70% of the initial residual heat of reaction, and if the
tenperature of the printed circuit board 1 is the sane as or higher than
that of the sem conductor element 3, or, even if the tenperature of the
sem conductor elenment 3 is higher than that of the printed circuit board 1,
the difference in tenperature between the two conponents falls bel ow
50[err]C, the resulting sem conductor device may warp due to the difference
in thermal shrinkage between the printed circuit board 1 and the

sem conduciardidliementY 3. sAstlaat et t molhenr vhdepiflillyrebin Jayer 13 his

sem conduct or device may be reduced. As nentioned above, the condition (X)
requi res tpagkeddntesthgagapdrtwgen dhe seniceoaduchor adrmenkad amisthe
particularly not nore than 65% of the initial residual heat of_reaction.
For the miEitEafkfireuitedodssd lneafherundartibh resinayred 3 146 dwn

detail, the specipren is heated to a tenperature_ of _from60[err]Cto .
2000 er ] ChRATaRed S0 Fealothecanpn. TRUR! ThASHSTHHL L ARRIN IAYShd it
reaction a tenmperaijure of fromQQ[err].C tqg 180[ernr]C.is asured,. As
rent | oned tomsster Th HILS sndd Ry SehlSphBut ERhEl Tk e A5G U i 5
and the p@lyga fad' '& board 1 under the foregoing condition (Y) can be
measur ed By ‘means of a thernmocoupl e. An exanple of continuous process for

the production of qfeS R4 PosdtY 15567 13 FUhad! Y AL B fdd SEY

the printed circuit board 1 having spherical connecting
electrode portions 2 provided thereon such that the top of the
connecting'electrode portions 2 are exposed as shown in Fig. 6
can be produced, e.g., as follows. In some detail, as shown in
Fig. 2, a solid underfill resin sheet 10 is placed on a printed
circuit board 1 having a plurality of spherical connecting
electrode portions 2 provided thereon (samé as in the foregoing
first embodiment of the prdcess for the production of a
semiconductor element). Subsequentiy, the foregoing underfill
resin sheet 10 is heated and melted so that an underfill resin
layer 13 is formed on the sufface of the printed circuit board
1 having a plurality of spherical connecting electrode portions
2 provided thereon in such an arrangement that the top of the
connecting electrode portions 2 are exposed as shown in Fig. 6.

The underfill_resin layer 13 may be produced by the
following method besides the foregoing method. In some detail,
as shown in Fig. 8, a printed circuit board 1 having connecting
electrode pértions 2 previously provided thereon is prepared.

Subsequently, an epoxy resin composition is applied to the
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according to the first enbodi ment of the present invention will be

descri bed. In sone detail, as shown in Fig. 19 (a), a printed circuit
board 1 havi ng connecting el.ectrode portions 2 provided thereon, on which
an underf ill resin sheet 10 has been placed, is passed through a drying
furnace 40 so that the underfill resin sheet 10 is put in B stage state

(hal f-cured state) (B stage step). Subsequently, as shown in Fig. 19 (b), a
sem conductor elenment 3 attached to the end of a heating contact-bonding
tool 41 i sunfsice oafd Eimverintedr i airguttr dwardodr chavimg sgomnaeting
arrangenment that the sem conductor element 3 is placed on the underfil

resi n she@lepkngeiec potiopse? pravidesy theredmby atpyintiepating method
predet erm ned_position. At the same tine, the senmiconductor elenment 3 is
pl aced on téhdfeEnt an verderbhbibdreginndayrier 31 r &8 Fhifechannepy odnded
on the printed cirecuit board 1 in a predeterm ned position osi tioning and
cont act - bISTS e FPEiB1IeYRTC NS §5 LOTIRT A RO AN AFRANIENERE [FEAE ng
tool 42 ig,all.owe co i Qntact. wi.th th r.f ace ,of_ _t he sem conduct or
el errent 3 S GRERE Eh SomRar P srneds Bt Rie e SRBErLREe: 10
so that t darfid.l resin sheet 10 is heated for a predeterm ned period
of tinme. Qﬁ?ﬁﬂkﬁfgkﬁﬁhngf, the underfill resin sheet 10 is gelled (step of

Oer eapng cone 1 ShE° TorsHng Py | rok cCelé TpRstuebetn! PEe 1

underfill JRSiddndticRdeK@Evice has been described with reference to the
use of the printed circuit board 1 having a plurality of
spherical connecting electrode portions (joint balls) 2
provided thereon. The present invention is not limited to this
configuration. Similarly to the pieviously mentioned first
embodiment, a semiconductor element 3 having the plurality of
spherical conneéting electrode portions (joint balls) 2
provided on one side (connection side) thereof may be used. 1In
this case, as shown in Fig. 9, an underfill resin layer 13 is
formed on the surface of a semiconductor element 3 having a
plurality of spherical connecting electrode portions (joint
balls) 2 provided thereon in such an arrangement that the top
of the spherical connecting electrode portions 2 are exposed.
Subsequently, the semiconductor element 3 is mounted on the
printed circuit board 1 in such an arrangement that the
connecting electrode portions 2 the top of which are exposed to
the exterior of the underfiil resin layer 13 is brought into
contact with the electrode portions of the printed circuit

board 1.
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into and gelled in the gap between the printed circuit board and the

sem conduct or elenent. After the packing of underfill resin, as shown in
Fig. 19 (d), the underfill resin which has been gelled by bringing the
heating tool 43 into contact with the sem.conductor elenent 3 is cured at a

predeterm ned tenperature. Subsequently, the printed circuit board 1 is
cooled by a cooling plate 44 positioned below the printed circuit board 1
(curing step). In this manner, as shown in Figs. 19 (a) to (d), the

vari ous steps-arelﬁsthgn@dnmgct#mﬂfalentxqﬁﬂipﬂﬂﬂﬂgnSNZ aresprovided amke a
continuous line, making it possible to seal the sem conductor device shown
in Fig. Poth &hghpnnb@@i%r@ut ibpard ] rar@oﬁ@edéﬁanpondvﬁ*é%eﬁile@ﬁaﬁct or
devi ce productlon stem_conpr,i si.ng the foregoing - contlnuous l'ine

mekes it Pos$hs rééﬁ‘ﬁl éteélé‘eéﬁYr?df vi% Hish fl‘i‘}fm%%o‘?ﬁisa?)e}e%ﬁt°ﬁ? of

sem conduct or deV|ce

( e % TE cg nd enbgdlneng gg th % gﬁ h
prfﬁugélngEIIEegﬂﬁﬁﬁgegucﬁcz i_n CgﬁnEEFIEBPng % tggaf[ : d FdYSRAﬁBQ
:V“n (s CapbntEte A M af§3@gﬁ&e&%b§a§%e€¥§ g e e F858Pﬂ¢“8|
f ormed oncannbekERbrelCEEoRBYplELIORE B atllEkbbLbl 2oy BXEg YLl CRL! Y

sem Condughe&nehﬁnfﬂg bpg h m\&h{lﬁbﬁ)ﬂﬂ?%ééi% alffdy A%e 1ROEb-ARY BhO¥hded

there
surface of a semiconductor element 3 having a plurality of

spherical connecting electrode portions (joint balls) 2
provided thereon in such an arrangement that the top of the
spherical connecting électrode portions 2 are exposed.
Subsequently, the semiconductor element 3 having connecting
eleqtrode portions 2 the top of which are exposed to the
exterior of the underfill resin layer 13 is mounted on a
printed circuit board 1 having connecting electrode portions
provided thereon. Alternatively, as shown in Fig. 11, an
underfill resin layer 13 is formed on the surface of a printed
circuit board 1 having a plurality of spherical connecting
‘electrode portions 2 provided thereon in such an arrangement
that the top of the spheridal connecting electrode portions 2
are exposed. Subsequently, the semiconductor element 3 having
connecting electrode portions 2 provided thereon is mounted on
the printed circuit board 1 having connecting electrode
portions 2 the top of which are exposed to the exterior of the
underfill resin layer 13. Alternatively, as shown in Fig. 12,

the underfill resin layer 13 is formed on the surface of the
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As shown in Fig. 6, an underf ill resin layer 13 is fornmed on the surface
of a printed circuit board 1 having a plurality of spherical connecting

el ectrode portions (joint balls) 2 provided thereon in such an arrangenent
that the top of the connecting electrode portions 2 are exposed.
Subsequently, as shown in Fig. 7, a sem conductor elenent 3 is placed on
the printed circuit board 1 in such an arrangenent that the connecting

el ectrode portions 2 the top of which have been exposed to the exterior of
t he underf semiteadacitayeceléfient Brivasnging icdmestniray e lwictthroidee pelredonsd2
portions of the sem conductor elenment 3. Subsequently, the entire | am nate
i s pressedthet itopt b€ whdebf alre eaposeldayor the eatesfioesofhthéonederfigll
condition (X) while being heated for a predeterm ned period of tine. At
t he sane t resint Hayea b&rrp@nem@ afh eamaagesento thath thaetopndef the

pressure under the_foregoing - condi tjon (Y) so that the nolten
underfill 59§Pﬁlpé}eFOEBGF§lBQCRb%CF¥ﬁ@ﬁtPRFEﬁ&P%) \Eeéh expesashyi cOndtibeor
elenent 3 and the printed cir UI .bhoard 1. The undi fill resin layer 13 is
t hen har deR&8eEo 1 t RB §ﬁsﬂrﬁde]rq¥€m ésﬁﬁ" | fpEmed dn ¢ Shged.

d
e T REnchs 2ol SORUEHOL daGe hatl | Mfktigl d SoPLEEHEES. oFT° |
1, havi ng sgge %igﬁlceansgatﬁagegfggigssepga&&eeﬁs22pgexbﬁsgdt@ﬁa%sensgﬁh

that the t
such an arrangement that the top of the spherical connecting

electrode portions 2 are exposed. Subsequently, the
semiconductor element 3 having connecting electrode portions 2
the top of which are exposed to the exterior of the underfill
resin layer 13 is mounted on the printed circuit board 1 having
connecting electrode portions 2 the top of which are exposed to
the exterior of the underfill resin layer 13. The subsequent
step is as mentioned above.

In Figs. 10 to 12, the formation of the underfill resin
layer 13 on the printed circuit board 1 having connecting
electrode portions 2 provided thereon can be accomplished by a
method similar to the process described above with reference to
the printed circuit board 1 having connecting electrode
portions 2 provided thereon. Further, the formation of the
underfill resin layer 13 on the semiconductor element 3 having
connecting electrode portions 2 provided thereon can be
accomplished by heating and melting an underfill resin sheet 10
or applying an underfill resin layer to the surface of the

semiconductor element 3 having connecting electrode portions 2
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connecting el ectrode portions 2 are exposed as shown in Fig. 6 can be
produced, e.g., as follows. In sone detail, as showmm in Fig. 2, a solid
underf ill resin sheet 10 is placed on a printed circuit board 1-having a
plurality of spherical connecting electrode portions 2 provided thereon
(sane as in the foregoing first enbodi nent of the process for the
production of a sem conductor elenent). Subsequently, the foregoing
underfill resin sheet 10 is heated and nelted so that an underfill resin

| ayer 13 iprdwkdadl thenaan Af fixcdhs fiaregeding aradesssit board 1 having a
plurality of spherical connecting electrode portions 2 provided thereon in
such an arrangener®&? thet £PRRIPHRT FeqInd EHhddment o tbet wedRrfbll i XRR/LD are

exposed as, shown_in Fig. 6. The .underf_ill resin |ayer 13 be produced
by the f ol YAl iethBE EOEMEMs ithPHefeRARIN GETHaREd | SUCBnEnaE: dt 15
shown in Fig. 8, a printed gircuit board.,l havjng.,connecti el ectroge
portions ?%Vé?ﬂto?fgl y%’i?rnbvi er i sbeﬁ’r‘)éﬁlir g"the SR qUEHYSPD arFqupoxy
resin conmposition.is appli he, -, 60, - -.surf.ace 4 .t ed
circuit 'bosaer‘nﬁléioé}g%stnogxpc%%%gec ?né ealnedctg% epﬁ(%?’?'leg ns &lo‘?/?tatg{’ir{fh r €6h

a print cq@éﬂ%ﬁm‘;@ forman underfill resin |ayer 13. In this

manner, an un resin layer 13 is formed in such an arrangenent that

the top of the comeciidOr&t Ix?@esgeéﬁaoaﬁbgdiﬁénéxBQS%eaSpr%Midh Fig.
. 6. The foregoing process for the production of a

process, the temperature at which the underfill resin layer 13

by

is heated is preferably predetermined to a range of from 70°C
to 300°C, particularly from 120°C to 200°C, taking into account
the deterioration.of the semiconductor element 3 and the
printed circuit boafd. and other factors, as' in the first
embodiment of the prodﬁction process. Heating can be
accomplished by means of an infrared reflow furnace, hot air
oven, heating plate, etc. as mentioned above. If the underfill
resin layer 13 is pressed until it satisfies the foregoing
‘condition (X) while beinglheated for a predetermined period of
time so that the underfill resin thus molten is packed into the
gap between the semiconductor element 3 and the printed circuit
board 1 to connect the two components to each other, the
pressing conditions may be properly predetermined by the kind
of the underfill resih sheet, the size of the semiconductor
chip, the number of bumps, the final desired thickness, etc. as
in the first embodiment of the present invention. In some
detail, the pressure is predetermined to a range of from 10 to

40 kg/cm?. The pressure can also vary with the number of bumps
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sem conduct or devi ce has been described with reference to the use of the
printed circuit board 1 having a plurality of spherical connecting

el ectrode portions (joint balls) 2 provided thereon. The present invention
is not limted to this configuration. Simlarly to the previously
mentioned first enbodi nent, a sem conductor elenent 3 having the plurality
of spherical connecting electrode portions (joint balls) 2 provided on one
side (connection side) thereof may be used. In this case, as shown in Fig.
9, an undpeti [dnitesamrehayef the ssénmicendontoie cduipf.ace Tiers foams,cobHact or
el.ement 3 having a plurality of spherical connecting el ectrode portions

(j oi nt balewminater dei dmeased conden supressuxer Afgch@eng peat ump tap of the
spherical connecting el ectrode portions 2 are exposed. Subsequently, the
seni condugtandardpent IB iprafhificod baweVerprithedpEpseure Haéar Brepenlyuch
an arrangenent that the connecting el ectrode portions 2 the top of which
are exposEHeFStFﬁ@léﬁﬁeﬁ?BFnG+nghgnuﬁﬁﬁrﬂFFFr?ésfhnﬁéyEPlﬁhn?§sbPéuEh? into
contact with,the elgctrade,gortions-of the printed circuit board 1. - 61 -
If the coRfiBEEPRYUEFRE F6¥ESBortions 2 are provided on both the printed

ciroutt board L 2, g ESTABSIANCLSEaFh BB Taehlt, 4RCERLYD! 4HEkEe Y

Pg?QggrﬁgiﬁotSQﬂRPQ%&E%e&”eﬁBSHiﬁEn%Eréﬂ&%%%@iﬁi&ﬂn{@ﬁetQBnﬁig&PStion
that where an underfill resin layer 13 is formed on at least
one of the connecting electrode portion side of the printed
circuit board 1 having connecting electrode portions 2 provided
thereén and the semiconductor element 3 having connecting
electrode portions 2 provided thereon in such an arrangement
that the top of the connecting electrode portions 2 are
exposed. In some detail, in addition to the underfill resin
layer 13, an underfill resin sheet is provided interposed
between the printed circuit board 1 and the semiconductor
element 3.

In other words, in a further embodiment of the type
shown in Fig. 10, an underfill resin layer 13 is formed on the
surface of a semiconductor element 3 having a plurality of
spherical connecting electrode portions 2 provided thereon in
such an arrangement that the top of the spherical connectiﬁg
electrode portions 2 are exposed as shown in Fig. 13.
Subsequently, the semiconductor element 3 having connecting

electrode portions 2 the top of which are exposed to the

exterior of the underfill resin layer 13 is mounted on a
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connecting el ectrode portions 2 are exposed. For exanple, as shown in Fig.
10, an underfill resin layer 13 is fornmed on the surface of a sem conductor
el enent 3 having a plurality of spherical connecting el ectrode portions
(joint balls) 2 provided thereon in such an arrangenent that the top of the
spherical connecting el ectrode portions 2 are exposed. Subsequently, the
sem conduct or el enent 3 havi ng connecting el ectrode portions 2 the top of

whi ch are exposed to the exterior of the underf ill resin layer 13 is
mount ed orprinfrédtaraiit uboabdal dhavhagi agnoentéogi vd eslteodeo goidrarisons
provi ded thereon. Alternatively, as shown in Fig. 11, an underfill resin

| ayer 13 iprawidad) thereensyithc @rpfunaderfil bd resaaui sheptr 481 preMidedy
plurality of spherical connecting electrode portions 2 provided thereon in
such an ardmhfyaasad ttharahatwes®.of the spherical connecting el ectrode

portions 2 are exposed._  Subsequently, the sem conductor el enent 3 having
connecting el ect r%d’eap(f'r"ﬁ ?"'%PS%ILF“&Q& Orfe F6h SRS SRy 3 B drlimt ed

' it board hayi ' I .od ' h f ich
xposed (&t e SRFEH D, T8BLRno g, £71 19 Ay BR 2" aEedR U8l ¢ s
h in E.G | [ 3 f f

the - 6o PrntEl, EIRGUIEC bontar O BavANY A7 REGERIIES e | MOARESAAC T

£o' e el RO RCRasl dort e gy tiad RAIEE 4! sheRl b v
arrangement that the top of the spherical connecting electrode
portions 2 are exposed as shown in Fig. 14. Subsequently, a
semiconductor element 3 having connecting electrode portions 2
is mounted on the printed circuit board 1-having'connecting
electrode portions 2 the top of which are exposed to the
exterior of the underfill resin layer 13 with an underfill
resin sheet 18 provided interposed therebetween.

In a further embodiment of the type shown in Fig. 12,
an underfill resin layer 13 is formed on the surface of a
semiconductor element 3 having a plurality of spherical
connecting electrode portions 2 provided thereon in such an
arrangement that the top of the spherical connecting eléctrode
portions 2 are exposed as shown in Fig. 15. On the other hand,
an underfill resin layer 13 is formed on the surface of a
printed circuit .board 1 having a plurality of spherical
connecting electrode portions 2 provided thereon in such an
arrangement that the spherical connecting electrode portions 2
are exposed. ‘Subsequently, the semiconductor element 3 having

connecting electrode portions 2 the top of which are exposed to
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spherical connecting el ectrode portions 2 are exposed. On the other hand,
an underfill resin layer 13 is fornmed on the surface of a printed circuit
board 1 having a plurality of spherical connecting el ectrode portions 2
provi ded thereon in such an-arrangenent that the top of the spherical
connecting electrode portions 2 are exposed. Subsequently, the
sem conduct or el enent 3 having connecting el ectrode portions 2 the top of
whi ch are exposed to the exterior of the underfill resin layer 13 is

mount ed orthéheexhemitcad ofi the undeafdll hesinglapenetdi g redwrteddmn pea i ons
2 the top of which are exposed to the exterior of the underfill resin |ayer
13. The sEREhecthicincayy doardrinhpving epenecting relectugde partiong 2
formation of the underfill resin layer 13 on the printed circuit board 1

havi ng corf® iRy & siFHEGH _AXRAELD 47 dhed &FxtH B0 P Lk dhepaindesdighli shed
by a nmet hod ainihar to f#evpr cess de cribgﬂ above w th refegence to the
printed cifREst B8¥PE haVth§ Hhn fgtetectPOR SHeEtNL8 2 RRARAdRS

t hereon. Fuyrther for,mati on of fhe erfill . resin l.ay 13 on the
seni condUcﬁI}L#rereﬁoegf%%&e’?ﬁea%eecrb’nne e n%‘r}gf'%%’tl?%aesggP t ?‘8n§5'f mealeice
thereon cap WP | shed by heating and nelting an underf ill resin
sheet 10 or apﬁlylng an underfill resin layer to the surface of the

seri conduct or el enfgnteud gyl Bn6aAAEALL"SE CLRE SAMuAOLSA Prbodess Fhown

provided thereon as int f oregoi ng process.
in Figs. 13 to 15, too, the heating temperature of the

underfill resin layer 13 and the underfill resin sheet 18 are
preferably predetermined to the same range as mentioned above,
and the heating method may be the same as mentioned above.
Further, if the underfill resin layer 13 and the undeffill
resin sheet 18 are pressed until they satisfy the foregoing
condition (X) while being heated for a predetermined period of
time so that the underfill resin thus molten is packed into the
gap between the semiconductor element 3 and the printed circuit
board 1 to connect the two components to each other, the
pressing conditions may be predetermined as mentioned above.
The second embodiment of the production process
comprises placing a semiconductor element 3 on the printed
circuit board 1 in such an ar;angement that the connecting
electrode portions 2 of the semiconductor element 3 come in
contact with the connecting electrode portions 2 provided on
the surface of the printed circuit board 1 or placing the
printed circuit board'l on the semiconductor element 3 in such

an arrangement that the connecting electrode portions 2 of the
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In the foregoing second enbodi nent, the underf ill resin |ayer 13 thus
formed is preferably designed such that it is prevented fromfl ow ng out
beyond t he gap between the sem conductor elenment 3 and the printed circuit
board 1 as nenti oned above. In the foregoing second enbodi nent of the
production process, the tenperature at which the underfill resin layer 13
Is heated is preferably predetermned to a range of from70[err]Cto
300[err]C, particularly from120[err]C to 200[err]C, taking into account

t he det er ipriattesh oirchitsboardnductome elreneont8ctingithe tivel magthexitring t
board and other factors, as in the first enbodinent of the production
process. elegtmadey pentioesaconpriovlidédby areanthef snrfacear of r dfheow
furnace, hot air oven, heating plate, etc. as nentioned above. |If the
under f -i | Isenigenduekor slemens; ks and fthen ipregfing tde thpmimpte sinder
condition (X) while being heated for a predeternined period of tjnme so that
t he under fthe | I9%RIILRG, fONRB 1 AN Aol (T Fhile Hehpahipd Hor a

senm conduct or, el enent and, tpg#é ircuit .bo o) connecttst q:eotwo

conponent PTG LY ;tisiiq‘%?gqcﬁc)rﬁﬂqrﬁfn% ﬁ{a% ttlﬂ"ég SO
predetor m e, e Ko gt ¢ e hager UL 1ecLD aNeghe L0 576 Godii

sem conduct'of P, the nu ufps, . rha fdéstre ess,etc.

o ety o L AU O ) ST | DU, npkt 9 flchon e

pressure Casbrl SO RN ¥x )M ¢ fat NEndUERET o8l pPEBBINg )84 Further, when the
temperature of the semiconductor element 3 is predetermined
higher than that of the printed circuit board 1, and the
difference in temperature between them is not less than 50°C
[condition (Y)], the resulting semiconductor device is liable
to warpage. As a result, the stress applied to the
semiconductor element 3 can be drastically reduced, making it
possible to obtain a semiconductof device excellent in
reliability. In other words, if the residual heat of reaction
~of the underfill resin layer 13 exceeds 70% of the inijtial
residual heat of reaction, and if the temperature of the
printed circuit board 1 is the same as or higher than that of
the semiconductor element 3, or, even if the temperature of the
semiconductor element 3 is higher than that of the printed
circuit board 1, the differénce in temperature between the two
components falls below 50°C, the resulting semiconductor device
may warp due to the difference in thermal shrinkage between the
printed circuit board 1 and the semiconductor element 3. As a

result, the reliability of the semiconductor device may be
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per unit area of the sem conductor chip.” Therefore, the lamnate is
pressed under a pressure of 80 g per bunp as a standard. In practice,
however, the pressure is properly predeterm ned dependi ng on the desired
final thickness of the sem conductor device. In the foregoing second

enbodi ment, as shown in Figs. 10 to 12, further enbodinents are possible in
the configuration that where an underfill resin layer 13 is fornmed on at

| east one of the connecting el ectrode portion side of the printed circuit
board 1 hasidugesbnnecting el ectrode portions 2 provided thereon and the

sem conductor el enment 3 having connecting el ectrode portions 2 provided

t hereon in such adsameatdonedtaboee, tihe residualhbeadsndtateant inandsde
portions 2 are exposed. |In sone detail, in addition to the underfill resin
|ayer 13, td® @Mmuqn {&Ji haghtbe §ame A% ANl FELy REatemadaangeas
printed circuit board 1 and the sem conductor elenent 3. |n other words, in

a furt her MaRdANRcht Wath hEeLGRRNCRoviP i Ahe f1X6t Fmbodipent| qfesithe ayer
13 is f d t.h f f ' duct | t _3 havi | lit
of spheri BHOMGHIER BRPHY r JRF pORT | BRESITEPEUE a8l FREraBAl heakchan

h ' ' . . ti 2
e oepodesoton e Podite 'pECHEd 48 “Raed CEHEERRDE: BREC LBl Bl (1S

el enent 3 Vi j . (o) rf4q ons 2 the top of which are
£HY P SO R EeiO 82, fided, P

exposed to t e unde resin layer 13 is nounted on a -
65 - For the measurement of the temperature of the

semiconductor element 3 and the printed circuit board 1 under
the foregoing condition (Y), the same method as used in the
first embodiment of the present invention can be used. For
example, the temperature of the various sites can be measured
by means of a thermocouple.

An example of continuous process for the production of
a semiconductor device at a good production efficiency
'acéording to the second embodiment of the present invention
will be deécribed. This process basically goes through the
same production line as.mentioned with reference to the first
embodiment of the production procéss. In some detail, a
printed circuit board 1 on which an underfill resin layer 13
has been formed in such an arrangement that the top of
connecting electrode portions 2 are exposed is prepared (see
Fig. 6). Subsequently, the printed circuit board 1 on which
the underfill resin layer 13 has been formed is passed through
a drying furnace so thét the underfill resin layer 13 is put in

B stage state (half-cured state) (B stage step). Subsequently,
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printed circuit board 1 having connecting el ectrode portions provided
thereon with an underfill resin sheet 18 provided interposed therebetween.
In a further enbodi nent of the type shown in Fig. 11, an underfill resin

| ayer 13 is fornmed on the surface of a printed circuit board 1 having a
plurality of spherical connecting el ectrode portions 2 provided thereon in
such an arrangenent that the top of the spherical connecting el ectrode
portions 2 are exposed as shown in Fig. 14. Subsequently, a sem conductor
el enent 3 ahasemiccoduecdr ngléhentr Gdeatpadharhst@ ithenwend edf oa tHeatdmigit ed
circuit board 1 having connecting el ectrode portions 2 the top of which are
exposed t earntachbendingftadie imdeesitionedi abbugethes puiinitedn cuimdarifti | |
resin sheet 18 provided interposed therebetween. In a further enbodi nent of
the type deamd ln im gucip ammunsangement tdstn ﬂr@y@emyqr@m@l@mem’ce

surface of_ a sem conductor elenent__3 haV|2f a pIurallag spherlcal
connecti ng diSePlAsgd BBr Fhﬁn‘énéeﬁf-bﬂd’éﬂs%ﬂ
that the t,0 connec

h I L d t d
as shown Ah A oot age " BRAER 19 ror PRSRRLCERLRRc PR %@éf’ﬁé iﬁe it

o USRS RGP G T

2 Sn0eTe ol SR URGRERLI TOPRRER: Dy SLEFA S5, RRLA 0 A RPSeC
circuit board in a predetermined position_(positioning and
contact~-bonding step). Subsequently, the heating tool is
allowed to come in contact with the surface of the
semiconductor element which has been téntatively bonded to the
underfill resin layer 13 so that the underfill resin layer 13
is heated for a predetermined period of time. In this manner,
the underfill resin layer 13 is gelled (step of gelling
underfill resin). This operation is predetermined such that
the foregoing conditions (X) and (Y) are satisfied. 1In this
manner, the underfill resin is packed into and gelled in the
gap between the printed circuit board and the semiconductor
element. After the packing of underfill resin, the underfill
resin which has been gélled by bringing the heating tool into
contact with the semiconductor element is cured at a
predetermined temperature. Subsequently, the printed circuit
board 1 is cooled by a cooling plate positioned below the
printed circuit board (curing step). In this manner, the
various steps are assigned by operations and connected in

series to make a continuous line, making it possible to seal
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connecting el ectrode portions 2 the top of which are exposed to - 66 -

the exterior of the underfill resin layer 13 is nounted on the printed
circuit board 1 having connecting electrode portions 2 the top of which are
exposed to the exterior of the underfill resin layer 13 with an underfil
resin sheet 18 provided interposed therebetween. The subsequent step is the
same as described above. In further enbodi mrents of the production process
shown in Figs. 13 to 15, too, the heating tenperature of the underfil
resin | aydhel Semi¢andnahede device sdiavisHgetFins dr d mpraefshoatyl yeriod of
predeterm ned to the same range_as nentioned above, and the heating nethod
may be th&ifghe adneiRnegtabdve theyrsericondugipr AgEice| PRasyiGEiogyer

13 and the underfill resin sheet 18 are pressed yntil th satisfy the
f or egoi ng SYFHE™ | GRVPRLSHRLY cthR rf‘g’rf?&ﬂ"étg f GO LHUOYS eii?ﬁed“ § od tof

time so that the underfill.resin thus.plten is cked into _the gap between
Lhe. seni caRis difmeie 68 ot B T wfifni 8 BB SB6antsTred” slithe dE ( he
t wo' conponent.s, t h r,.the pressing conditions may be predeterm ned
as nentitnﬁé#%ﬁﬁﬁﬁgé eggggéﬁﬁ enbodi ment of the production process

conpri ses placingé%gseqﬁﬁpngyﬁgar éﬁﬁﬁﬁiﬁeﬁ&‘”bf:h%g%rLg£sgeggr§H%% ?ﬁg;d 1

in such an arrang nt that e connecting electro rtions

sem condugh QRSB ofS o YBhildbriciiRi! diviltd R dRUINY W He Predine

portions provi ded on
invention will be described in connection with the attached
drawings. In this production process (third'embodiment), the
lamellar solid resin there is not used alone but may be used in
the form of underfill resin layer provided on the surface of a
semiconductor element or printed circuit board on which no
connecting electrode portions are provided.

The third embodiment will be described with reference
to the use of an underfill resin laYer laminated with the
surface of a semiconductor element. In some detail, as shown
in Fig. 16, an underfill resin layer 14 formed on one side of
a semiconductor element 3 is -prepared. Subsequently, the
semiconductor element 3 is placed on a printed circuit board 1
having a plurality of spherical connecting electrode portions
(joint balls) 2 provided thereon in a predetermined position in
such an arrangement that the underfill résin layer.14 laminated
with the semiconductor element 3 is brought into contact with
the connecting electrode portions 2. Subsequently, the entire
laminate is pfessed until the underfill resin layér 14

satisfies the foregoing condition (X) while being heated for a
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the surface of the printed circuit board 1l or placing the printed circuit
board 1 on the sem conductor elenent 3 in such an arrangenent that the
connecting el ectrode portions 2 of the - 67 - printed circuit board 1
conme in contact with the connecting electrode portions 2 provided on the
surface of the sem conductor elenent 3, and then pressing the | amnate
under the foregoing conditions (X) and (Y) while being heated for a
predeterm ned period of time to connect the two conponents to each other.
In this npredetedreingd epeedodt hef utdmef.i | | Atesthre | agme H3imsxhi bhes two
specified residual heat of reaction [condition (X)] (at the end of

pr essi ng) .conponent s wren conaecsedetat each gfthdr undeircpnessnrve ehdermths is
predeterm ned higher than that of the printed circuit board 1, and the

di f f er enceforegeiner genAdtpennddn t$enthatndihe caaltann wpdeaidild (kR ti on
(Y)], the resulting sem conductor device is |liable to _warpage

result, thRYeStdéssis aBﬁF?‘@E ingo F%esgﬁipcm%? éh&nﬁﬁl‘?%é%q;%ra
xcel | ont THEReR ahnt §herne behed Gordel € ot b-os TR ReRE Lo $E8 1 on
Feact  on. ST 114 i e PartiPntll BB eps hecbeh: cubtifof WS HE e
oS on o bR TalER! & KOERSAT CoUSS SETREL 0pd Al dydl:
printed  4evice shown in Fig. 1 is produced.

On the other hand, another example of the third
embodiment of the production procesé will be described with
reference to the use of an underfill resin'layer laminated on-
the surface of a printed circuit boafd. In some detail, as
shown in Fig. 17, an uﬁderfill resin layer 15 formed on one
side of a printed circuit board 1 is prepared. Subsequently,
a semiconductor element 3 having a plurality of spherical
connecting electrode portions (joint balls) 2 provided thereon
is placed on the underfill resin layer 15 formed on the surface
of the printed circuit board 1 in such an arrangement that the
connecting electrode portions 2 are brought into contact with
the underfill resin layer 15. Subsequently, the entire
laminate is pressed until the wunderfill resin layer 15
satisfies the foregoing condition (X) while being heated for a
predetermined perio& of time. At the same time, the two
components are connected to each other under pressure under the
foregoing condition (Y) so that the molten underfill resin

layer 15 is packed into the gap between the semiconductor
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circuit board 1, the difference in tenperature between the two conponents
falls below 50[err]C, the resulting sem conductor device may warp due to
the difference in thermal shrinkage between the printed circuit board 1 and
t he sem conductor elenent 3. As a result, the reliability of the

sem conductor device nmay be - 68 - reduced. As nentioned above, the

resi dual heat of reaction under the condition (X) has the sane particularly
preferred range as nmentioned with reference to the first enbodi ment of the
product i onepewerts3 gyl thiecpréasedeaintuit bexrdidal Fhet unflerfatli pasihhe
same nethod as used in the first enbodi nent of the present invention can be
used. For la¥erebsukeridirn drandanad heesgaldr $hef gape sEhusenaucumdesfehient 3
and the printed circuit board 1 under the foregoing condition (Y), the same
met hod as TREHN| 4a¥RE 1§ sEOERBHdi neff dhimanpnpesnt they esembronduc tor

used. Fordexaq%Le t he, tenperat ure of éhe vari ous sites can be neasured by
means of adFRETFORLARR el AL Gy abpt® BFOWERE nuous process for the

Becording to the SDMAPHMOHTAa S ek Ebbh e a i ofResra f4 /b8 in

mont i oned S r BT GRS O NAE pE REARLIURY  BF e oo oPRRET R dhose.

In some dejRddérfiPl resin layer-forming material for sticking the
underfill resin sheet to the surface of the semiconductor
element 3 or the printed circuit board 1 on the underfill resin
layer side.

The size of the underfill resin layers 14, 15 is
properly predetermined by the size (area) of the semiconductor
element 3 as in the first embodiment. In general, the size of
the uﬂderfill resin layers 14, 15 is preferably predetermined
slightly smaller than the size (area) of the semiconductor
element 3. - Similarly, the thickness and weight of the
underfill resin layers 14, 15 can be properly predetermined by
the size of the semiconductor element 3 and the size of the
connecting electrode portions 2, i.e., the volume occupied by
the underfill resin layer 4 formed by packing the gap between
the semiconductor element 3 and the printed circuit board 1.

In the foregoing third embodiment of the production
process, the temperature at which the underfill resin layers
14, 15 are heated is preferably predetermined to a range of
from 70°C to 300°C, particularly from 120°C to 200°C, taking

" into account the deterioration of the semiconductor element 3
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printed circuit board 1 on which an underfill resin |ayer 13 has been
formed in such an arrangenent that the top of connecting electrode portions
2 are exposed is prepared (see Fig. 6). Subsequently, the printed circuit

board 1 on which the underfill resin |ayer 13 has been formed is passed
through a drying furnace so that the underf ill resin layer 13 is put in B
stage state (half-cured state) (B stage step). Subsequently, - 69 - a

sem conductor_elenment 3 attached to the end of a heating contact-bonding
tool is podind d& RibeVeed HELFFY ik depard cli andoather factork,ansadmandenent

that the semiconductor elenment 3 is placed on the underfill resin |ayer 13
whi ch has tHuendn gesPade m?ﬁlmﬁnﬁspr%ﬁetfé?% RIPINES HQIbn ProcAsst-he

sanme time, .3 he .sem conduct or i.s placed on and tentatlvely bonded
to the undgﬁaleﬁllngr e%"i“h ﬁy&cci’g‘ e@eoblbnm?ﬂgspﬂfnt% infraredpagfd o a

i ' bondi
B bsequent ERETegEs nek P2 vhef.; BafiBadalete, ?Sq:m'a”b Rerikingd abgven
t en_tent
Lgﬁdezu[ I)at%%e under]ltﬂf?][sfr efé?%g Jg}lg;lai ggrlt H\Q{lﬁh%r%aﬁﬁﬁ?e??? gllhl %%é(r 13
i s heat ed fsgrtlgf@,rq._qgef"dg I&erdcgg?g 511 nﬁ‘d’er'?h*résbgm ef“?ﬁ;_gg %gerfl II

resin layer 13 i5 gelled (step of I ng u resin 'S operati

o LTV TR e i Lo SR Br S L9y (Rt
t he molten is packed into the gap between the semiconductor element
3 and the printed circuit board 1 to connect the two components
to each other, the pressing conditions may be properly
predetermined by the kind of the underfill resin layers'14, 15,
the size of the seﬁiconductor chip, the number of bumps, the
finai desired thickness, etc. as in the first and second
embodiments of the present invention. In some detail, the
pressure is predetermined to alrange of from 10 to 40 kg/cm?.
The pressure can also vary with the number of bumps per unit
area of the semiconductor chip. Therefore, the laminate is
pressed under a pressure of 80 g per bump as a standard. 1In
practice, however, the pressure is properly predetermined
depending on the desired final thickness of the semiconductor
device.
The third embodiment of the production process
comprises bringing the underfill resin layer 14 provided on one
side of the semiconductor element 3 into contact with the

connecting electrode portions 2 of the printed circuit board 1,

or bringing the underfill resin layer 15 provided on one side
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gap between the printed circuit board and the sem conductor element. After
t he packing of underfill resin, the underfill resin which has been gelled
by bringing the heating tool into contact with the sem conductor elenent is
cured at a predeterm ned tenperature. Subsequently, the printed circuit
board 1 is cooled by a cooling plate positioned below the printed circuit
board (curing step). In this manner, the various steps are assigned by
operations and connected in series to nake a continuous |ine, making it
‘possi bl e tof ¢bel prinded circwnit segdxdriddotor cdavactk withvthen congecting a

short period of tine. In sone detail, the sem conductor device production
syst em cofhEcdinege RoFtdafoih @i dhe meBiSandve teogk edementodsi [nd then
conplete underfill within 10 seconds per unit of sem conductaor device. (3)
The thi r d CORRSGLNG e (Brelnhet Sirevit theasd odudpfokhsr S8 or

W th the SUERETE 1 b6y MRCR TYheR, SniPEd RAESTE JUHAT (Eher JoRABRent ).
the | | l.id j,n th ' t d al t b din.t
For m of AR oMLY (IS s St Boen deberb e Top Bredneeaminitor
0 T Fedin Pyerar o ady _ : 3
ar e provi BSpicH ;[ | BRERLD mihEE "nGATBRERE0N, T eFE) WS e

use of anderfibiergsimy | aysr _é:ﬁ{ﬁﬂiaé ed Wdbififed residual heat of

reaction [condition (X)] (at the end of pressing). Further,

when the temperature of the semiconductor element 3 is
predetermined higher than that of the printed circuit board 1,
and the difference in temperature between them is not less than
50°C [condition (Y)], the resulting semiconductor deviée is
liable to warpage. As a result, the stress applied to the
semiconductor element 3 can be drastically reduced, making it
possible to obtain a semiconductor device excellent in
reliability. 1In other words, if the residual heat of reaction
of the underfill resin layers 14, 15 exceed 70% of the initial
residual heat of reaction, and if the temperature of the
printed circuit board 1 is the same as or higher than that of
the semiconductor element 3, or, even if the temperature of the
semiconductor element 3 is higher than that of the printed
circuit board 1, the difference in temperature between the two
components falls below 50°C, the resulting semiconductor device
may warp due to the difference in thermal shrinkage between the
printed circuit board 1 and the semiconductor element 3. As a

result, the reliability of the semiconductor device may be
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surface of a sem conductor elenent. In sone detail, as shown in Fig. 16, an
underfill resin layer 14 forned on one side of a sem conductor elenent 3 is
pr.epar ed. Subsequently, the sem conductor elenent 3 is placed on a
printed circuit board 1 having a plurality of spherical connecting

el ectrode portions (joint balls) 2 provided thereon in a predeterm ned
position in such an arrangenent that the underfill resin [ayer 14 | am nated
with the sem conductor elenent 3 is brought into contact with the
connect i ngedlugedr.ode portions 2. Subsequently, the entire lanminate is

pressed until the underfill resin layer 14 satisfies the foregoing
condition (X) whi Ae Benhionedtakpver the residual heelcrkmaastd qieungderof
tinme. At the sane time, the two conponents are connected to each other

under pr eddEr EonAdEoNNEX) hagoihg TARRIRATH DLy Brafanredmange as
olonent | MERE oA RRGEe PR ShArE TLErhoRaR RATTIY SRAGHINSARE OFa | s
L thi e nERRPrOdEtich PriaRess, RaG EhLRGARUTRTERY Of FESiFbR DRt te:
bracase wot HracRaBe ere Hie® aerlolf 4" dded TRRCLAENF 1 bt HRaPERREAY O

S ova BB S WLAGEofln® BELEHELoR (ol bol0ged, |0 some cerall.

For. the measurement of the temperature of the
semiconductor element 3 and the érinted circuit board 1 under
the foregoing condition (Y),'the same method as used in the
first and second embodiments of the present invention can be
used. For example, the temperature of the various sites can be
measured by means of a thermocouple. |

An examélelof continuous process for the production of
a semiconductor device at a good production efficiency
accérding to the third embodiment of the present invention will
be deécribed. This process basically goes through the same
production line as mentioned with reference to the first and
second embodiments of the production process. In some detail,
a printed circuit board 1lon which an underfill resin layer 15
has been formed is prepared (see fig. 17). Subsequently, the
printed circuit board 1 on which the underfill resin layer 15
has been formed is passed through a drying furﬂace so that the
underfill resin layer 15 is put in B stage state (half-cured
state) (B stage step). Subsequently, a semiconductor element

attached to the end of a heating contact-bonding tool is

- 76 -~



side of a printed circuit board 1 is prepared. Subsequently, a

sem conduct or elenent 3 having a plurality of spherical connecting

el ectrode portions (joint balls) 2 provided thereon is placed on the
underfill resin |ayer 15 fornmed on the surface of the printed circuit board
1 in such an arrangenent that the connecting el ectrode portions 2 are
brought into contact with the underfill resin |ayer 15. Subsequent | vy,
the entire lamnate is pressed until the underfill resin |layer 15 satisfies
t he foreg@asjtiongid i shoy®) te | @risitegl headreditorbeanst edet énnisuch p@n od
of tine. At the same tine, the two conponents are connected to each other
under preSFHANGIMENT tHhat obhgoFRBLEORINELER ELEMERY Hed PhRCHS| PBn the

underfill resin |layer 15 is packed into the bet ween_t he seni conduct or -
72 - edeRE i3 Lxgsine Lpyeht o Wi }la%él%ed‘ PUtThB B ffA9e i9tatedm

& For med & BRAStRRR B 2P S EfBnscrkE OFHR IS dedie S0 AT Ry CEs o
pr oduced. ‘i%eefocr"ﬁsm%&%d e gaderlpLhetssip Lavaes 1 ohd unge'Isﬁl

and 17 cart cco a un erfl f esi

h
Layer- 1 of g i grupl Eorpfdx}ff‘d%d‘goﬂ?,%é#éndﬁfiﬁéédré rBughealodds (08 o

surface o UCt or enent nte circult oar

3 gel gnderfpﬂédét%%ﬂﬂe%vﬁbsat%n (stit;snﬂﬁgtaﬁa Wyl ddd Ibdiffidy lsagys. 14,
Subsequently, the heating tool is allowed to come in contact
with the surface of the semiconductor element which has been
tentatively bonded to the underfill resin layer 15 so that the
underfill resin layer 15 is heated for a predetermined period
of time. In this manner, the underfill resin layer 15 is
gelled (step of gelling underfill resin). This operation is
predetermined such that the foregoing conditions (X) and (Y)
are satisfied. -In this manner, the underfill resin is packed
into and gelled in the gap between the printed circuit board 1
and the semiconductor element. After the-packing of underfill
resin, the underfill resin which has been gelled by bringing
the heating tool into contact with the semiconductor element is
cured at a predetermined temperature. Subsequently, the
printed circuit board 1 is cooled by a cooling plate positioned
below the printed circuit board (curing step). In this manner,
the various steps are assigned by operations and connected in
series to make a continuous line, making it possible to seal
the semiconductor device shown in Fig. 1 iﬁ a short period of

time. In some -detail, the semiconductor device production
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properly predeterm ned by the size (area) of the sem conductor elenent 3 as
in the first enbodinment. In general, the size of the underfill resin | ayers
14, 15 is preferably predeterm ned slightly smaller than the size (area) of
t he sem conductor elenment 3. Simlarly, the thickness and weight of
the underfill resin layers 14, 15 can be properly predeterm ned by the size
of the sem conductor elenent 3 and the size of the connecting el ectrode
portions 2, i.e., the volume occupied by the underfill resin layer 4 forned
by packi ngysltemgapokptrieengt ethes e foreyditigor ceheirabus alithé hangkesnt dd
circuit board 1. In the foregoing third enbodi nent of the production
process, pbestibleertai ucemplethi skallhiagundaiifin | 10 esenondgerperiuni® arfe
heated is preferably predeterm ned to a range of from70[err]Cto

300][ er r ] Csepdconduciory devdgei20[err]C to 200[err] C, taking into account
the deterioration of the sem conductor elenent 3 - 73 - and the printed
circuit board-1 afB BXABPLE JEheraemiponduginr Mdevice prosucedd aerpadingnt s

of the produc process.. Heating can be acconplished by neans of an
i nfrared F@ngﬁ EﬁFﬁﬁch Hoird; et § §F€dqﬁﬁéona§rﬁﬁﬁ§§oﬁ§d

bove. L1 o BembldRALL L FEINIDT S A e D
o 117 S A U et LAk RSB S PSS U
Cpnnect t Benli W3 nGRER82C R Bment 3 on which it has been mounted as shown
in Fig. 1. However, another example may be of the type in
' whiéh the underfill resin layer 4’ protrudes from the periphery
of the semiconductor element 3 on which it has been mounted as
shown in Fig. 18 depending on the purpose of semiconductor
device.
In the semiconductor device thus produced, the size of
the semiconductor element 3 is normally predetermined to a
width of from 2 to 20 mm, a length of from 2 to 30 mm and a
thickness of from 0.1 to 2.0 mm. The size of the printed
circuit board 1 having a wiring circuit forﬁed thereon, on
which the _s.emiconductor element 3 is mounted, is normally
predetermined to a width of from 5 to 120 mm, preferably from
10 to 70 mm, a length of from 5 fo 120 mm, preferably from 10
to 70 mm, and a thickness of fxom.O;OS to 3.0 mm. The gap
between the semiconductor element 3 and the printed circuit
board 1 into which the underfill resin thus molten is packed is
normally from 5 to 200 um, preferably from 5 to 100 um.

Referring to the properties of the underfill resin
LN
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to each other, the pressing conditions nmay be properly predeterm ned by the

kind of the underfill resin layers 14, 15, the size of the sem conductor
chi p, the nunber of bunps, the final desired thickness, etc. as in the
first and second enbodi nents of the present invention. In sonme detail,

the pressure is predetermned to a range of from 10 to 40 kg/cnferr]. The
pressure can also vary with the nunber of bunps per unit area of the

sem conduct or chi p. Therefore, the lam nate is pressed under a pressure
of 80 g pedraymmpt agor 4t pnflarded | bypsealing, thewgaer witthe thee smdearfiisl 1
properly predeterm ned depending on the desired final thickness of the

sem conductesimieviice. ,Therepertiesbodi nthe ofnddwfigkldwesion ptheeswlt
conprises bringing the underfill resin |ayer 14 provided on one side of the
sem conductigcasiditernf thet vesbnt att varinushéenperature§ dise@meferaldvti ons
2 of the printed circuit board 1, or bringing the underfill resin |ayer 15
provi ded diFBhe &xd 00P poise.qf ThReIPtipRedt e f tthR Fepim gt d3B& act
wi th the connecting e] ectrode_portio 2 of t.he senjconductor el enment 3,
hnd 't hen AonDe TR E BFOR, QG5 kPOt THOMKPS: ardhehd Losars SRRRREHOR

el ement 3 to each other.under, pressure under,the foregping_.condition X) .
and (v) wiiGe e i T ISR crat it Bep PEREBIYT £RER T, WRg
ranner, ""%@{irt.pgﬁr%i%dprfe%rﬁﬂw,f the hEPEIQVSLPrglor IhS UL B FH T ed

resi dual
1 to 500 poise, the gelling time of the resin at 150°C is from

1.0 to 15 minutes, and the linear expansion coefficient of the
hardened resin is from 12 to 40 ppm. In other words, if the
melt viscosity of the resin is predetermined to the above
defined range, the resulting resin exhibits good packing
properties. Further, if the gelling time of the resin is
predetermined to the above defined range, the resulting resin
can exhibit a good formability. In particular, the resin can
be hardened in a reduced period of time. Moreover, if the
linear expansion coefficient of the resin is predetermined to
the above defined range, the hardened resin and the
semiconductor element_can be prevented from undergoing defects
due to stress such as crack. The melt viscosity was measured
by a flow fester viscometer.  The gelling time was measured on
a heating plate. The linear expansion coefficient was measured
by thermal mechanical analysis (TMA).

As made obvious in the foregoing description and
Examples 35 to 57 described later, the second aspect of the

process for the production of a semiconductor element according
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reaction [condition (X)] (at the end of pressing). Further, when the
tenperature of the sem conductor elenment 3 is predeterm ned higher than
that of the printed circuit board 1, and the difference in tenperature
between themis not |less than 50[err]C [condition (Y)], the resulting

sem conductor device is |liable to warpage. As a result, the stress applied
to the sem conductor elenent 3 can be drastically reduced, naking it
possible to obtain a sem conductor device excellent in reliability. In

ot her wor dsy tihfe preseedi dppll ibettioof comprisea séalheguriierdap Ibetosden laayers
14, 15 exceed 70% of the initial residual heat of reaction, and if the

t enper at uprigftedecprenisd koaxdi engoaed senicanductor gdementi ghtkht lgan
that of the sem conductor elenment 3, or, even if the tenperature of the
sem condudlsradigie®f gongertingrelaahredatrertions prowidediintgupasesd d 1,
the difference_ in tenperature between the two conponents fa el ow ,

50[ eLr] C, Itt 5 %bé?imeﬁ bg %Eﬂ?%%ﬁ%%?%@ &gwfcléa‘f'ra? \ékﬁ‘?:ild]tﬂ,; t 'llg‘giﬁg FS Y ence
égmt condudteY i t%fpwfﬁ%%:%reln,mﬁwe%ir&:%? AR Bedind Fit o
device Tt ceoficsr, SIS £ R0 £ Sl et o
as menti O%qnxewxﬁﬁfleft&gefﬁé}e(}a%%ef 'Jé%h@%oﬁ%@l%sthﬁe)g{yﬂ@n%a@héé‘%

producti onprocess. neasurenent of resid
predetermined range where the printed circuit board and the

semiconductor element are connected to each other under
pressure under the following conditions (X) and (Y) so that the
solid resin is melted to form the underfill resin layer. Thus,
when the gap between the printed circuit board and the
semiconductor element is sealed with a resin, the printed
circuit board and the semiconductor element are connected to
each other under pressure under the foregoing specific
conditions (X) and (Y). The resulting semiconductér device is
liable to warpage due to the difference in thermal shrinkage
coefficient between the printed circuit board and the
semiconductor element. Thus, the stress applied to the
semiconductor :element can be reduced. As a result, a
semiconductor device having a better reliability can be
obtained.

On the contrary, the prior art sealing with a liquid
resin generally comprises putting a semiconductor element and
a printed circuit board in a drying furnace at the same time,

and then injecting a liquid resin into the gap therebetween to
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of reaction, the sanme nethod as used in the first and second enbodi nents of
the present invention can be used. For the neasurenent of the tenperature
of the sem conductor elenent 3 and the printed circuit board 1 under the
foregoing condition (Y), the sane nethod as used in the first and second
enbodi nents of the present invention can be used. For exanple, the
tenperature of the various sites can be neasured by neans of a

t her nocoupl e. An exanpl e of continuous process for the production of a

sem conducteml dehecesenicomontqr odievticen ef filemriorenccthei priort leectt hird
enbodi mrent of the present invention will be described. Thi s process

basi cal | y sggddnchrcangiet the sahdgatedldo dhe iferess inshcomsdd inint H ¥efasr ence

to the first and second enbodi nents of the production process. In sone

detai |, adefimesy in the sesend afRﬂﬁ:t\M?ichh@n PRese invieadiien.qyer 15 has
been forned S prepare ESﬁe Fi laégaégbsequentl%éﬁfhg prlnted circuit
board 1 on mhlch ' r oS Qa£§§ea

t hrough a B t he underfil.l reS|n 15 | .put_in B
st agegst atd(é fJ &é’de@i l}% §’tc§gé'nsttelﬁ)rma§u dﬂ@%t 9% coF £tiCient
sem condugly eee'ne%ﬁa;%gﬁgovg@%&w%o% 1 ghaREAdi SONIAL: Randiang. ¢t oo

is - 76 - p03|t r|nte CIrCUI SucC

arrangene ‘@ﬁﬂg el enent is placed on the underf |I
resmlayganl%%t\/\h qﬁ“lafgrsg en ptue;arlnBstage state in '

Further, the use of, as the solid resin, an epoxy resin
composition comprising an inorganic filler having a maximum
grain diameter controlled to not more than 100 pm -in a
predetermined proportion makes it possible to fairly fill the
gap between the printed circuit board and the semiconductor
element without producing any voids.

The underfill resin layer formed by melting the solid
resin can be formed by a process which comprises placing an
underfill resin sheet on the printed circuit board, placing a
semiconductor element on the underfill resin.sheet, connecting
the printed circuit board and the semiconductor element to each
other under pressure under the foregoing specific conditions
(X) and (Y) while being heated for a predetermined period of
time so that the resin thus molten is packed into the gap
between the printed circuit board and the semiconductor
element, ‘and then hardening the underfill resin. Thus, the use
of an underfill resin sheet as the lamellar solid resin makes
it possibie to pro#ide remarkable enhancement of the production

efficiency of semiconductor device.
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a predeterm ned position. At the sane tinme, the sem conductor elenent is
pl aced on and tentatively bonded to the underfill resin layer 15 provided
on the printed circuit board in a predeterm ned position (positioning and
cont act - bondi ng step). Subsequently, the heating tool is allowed to .cone in
contact with the surface of the sem conductor el ement which has been
tentatively bonded to the underfill resin layer 15 so that the underfil
resin layer 15 is heated for a predeterm ned period of tine. In this
manner, the under Thel underfiildyeesih ilaygel fodmedt by melgdhng nheuscodrid | |
resin). This operation is predeterm ned such that the foregoing conditions
(X) and ( Ypsdnecaat bef feadmed| byt hi progessr whibd gooprises preparingpasked
into and gelled in the gap between the printed circuit board 1 and the
seni condugnderéidderesinplayert pa shekpPrgnsedurdEFnill) beagrn int sachnad fil |
resin which has been gelled by bringing the heatlng tool into contact with
the seni cGREBEEEFSBlefdRt i SR uFERNEGELANG, SdeCEARdRe (P?%ﬁ&ﬂﬂ%lﬁ?@ each
Subsequent | t he i nt.ed circult board 1.is ooIe a co ﬁﬁ

er,

pﬁ3|t|one§ %&ﬂaw B oﬁﬁpntea EFﬁgﬁltaboﬁFﬁlE8H Eﬁ§°§te emPH
ke coNEMIGEAGUEERE S heRip MHuroald seBeEs be R Tich & é%ﬁﬁeié%’é?n%ev. ce
shown in %@%F hbneﬁeﬁQgéhep 5&%?0&% Eknghe SFngggﬁug%B§ll1FhQ%Focome.

sem conduc evi ce product fon - em conpri regoi ng
continuoug, LBEtARECHikh the connecting electrode portions, connecting

the printed circuit board and the semiconductor element to each
other under pressure under the foregoing specific conditions
(X) and (Y) while being heated for a predetermined period of
time so that the underfill resin thus molten is packed into the
gap between the.printed circuit board and the semiconductor
element, and then hardening the underfill resin.
Alternatively, the underfill resin layer formed by melting the
solid resin can be formed by a process which comprises forming
an underfill resin layer on the semiconductor element in such
an arrangement that the connecting electrode portions provided
on the surface of the semiconductor element are each partly
exposed, placing the semiconductor element on the priﬁted
circuit board in such an arrangement that the electrode
portions of the printed circuit board come in contact with the
connecting electrode portions, connecting the printed circuit
board and the semiconductor element to each other under
pressure under the foregoing specific conditions (X) and (Y)

while being heated for a predetermined period of time so that
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possible to conplete sealing within 10 séconds per unit of sem conductor
devi ce. An exanple the sem conductor device produced according to the first
to third enbodi nents of the production process is a sem conductor device of
the type in which the underf ill resin layer 4 thus forned doesn't protrude
fromthe periphery of the sem conductor elenent 3 on which it has been
nmounted as shown in Fig. 1. However, another exanple nmay be of the type in
whi ch the underfill resin |ayer 4' protrudes fromthe periphery of the

seni condudher uedeménil 13resinhtbhs i mohben bbe rpanked cdites tdiso\gap befivgenls
dependi ng on the purpose of sem conductor device. In the sem conductor

devi ce t htdepprdided aincuity dagrd mandchhe oneniconductaenelemeatpoand |y
predetermned to a width of from2 to 20 mm, a length of from2 to 30 mm
and a t hi &kgdsshaydening othe punpderfill regdnsi zeTHUSrhethR | HEBd F r DI t

o ament 3OPgSRE o oras hFVEE | 9Sp Rt LTS hLAE | BOLLth crae oy Ss%%sgﬁsg 120
f bl 10 to .7 I th af .f 5 to.1

rom 10t BOPERe” hon BF Pricta. et e e Sede o8 FRe TRk ofiE ibRenn

t he sen1c%Qgg%&%hfﬁtggengicgﬂgukggEggégggg.C|rCU|t board 1 into which the

underf il esi s noltéen—i's pa rsnormally from5 to 200 [err]m

preferably from 5TI}§ _199&%&]1@ Rebeh' ' 9dyb® ! RBREAPCELERS ChatlCthe

underfill resin -
connecting electrodes are each partly exposed can be easily

formed by a process which comprises placing an underfill resin
sheet on a printed circuit board or a semiconductor element
having connecting electrode portions provided thereon with the
connecting electrode portions provided interposed therebetween,
and then heating and melting the underfill resin_sheet or by a
process which comprises print-coating an underfill resin layer-
forming material onto the surface of a printed circuit board or
a semiconductor element having connecting electrode portions
provided thereon.

The underfill resin layer formed by melting the solid
resin can.lbe easily formed by a process which comprises
preparing an underfill resin layer on one side of the
semiconductor element, placing the semiconductor element on a
printed circuit board having a plurality of connecting
electrode portions provided thereon in such an arrangement that
the underfill resin layer comes in contact with the connecting
electrode portions, connecting the printed circuit board and

the semiconductor element to each other under pressure under
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layer 4 (or 4') formed by sealing the gap with the underfill resin, i.e.,
properties of the underfill resin, the nelt viscosity of the resin at

vari ous tenperatures is preferably from1l to 1,000 poise. The gelling tine
of the resin at 150[err]C is preferably from0.5 to 30 mnutes. The |inear
expansi on coefficient of the hardened resin is preferably from?7 to 50 ppm
More preferably, the nelt viscosity of the resinis from1l to 500 poise, .
the gelling time of the resin at 150[err]Cis from1.0 to 15 m nutes, and
the |i neathexpioxagmimpespeciént aforidietivarsde(®y reesd n(¥§ fwhonhel 2bedng0
ppm In other words, if the nelt viscosity of the resin is predetermned to
t he aboveheetedeﬂoramgu:edmmd Prgirdspf tiaw lHa Shgdosthgavkilagfill
properties. Further, if the gelling tinme of the resin is predetermned to
t he abovereéwnéauﬁan@étemhé% mhenfﬁgmt@itrh%asﬁ@xlpﬂwera hegprinted

of g?ﬁé' | Hregpgsﬁ’éééé# Laq%gﬁ %@éﬁ%ﬁﬁéﬁ%@%ﬂ%@?ﬁi?ﬁ#‘ e esaeafhsi o
e ﬁéﬁ&ﬂ%ﬁ%uéﬁsﬁ%ﬁﬁcﬁ%%%ep' A INK kb, BO0RS SdaneCre thberBE

Vi Sconot oForiRg B F‘}e&%ﬂ%léiéa@ Fealfe 35?‘2%{ i ﬁaé%ﬁtééﬁ%& B B
expans! on EBSEEEChﬁmr-hW@é Eegrgé?fcf]ﬁ&gﬁa @Eigéf:ifi" Ei‘hyihgegyﬁ‘) As

made obvi B 'nt orego I on 65 35 to 5 scri bed

later, thgnsecond GEPesd i thrga RigERAR fb%rarhhepaae%al hOBeff c8nductor

seni conduct or enment accordi ng -
element having a plurallty of connecting electrode portions

provided thereon on the pi:inted circuit board in such an
arrangement that the connecting electrode portions come in
contact with the underfill resin layer, connecting the printed
circuit board and the semiconductor element to each other under
pressure under the foregoihg specific conditions (X) and (Y)
while being heated for a predetermined period of time so that
the underfill resin thus molten is packed into the gap between
the printed circuit board and the semiconductor element, and
then hardening the underfill resin.

The object of the third aspect of the present
application is to provide a semiconductor device which exhibits
an excellent effect of relaxing the stress on the semiconductor
element, the printed circuit board and the connecting electrode
‘portions and thus exhibits a high reliability and a sheet-like
underfill material which can easily form an underfill resin
layer in the gap between the semiconductor element and the

printed circuit board.
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to the present application conprises sealing the gap between a printed
.cCircuit board and a sem conductor elenment with a plurality of connecting

el ectrode portions provided interposed therebetween, characterized in that
a lanellar solid resin provided interposed between the printed circuit
board and the sem conductor elenment is heated for a predeterm ned period of
time until the tenperature of the solid resin |ayer reaches a predeterm ned
range where the printed circuit board and the sem conductor el enment are
connected to eachIot prdeuntieragremplish hierfanegdislg eliestooddie ifdast( X)
and (Y) so that the solid resinis nelted to formthe underfill resin

| ayer. Th&§seRgen afhetheaphbed wa8ReEhe Ofr itheePresantyi APRLIFAL PR ifecd

sem conductor, elenent is sealed with a resin, the printed circuit board and
the sem céﬁﬂ'&EP&fquItQﬁ:eﬁi?"-h?% QRIS Y POS%%W%@‘E%’F% r?g‘@“eﬁ’rteg‘QHPéeGnder

dovi co. | SO by BELB Rl pUgEthlo PBSFHe Tt ch o Q%Pﬁﬁﬁéﬁérﬁ?cgﬁr@éﬁﬁé’[ﬁ%“ >
ce | dr 5 e PR He .
cl amont . S1eREEERE" el B O A PO b ol SR, CEbLee can

e Soepholesh BAME oSBT SRR (RUCE [P M DL

reliability can be o ontrary, the prior art sealing wth a

l'iquid reeharge%@&abgu_qanmhh%e§a&athhaaraiiﬁg%sgmﬂuqs breb&iBRE tan¢nd

printed circuit board in a drying furnace at e sane tine,

following physical property (2) when hardened.
(2) The elastic modulus in tension at 25°C is from 300 to
1,500 MPa.

The second essence of the third aspect of the present
application is a sheet-like underfill material for use in the
formation of the underfill resin layer in the semiconductor
device, characterized in that said sheet-like underfill
material exhibits the following physical property (%) when
hardened.

(Z) The elastic modulus in tension at 25°C is from 300 to
1,500 MPa.

In other words, in accordance with the third aspect of
the present invention, a semiconductor device can be provided
comprising an underfill resin layer formed in the gap between
a printed circuit board and a semiconductor element connected
to each other with a plurality of connecting electrode portions
provided interposed therebetween, characterized in that said
underfill resin layer itself exhibits an elastic modulus in

tension falling within the above defined range as hardened
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and then injecting a liquid resin into the gap therebetween to - 80 -
seal the sem conductor device. Therefore, the prior art sealing cannot
be subjected to the foregoing condition (Y) as defined in the second aspect
of the present invention. Accordingly, the degree of warpage of
sem conductor device due to the difference in thermal shrinkage coefficient
between the printed circuit board and the sem conductor el enent can be
hardly suppressed. Further, the use of, as the solid resin, an epoxy resin
conposi ti ghysdeli Spreperty N¢zgani cThel Imysuladdinyg sembxontueyoRi Mediiaeet er
controlled to not nore than 100 [err]min a predeterm ned proportion nmakes
it possi blexhtibiftsi r lan f iddhanwedjaprdkt alethi tyhe pri hhedpartdouilargar dhand
t he sem conduct or el enent wi thout producing any voids. The underfill resin
| ayer for semiepnductoggdenidcegxhlibits @ stabbe e¢beatvicgl comeatiomieifch
conprises placing an underfill resin sheet on the printed circuit board,
pl acing a to&r edepepfkt ton PrHatefd sALCMit dopxds mader hetmeeddng _
the printed circuit board and the sem conduct.or el ement to each ot her under
pressure G¥Fd-the foregoing specific conditions (X) and (Y) while being
heated for a predeterm ned period o

rﬁEFWEeﬁB

packed into the gap ?hénﬁ?P{:l?tEJﬁng?ﬁgﬁit g%%’f’;l‘?ﬁ“éﬁ?@ ?Sr*té‘r&ﬂrgl enc!t?)r
element, 334 48R 0REISE itk (I 4UIHE i ent'iGH Bne'BHEt LAS YSE use of,

as the materiél fqrming the underfill resin layer having the
foregoing specific hardened physical property (X), an epoxy
resin composition comprising a biphenyl type epoxy resin and an
acrylonitrile-butadiene copolymer and optionally a specific
phenolic resin incorporated therein makes it possible to form
an underfill reéin layer having a lower hygroscopicity and a
higher adhesivity, resulting in the provision of a stabler
electrical connection against stress tests such as vapor phase
soldering (VPS) after moisture absorption.

'As the material forming the underfill resin layer there
may be preferably used a sheet-like underfill material having
the foregoing hardened physical property (X), particularly a
sheet-like underfill material made of the foregoing epoxy resin
composition.

Embodiments of the third aspect of the present
invention will be further described hereinafter.

The semiconductor device according to the third aspect
of the present invention has a face-down structure comprising

a semiconductor element 3 mounted on one side of a printed
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of an underfill resin sheet as the lanellar solid resin nakes it possible
to provide remarkabl e enhancenent of the production efficiency of

sem conduct or devi ce. The underfill resin layer formed by nmelting the
solid resin can be forned by a process which conprises preparing an
underfill resin layer on the printed circuit board in such an arrangenent
that the connecting electrode portions are each partly exposed, placing a
sem conductor el enment on the sem conductor el ement nounting substrate in
such an arriaegdrtenbotkdt 1 heritlhecar qulmayadritiyons fof cémeeseing ordecttatode

el ement conme in contact with the connecting el ectrode portions, connecting
t he print gobrtiions t 2boand awhridwt iggni ededticode epentihons o 2acproviigedunder
pressure under the foregoing specific conditions (X) and (Y) while being
heat ed f odrdeypsdederphereberween] 8¢ tshewnsoln hBigt h@Oundehni Mndeadiid It hus
nolten is packed into the gap between the printed circuit board and the
seni condu@eHinelayex: 4 is agmmeci Retweaythenprgntedheircyhfidreard 1 anssin.
Alternatively, the underfill resin layer formed by nelting the solid resin

can be forh qﬁ?%fﬁ&@55§9§\ﬁﬁ%ﬂ?n§o§prises fornming an underfill resin |ayer
on Le semconduchil, LTS Byl H,AANEIR LML ANS SRR
cach Par LaRHIREY, P 19 BAE SAIEHUELY PLATERS o0 H" el
printed Chﬁﬁ%&dér9°86§d9Oéfiéékfxﬂﬁﬁﬁér)Méiﬁm&ﬁﬁm, nickel, chromium, tin,
lead, indium, solder and alloy thereof may be used. The shape
of the connecting electrode portions is not specifically.
limited. In practice, however, the connecting electrode
portions are preferably shaped to exert a high effect of
extrude the underfill resin from the gap between the electrode
portions 2, 2’ of the printed cifcuit board 1 and the
semiconductor element 3, respectively. The connecting
electrode portions preferably have little indentations.

The material of the printed circuit board 1 is not
specifically limited. These materials can be roughly divided
into two groups, i.e., ceramic board and plastic board.
Examples of the foregoing plastic board include epoxy glass
board, bismaleimide triazine board, and polyphenyl ether board.

The underfill resin layer 4 formed in the gap between
the printed circuit board 1 and the semiconductor element 3 of
the semiconductor device according to the present invention

will be further described hereinafter.

In the present invention, as the material forming the
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connecting el ectrode portions, connecting the printed circuit board and the
sem conduct or elenent to each other under pressure under the foregoing
specific conditions (X) and (Y) while being heated for a predeterm ned
period of time so that - 82 - the underfill resin thus nmolten is packed
into the gap between the printed circuit board and the sem conduct or

el enrent, and then hardening the underf ill resin. Thus, the use of an
underf ill resin layer as the lanellar solid resin nakes it possible to
provi de randekfibiled erdsimenmyemf 4 hthpredusayorbef fussdnay sheet-like

sem conductor device. The underfill resin layer formed such that the
connect i ngnderfildonatertakduiving tspewidsiss @hysds ade propery iesr sughbasa
process which conprises placing an underfill resin sheet on a printed
circuit bBRPEYOFSH1BeRPEBABLELBR: el enent havi ng connecting el ectrode
portions provided thereon wth the connecting el e¢ctrode gortiongFg[ovided

i nt er posed t her ebERfetPreIAHNY HBRORE AFERYD aROMRRF LE A1t AR uRBePPERLPES| n

sheet or E%Pa process whi ch congrLse? rint-cg i ng_an_under iLg Lgsin

| ayer- foffiPRg® MREFHEHC GROFY: sl f GRBPeRey ?}’h P60 20 PELY T OBOEFG-BF a

sem condu | | ectrode portions provided

t her eon. %ﬁg58§%§§?P§PB?é%$% fgéﬁggééﬂﬁe 5by nelting the solid resin can be

easily forned by r I C LS e i ng [ : 2SLN

layer> on one si deﬁg? ?ﬁgééo}i% BpGOTPLL SESoRy CPE I A9 (B0nYBAERE! Y §6Sh
biphenyl type epoxy resin. The biphenyl type epoxy resin is
obtained by adding a C,, alkyl group represented by any one of
R; to R, to a phenyl ring having glycidyi group. Therefore, the
sheet-like underfill material obtained from the epoxy resin
composition containing a biphenyl type epoxy resin can exhibit
water repellency and low hygroscopity when used for the purpose

of sealing semiconductor devices.

- ] R . Rs - . . | |
ca\?cﬂ-cﬂz—o—@—— —O'CHz“CH\(;/CHz (1)

R: -~ R4

wherein R; to R, may be the san-le or differeﬁt and éach represent
a C;_, alkyl group.

Examples of the C,., alkyl group represented by any one
of R; to R, in the foregoing general formula (1) include
straight-chain or branched lower alkyl groups such as methyl
group, ethyl group, propyl group, isopropyl group, butyl group,
isobutyl group, sec-butyl group and tert-bﬁtyl group.

Particularly preferred among these alkyl groups is methyl
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sem conduct or el ement, placing the sem conductor elenment on a printed
circuit board having a plurality of connecting el ectrode portions provided
thereon in such an arrangenent that the underfill resin |ayer comes in
contact with the connecting el ectrode portions, connecting the printed
circuit board and the sem conductor elenent to each other under pressure
under - 83 - the foregoing specific conditions (X) and (Y) while being
heated for a predeterm ned period of time so that the underf ill resin thus
mol ten i s grasiped Ryt B0t Re mgayp bee tbhee 1§ amee o3 iddifdereintoui b paxd ignd aghe
sem conductor el enent, and then hardening the underfill resin.

Al t er nat i wel biphesylndarde | Epeayi rresier repnesenhedebyi righe hdoddiowdngesi n
can be easily forned by a process which conprises preparing an underfil
resin | ayseneradndaymidaf(IhevheraidRei FRuRt 9REE drepragehl g methyl
sem conductor el enent having a plurality of connecting el ectrode portions
provi ded GF&UFodsoResiEaldent ed circuit board in such an arrangenent that
t he connecting el ectrode portions cone in contact with the underfill resin

| ayer, connecting the printells€ircuit bo and the sem conductor el enent
th regQl ng.,spheci fic gonditions (X)
red ﬁﬁﬁ@h' Brisd of e so that the

Lo eacn other under gt syeif ey
underfill resin thus I'ten hs packed in the g between the printed
circuit board and the sem cofidlctor ele , and Then hardening the
underfill resin. mhe biphenyl type epoxy resin represented by the
foregoing general formula (1) preferably has an epoxy
equivalent of from 177 to 240 g/eq, particularly from 177 to
220 g/eq, and a softening point of from 80°C to 130°C,
particularly from 80°C to 120°C. |
The proportion of the foregoing biphenyl type epoxy
resin (component A) in all the organic components in the epoxy
resin composition as a material forming the sheet-like
underfill material of the present invention is preferably from
10 to 96% by weight, particularly from 20 to 94% by weight. If
the proportion of the foregoing biphenyl type epoxy resin
(component A) falls below 10% by weight, the resulting epoxy
resiﬁ composition can hardly exhibit water repellency and a low
hygroscopicity when used for the purpose of sealing
semiconductor devices. On the contrary, if the proportion of
the foregoing biphenyl type epoxy resin exceeds 96%, the
resulting sheet-like underfill material can easily become
brittle itself and thus possibly can be hardly handled.

The material forming the sheet-like underfill material
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The object of the third aspect of the present application is to provide a
sem conduct or device which exhibits an excellent effect of relaxing the
stress on the sem conductor elenment, the printed circuit board and the
connecting el ectrode portions and thus exhibits a high reliability and a

sheet-like underfill material which can easily forman underfill resin
| ayer in the gap between the sem conductor elenment and the printed circuit
board. - 84 - In order to acconplish the foregoing object, the first

essence oéctbedihgr doasyjert thirdhaspeeserdf aphéi pakeisent sirvessmiamneagt or
devi ce conprising a sem conductor elenment nmounted on a printed circuit
board wi tbomppiseabtheroépopyncesing shebt asdergsoli novopaoviypd epoxyposed
t her ebet ween, the gap therebetween being sealed with an underfill resin

| ayer, chueaéter Pheaoiln novalagaityRendRPOXY | reg@inn angy drisohenslt A t hppe
fol | ow ng physical property (Z) when hardened. (Z) The elastic nodulus in

t ensi on a®PRXRY eXPEEN,s SIEHHY30PK t N1 CONPimpFiothe NGURPRALAhcBheFeine

third aspect . Qf the present, applicatiqn.is a.sheet-like underfill rmaterial
for use-i He?hge? o%t%‘b‘??%‘?”i?ﬁg”tﬁit?é’rﬁ%i (HYBSe §PR*Yay&f 1 (FRBPEBRTE ofdiuct or
doviee: | OB T ABLe R "Bheofle) EhRCtahdE HIBE" Unldon BN ket aP' 1
comprises such other epoxy resins as well incorporated therein
as mentioned above, it is preferred that the proportion of the
foregoing biphenyl type epoxy resin (coﬁponent A) be
predetermined to not less than 20%, particularly not less than
50% of the entire epéxy resin component.

. Further, the foregoing epoxy resin composition may
comprise an. epoxy resin hardener incorporated therein as
necessary. The hardener is not specifically limited. For
example, various hardeners which are commonly used, such as
phenolic resin, methylhexahydrophthalic anhydride and amine
compound, may be used. From the standpoint of reliability, a
phenolic resin is particularly desirable. 1In particular, a
novolac type phenolic resin 1is mdre desirable from the
standpoint of adhesion. A phenolic resin represented by the
following general formula (2) is particularly desirable for

higher adhesion and excellent hygroscbpidity.

H

O H
@—cng-@—cm CHs—EO}—CHs - - (2)

wherein m represents 0 or a positive integer.
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(2) The elastic nmobdulus in tension at 25[err]Cis fron1300 to 1,500 MPa. In

ot her words, in accordance with the third aspect of the present

a sem conductor device can be provided conprising an underfil

I nventi on,
resin | ayer

formed in the gap between a printed circuit board and a sem conduct or

€l ement connected to each other with a plurality of connecting el ectrode
portions provided interposed therebetween, characterized in that said
underfill resin layer itself exhibits an elastic nodulus in tension falling
within the above def ithed fomegeing hgemearedd foftula (2phytheakepetptibn (2).
The resulting sem conductor device exhibits an enhanced reliability.

In parti ouher mt nepreaenbaddicenra dros idelwe Hirdiegera stlabperslicuilaream
connection of sem conductor element to printed circuit board under hot-cold
cycl e. Fudsherefexabilyyap: dpsegetn@idrrngt kei A0st paytéFudAaslyhiramalpect.
of the present invention the fact that the use of, as the material formng
the under £PI B resin | ayer having the foregoing specific hardened physical

P e R FEL 5 RTICRBHTRR S BRI e AL
ocin | ayPERNPng 20" Koy ustete] G1Y yuti PEREHERE, Of nBaFr, deaer
reSU|t'ngw&%htgﬁeﬂﬁavﬁﬁ'Qﬂeo£rgs§BQB|8E a Friedel-Crafts catalyst.

The foregoing phenolié resin preferably exhibits a

hydroxyl group equivalent of from 147 to 250 g/eq, particularly

from 147 to 220 g/eq, and a softening point of from 60°C to

120°C, particularly from 60°C to 110°C.

The proportion of the foregoing phenolic

resin

(component C) in the biphenyl type epoxy resin (component A) is

preferably arranged such that the hydroxyl group in the

foregoing phenolic resin (component C) is from 0.7 to 1.3

equivalents, particularly from 0.9 to 1.1 equivalents per

equivalent of epoxy group in the biphenyl type epoxy resin

(component A).

The material forming the sheet-like underfill material

according to the third aspect of the present invention may

further comprise a hardening accelerator incorporated therein

besides the foregoing epoxy resin hardener. As

such a

hardening accelerator there may be used any of various

hardening accelerators which have been heretofore known as a

hardening accelerator for epoxy resin, such as amine-based,

phosphorus-based, boron-based and phosphorus-boron-based
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el ectrical connection against stress tests such as vapor phase sol dering
(VPS) after noisture absorption. As the material formng the underfill

resin layer there may be preferably used a sheet-like underfill material
havi ng the foregoi ng hardened physical property (X), particularly a
sheet-like underfill material made of the foregoing epoxy resin

conposition. Enbodinents of the third aspect of the present invention wll
be further described hereinafter. The sem conductor device according to the
t hi rd aspaairdehihlge aecederiatorsent im pastichbae; deyiphenylt phesphdpei,si ng
a sem conductor elenent 3 nounted on one side of a printed - 86 -

circuit bdapdabiwyrhoandeceakit etaf. campecdesigpablzt r odehgse t hemdeniagd
connecting el ectrode portions 2' provided interposed therebetween as shown
in Fig. 28cceldgratgssf mayl beeypad,agéngldyi orf énnegnbinagdanthe printed
circuit board 1 and the sem conductor elenent 3. The material of the

plurality of conn@Bgiagryleritsilepontadigne copolynernt(CqRRARgN M)y to

limted. I n practi.ce, however, gold,. silver., copper, aluym num nickel,
chr oni um PEj ised gbith ithe éﬁff.egerl&gr Laaaear ofym%eéﬁw RSP e (GoRgoneRE

Shape of, B1° ERTRSE Mk SSP LR TR0 Qo PPl o SRECATISAL | Xobh el

shaped to(ﬁﬁﬁﬁtc%ﬂyéﬂ%(ﬁffﬁﬁogfbut represents a copolymer in a broad
senée, including NBR mixed with other copolymer components.
Examples of the other copolymer components include hydrogenated
acrylonitrile-butadiene rubber, acrylic acid, acrylic acid
‘ester, styrene, and methacrylic acid. Particularly preferred
among these copolymer components are acrylic acid and
methacrylic acid, which are excellent in adhesion to metal or
plastic. 1In some detail, acrylonitrile-butadiene-methacrylic
acid copolymer and acrylonitrile-butadiene-acrylic acid
copolymer are desirable. The content of acrylonitrile in the
foregoing NBR is preferably from 10 to 50% by weight,
particularly from 15 to 40% by weight.

The proportion of the foregoing ac_rylonitrile-butadiene
copolymer (component B) in all the organic components in the
epoxy resin composition as the material forming the sheet-like
underfill material according to the third aspect of the present
invention is preferably from 2 to 60% by weight, particularly
from 3 to 50% by weight. If the proportion of the foregoing
acrylonitrile-butadiene copolymer (component B) falls below 2%

by weight, the resulting underfill material can hardiy exhibit
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extrude the underfill resin fromthe gap between the el ectrode portions 2,
2" of the printed circuit board 1 and the sem conductor elenent 3,
respectively. The connecting el ectrode portions preferably have
little indentations. The material of the printed circuit board 1 is not
specifically limted. These materials can be roughly divided into two
groups, i.e., ceramc board and plastic board. Exanples of the foregoing
plastic board include epoxy glass board, bismaleinide triazine board, and
pol yphenylaneékeel bent dduifdiei Linde rdgdinstevamr ibagesttessrinest s mrnidesr hagh
between the printed circuit board 1 and the sem conductor elenent 3 of the
sem condubnoriddsy eadadedpgmure cohaditdonst undeanhogdreald clyeleuwhrar
descri bed hereinafter. In the present inventjon, as the material formng
the - 87 used fagethp| Purpesf ¢hHyRealking semiggndncioe deyiaaset - Onkghe
underfill material having specific physical properties such as epoxy resin
conpositiSﬁnt¥ﬁ§Ybor§BSin@r@B%Ryl?Esi%ﬁcdﬂﬁbsﬁHQﬁQQ%ﬂg'bé°6U48P6§61¥90n1a

copol yrrer BREAHEAEn CoBP LY SRS o be; Tt g0 F RPrvecaRbonshe A
by addi o ae i PE SRASE-EEINC napFuthl chRge Lp SRR B BefRER™
phenyl i ag,RaYiR0 - ¥GLHY kefbBrulag  ef ore. the
The epoxy resin composition as the material forming the
sheet-like underfill material of the present invention may
optionally comprise other materials (organic material,
inorganic material) incorporated therein in a proper amount
besides the foregoing components A, B and C. Examples of the
organic material employable herein include silane coupling
agent, titanium coupling agent, surface conditioner, and
oxidation inhibitor. Examples of the inorganic material
employable herein include various inorganic fillers such as
alumina, silica and silicon nitride, particular metals such as
copper; silver, aluminum, nickel and solder grains, pigments,
and dyes. The prbportion of the foregoing inorganic material
is not specifically 1limited. In practice, however, the
'proportion of the foregoing inorganic material is preferably
predetermined to not more than 90% by weight, more preferably
not more than 80% by weight based on the total weight of the
constituents (entire epoxy resin composition). If the
proportion of the foregoing inorganic maferial is far beyond

the above defined range, the electrical connection between the
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sheet-like underfill material obtained fromthe epoxy resin conposition
contai ning a bi phenyl type epoxy resin can exhibit water repellency and | ow
hygroscopity when used for the purpose of sealing sen conductor devices.
[err] wherein RL to R4 may be the sane or different and each represent a
Cl4 al kyl group. Exanples of the Cferr] alkyl group represented by any one
of RL to R4 in the foregoing general formula (1) include straight-chain or
branched | ower S such hyl GPUp’ ethylegroup,

group, isof eoc&ﬁ%gbgg?ﬁgg?wlﬁ?’b‘g‘z?ggé ty@dsh thee ﬁﬁF?Pd‘g:‘gg#%d

Lohe 0 e U A B R A R el o e
whorein R Lo R abe CEhBeteRiReCrhAlY LI noePlalY SFISRY (i diaR
o1 b oAbl R B R g Y b ous O e g bl anty ety |V

from 177 tForddfdigiced.bigbrdy 15Ol tAid NGep@iyt £Esihom BBREbRLAL! Of.é30[a%fdlcl

particularly from80[err]Cto 1 err]'C. "The proportion-of the regoi ng
bi phenyl tagrylepdtyile-butadiene copolymer (component B) are blended in

a predetermined amount. To the blend are then optionally added
various components such as hardéner, hardening accelerator and
filler in a predetermined amount. Thus, an epoxy resin
composition is prepared. The epoxy resin composition thus
prepared is then dissolved in a solvent such as toluene, methyl
ethyl ketone and ethyl acetate. The mixture solution is then
applied to a base film such as polyester film which has been
treated for easy release. The coated base film is then dried
at a temperature of from 50°C to 160°C to remove the solvent
such as toluene therefrom. Thus, a desired sheet-like
underfill material can be formed on the base film. Otherwise,
the desired sheet-like underfill material can be prepared by

heat-extruding the foregoing blend free from solvent such as

toluene.

The sheet-like underfill material thus obtained
preferably exhibits a gelling time of from 10 to 120 seconds at
175°C. The gelling time is measured on a 175°C heating plate.

The hardened material obtained by hardening the sheet-
like underfill material according to the third aspect of the

present invention thus obtained can be produced as follows. In
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resin (conponent A) in all the organic conponents in the epoxy resin
conposition as a material formng the sheet-like underf ill material of the
present invention is preferably from10 to 96% by weight, particularly from
20 to 94% by weight. If the proportion of the foregoing bi phenyl type epoxy
resin (conponent A) falls bel ow 10% by wei ght, the resulting epoxy resin
conposition can hardly exhibit water repellency and a | ow hygroscopicity
when used for the purpose of sealing seniconductor devices. On the
contrary, sdme hdetpaibhporthensbéethbiker sgdengibilpmeteirivylpahasorobtradgiad

exceeds 96% the resulting sheet-like underfill material can easily becone
brittle itea f bandheaatusunsskidt yacdrenpenatuney alndivom 7THC nhicer3A°C,
form ng the sheet-like underfill material - 89 - according to the third

aspect of Rrefesatylent fnefentli2df CrafocodPPlSe ofBEr 23pokg rL] nduigwiesss
cresol novol ac type epoxy resin, B phenol novol ac u%ﬁoe epoxy resin and

bi sphenol B¥afgraklinxg tositf0 Jrigrtesr R ARAdUEs | dndesiespdiandaned
e eyt e Eh AR sy SRR B e L Sl e
CPoK) oS i o BEALE o S e BRI et 47 0
EomPone i B RN BB achobe &S ndldboP bt Al Udabtted oo
later.
The hardened material thus obtained needs to exhibit
the following hardened physical property'(Z).
(3) The elastic modulus in tension at 25°C is from 300 to
1,560 MPa.
More preferably, the elastic modulus in tension at 25°C
is from 500 to 12,000 MPa, particularly from 1,000 to 10,000
MPa. The hardened material having an elastic modulus in
tension falling within the above defined range at 25°C can
relax the stress on the semiconductor element, the printed
circuit board and the connecting electrode portions so that
they can be well balanced under hot-cold cycle. If the elastic
modulus in tension at 25°C falls below 300 MPa, the resulting
semiconductor device is liable to cracking at the connecting
electrode portions. On the contrary, if the elastic modulus in
tension at 25°C exceeds 15,000 MPa, the resulting semiconductor
device is liable to cracking at the semiconductor element.

The elastic modulus in tension at 25°C is determined

according to JIS K6900. In some detail, a universal tensile
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Further, the foregoing epoxy resin conpoSition nmay conpri se an epoxy resin
har dener incorporated therein as necessary. The hardener is not
specifically limted. For exanpl e, various hardeners which are comonly
used, such as phenolic resin, nethyl hexahydrophthalic anhydride and am ne
conpound, may be used. Fromthe standpoint of reliability, a phenolic resin
Is particularly desirable. |In particular, a novolac type phenolic

resin is nore desirable from the standpoint of adhesion. A phenolic
resin represdringl magchine f(ehitognaphgeaveidiabiler fuom Shyimaslzya Coirpul)amay
desirabl e for higher adhesion and excellent hygroscopicity. [err] wherein m
repr esent 0 useda positive integer. - 90 - In the foregoi ng general

formula (2), the repetition nunber mrepresents O or a positive integer. In
particular, mis Pfef BFEBAQuUEAYi nrepkioneds r drh® tgPMicondgtay Sevice om 0

can be ob@ACREALEY e thecHGH ASERSH IGF ERRCPERPEHE pBNBREART hBs &

Dy eoene, Foghe Sk ALR, BORP LR s R I A A e,

P berLAERY, &SRB R BN B! A aTACHG ALY o LonmeRRlni | C
electrode portions provided interposed therebetween, the gap
between the printed circuit board and the semiconductor element
being sealed with an underfill resin layer. An exampie of such
a semiconductor device will be described hereinafter, but the
present invention is not limited thereto.

As shown in Fig. 21, a solid sheet-like underfill

material 10 is placed on a printed circuit board 1 having a
plurality of spherical connecting electrode portions 2 pfovided
thereon with the connectihg electrode portions 2 provided
interposed therebetween. Subsequently, as shown in Fig. 22, a
semiconductor element 3 having connecting electrode po;tions 2’
provided thereon is placed on the sheet-like underfill material
10 in a predetermined position. The laminate is then heated
under.pressure to effect the electrical connection between the
connecting electrode portions 2, 2’ and the hardening of the
sheet-like underfill material 10. Thus, the electrical
connection and bondihg of the printed circuit board 1 to the
semiconductor element 3 is completed. The size of the sheet-
like underfill material may bé properly predetermined by the

size (area) of the semiconductor element 3 on which the sheet-

- 96 -



The proportion of the foregoing phenolic resin (conponent C) in the

bi phenyl type epoxy resin (conponent A) is preferably arranged such that
t he hydroxyl group in the foregoing phenolic resin (conponent C) is from
0.7 to 1.3 equivalents, particularly from0.9 to 1.1 equival ents per

equi val ent of epoxy group in the biphenyl type epoxy resin (conponent A).
The material formng the sheet-like underfill material according to the
third aspect of the present invention may further conprise a hardening
accel er at bikenaordeorfdtldd mhéveerial badi des mohetedor egin ngenepaly rigsi hs
har dener . As such a hardening accel erator there may be used any of
vari ous hareéﬁrnglxcpee@?mméne\&@kmmt«ethﬁe@rammp@t ther eikmolpAras)aof
har deni ng accel erator for epoxy resin, such as am ne-based,

phosphor usheasesiconduebar natement ade phosphorus bor on- based - 91 -

har deni ng accel erators articul ar tr|p hos
di azabi cycl oundecEie, thé?knegﬁeoﬁegh?aﬁh%et“ és%gﬁ%FgéLfnﬂaEEEE?%r&Pors

ut adi ene

Copol yer 16 ﬁé”% Bt s I3 Gy T '°”'th%'eb.epﬁew§rferypeﬂéﬁoxy
(ory (CoPRSRRRbsS) AF b, LAFLLES LRS! st LGt Byt o en 8y°0Bg! vTer

NBR) con represen s a co yirer
(

ool S pRBRe Ly heldel iylitledt 980! WY L6 BN "the R aIP kRt wRbn! NEngt her

copolyne ydr ogenat e
semiconductor element 3 and the printed circuit board 1 and not

to prevent the electrical connection between the connecting
electrode portions 2, 2‘’. 1In general, it is predetermined to
a range of from 10 to 200 um.

In the foregoing process for the production of a
semiconductor device, the heating temperature at which the
sheet-like underfill material 10 is heated and melted may be
properly predetermined taking into account the heat resistance
of the semiconductor element 3 and the printed circuit board 1,
the melting point of the connecting electrode portions 2, 2’,
the softening point and heat resistance of the sheet-like
underfill material 10, and other factors. Heating can be

- accomplished by means of an infrared reflow furnace, hot air
oven, heating pléte, etc.

The packing of the underfill material thus molten into
the gap between the semiconductor element 3 and the printed
circuit board 1 is preferably effected under pressﬁre as
mentioned above. The pressing conditions may be properly

predetermined by the material and number of the connecting
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acrylonitrile-butadi ene rubber, acrylic acid, acrylic acid ester, styrene,
and nethacrylic acid. Particularly preferred anong these copol yner
conponents are acrylic acid and nethacrylic acid, which are excellent in
adhesion to netal or plastic. In sonme detail,
acrylonitril e-butadi ene-nethacrylic acid copolyner and
acrylonitrile-butadiene-acrylic acid copolyner are desirable. The content
of acrylonitrile in the foregoing NBR is preferably from 10 to 50% by

wei ght, pelkeceitbdel poltaBns5 2t,0 240 % tumpertghiire ,Thetdr opdit someotethel,
foregoing acrylonitril e-butadi ene copol ymer (conponent B) in all the
organi ¢ cthpopeessure tise predeterydined: dnpcsitamye asf t iromudebRakof 616 ng
the sheet-like underfill material according to the third aspect of the
present i kgenpreferablyeffnamb|§.94 otw20t.8 &opsy wedghectpngt edecirbgdef rom
3 to 50% by weight. |If the proportion of the foregoing

acryl oni t PPEELRDE adiThee COMRASHERD (ebapbrede Bprtipns peland/% by’ warght
the resultin

durabilrt?rﬁgﬁ
condi tions under hot-cold cycle when used, for theﬁﬁfgﬁpse of_.seal.i ng

semi conduct or deviBe&Ne FRRHONT AT AeHine HhiR

e HRE oS e { 3° O BPmal 1 Er R TSk

acrylonit
resul ting

th

| e-

underfill material can hardly exhibit - 92 - an excel | ent
rablyveresgedsepdsElatteretdnder high hunidity and tenperature

(o)

S e §i&50PHg

temperat UL83th of from 2 to 20 mm, a length of from 2 to 30 mm and a

thickness of from 0.1 to 2.0 mm. The size of the printed

circuit board 1 having a wiring circuit formed thereon, on

which the semiconductor element 3 is mounted, is normally

predetermined to a width of from 5 to 120 mm, preferably from

10 to 70 mm, a length of from 5 to 120 mm, preferably from 10

to 70 mm, and a thickness of from 0.05 to 3.0 mm. The gap'

between the semiconductor element 3 and the printed circuit
board 1 into which the underfill resin thus molten is packed is
normally from 5 to 200 pm.

As previously mentioned, the underfill resin layer S

formed by sealing with the sheet-like underfill material needs

to exhibit the following hardened physical property (Z). More
preferably, the elastic hodulus in tension at 25°C is from 500
to 12,000 MPa, particularly from 1,000 to 10,000 MPa.

 (Z) The elastic modulus in tension at 25°C is from 300 to
1,500 MPa.

In addition to the foregoing hardened physical

property, the foregoing underfill resin layer 4 preferably
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The epoxy resin conposition as the material formng the sheet-1ike
underfill material of the present invention may optionally conprise other
materials (organic material, inorganic material) incorporated therein in:
a proper anount besides the foregoing conponents A, B and C. Exanpl es of
the organic material enployable herein include silane coupling agent,
titani um coupling agent, surface conditioner, and oxidation inhibitor.
Exanpl es of the inorganic material enpl oyable herein include various

i nor gani c eixhlibdits supéregntlwatiemn aksidipddamdfshbtovoraithanid, . S5%ar mocel ar
netal s such as copper, silver, alum num nickel and sol der grains,

pi gnent s, pxefedpbdy TeE magportham bi2the Fertgerngthaonpdaréiddt eesin is
not specifically limted In practice,  however, the proportion of the
f or egoi ng lE¥6XganPECKREEPLY hpg pReienieni HrRYEL &Y rf MREPRe (19 oM vhan
90% by wei ght, nprecﬁéeferagly not nore than 8Q% by wei ght based on the
total wei §ht J¥Hst he Wonst$Paeht ©F (BRE BOrRpdhAn 1 889 nPPRonpodias ofhe

If the proportion he foregoing inqrganic, material is far beyond the

f
above defFﬁé&“F&H&&% P%eP%F%%? i ¥t RoPhetthis Aamgenedgaterial
| ectrod ft ' dyct I t d the el f. th I nt ed
Cireuit bHAPq doHER, AR A S Fepdbratite GRCBERECRRR, pofallabiyR
terial . ' ti I
dotai ¢ Rumi3Tel SEEo KR %Y URLE, T N e durdiddi or, peRpSRET
water absorption was carried out by means of a trace water

content meter AQ-5, available from Hiranuma Sangyo K.X.). For
the measurement of ionic impurity content, the hardened
material was crushed, and then extracted with 121°C pure waterl
for 24 hours. The measurement of ionic impurity content was
carried out.by ion chromatography.

As made obvious in the foregoing description and
Examples 58 to 67 described later, the third aspect of the
present application is a semiconductor device comprising an
underfill resin layer formed in the gap between a printed
circuit board and a semiconductor element connected to each
other with a plurality 6f connecting electrode portions
provided interposed thefébetween, characterized in that said
underfill resin layer exhibits an elastic modulus in tension
falling within the above defined fange as hardened physical
property (Z). In this arrangement, the stress developed at the
printed circuit board; the semiconductor element - and the
connecting electrode poftions can be relaxed, making it

possible to obtain a semiconductor device excellent in
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acrylonitril e-butadi ene copol ymer (conponent B) are blended in a
predeterm ned anount. To the blend are then optionally added vari ous
conponent s such as hardener, hardening accelerator and filler in a
predet er mi ned anount. Thus, an epoxy resin conposition is prepared.
The epoxy resin conposition thus prepared is then dissolved in a sol vent
such as toluene, nethyl ethyl ketone and ethyl acetate. The m xture
solution is then applied to a base fil msuch as polyester filmwhich has
been trearcennecsticasyrebigbsbitifhe cdat epabbbeulatrm ithe heemdciondugtox
‘tenperature of from50[err]C to 160[err]C to renove the solvent such _as -
tol uene dewieerorthus Tpbtained dexhibdtssheket -stakilheedsi Pleggrdead! can
be formed on the base film O herw se, the desired sheet-1like underfil

mat eri al ERMNESLIPBy HeLWeRn e -s80 4RFQQR39¥ﬁ@E&Fn@“%IEHG préatedom
sol vent such as tgluegg The eet - g nderf .material thus obtained
pr ef er abl Fi&ECHMy €92 BPPFﬁg PrBast C¥F ﬁ]f@npé 198-seconds at 175[err]C.

material obt ai ned By NAF ek AF LA SRESEAE; REChHE, P MFigakds o wBAE o ng
h h f

25 1orl owt2YPE BEgEng tf'gi%‘?é% %@‘?Iéyﬁ%ﬁt S e T

3007 orr] G2 ol ab y*f?%%%%%?%‘?‘*ﬁcto*mﬁo?%*#ﬁégi?%r%“m%%* N

epoxy resin and an acrylonitrile-butadiene copolymer and

optionally a specific phenolic resin incorporated therein makes
it possible: to form an underfill resin layer having a lower
hygroscopicity and a higher adhesion, resulting in the
provision of a stabler electrical connection against stress
tests such as vapor phase soldering (VPS) after moisture
absorption.

As the material forming the underfill resin layer there
may be preferably used a sheet-like material having the
foregoing specific hardened physical property (2), particularly
a sheet-like underfill mﬁterial made of the foregoing epoxy
resin composition, because it can easily fill the gap to
provide a remarkable enhancement of production efficiency of
semiconductor device.

In the first to third aspects of the present
application, the lamellar solid resin (underfill resin sheet)
is preferably cut intq a size that can be put in a spatial
portion K surrounded by the periphery of the plurality of

connecting electrode portions 2 formed on the surface of the
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preferably 5 to 180 m nutes, to produce a desired hardened material. The
foregoi ng hardening conditions are the sane as that used in the formation
of the underfill resin layer in the process for the production of a

sem conduct or device described later. The hardened material thus obtained
needs to exhibit the follow ng hardened physical property (2). (Z) The
elastic nodulus in tension at 25[err]Cis from300 to 1,500 MPa. Mbre
preferably, the elastic nmodulus in tension at 25[err]Cis from500 to

12, 000 MPasemibddndud tesrt e Xenmmtl I0(0xt prifiteG0chiffanit Bbardjraensidowmtin i al
~having an elastic nodulus in tension falling within the above defined range
at 25[err|Higan 22land t2k beffass uwge + he sem conductor el enent, the printed
circuit board and the connecting el ectrode portions so that they can be
wel | bal anced unddthayat -2l §0c 8 &hase (drawings | £s rapunsianf ildnsreomimt
25[err]C falls below 300 MPa, the resulting sem conductor device is liable
to cracmlﬁf%ﬁtthe connecting el ectrode portions. On the contrary, if the

el astic nodulus in tension at 25 ] C.exceeds 15, 000 ,_ the resu]ting
sem conduct or devifdk g9 é”’c‘{)%{'ac ShFane ‘b%rﬁ%&‘{]%rp%?m .
The elastig npdulus, in tension at 25[err] C.. s determned acgording to JIS
K6900. | n &bk Sret aqcrl,ntﬁﬁ?#er%fa% § 1LY 9% ‘tHely &eﬁ%’a‘ hi ne

(autograph avail at;'Ilhee fb%h%%%ﬂ%?%ﬂe) {&Yiconductor device of the

present invention in this arrangement makes it possible to
contact-bond the semiconductor element to the printed circuit
board without ahy resin (resin composition) constituting the
underfill resin sheet provided on the surface of the joint
balls. In this arrangement, voids can hardly be caught during
contact-bonding. Further, the necessity of providing a resin
(optionally filler) or the like at the electrode connecting
portion can be eliminated. Thus, conduction at the connecting
portion can be further assured.

Embodiments of the process for the production of a
semiconductor device wherein a plurality of connecting
electrode portions are provided within a spatial portion
surrounded by the foregoing periphery are shown in Figs. 25 and
26.

Fig. 25 illustrates a process for the production of a
semiconductor device in the same manner as described in
connection with Figs. 23 and 24. Fig. 26 illustrates a
preferred embodiment of the production process of Fig. 25.

In other words, in Fig. 26, holes T are made in the
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be used. As previously nentioned, the sem conductor device according to the
third aspect of the present invention has a face-down structure conpri sing
a sem conductor elenent nounted on a printed circuit board with a plurality
of connecting electrode portions provided interposed therebetween, the gap
between the printed circuit board and the sem conductor el enent being
sealed with an underf ill resin |ayer. An exanple of such a sem conduct or
device will be described hereinafter, but the present invention is not
limted theiddfi s 288YA ishekit]. corespaidinly sBeetconnketinderdiddtitderi al
10 is placed on a printed circuit board 1 having a plurality of spherical
connect i ngpatteidnod pacvicies] Fiphdwn deslitdlideeporvioh swercaonded tbhyngehe

el ectrode portions 2 provided interposed therebetween. Subsequently, as
shown i n Meriplery ckbr @htalidly afemonne ting rel etirods ipartlons rbde
portions 2' provided thereon is placed on the sheet-like underf il

material 10 in a Frafared eadp enitgn ofThhe| fArFLt EOj Ehird AsRee ks Ahder
pressure tq effect the electrical connection between the connecting

el ect r ode Y tRXRREDL apPLifptipn Wﬁr]d]erh%giﬁcﬁlf@%m%ﬁelma@:e%derf i

material 10. the electric ¢onnecti on and bon t he i nt ed
ciroui board 1 | Miess géﬁfeaﬁ&&cewﬁoewﬁe §' 020 SLeetrtfenty Hes Dralle
t he sheet -, e underfi mat er i

d d h h
e oy ean riie [ESEE lwherdmh *hoRl ot e Rl ABGHEE BEr YRl hagind

printed circuit board which is liable to warpage.

In some detail, in orderlto produce a semiconductor
device according to the.present invention, a printed circuit
board 1 having connecting electrode portions 2 provided ﬁhereon
and a semiconductor element 3 having connecting electrode
portions 2 provided thereon are properly positioned relative to
each other in such an arrangement that the two electrode
portions are allowed to come in contact with each other (see
Fig. 27). The upper plate and the lower plate of a heat press
aré then allowed to approach each gradually. As shown in Fig.
28, the two electrode portions 2, 2 then come in contact with
each other (the distance between the semiconductor element 3
and the printed circuit board at this point is defined as
"total connection height N" herein).

In the present invention, it is preferred that the
thickness of the underfill resin sheet 10 for use in the
production of a semiconductor device be from 50 to 95% of the
"total connection height N".

This is because the use of an underfill resin sheet
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i ke underfill material 10 is nounted. In general, it is preferably
predeterm ned al nost the sane as the size (area) of the sem conductor

element 3. The thickness of the sheet-like underfill material 10 is not
specifically linited. In practice, however, the thickness of the

sheet-1ike underfill material 10 may be properly predetermined so as to
fill the gap between the sem conductor elenment 3 and the printed circuit

board 1 and not to prevent the electrical connection between the connecting
el ectrode havingna Zheiyht | ofgefivemal 50 i toi V5% edft €hel nastdd 6ohABEEioh
from10 to 200 [err]m In the foregoing process for the production of a
sem conduchetghevNcereveataethenprintpdrainreitt boardhliablehtet warkage
underfill material 10 is heated and nelted may be properly predeterm ned
taki ng i nt STSRcOAHPINME RExMmaldy; shepaeser afhetden eentaetorofkl @h@lnttWOagd
the printed ciycuit board 1, the neltin oi nt of the connecting el ectrode
port!oons Z?IECJ,ér?ﬂ% AR 5Bfintt%d%¥%§ﬁ%igfan@@ oftWohee ﬁ‘éblffr’]q_iﬁkg
underfill material 10, and other,factors. ating c be acconpli she y
means of 'aﬁofﬁ+?’é? F° r%ﬁ?‘ﬁﬂv +ﬁr%’a§e,£§0trﬁ§?ﬁgb‘éﬂ, gﬂe‘gﬂ? ng"’E‘F%'fé‘?ne‘PﬁaThe
acki ng of e || terd thus .nolten into the gap.between the
gem’ cogduc?%g é#gﬂrr%r;]{'ﬁé gg ?%Igg%ﬁ;l F\‘?‘é‘éo f c&%‘%’bﬁ?% . 1§hpr%‘F'.fe§ alfy @
ef fected qégggaﬁéfééyrgifs%§§€tioned above. The pressing conditions may

be properly pre m ned he material and nunber of the connecting - 97
- After going through the state shown in Fig. 28, the

laminate is further subjected to pressure by the heat press so -
that the electrode portions 2, 2 are flattened (normally to a

height of from 60 to 95% of the initial height before

pressing). Further, when the underfill resin sheet is melted

and hardened (e.g., at 180°C), the semiconductor element and

the printed circuit board are bonded to each other with the

flattened electrode portions 2, 2 provided interposed

therebetween (production of bonded material).

The electrode portions 2, 2 are normally formed by a
hot-flowing material such as solder.

In order to melt the solder forming the electrode
portions, the bonded material thus prdduced is normally*heated
to a temperature of about 215°C to produce a semiconductor
device according to the present invention. The step of melting
the material forming the electrode portions, e.g., solder after
the hardening of the underfill resin sheef is normally effected
in the first to third aspects of the present application,

though not described hereinabove.
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el ectrode portions 2, 2', tenperature, etc. In sone detail, the pressure is
predeterm ned to a range of from0.02 to 0.5 kg, preferably fromO0.04 to
0.2 kg per connecting el ectrode portion. The connecting el ectrode portions-
2 and/or 2" are preferably pressed and flattened. In the sem conductor

devi ce thus produced, the size of the sem conductor elenent 3 is normally
predetermined to a width of from2 to 20 nm a length of from2 to 30 mm
and a thickness of from0.1 to 2.0 mm The size of the printed circuit
board 1 havi ng a Befienyisiar tai the @ealdindaiddntherupderhil herasin shegict or
element 3 is nounted, is nornaljx predetermned to a width of from5 to 120
mm pr ef ed@siordimgnteo the poegantainventhons thefeliqyvipn RRACHHCS Saab| v
from10 to 7Q mm and a thickness of fromO0.05 to 3.0 nm The gap between
the seni c@RRISE 3 SMOSFe®aS$Sand the printed circuit board 1 into which the

derf ill in th | t ' ked | | 1y, f 5.t 00 . As
previ ousl y ment | orBiOtARE HRAGRF LFI 57 bt ORRCLLnd ARaH SR BRI R ¢
th heet - I.i k derf il i al d LDl t L | h d
gg[ylg R e Sﬁ%ﬂ%f?—é?%:f %ﬁ&ﬁ#’??ﬁl tod%t
err | . . : \ :
(2) The e agitlrl(évﬂrm u Etglell%%%g%s:gg%cg{}%r é’?[ ?rarﬁ% é%ﬁs_(# (ragﬂr% gg%qtl%??, ggg‘ %Iéz\f I n
addi tion tegithg RIS YIHIRA L RRAE PG leven free from flux.

The reason for this phenomenon is unknown. However,

this phenomenon is probably attributed to the fact that the
solder as connecting electrode portion is mostly covered with
é hardened resin to screen itself from oxygen at the point when
the bonded material is obtained and the fact that when the
electrode portion is flattened under pressure, cracking occurs
on the surface of the solder, causing the fresh surface of the
solder (unoxidized surface) to be exposed. It is also thought
that if an underfill resin sheet containing an extremely slight
amount of chlorine and/or organic acid components, such as
sheet made of an epoxy resin composition, is used, these
chlorine and/or organic acid components exert an effect of
removing oxide layer from the surface of the solder electrode
portion. Subsequently, the bonded material is heated to a
temperature of about 215°C under these circumstances. As a
result, the two electrode portions are melted.

Embodiments of the first aspect of the present
invention will be described hefeinaftér.

Prior to the examples, the following various components
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property, the foregoing underfill resin layer 4 preferably - 98 -

exhi bits a percent water absorption of not nore than 1.5% nore preferabl
not nore than 1.2% Further, the underfill resin layer 5 preferably has an
ionical inpurity content (e.g., Na[err], Klerr], NHerr], dferr],

SJerr]) of not nore than 50 ppm For the measurenent of percent water
absorption, the hardened nmaterial was allowed to stand at a tenperature of
85[err]C and a relative humdity of 85%for 168 hours. The neasurenent of
per cent watee pbepapédon was carried out by nmeans of a trace water content
meter AQ 5, available from H ranuma Sangyo K K. ). For the neasurenent of

i oni ¢ i npliEpoxycoeséntaljhe hardened material was crushed, and then
extracted with 121Jerr] C pure water for 24 hours. The neasurenent of ionic
inpurity content The E@RPoaYedresinbpli okf chr dRhRN¥EDhYYPRAS SRAKY 0B9EdDs in
t he foregoing description and Exanples 58 to 67 descrjbed later, the third
aspect of hawang: &hent sepprtesal oforaudas FRREARARYSH BEvithe cERHIPYLIAG an
underfill resin_layer forped in the gap between a printed circuit board and
a senicdngﬁﬁ?ﬁ?le?éﬁﬁﬂ acgghécted to each other with a plurality of
connecting electrode portions provided interposed therebetween,

characterized ig that ﬁged underfilgg,resin gayer exhibits an elastic
nmodul us in ten n fallfi i thi e abo%z defined range as hardened
physi cal propggi-buc@il,~0 j 0eCHRCH-Che stress devEdoped at the

Ha Ha
Epoxy equivalent: 195 g/eq; melting point: 107°C

[Epoxy resin a2]

The epoxy resin a2 is a cresol novolac type epoxy resin
(epoxy equivalent: 195 g/eq; mélting point: 60 to 90°C).
[Hardener b] |

The hardener b is a phenol novolac resin (hydroxyl
group equivalent: 105 g/eq; softening point: 60°C].
[Inorganic fillers cl to c5]

The inorganic fillers cl to ¢5 are spherical silica

powders set forth in Table 1.
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printed circuit board,

t he sem conductor el enent and the connecting

el ectrode portions can be relaxed, nmaking it possible to obtain a

sen conduct or
parti cul ar,

el ectrica

circuit board under thernual

formng t
physi cal
type epox
specific
underfill
resul ting
stress te
As the ma
used a sh
property
f or egoi ng
provi de a
devi ce.

Fapder ty (2),

devi ce exce

[lent in

_ 99 _
t he sem conductor device thus obtained exhibits a stabilized

connection reliability.

In

| connection between the seniconductor elenent and the printed

he underfill res

in |ayer

cycle condition.

The use of,

as the materi al
havi ng the foregoi ng specific hardened
an epoxy resin conposition conprising a biphenyl

henolic resin i

ferial form ng
et -1 i ke nefleri
Z), particularl
epoxy resF@ co

remar kabl e enh
c3

c4

c5

resin | ayer ha

.'}E%Pé’ieat Gk

6418 vahpawdeapdr phase sol der

he underf il

| havidg the fq(
y a sheet-1ike
ositi®n, becayse it Hhn easi
ncenen% of proq

15

ng (VPS) after |noisture absorp
nesin | ayer therle nmay be prefer
regoi nB speci fijc haSdbexd phys
underfill materfial nmade of the
f i fphere gap

uction efficiency
30

Sphere
18 Crushed
98 Sphere

on,
i on.
bly
cal

[ O

of sem conduct or

[Catalyst dl1]

The catalyst dl is triphenyl phosphine.

[Catalyst d2]

The catalyst d2 is a 1/1 mixture (molar ratio)

[Agent for réducing stress]

of

tetraphenyl phosphate and tetraphenyl borate.

The agent for reducing stress is an acrylonitrile-

butadiene rubber.

[Flame retardant

]

The flame retardant is a bromated epoxy phenol novolac.

[Flame retarding

aid]

The flame retarding aid is diantimony trioxide.

tWax]

The wax is a polyethylene wax.

[Coupling agent]

The

coupling agent

is y-glycidoxypropyltrimethoxy
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In the first to third aspects of the present application, the |lanellar
solid resin (underfill resin sheet) is preferably cut into a size that can
be put in a spatial portion K surrounded by the periphery of the plurality
of connecting el ectrode portions 2 formed on the surface of the - 100 -

sem conductor elenment 3 [or printed circuit board] as shown in Figs. 23 and
24 before use. Shown at 10 in these drawings is an underfill resin sheet.
In Figs. 23 and 24, the connecting el ectrode portions 2, i.e., joint balls
are shownsbbayeat their periphery. The production of the sem conductor
device of the present invention in this arrangenent makes it possible to
cont act-bond the sem conductor cEXMERBES oltheldrinted circuit board wi thout
any resin (resin conposition) constituting the underfill resin sheet,

provi ded on the sThe acEOBRIPHAT| oVALiBYF| s COMRONRNESay MaFFemdMtXedoi #8 can

hardly b ht . duri tact-bondi.ng. Furth th | t f
pr ovi ti ngPEOPSEFHORBPEbNAPE D (i dISPLHS (HieAMkd - ar Hifs TARETRRcthus
ti ti b i m d_T , [ h '
Connect | PRIl e B LALOBkERin [BYTe CRRFLEE | CBoBieb) pTERSA™
duct i : i : . . i :
Gl cct rodeb FRPeTERETST o THER, i BTHbER: 1 R 0, AgPiled, shect- 133 6p0 R
resin compositions were prepared.

Table 2 (unit: parts by weight)
Example Nos.
1 2 3 4 5 6 7
Epoxy resin al 19 19 19 - 19 19 19
a2 - - - 19 - - -
Hardener b 11 11 11 11 11 11 11
Silica powder cl 89 - - 89 - 480 -
c2 - 89 - - - - -
c3 - - 89 - - - -
cd . - - - - 89 - -
c5 - - - - - - 89
Catalyst dl 1 1 1 1 1 1 1
d2 - - - - - - -
Agent for reducing 20 20 20 20 20 20 20
stress _
Flame retardant
Flame retarding aid
Wax
Coupling agent
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surrounded by the foregoing periphery are shown in Figs. 25 and 26. Fig. 25
Illustrates a process for the production of a sem conductor device in the

same nmanner as described in connection with Figs. 23 and 24. Fig. 26
illustrates a preferred enbodi ment of the production process of Fig. 25. In
other words, in Fig. 26, holes T are made in the - 101 - underfill resin

sheet corresponding to connecting el ectrode portions 2' provided within a
m ddl e portion surrounded by the periphery of a plurality of connecting -
el ectrodeTpbilei 83ns 2. Preferred enbodi nents of{unht:fpaststbytweightypects
of the present application will be described hereinafter. These preferred
enbodi nengs are particularly desifrable in theg%%%ﬁﬁﬁp%k% a sem conductfor

devi ce is| produced using a printgd C%rCUIt bo I'ch4's Iﬁ@ble H%
war page R—S-oe— rlnf al |1 1'—P r\vdnv tanradunlfo A Saona o~

T ACT L4 ]\Jlfwu‘.l‘b u [>Avann] \JU’I’IUU\JL UI uuwu \J\/

accor di ng| Epokirerpsenaent alnventi gn, a-printed cireuit beard 18havi ng
connectinb el ectrode portions 2 grovided thereon and a sem conduct or
el ement 3 having connect&Bg el ectfr oddd portlHns 21%r ovi ¥2d thefeon We
properly p”g_&loned relative to dach fther n sugh an f{rangg Lnat t he
two el ectfod h—ot (see
Fig. 27).| Sheivappowieateland the | oxer plage of2@ heatQ pr esgg ar e smeH
al | oned tb approach each gradual lly. As shown in Fig.

c2 - - - - -

c3 - - - - - -
c4 - - - - - -

c5 - - - - - -

Catalyst dl 1 1 1 1 - -

d2 - - - - 2 2

Agent for reducing 20 30 30 40 20 20
stress

Flame retardant

Flame retarding aid

Wax

Coupling agent

The sheet-like epoxy resin compositions (underfill
resin sheets) of the various examples thus obtained were then
processed according to the first embodiment of the process for
the production of a semiconductor device to produce a
semiconductor device. In some detail, as shown in Fig. 2, the
various underfill resin sheets 10 were each placed on a board

1 having spherical joint balls 2 provided thereon with the
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28, the two el ectrode portions 2, 2 then conme in contact with each ot her
(the distance between the sem conductor elenment 3 and the printed circuit
board at this point is defined as "total connection height N' herein). In
the present invention, it is preferred that the thickness of the underfil
resin sheet 10 for use in the production of a sem conductor device be from
50 to 95% of the "total connection height N'. This is because the use of an
underfill resin sheet - 102 - having a height of from50 to 95% of the
t ot al conpethtdpahks ghtprdvypdad interpeosed thetebetween .bosukdségqabhtlyp

war page from warpi ng normally because of the contact of the two el ectrode
portions aadshhwnpissfige By twhsemisondusthogtehi@ t3 oms spladednonntheg.
28, resulting in the formation of a gap H having an_al nost uniform

t hi cknessuRfeERihtt yeging sheatagdlsor Bhereafiter ar the goidarfiklbughsine
state shown in Fig. 28, the |lamnate _is further subjected to pressure_by
the heat BRECt 40 1R hertedcapfodelfed i#hsao hep fq%ﬂﬁ%ﬁaiPR%o?ﬁally

Fur ther . SRRAC RB98haB: £PRA Peon DBn b6l B AN B i dEPED (RS od2Pa
ponded 1 oP8eHSR; Fe”BRAE X, Fi§IFER FRFRTAREREESae S dag RS 8A°
provided i phetRQSEdsin thus molten. The resin was then heat-cured at
| a temperature of 200°C for 20 minutes to prepare a
semiconductor device having the gap filled with an underfill
resin layer 4 as shown in Fig. 1. The semiconductor device
thus obtained was then checked for initial conduction. The

semiconductor device was then subjected to pressure cooker test

[PCT test (allowed to stand at 121°C and 100%RH under 2 atm for

200 hours)]. The semiconductor device was then checked for
conduction. The percentage of occurrence of defectives
(percent defective) was then calculated. Along with the

percent defedtive, symbol X '(defectives occur) or O (no
defectives occur) is inen. The results are set forth in
Tables 4 and 5. |
The semiconductor chip used in the present examples had
a thickness of 0.6 mm and a i3.5 mm-sgquare area. The
connecting electrode portions formed on the.chip were each
formed by a sphérical solder having a height of 90 pm and a
diameter of 150 um. The prinﬁed.circuit board used in the
present examples had a thickness of 1.0 mm and a 21 mm-square

area. The connecting electrode portions formed on the printed
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t her ebet ween (production of bonded material). The el ectrode portions 2, 2
are normally fornmed by a hot-flowi ng material such as solder. In order to
nmelt the solder formng the el ectrode portions, the bonded material thus
produced is normally heated to a tenperature of about 215[err]C to produce
a sem conductor device according to the present invention. The step of
nmelting the material formng the el ectrode portions, e.g., solder after the

hardening of the underfill resin sheet is normally effected in the first to
third aspetircwit theand oranre egph | feumerh by owrphewicale ssalidex] havigihi@bove.
- 103 - Referring to the sealing with the underf ill resin sheet

accor di ng hesighe @ eXbrim jandm ibkamatRr foff 1A it practice can apply in

nost cases. In other words, if as the connecting el ectrode portion there is
used sol dék@P%® 4 s usual that the chip el ectrode portion and the board

el ectr ode pnrf_i Qn 4Jand porfir ,l can he tairly nelt-bhonded to each other
even freeffromflux. The reasqn for this phepgarpes wssunknown. Howevef,
t hi s phengnenon i s probably atjtrijbuted to ghe-fact that tlge sohder gs
connecti ng erectrode portlom 1jS nNosStiy covered W tThn a nardened restmt
screen it $&ergadm V& tlhe point when the bonded naterial is obtgined
and the f &PwﬂgﬁdWﬂﬁﬁ?Qhe el dctrode portion is flattened under pressufe

cracking ¢
Initial o o o o o o o o
(0) (0) (0) (0) (0) (0) (0) (0)
200 hr after o] o] 0 o] o (o] o) o]
PCT test :
(0) (0) (0) (0) (0) (0) (0) (9)

*: The figure in parenthesis indicates % defective.

Table 5
Example Nos.
9 © 10 11 12 13
Percent defective
on conduction
test*
Initial Y o 0 o] 0 o
(0) (0) (0) (0) (0)
200 hr after e} (o] o (o] o
PCT test
(0) (0) (0) (0) (0)

*: The figure in parenthesis indicates % defective.
As can be seen in the results set forth in Tables 4 and
5, no defectives occurred in the check for initial conduction

and the check for conduction 200 hours after PCT test. This
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on the surface of the solder, causing the fresh surface of the sol der
(unoxi di zed surface) to be exposed. It is also thought that if an underfil
resin sheet containing an extrenely slight anount of chlorine and/or

organi ¢ aci d conponents,

IS used,
r enovi ng

such as sheet nade of an epoxy resin conposition,

t hese chlorine and/or organic acid conponents exert an effect of

oxi de layer fromthe surface of the solder el ectrode portion.

Subsequently, the bonded material is heated to a tenperature of about
215[ err ] C demiensthates cithatmstahbesthe Apresent| texanpleso cIRRrisrie an

portions

are nelted. Enbodinents of the first aspect of the present

i nventi on ydierbibllcresinelayry cformed rin phergap kelevesnipheooqard and

foll owi ng various, conmponents - 1

were prepared. [Epo esin al

04 -
epoxy resithe SeRiGORIREEPY | ChiBe epbxisr &7 RQM%%?%I%?Q&?%&%LH%H R
db h | | | f | 4): E i val ent:
Ferd boobr o e 2K (hatidPe AU 2ed L choxy rasin oo i s a

cresol novol ac tyig, 0t S SRSl 8 e SR RUE 0513 e M

- represent
195 g/ eq;

60 to 90[

err]C).
each processed according to the second aspect of the process

for the production of a semiconductor device to produce a
semiconductor device. In some detail, as shown in Fig. 2, the
various underfill resin sheet 10 were each placed on a board 1
having joint balls 2 provided thereon with the joint balls 2
provided interposed therebetween. Subsequently, the underfill
resin sheet 10 was heated and melted at a femperature of 180°C
to form an underfill resin layer 13 on the surface of the board
1 in such an arrangement that the top of the joint balls 2 were
exposed as shown in Fig. 2. Subsequently, as shown in Fig. 7,
a semiconductor chip 3 was mounted on the board 1 in such an
arrangement that the electrode portions of the semiconductor
chip 3 came in contact with the joint ballé 2 the top of which
had been exposed to the exterior of the underfill resin layer
13. Subsequently, the entire laminate was heated (to 180°C) to
melt the underfill resin layer 13 provided on the surface of
the board 1. Under these conditions, the laminate was pressed
so that the semiconductor chip 3 and the board 1 were connected
to each other (condition: heat-cured at 200°C for 20 minutes)
‘to prepare a semiconductor device having the gap filled with an

underfill resin layer 4 as shown in Fig. 4. The semiconductor
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The hardener b is a phenol novolac resin (hydroxyl group equivalent: 105

g/ eq; softening point: 60[err]C]. [Inorganic fillers cl to c5] The
inorganic fillers cl to c5 are spherical silica powders set forth in Table
1. - 105 - Table 1 Average grain Maxi mum grain Shape di aneter
([err]m diameter ([err]nm) Silica powder cl 3 18
Sphere c2 6 . 18 Sphere c3 6

30 Sphere c4 3 18 Crushed c5

15 device s obtained Spaer thg¢fiathbgkedd fprThmiddiadl ywsindiiction

tri phenyl phosphine. [Catal yst d2] The catalyst d2 is a 1/1 m xture (nol ar
rati o) of anst capdaetiophdfphhoeranf tstandsingditear RCE. tpagein the samtuci ng
stress] The agent for reducing stress is an acrylonitrile- butadiene
rubber. [ MaReY éSalgakipnedcabovne AR/ & gaRults BO HkRAvesCeryrach

novol ac. :
in the check for initial conduction and conduction 200 hours

- afte: PCT test as in the foregoing evaluation results. This
demonstrates that all the present examples comprise an
underfill resin layer formed in the gap between the board 1 and
the semiconductor chip 3. It is thus obvious that the gap has
been fairly filled with the underfill resin.

The epoxy resin compositions of Examples 1 to 13 were
each processéd according to the third aspect of the process for
the production of a semiconductor device to produce a
semiconductor device. 1In some detail, as shown in Fig. 16, a
semiconductor chip 3 having each of the.various underfill resin
sheets 14 provided on one side thereof was prepared.
Subsequently, the semiconductor chip 3 was placed on a board 1
having a plurality of joint balls 2 provided thereon in such an
arrangement that the underfill resin sheet 14 came in confact
with the joint balls 2. Subéequently, the entire laminate was
heated (to 180°C) to melt the underfill resin sheet 14. Under
these conditions, the .laminate was pressed so that the
semiconductor chip 3 and the board 1 were connected to each
other (condition: heat-cured at 200°C for 20 minutes) to
prepare a semiconductor device having the gap filled with an
underfill resin layer 4 as shown in Fig. 1. The semiconductor

device thus obtained was then checked for initial conduction
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(Flame retarding aid] The flanme retarding aid is diantinony trioxide. [Wx]
The wax is a polyethylene wax. [Coupling agent] The coupling agent is
[err]-glycidoxypropyltrinethoxy - 106 - silane. EXAMPLES 1 - 13 The
foregoi ng various conponents were mxed in proportions set forth in Tables
2 and 3. The m xtures thus obtained were each wi thdrawn by a pallet,

cool ed, and then press-rolled into a sheet. Thus, desired sheet-Ilike
epoxy resin conpositions were prepared. Table 2

(unit: pamrmsl bpndeicglion ERAnhberdlost standihg afier PET teSt inghe samEpoxy

resin al 19 19 19 - 19 19 19 a2
- 19 manner as mentiprnedeabpve. As a result, 1q defiegctives oqurregu
11 11 Silica powder cl 89 89 480 - c2

- 89 in the check for 1n1t1@g conduction. and condggtlon 200 hours

c4 89
. afteqﬂfCT test as in the foreg01ng evaiuatlon results. This

. demonstrates that all the present examples comprise an
underfill resin layer formed in the gap between the board 1 and
the semiconductor chip 3. It is thus obvious that the gap has
been fairly filled with the underfill resin.

[Preparation of underfill resin sheet]

The various components set forth in Table 6 below were
mixed in proportions set forth in Table 6. The mixture was
withdrawn by a pallet, cooled, and then press-rolled into sheet

to prepare a desired sheet-like epoxy resin composition

(underfill resin sheet).
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Cat al yst dl . 1 1 1 1 1 1 1 d2 -
- - - - - - Agent for reducing 20 20 20 20 20
20 20 stress Fl ane retardant 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Flame retarding aid 5,0 5.0 5.0 5.0 5.0 50 5.0 Wax
0.5 0.5 0.5 0.5 0.5 0.5 0.5 Coupling agent 0.3 0.3 0.3
0.3 0.3 0.3 0.3 - 107 - Table 3 (unit:
parts by weight) Exanple Nos. 8 9 . 10 11 12 13 Epoxy resin
al Table 6 - - - 18 (unita2parts by wédght)19.
19 19 - 18 Hardener b 11 11 11 11
11 11 BTTea powder o [ 230 00y B8in oneBe 0 P °2
A B C D B F G
- c4 - - - - - - ¢c5 - -
- - ——€at-alys ~cH t t 4+ 1
- - fBpoxy resin -al - 19 -- 19 12 19 Agexft forl%educi ng
20 30 30 40 20 20 stress Fl ane retardant 2.p
2.5 2.5 2.5 2.5 a25 - 19 - - - - -
Hardener b 11 11 11 11 11 11 11
Silica powder cl 89 89 89 89 89 89 89
Catalyst dl 1.0 1.0 1.0 1.0 1.0 1.0 1.0
d2 - - - - - - -
Agent for 20 30 30 40 20 40 20
reducing stress :
Flame retardant
Flame retarding
aid
Wax 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Coupling agent 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Melt viscosity 1800 2000 800 3300 4000 3300 1600
(poise)
Retention time 10 10 15 10 10 10 10
after heated
(sec.)
Pressing time 15 15 15 10 10 6 15
(sec.) _
Viscosity at end 6000 .8500 5600 7000 15000 4000 5000
of pressing
(poise)
Gelling time 30 28 40 23 19 23 32
(sec.)
% Gelling time 17 11 25 13 0 30 22
retention
% DSC residual 70 69 70 67 63 72 70
heat of reaction
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Fl ame retarding aid 5,0 5.0 50 50 50 5.0 Wx

0.5 0.5 0.5 0.5 0.5 0.5 Coupling agent 0.3 0.3

0.3 0.3 0.3 0.3 The sheet-|ike epoxy resin conpositions (underfil
resin sheets) of the various exanples thus obtained were then processed
according to the first enbodi ment of the process for the production of a
sem conduct or device to produce a sem conductor device. In sone detail, as
shown in Fig. 2, the various underfill resin sheets 10 were each placed on
a board 1 having spherical joi ntEXSMPEE® bt ovi2ed thereon with the - 108 -
joint balls 2 provided interposed therebetween. Subsequently, as shown in
Fig. 3, a senicon&het ﬁh%ﬁtpfl?.k%@ﬂﬂxéfceaeﬁhnt heonprritions r daingdegfddd 10.
Thereafter, the underfill resin sheet 10 was heated and nelted at a_heating
t enper at ur@sSd BAGRES)] efuitder variong SxaprdeskFhws ghdiadneshmere, theg t he

bet the b d 1 dt i duct hi 3 filled with th
O e e toeeesd pictring' Da. SRR EORE Sllp et S nd mrieale For™®
200 C i t. t i . i havi th
ZoPT e i BB MLER | 0P P2 LR RRMERARNCHAIARY! §8 NREACLNC 297

sem condugkgl RMER ot UBvIBLE e eRetHe0n ple ke el 1 . oLndgtion

The seni condluctor device was then subjecte ressure cooker’tedt CT

test (allQueddud HndRdrali1l2bis8h khedtd 3@0%@%& RAeh $13c¥d On a0 S) -
The seni conductor device was then checked for _ _
1 having spherical joint balls 2 provided thereon with the
joint balls 2 provided interposed therebetween. 'Subsequently,
as shown in Fig. 3, a semiconductor chip 3 was placed on the
underfill resin sheét 10. Subsequently, the entire laminate
was heated (at 180°C under a load of 0.08 kgf per joint ball)
where it was then allowed to stand under pressure (melt
viscosity, pressing time, viscosity at the end of pressing,
gelling time, percent retention of gelling time and DSC
residual heat of reaction are set forth in Table 6) for a
predetermined period of time (standing time after heated is set
fdrth in Table 6). 1In this manner, the semiconductor chip 3
and the board 1 were connected to each other (conditions: heat-
cured at 200°C for 20 minutes) to prepare a semiconductor
device having the gap between the semiconductor chip 3 and the
board 1 filled with an underfill resin layer 4 as shown in
Fig. 1.
EXAMPLES 21 - 27
- The sheet-like epoxy resin compositions (underfill

resin sheets) of the various examples thus obtained were then
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conduct i on. The percentage of occurrence of defectives (percent
defective) was then cal cul at ed. Along with the percent defective, synbol
X (defectives occur) or O (no defectives occur) is given. The results are
set forth in Tables 4 and 5. The sem conductor chip used in the present
exanpl es had a thickness of 0.6 nmand a 13.5 nmsquare area. The
connecting electrode portions forned on the chip were each forned by a
spherical solder having a height of 90 [err]mand a dianeter of 150 [err]m
The pri nt eprecessed daecoxiineda theheepond eenbedimen e ohibeaproreikactsr of
1.0 mmand a 21 nmsquare area. The connecting el ectrode portions fornmed on
the printeghe 1pooductienrceft @oapemiverdegtdrf odeBicey BO spPEPHEe® sd| der

having a height of 30 [err]mand a dianeter of 120 [err]m Table 4 Exanple
Nos. 1 2 semicondugtoy devire. In somg mateddi @&t ELOHWPelBnFinddct tM
test* Initial

(0) (0) Y@;io?ﬁ)ungggfébboﬁ?s%gtgpegts 68 weﬁg ea@g pl@geéo%n §Q%oa£8%

0 PCT te-Stl having sphericai-joint balls 2 provided thereon with the
joint balls 2 provided interposed therebetween. Subsequently,
the underfill resin sheet 10 was heated and melted at a
temperature of 180°C to form an underfill resin layer 13 on the
surface of the board 1 in such an arrangement that the top of
the joint balls 2 were exposed as shown in Fig. 6.
Subsequently, as shown in Fig. 7, a semiconductor chip 3 was
mounted on the board 1 in such an arrangement that the
electrode portions of the semiconductor chip 3 came in contact
with the joint balls 2 the top of which were exposed to the
exterior of the underfill resin layer 13. Subsequently, the
entire laminate was heated (at 180°C under a load of 0.08 kgf
per joint ball) where it was then allowed to stand under
pressure (melt viscosity, preséing time, viscosity at the end
of pressing, gelling time, percent retention of gelling time
and DSC residual heat of reaction are set forth in Table 6) for
a predetermined period of time (standing time after heated is
set forth in Table 6). In this manner, the semiconductor chip
3 and the board 1 were connected to each other (conditions:
heat-cured at 200°C for 20 minutes) to prepare a semibonductor

device having the gap between the semiconductor chip 3 and the

board 1 filled with an underfill resin layer 4 as shown in
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(0)  (0)
i ndi cat es
13 Percen
0 0
0

figure in
set forth
initial ¢
This - 11
underfill
sem condu
with the
wer e each
producti o

(0) (0) (0) (0) (0) (0) *: The figure in parenthesis

% defective. Table 5 Exanple Nos. 9 - 10 11 12
t defective on conduction test* Initial 0. 0
0 (0) (0) (0) (0) (0) 200 hr after 0
0 0 0 PCT test (0) (0) (0) (0) (0) The
parenthesis indicates % defective. As can be seen in the results

in Tables 4 and 5, no defectives occurred in the check for

dhductli.on and the check for conduction 200 hours after PCT test.

0 - denonstrates that all the gresent exanpl es conprise an
resin |ayer fornmed i n EXAMBBBS he8weeddt he board and the
ctor chi

i s thus obvious that the gap has been faifrly fllled

“under fi | &heesﬁheetmélbgoﬁm!@s. ﬁeéénpo%wvmtb?ntxdmd&r filly 1

rocesged %3?183];&‘53‘% %g\}_tlgglsts%condd%%ee tsofobtalnperdo%’eesrséfq{ tlhe

. processed according to the third embodiment of the process for

the production of a semiconductor . device to produce a
semiconductor device. In some detail, as shown in Fig. 16, a
semiconductor chip 3 having the underfill resin sheet 14
laminated on one side thereof was prepared. Subsequently,

the semiconductor 3 was placed on a board 1 having a plurality
of joint balls 2 provided thereon in such an arrangement that
the underfill resin éheet 14 lamin&ted on the semiconductor
chip 3 came in contact with the joint balls 2. Subsequently,
the entire laminate was heated (at 180°C under a load of 0.08
kgf per joint ball) where it was then allowed to stand under
pressure (melt viscosity, pressing time, viscosity at the end
of pressing, gelling time, percent retention of gelling time
and DSC residual heat of reaction are set forth in Table 6) for
a predetermined period-of time (standing time after heated is
set forth in Table 6). 1In this manner, the semiconductor chip
3 and the board 1 were connected to each other (conditions:
heat-cured at 200°C for 20 minutes) to prepare a semiconductor
device having the.gap bgtween the semiconductor chip 3 and the
board 1 fille@ with an underfill resin layer 4 as shown in

Fig. 1.
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sem conductor device. In sonme detail, as shown in Fig. 2, the various
underfill resin sheet 10 were each placed on a board 1 having joint balls 2
provi ded thereon with the joint ball's 2 provided interposed therebetween.
Subsequently, the underfill resin sheet 10 was heated and nelted at a
tenperature of 180[err]C to forman underf ill resin layer 13 on the
surface of the board 1 in such an arrangenent that the top of the joint
balls 2 were exposed as shown in Fig. 2. Subsequently, as shown in Fig. 7,
a sem con@ddiscesdltyl] 3 was nounted on the board 1 in such an arrangenent
that the el ectrode portions of the sem conductor chip 3 canme in contact
with the joint balhe visgesity waswneed Kaembéhe ¥ipeosdtyocumweegidenor of
the underfill resin |ayer 13. Subsequently, the entire | am nate was heated
(to 180[ eP¥] &) fl8"n&PELEe underfill resin |ayer 13 provided on the surface
of the board 1 nder these c ndighons the | am nate was pressed so that

the sem céREFELHE LREENSIZRGOEnGeHIAPT $iEde connected to each ot her
dition: heat- d_at 200 f o)
S conduct or - deviHe Reteel® Retehr i | SFTHAS) ehfePhER, CRaButotege, 4
as shown EQoﬁiQ 4 olﬁggiﬁgigﬁﬂgggbar )zdevice t hus obt ai ned was t hen
|aF conddcti ot an coﬁéu

checked for I'ni ction 200 hours of standing after

PCT test i(&e?_Eg_ngﬁg?kj_ﬁ%gnej %gﬂﬂ&ﬁn%lﬁ@w&tﬁ apbaEUat . +NOKE]keaL ves

occurred i'n riniti duction and conduction 200 hours~after
PCT test aimb)/gR81i0GCe9maY eval ypjion results. This denonstrates that al

the present exanples Conprise an
[Residual heat of reaction]
The resin sheet was placed on a heating plate. The
-resin sheet was sampled every ageing. The sample was then
measured for residual heat of reaction by DSC.

The semiconductor devices thus obtained according to
the various embodiments were each then checked for initial
conduction and conduction 200 hours of standing after PCT test
in the same manner as mentioned above. As a result, no
defectives occurred in the check for initial conduction and
conduction 200 hours after PCT test as in the foregoing
evaluation results. This demonstrates that all the present
examples comérise an underfill resin layer formed in the gap
between the board 1 and the semiconductor chip 3. It is thus
obvious that the gap has been fairly filled with the underfill
resin.

Further, the various semiconductor devices thus
obtained were each subjected to conduction test under: the

following conditions [before and after moisture-absorption
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underfill resin layer forned in the gap between the board 1 and the

sem conductor chip 3. It is thus obvious that the gap has been fairly
filled with the underfill resin. The epoxy resin conpositions of Exanples 1
to 13 were each processed according to the third aspect of the process for
the production of a semconductor device to produce a sem conductor
device. In sone detail, as shown in Fig. 16, a sem conductor chip 3 having
each of the various underfill resin sheets 14 provided on one side thereof
was preparn@porSulssRicseldering (¥RS pdnduMooeovkirp these Seadswnsinctaspard
1 having a plurality of joint balls 2 provided thereon in such an

arr angeneteviiegs t Hexmderhthl ewvelnpatiedet for caaghesiennt hetvwgenh e

joint balls 2. Subsequently, the entire | am nate was ,heated (to 180[err] C
to nelt tREMHHFAIYqRCn @&W%&nﬁih%w%%r%ﬁdﬁﬂa&é ,“ndtlerFe[':%e

| am nat d . that . t ' duct hip 3 the h d1
wbre connd o R SEnaE RLPho L orhR A5, et &L "L BOCICPEFC R o0

I nut ' duct L¢e. hayi fid ) ed w,t

nder 1111 RS Hip. FeRRTRSCHHTbRY ESELRTIATARERY MO diveit ek nus

obt ai ned V@}%’{s‘{h?}dﬁ?#g £ te‘;c‘?f Uil / MU Wraubtion corﬂﬁq'.io%gfeégum I on

200 hours test in the sane nanner as nentl above.

As a result, no deiachings Aecipiatn FPdedREtJidt FIC/R senluctigy and

conduction 200 hours a est as in the foregoing evaluation results.
This hours + 215°C x 90 seconds

For the conduction test, the resistivity determined
after moisture-absorption VPS was represented relative to the
initial wvalue (resistivity) determined before moisture-
absorption VPS as reference (100). For the evaluation of
adhesion, supersonic flaw detection was effected. In some
detaii, the occurrence of voids in the underfill resin layer
portion and peeling in the vicinity of the joint balls wére
mainly evaluated.

Table 7

[First embodiment]

Example Nos.
14 15 16 17 18 19 20

Underfill resin sheet A B C D E F G
Conduction Initial 100 100 1100 100 100 100 100
test *1

After VPS 100 100 100 100 100 100 100
Evaluation Initial None None None None None None None
of adhesion
*2 After VPS None None None None None None None

*1: The resistivity determined after moisture-absorption VPS

was represented relative to the initial wvalue as 100.
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denonstrates that all the present exanples conprise an underfill resin

| ayer forned in the gap between the board 1 and the sem conductor chip 3.

It is thus obvious that the gap has been fairly filled with the underfil
resin. [Preparation of underfill resin sheet] The various conponents set
forth in Table 6 below were m-xed in proportions set forth in Table 6. The
m xture was withdrawn by a pallet, cooled, and then press-rolled into sheet

to prepare a desired sheet-like epoxy resin conmposition (underfill resin
sheet). %gggUltraqqngq;q;croscope etectlon method was uqqg“qO sre tif by
wei ght) Underf|II resin sheet A C G
Epoxy resigel aqgnatlon:gpcurs at the 1nt§§face oflghe qgmlcoquqﬁpr chip

19 - - Hardener b : 11 11 11

11 #ith fthe boardy | cq powder cl 89 89 89 89 89
89 89 Catalyst dl 1.0 1.0 1.0 1.0 1.0 1.0 1.0 d2

- - - - - Agent for 20 30 30
40 2L 20 reducing stress Fl ane retardant 2.5 2.5 2.5
2.5 5 E} 2.5 Flane retarding 5.0 5.0 5.0 50 50 5.0

2.
5.0 aid rsecond embodiment]

Example Nos.
21 22 23 24 25 26 27

Underfill resin sheet A B C D E F G
Conduction Initial 100 100 100 100 100 100 100
test *1

After VPS 100 100 100 100 100 100 100
BEvaluation Initial None None None None None None None
of adhesion
*2 After VPS None None None None None None None

*1: The resistivity determined after moisture-absorption VPS
was represented relative.to the initial value as 100.

*2: Ultrasonic microscope detection method was used to see if
delamination occurs at the interface of the semiconductor chip

with the board.
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Vax 0.5 0.5 0.5 0.5 0.5 0.5 0.5 Coupling agent

0.3 0.3 0.3 0.3 0.3 0.3 0.3 Melt viscosity 1800 2000 800
3300 4000 3300 1600 (poise) Retention tine 10 10 15 10

10 10 10 after heated (sec.) Pressing tine 15 15 15

10 10 6 15 (sec.) Viscosity at end 6000 8500 5600 7000
15000 4000 5000 of pressing (poise) Celling time 30 28 40

. 23 19 23 32 (sec.) % Celling tine 17 11 25 13
0 30 Tablee?ention % DSC resi dual 70 69 70 67 63
72 70 heat of reaction - 114 - EXAMPLES 14 - 20 The sheet-1i ke epoxy

resin conpbERiFr@r2mPedHeeRt]l | resin sheets) of the various exanples thus
obt ai ned were then processed according to the first enbodinent of the

process fgr the production of a sgm conductor @@ﬁh@getgognoduce a
sem condudt or device. In sonme detdil,o@s spown 3¢ Figy 2,33he 33 36

Underfill resin sheet A B . C D E F G
Conduction Initial 100 100 100 100 100 100 100
test *1 )

: After VPS 100 100 100 100 100 100 100
Evaluation Initial None None None None None None None
of adhesion :

*2 After VPS None None None None None None None

*1: The resistivity determined after moisture-absorption VPS
was represented relative to the initial value as 100.

*2: Ultrasonic microscope detection method was used to see if
delamination occurs at the interface of the semiconductor chip
with the board.

In Tables 7 to 9, the results of conduction test before
and after moisture-absorption VPS show that the products of the
present examples obtained by heating the underfill resin sheet
under pressure for a predetermined period of time in such a

" manner that the melt viscosity was not less than 5,000 poise,
the percent retention of gelling time was not more than 30% or
the residual heat of reaction was not more than 70% of the
initial value so that ﬁhe gap between the printed circuit board
and the semiconductor element was filled with an underfill
resin layer exhibit a high reliability. Further, the results
of evaluation for adhesion before and after moisture-absorption
VPS show that these products had no delamination observed and

no fine voids formed in the underfill resin layer and thus

- 121 -~



‘'various underfill resin sheets 10 were each placed on a board 1 having
spherical joint balls 2 provided thereon with the joint balls 2 provided

i nterposed therebetween. Subsequently, as shown in Fig. 3, a sem conductor
chip 3 was placed on the underfill resin sheet 10. Subsequently, the entire
| ami nate was heated (at 180[err]C under a |load of 0.08 kgf per joint ball)
where it was then allowed to stand under pressure (nelt viscosity, pressing
time, viscosity at the end of pressing, gelling tine, percent retention of
gel | i ng t compaigedse geodduadendid loresdacilpyeraferged . ofhesen regulésse)
for a predeterm ned period of tine (standing tinme after heated s set forth
in Tabl e &how hhahiseiGrRIUCEGR deVCEABA¥LBE 2higrcPllRnt gelighid ityvwer e
- connected ;to each other (conditions: heat- cured at 200[err]C for 20

ni nutes) &8 ﬁP@H&F§1Xl§¥hW@6ﬁdGbFéﬂnﬁ i ce "having the gap between the
sem conduct or chiB 3 a;%ﬁthe oarg 1 filled with an underf LII resin | ayer
4 as shown in Fi gB¥RMPERR\PIHES J4he »§SFRBASHASPSS e‘ﬁ%ox§ PesPresent
conposi tigns.,(underfill. resin sheet. of the various exanpl es thus obtai ned
wer e thehappfé aglon BF&&e§§e8e§§58%%9néef%lpégtggdond enbodi nent of the
process for the p ty 1.GoN t } 4
sem conduct or dev?%gggl %85%0% e%g?ugqe% 'agﬂghg%wiﬁgaqiﬁ{%g%@ ?lnglr}sts
under fill o3l Brepaeks,10 were each placed on a board

[Epoxy resin al]
The epoxy resin al is a biphenyl type epoxy resin
having the structural formula repreéented by the following

general formula (4):

Q HsG CCHh. 0
42-\cn-cnz-o- —(OS-0-cte-Gi-tn, - (4)
i 5.¢ | s

Epoxy equivalent: 195 g/eq; melting point: 107°C
[Epoxy resin'a2]

The epoxy resin a2 is a cresol novolac type epoxy resin
(epoxy equivalent: 195 g/eq; melting point: 60 to 90°C).
[Hardener b])

The hardener b is a phenol novolac resin (hydroxyl
group equivalent: 105 g/eq; softening point: 60°C].
[Inorganic filler é]

The inorganic filler ¢ is a spherical silica powder
(average grain diameter: 3 um; maximum grain diameter: 18 um).
[Catalyst d] |

The catalyst d is a 1/1 mixture (molar ratio) of
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1 having spherical joint balls 2 provided thereon with the joint balls 2
provi ded i nterposed therebetween. Subsequently, the underfill resin sheet
10 was heated and nelted at a tenperature of 180[err]C to form an underfil
resin layer 13 on the surface of the board 1 in such an arrangenent t hat
the top of the joint balls 2 were exposed as shown in Fig. 6. Subsequently, -
as shown in Fig. 7, a sem conductor chip 3 was nounted on the board 1 in
such an arrangenent that the el ectrode portions of the sem conductor chip 3
cane in conetcaphenyl t peosphate bmd st@ttdphempl dboxdteh were exposed to the
exterior of the underfill resin |ayer 13. Subsequently, the entire

| ami nat e wBkgertit tor (vedusDigrsgx®smber a | oad of 0.08 kgf per joint ball)
where it was then allowed to stand under pressure (nelt viscosity, pressing
time, viscosity atTh®eagRBtofiqy e58fnginge Stnass i 48, aPera@pylovttniion of
gelling tinme and DSC resi dual heat of reaction are set forth in Table 6)
for a pred%?%@ﬂ+ﬁ%% f%??%ﬁ'of time (standing tine after heated is set forth
in Table 62 lIn this q?nneg, t he sem conductor chip 3 and the board 1 were
connect ed OB HESE#ET2REbndi ti ons: heat-cured at 200[err]C for 20

e contuct of | chi P ad e BESPRUZAF! | 15 i PROMHGRES | PEPAF coPhRaber 4
as shown ipn - 416 - Fig. 1. EXAMPLES 28 - 34 '
[Flame retarding aid)
The flame retarding aid is diantimony trioxide.
[Wax]
The wax is a polyethylene wax.
[Coupling agent]

The coupling agent is y-glycidoxypropyltrimethoxy
silane.

{Preparation of underfill resin sheets a to £f]

The foregoing various components were mixed in
proportions set forth in Tables 10 and 11. The mixtures thus
obtained were each withdrawn by a pallet, cooled, and then
press-rolled into a sheet. Thus, desired sheet-like epoxy

resin compositions were prepared.
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The sheet-1ike epoxy resin conpositions (underfill resin sheets) of the
various exanpl es thus obtai ned were then processed according to the third
enbodi ment of the process for the production of a sem conductor device to
produce a sem conductor device. In sone detail, as shown in Fig. 16, a

sem conductor chip 3 having the underfill resin sheet 14 | am nated on one
side thereof was prepared. Subsequently, the sem conductor 3 was placed on
a board 1 having a plurality of joint balls 2 provided thereon in such an
arrangene®abd@adOt he underfill resin sheet 14 [upihkatparbs bHeweight)
sem conductor chip 3 cane in contact with the joint balls 2. Subsequen
the entire lam nate was heated (gt 180[ ergl) & UPfe{ PolPRIsREeL: 08 kof
joint bal]) where it was then allfowed,to stgnd un%ler prgssureg(melte

Vi scosi t yp—pfresstrag—ttre—visecostity—at—the—end—of——pressrng—getH+rg—tt

tly,
per

ne,

percent r
forth in
heated is

cEpokiyonesingel &ilng ti
Tabl e 6) for a predeterry
set forth in TaBle 6).

antl9 DSC 12si duat heat9of rk%ctiohdar
pned period of tinme (standing tine af
|n_this manner.19he semi conductor <hif

e set
ter

p 3

and t he bpgr rg connected tq each oth (copgitions: heat-cur at
200[err]C ngdéﬂ&gigu{es}%csJC;arcfgseﬁ?%cndug?er dggkcc g%vingf?hu gap
bet ween thgitgoacpowderoc chip 3janddthe pard 10filledl w thoan unolerf] il

resin laypp TR PO T T 0 TYESTY 10 1.0
Agent for reducing 20 20 20 20 20 20
stress
Flame retardant
Flame retarding aid
Wax .

Coupling agent 0.3
Table 11 (unit: parts by weight)
Underfill resin sheet

g h i j k
Epoxy resin al 19 19 19 19 19
Hardener b 11 11 11 11 11
Silica powder c 0 0 0 0 0
Catalyst d 1.0 1.0 1.0 1.0 1.0
Agent for reducing 20 20 20 20 20
stress
Flame retardant 2.
Flame retarding aid .
Wax
Coupling agent 0.3

EXAMPLES 35 - 40
The sheet-like epoxy resin compositions (underfill
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The viscosity was read fromthe viscosity curve given by a flow tester.
[ Percent retention of gelling time] The percent retention of gelling tine
was cal culated fromthe followi ng equation (1): (Celling tine - standing

time after heated + heating tine)/gelling tine (1) [Residual heat of
reaction] The resin sheet was placed on a heating plate. The resin sheet
was sanpl ed every agei ng. The sanpl e was then neasured for residual heat

of reaction by DSC. The sem conductor devices thus obtained according to
t he vari ousesiinodiheesrtts) venes colotaimed weeekeHehoproeessed aeedueingn tand
conduction 200 hours of standing after PCT test in the same nmanner as
ment i oned &hevfirstasembodingent ofiothef gobicess oimrthe pnodhetibrchkff ar
initial conduction and conduction 200 hours after PCT test as in the

f oregoi ng &FELGANdRstoas dewicerhte prpodnser & eenigandidtamhedeyicent In

exanpl es conprise an underfill resin |ayer formed in the gap between the
board 1 an®9Mfe &HAdon AR thOWh N Figi 25 thesversiryss undgrfild Fe5imas

been fairly . filleqwith the underfill resin. Further, the various ., .
sem condub%&ee&évi geg'etrﬁugaﬁgt Biﬁ‘éﬁdv\%ﬁ‘ea et%&"’?'lr‘gu"oj SR 5P iJod Ntest

under  the f.9hisov NG EAUdd OPRekB8H O ML AL! o SHY1 3527 O R IRea 118
interposed therebetween. Subsequently, as shown in Fig. 3, a
semiconductor chip 3 was placed on the underfill resin sheet
10. The underfill resin sheet 10 had previously been subjected
to heat tréatment (at 130°C for 150 seconds or at 110°C for 60
seconds). Subsequently, the entire laminate was heated (to
180°C under a load of 0.08 kgf per joint ball) under pressure
(pressure, pressing time and residual heat of reaction after
DSC contact-bonding are set forth in Table 12 below). The
temperature of the semiconductor chip 3 and the board
(substrate) 1 were then adjusted to the value set forth in
Table 12 below. Under these conditions, the semiconductor chip
3 and the board 1 were connected to each other (conditions:
heat-cured at 200°C fof 20 minutes) to prepare a semiconductor
device having the gap between the semiconductor chip 3 and the
board 1 filled with an underfill resin layer 4 as shown in Fig.

1.
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vapor phase soldering (VPS)]. Moreover, these seniconductor devices were
each eval uated for adhesi on between the sem conductor el enent and the
printed circuit board under the foll ow ng conditions (before and after

noi st ure-absorption VPS). The results are set forth in Tables 7 to 9 given

| ater. [Conduction test condjtions/adhesion eval uation conditions]

Moi st ur e- absorption VPS conditions: 30[err]C/ 60 RH% x 168 hours + 215[err]C
x 90 seconds For the conduction test, the resistivity determ ned after
noi st ur e- dBalbletidn VPS was represented relative to.the initial value
(resistivity) determ ned before npisture- absorption VPS as reference
(100). FbFixrse ewbodbmenh) of adhesi on, supersonic flaw detection was

ef fect ed. In some detail. the occurrence of voids in the underfill resin
| ayer portjion and peeling in the vicinity of the | 1t Iﬁ mere mai nlly
eval uat ed. TabI e 7 [First enmbodi rrent] Exan'pjse No§5 153 3917 40L8
19 20 TUcTi I I I T Ftbl I DIICCL
Conduct i or] Résin | pi-‘eheatmqombndmmrls)o 100 1acBO°LDo: 16D stewst *1 Af fler
VPS 10 uaton It None
Nore None , : BV ads?F z§d", ﬂ.ﬁ' 375 Hpﬁmne
None None Nﬂmﬁrdktémperature (°C) 125 125 148 - - -
Pressure (kg/cm?) 15 15 15 15 15 15
Pressing time (sec.) 120 120 60 30 30 30
Secondary heated chip - - - 250 300 350
temperature (°C) _
Secondary heated board - - - 122 125 129
temperature (°C)
Pressure (kg/cm?) - - - 0.5 0.5 0.5
Pressure retention time - - - 30 30 30
(sec.)
Temperature difference 50 50 102 128 175 221
between chip and board (°C)
Residual heat of reaction 70 69 62 65 62 58
after DSC contact bonding
(%)

EXAMPLES 41 - 46

The sheet-like epoxy resin compositions (underfill
resin sheets) thus obtained were then processed according to
the second embodiment of the process for the production of a
semiconductor device to produce a semiconductor deviée. In
some detail, as shown in Fig. 2, the various underfill resin
sheets 10 were each placed on a board 1 having spherical joint
balls 2 provided thereon with the joint balls 2 provided

interposed therebetween. - Subsequently, the underfill resin
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*1: The resistivity determ ned after noisture-absorption VPS was
represented relative to the initial value as 100. - 119 - *2: Utrasonic
m croscope detection nmethod was used to see if delam nation occurs at the
interface of the sem conductor chip with the board. Table 8 [ Second

enbodi nent] Exanple Nos. 21 22 23 24 25 26 27 Underfill resin
sheet A B C . D E F G Conduction Initial 100
100 100 100 100 100 100 test *1 After VPS 100 100. 100 100 100
100 100 &hebtaflDowasl mdataEd and mdébbed Nete aNdempsoad ulien e Noh@0 No nto of
adhesion *2 After VPS None None None None None None None *1: The
resi stivi fgruearrpmdent bl aresig shayer dids onptthen svefaggs ofephesbaard 1
relative to the initial value as 100. *2: U trasonic mcroscope detection
met hod weinugeeht anseeranoementi Haet obbecter sofi thaed %%rbal;gs of . vREe

sem conduct or chig with the board. - 120 - ] )
exposed as shown in Fig. 6. Subsequently, as shown in Fig. 7,

- a semiconductor chip 3 was mounted on the board 1 in such ah
arrangement that the electrode portions of the semiconductor
chip 3 came in contact with the joint balls 2 the top of which
were exposed to the exterior of the underfill resin layer 13.
The underfill resin layer 13 had previously been subjected to
heat treétment (at 130°C for 150 seconds or at 110°C for 60
seconds). Subsequently, the entire laminate was heated (at
180°C under a load of 0.08 kgf per joint ball) where it was
then allowed to stand under pressure (pressure, pressing time,
and residual heat of reaction after DSC contact bonding are set
forth in Table 13 below). The temperature of the semiconductor
chip 3 and the board (substrate) 1 were then adjusted to the
value set forth in Table 12 below. Under these conditions, the
semiconductor chip 3 and the board 1 were connected to each
other (conditions: heat-cured at 200°C for 20 minutes) t6
prepare a semiconductd: device having the gap between the
semiconductor chip 3 and the board 1 filled with a underfill

resin layer 4 as shown in Fig. 1.
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Table 9 [Third enbodi ment] Exanple Nos. 28 29 30 31 32 33 36

Underfill resin sheet A B C D E F G Conducti on
Initial 100 100 100 100 100 100 100 test *1 After VPS 100
100 100 100 100 100 100 Evaluation Initial None None None None
None None None of adhesion *2 After VPS None None None None None

None None *1: The resistivity determ ned after noisture-absorption VPS was

represented relative to the initial value as 100. *2: U trasonic m croscope
det ecti on Taded3vas used to see if delami nation occurs at the interface of
the sem conductor chip with the board. In Tables 7 to 9, the results of
conduct i orl Secand, smdimantdi t er noi st ur e- absor pti on VPS show that the
products of the present exanples obtained by heating the underfill resj

n
sheet undégr pressure-for a predeterm ned period ofxhipgel RogUCh a nmanngr
that the felt VISCOSIty was not |ess thagn §50003BOIS@7 thggperggnt 40
ret entio’n UI g’EI ITTT T e Was 1ot TToT & tjiTarm 3096 0T LIIE resi Ul]d.l IICd.L
reaction atiang roRddift ions | Altla| vaBOECs& iLh&t selke gap be{ween
the printed,cir I he sem candygt or, el egrit fill.ed an
under fil| %hlp %"Ipe?f%%?%%&ftcé gh frcl.i??’. ; J% ;5% ‘f}g Bm-Jf%e of
eval uatio B‘darrca(ﬂmmmﬁim‘a)r(é'cand Tafter maisst uRe- ah4a@r pt ton - -
Pressure (kg/cm?) 15 15 15 15 15 .15
Pressing time (sec.) 120 120 60 30 30 30
Secondary heated chip - - - 250 300 350
temperature (°C) _
Secondary heated board - - - 122 125 129
temperature (°C)
Pressure (kg/cm?) - - - 0.5 0.5 0.5
Pressure retention time - - - 30 30 30
(sec.)
Temperature difference 50 50 102 128 175 221
between chip and board (°C)
Residual heat of reaction 70 69 62 65 62. 58
after DSC contact bonding
(%)

EXAMPLES 47 - 52

The sheet-like epoxy resin compositions (underfill
resin sheets) thus obtained were then processed according_to
the third embodiment of the process for the production of a
semiconductor device to produce a semiconductor device. In
séme detail, as shown in Fig. 16, a semiconductor chip 3 having
-the underfill resin sheet 14 laminated on one side thereof was
prepared. Subsequently, the semiconductor 3 was placed on a

board 1 having a plurality of joint balls 2 provided thereon in
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VPS show t hat these products had no del am nati on observed and no fine voids
formed in the underfill resin layer and thus - 121 - conpri sed a good
underfill resin layer fornmed. These results show that sem conductor devices
having an excellent reliability in conductivity were obtained. Exanples of
t he second aspect of the present application will be described hereinafter.
Prior to the exanples, the follow ng various conponents were prepared.

[ Epoxy resin al] The epoxy resin al is a biphenyl type epoxy resin having

t he structsmeh drorembangemends éhatdthy dixder fi 1l buies) rgeheed 1f#olaminatdd
[err] Epoxy equivalent: 195 g/eq; nelting point: 107[err]C [ Epoxy resin aZ2]
The epoxy emsitheaBeamicongusielr nevip ad ©ppe cijpxgontath Eapdxthajujodnent :
195 g/eq; nmelting point: 60 to 90gerr]C [ Har dener b] The hardener b is a
phenol noVB@h%srgyl1¥h®dP§§?ng# UEQ§$Q\AQEQR 1109£6/é&£?&ﬂ“%%ﬁr@@%@int:

i1 ca povebIRavetate heatn (HeaaRat @Y oIty Faki Haf GesdRdn ARiek: 18

[err]n).‘ 110°C for 60 seconds). Subsequently, the entire laminate was
heated (at 180°C under a load of 0.08 kgf per joint ball) where
it was then allowed to stand under pressure (pressure, pressing
time, and residual heat of reaction after DSC contact bonding
are set forth in Table 14 below). The temperature of the
semiconductor chip 3 and the board (substrate) 1 were then
adjﬁsted to the value set forth in Table 14 below. Under these
conditions, the semiconductor chip 3 and the board 1 were
connected to each other (conditions: heat-cured at 200°C for 20
minutes) to prepare a semiconductor device having the gap
between the semiconductor chip 3 and the board 1 filled with an

underfill resin layer 4 as shown in Fig. 1.
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[Catal yst d] The catalyst d is a 1/1 m xture (nolar ratio) of - 122 -
tetraphenyl phosphate and tetraphenyl borate. [Agent for reducing stress]
The agent for reducing stress is an acrylonitrile- butadi ene rubber. [Flane
retardant] The flane retardant is a brom nated epoxy phenol novol ac. [Fl ane
retarding aid] The flame retarding aid is diantinony trioxide. [Wax] The
wax is a polyethylene wax. [ Coupling agent] The coupling agent is
[err]-glycidoxypropyltrinethoxy silane. [Preparation of underfill resin
sheets a t®able The foregoi ng vari ous conponents were mxed in proportions
set forth in Tables 10 and 11. The m xtures thus obtained were each .

wi t hdr awn [Bhixdpanhadinamtiled, and then press-rolled into a sheet. Thus,
desired sheet-1ike epoxy resin conpositions were prepared. - 123

Example Nos.

35 36 37 38 39 40
Resin preheating conditions . 130°C x 150 sec.
Chip temperature (°C) 175 175 250 175 175 175
Board temperature (°C) 125 125 148 - - -
Pressure (kg/cm?) 15 15 15 15 15 15
Pressing time (sec.) 120 120 60 30 30 30
Secondary heated chip - - - 250 300 350
temperature (°C)
Secondary heated board - - - 122 125 129
temperature (°C)
Pressure (kg/cm?) - - - 0.5 0.5 0.5
Pressure retention time - - - 30 30 30
(sec.)
Temperature difference 50 50 102 128 175 221
between chip and board (°C)
Residual heat of reaction . 70 69 62 65 62 58
after DSC contact bonding
(%) |

[Residual heat of reaction]

The resin sheet was placed on a heating plate. The
resin sheet was sampled every ageing. The sample was then
measured for residual heat of reaction by DSC.-

The semiconductor devices thus obtained were each then
after-cured at é temperature of 150°C for 30 minutes. The
degree of warpage of the semiconductor device thus after-cured
was then determined by measuring the warpage of the

semiconductor chip on the diagonal line by means of a surface
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Tabl e 10 (unit: parts by weight) Underfil

resin sheet a b . C d e f Epoxy resin . al . 19
19 - 19 19 19 a2 - : 19 - - -
Har dener b 11 11 11 11 11 11 Silica powder c
0 60 0 0 0 0O Catalyst d 1.0 1.0 1.0
1.0 1.0 1.0 Agent for reducing 20 20 20 20 20

20 stress Fl ane retardant , 2.5 2.5 2.5 2.5 2.5 2.5

Fl ane ret arelghness meter. 5 Por she evalgatiengof arpagesr, cth%mnaximum

0.5 0.5 0.5 0.5 0.5 0.5 Coupl i ng agent 0.3

0.3 0. valne was (detemmpinedq The results are set forth in t@qp,]rqs ]prarts
by wei ght) Underflll resin sheet g h [ J k Epoxy
resin alto 17. 19 19 19 19 19 Har de'ner b

él él 0 a}ed@a&lcondu:%:or deVJ.C%SV\%%ESOObtalEee were %ach Hh%n

Fi aneor ot S GifEEE 88 condugtion” testy wndSr s ene’ Fattowsth cofQiPIHEET |
ai d 0. 5[béf¢gr_% ang: %fters'nQOJ.stéré)-abéo:pp% vapor phase soldering 0.5

0.5
(VPS)]. These semiconductor devices were each evaluated for

adhesion between the semiconductor element and the printed .
circuit board under the following conditions (before and after
moisture-absorption VPS). Further, these semiconductor devices
were each subjected to thermal shock test (TST: -40°C x 5
minutes & 125°C x 5 minutes) in predetermined cycles (100
cycles, 500 cycles). Thereafter, these semiconductor chips
were visually evaluated for occurrence of cracking. The
results are set forth in Tables 15 to 17 given later.
[Conduction'test conditions/adhesion evaluation conditions]

Moisture-absorption VPS conditions: 30°C/60 RH% x 168
hours + 215°C x 90 séconds

For the conduction test, the resistivity determined
after moisture-absorption VPS was represented relative to the
initial wvalue (resistivity) determined before moisture-
absorption VPS as referehce (100). For the evaluation of
adhesion, ultrasonic microscope detection was effected. In
some detail, the occurrence of voids in the underfill resin
layer portion and delamination in the vicinity of the joint

balls were mainly evaluated.
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Coupl i ng agent
40 The sheet-1i ke epoxy resin conpositions (underfill -

0.3

0.

3 0.3 0.3

124 -

0.3 EXAMPLES 35 -
resin

sheets) thus obtained were then processed according to the first enbodi nent
of the process for the production of a sem conductor device to produce a

sem condu
underfill

pl aced on the underfil

ctor device.

In sone detail

as shown in Fig. 2,

t he vari ous

resin sheets 10 were each placed on a board 1 having spherical
joint balls 2 provided thereon with the joint balls 2 provided interposed
t her ebet watabklesddsequent |y, as shown in Fig. 3, a semiconductor chip 3 was

resin sheet 10. The underfil

resin sheet 10 had

previ ous| i THgET ambasimanttl heat treatnment (at 130[err]C for 150 seconds

or at 110[err] C for 60 seconds). Subsequently, the entire lannate was
heated (t 180[err]C under a | oad of 0. 08 kgf p@&dﬂﬂlg:ﬁygl) under
pressure (pressure, pressing time and resggjual36heat370f ract izan afgtger | DSC
cont act - bq ﬂTdﬂTg'—a'l'E—S'E* TortirTmTabtg—1t2betow— Tire—tenperature—o{ the
semni condu N@ﬂeﬂﬁqil3n§ﬁinIﬁ&ﬂﬁkﬂ(ﬁjSJbstﬁate)k& werke t heh adjeusted tp the
val ue set el ow. Un zlergtzh %J I 0 g[
sem condu thlrr Eﬁq el?rboard 1 (ver con%ég 6 «?%ch %her
(conditio —heat \,urc'4 at—206e++-cf-6—20—rutesy tc—ﬁ'e“ﬂfo a :
seni condu mndﬂmum ha\mnig:ltalie gap bet yman oD semmorlcmlctqroochllrmo?» And
the board|tesit *ad withMoistwmdef ill|[resin |ayer 4 as shown in Fig.
absorption
VPS 100 100 100 100 100 100
Evaluation Initial None None None None None None
of adhesion Moisture-
*2 absorption
VPS None None None None None None
Evaluation After 100 None None None None None None
chip crack cycles of
after TST TST
*3
After 500 None None None None None None
cycles of
TST
*1: The resistivity determined after moisture-absorption VPS

was

represented relative to the initial value as 100.

*2: Ultrasonic microscope detection method was used to see if

delamination occurs at the interface of the semiconductor chip

with the board.

*3: The chip which had been subjected to predetermined cycles

of TST under the conditions of - 40°C x 5 minutes « 125°C x §

minutes was evaluated for occurrence of cracking.
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1. - 125 - Table 12 [First enbodi nent] Exanple Nos. 35 36 37 38
39 40 Resin preheating conditions 130[err]C x 150 sec. Chip
tenperature ([err] QO 175 175 250 175 - 175 175 Board
tenperature ([err] O 125 125 148 - - - Pressure

(kg/ cn2) 15 15 15 15 15 15 Pressing tinme (sec.)
120 120 60 30 30 30 Secondary heated chip - - -
250 300 350 tenperature ([err]C) Secondary heated board - -

- 122 12Xmble296 enperature ([err]C) Pressure (kg/cn{ err])
- 0.5 0.5 0.5 Pressure retention tine - 30 30
30 (sec.) T&gvonst embodiifveartdnce 50 50 102 128 175 221

bet ween chip and board (Jerr]C Residual heat of reaction 70 69

62 65 52 58 after DSC contact bopding (%9 EXAMPLES 41 - 46 The
e . CL fill xample Nos.
sheet-1i ke]epoxy resin conpositions (u1deﬁ1| 42 43 44 45 46
Underfill resin sheet ~a . b c d e f
Warpage after after- 30 34 35 24 19 16
curing (mm)
Conduction Initial 100 100 100 100 100 100
test *1 Moisture- .
absorption
VPS 100 100 100 100 100 100
Evaluation Initial None None None None None None
of adhesion Moisture-
*2 absorption
VPS None None None None None None
Evaluation After 100 None None None None None None
chip crack cycles of
after TST TST
*3
After 500 None None None None None None
cycles of
TST
*1: The resistivity determined after moisture-absorption VPS

was represented relative to the initial value as 100.

*2: Ultrasonic Microscope detection method was used to éee if
delamination occurs at the interface of the semiconductor chip
with the board.

*3: The chip which had been subjected to predetermined cycles

of TST under the conditions of - 40°C x 5 minutes « 125°C x §

minutes was evaluated for occurrence of cracking.
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resin sheets) thus obtained were then processed according to the second
enbodi nent of the process for the production of a sem conductor device to
produce a sem conduct or devi ce. In sonme detail, as shown in Fig. 2, the
various underfill resin sheets 10 were each placed on a board 1 having
spherical joint balls 2 provided thereon with the joint balls 2 provided

I nt erposed t her ebet ween. Subsequently, the underfill resin - 126 -

sheet 10 was heated and nelted at a tenperature of 180[err]C to form an
underfill Pakler }Ayer 13 on the surface of the board 1 in such an :
arrangenment _that the top of the joint balls 2 were exposed as shown in Fig.
6. SubsequEBrizd embediu@nth Fig. 7, a seniconductor chip 3 was nounted on

t he board in such an arrangenent that the electrode ooLtLons of the
sem condudgtor chip 3 cane in contact With the jog {%m the top of
whi ch werg exposed to the exterior of [thepndefgl 5|510 ayﬁ 1352Tke

underfill str—tayer—iS—had—prevroustly beemr—subjected—toteat LTcaru nt

(at 130[err?l(d¢1)f111-‘5(xmrﬁisee# at 110[era] C flor 60csecotds) .e

Subsequent]l [ pate was heajed ( 189ferr odd of
0. 08 kqgf pe&yiﬁéuﬂj? 'ﬁﬁéf ere it was thgénfal I%I’\Ned&g?éo st;‘}a%d tr]%gerabé qdsure
haoat roact i on of+ Ay NCOM ~ A~

( pr essur e, |pressHrg—tre—and—resi-dua—heat—ot—+eactonr—ait+er—bSc—eoenflact

bondi ng arjeCcasdudtoidm | s 13 bel qw)100’hel@@npEo@t ur @0 of 10the 100
sem condudttEstthfp 3 andMdistvasr d (sybstrate) 1 were then adjusted tq the

val ue set [forth in Tabl ealdgbipmticm Unﬁer t hese conditions, the
VPS 100 100 100 100 100 1100
Evaluation Initial None None None None None None
of adhesion Moisture- _
*2 absorption
VPS None None None None None None
Evaluation After 100 None None None None None None
chip crack cycles of
after TST TST
*3
After 500 None None None None None None
cycles of
TST
*1: The resistivity determined after moisture-absorption VPS

was represented relative to the initial value as 100.
*2: Ultrasonic microscope detection method.was.used to see if
delamination occurs at the interface of the semiconductor chip
with the board.. |
*3: The chip which had been subjected to predetermined cycles
of TST under the conditions of -~ 40°C x 5 minutes & 125°C x §
minutes was evaluated for occurrence of cracking.

In Tables 15 to 17,

the results of conduction test

before and after moisture-absorption VPS show that the products
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sem conductor chip 3 and the board 1 were connected to each other
(conditions: heat-cured at 200[err]C for 20 mnutes) to prepare a

sem conduct or device having the gap between the sem conductor chip 3 and

the board 1 filled with a underfill resin layer 4 as showm in Fig. 1.
Tabl e 13 [ Second enbodi nent] Exanple Nos. 35 36 37 38 39

-Resin preheating conditions
tenperature ([err] QO

130[err]C x 150 sec. Chip
175 175 250 175 175 175 Board

t enper at up€ (therpiedent examples]1?28111p8 theiFirst to third-embediments)
(kg/cn{errL) 15 15 - 15 15 15 15 Pressing tine
(sec.)

30
175
70

obtained bpocoppgctigg thy primted3ocSeevhbiarkoardt aadchthe

- 250 300 350 tenperature ([err]C) Secondary heated board

semicgpducor ehement ynden presEuns Po) theefoupaoing enpetfiy

ressure_retention

Céedigégniofghpghgt 43 3Py fbiai,dihe underFill gesin shiaep andg

BEL"RSAcEiR 2L A o LT LLEL RRY R e OB R of S Ofayer
exhibit a high reliability. Further, the results of evaluation
for adhesion before and after moisture-absorption VPS show that
these products had no delamination observed and no fine voids
formed in the underfill resin layer and thus comprised a good
underfill resin layer formed. Further, these products showed
no cracking in the semiconductor chip when evaluated for chip

cracking after TST. Moreover, these products showed a smaller

~degree of warpage after after-curing than the comparative

products. Thus, it can be seen that the occurrence of warpage
can be effectively inhibited. These facts show that
semiconductor devices having no conduction problems and having
an excellent reliability in thermal shock can be obtained.
| Examples and comparative examples which go through a
continuous 1line of production for the production of a
semiconductor device where the previously mentioned steps of
putting the underfill resin in B stage state, positioning and
contact-bonding the semiconductor element and the printed
circuit board, gelling the underfill resin and curing the resin
are separately effected will be described hereinafter.l

- Prior to these examples, thé same various components as

mentioned above were prepared. These various components were
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after DSC contact bonding (% EXAMPLES 47 - 52 The sheet-1i ke epoxy resin
conpositions (underfill resin sheets) thus obtained were then processed
according to the third enbodi nrent of the process for the production of a
sem conductor device to produce a seni conductor devi ce. In sonme detail,
-as shown in Fig. 16, a sem conductor chip 3 having the underfill resin
sheet 14 | am nated on one side thereof was prepared. Subsequently, the

sem conductor 3 was placed on a board 1 having a plurality of joint balls 2
provi ded t mdxeeh imnpropd@tions sethfanthr inbavbes Ihand Hel whierd . | ITheesi n
sheet 14 | am nated on the sem conductor chip 3 cane in contact with the
joint bal | mixturghevamdwithfrawnsiby |aypaligt hagopled,oand bhen pxiessct ed
to heat treatnment (at 130[err]C for 150 seconds or at 110[err]C for 60
seconds). Sgddegudmtoy sheed &ot Prepaxs Radesixednhsheed-1dke) epoayr resdmder
a |l oad of 0.08 kgf per joint ball) where it was then allowed to stand under
pressure (SoBPoFadion Jandexfilderegin sbeptlal heat of reaction after DSC
contact bonding are set forth in Table 14 gflow%7 The tenperature of the
sem conductor chip 3 and the boar%ﬁ%%%k%%r €) were then adjusted to the

val ue set forth in_Jabl 14. below. Under these conditions. th .
semn conduct or chi p'II ean%‘?%%'gblg?d SPR T EBM e TP BHF o'ﬁl‘i‘é'ﬂderflll

(condi tionge Neateyetisd FntPUkiddfed Wel then processed according to

the first embodiment of the process for the production of a
semiconductor device in a continuous line where the various
steps are separately effected to produce a semiconductor
device. In some detail, a laminate comprising an underfill
resin sheet 10 placed on a board 1 having joint balis 2
provided thereon was prepared. As shown in Fig. 19 (a), the
laminate was then passed through a drying furnace 40 so that
the underfill resin sheet 10 was put in B stage state (half-
cured) (B stage step). Subsequently, as shown in Fig. 19 (b),
a semiconductor element 3 attached to the end of a heating
contact-bonding tool 41 was positioned above the board 1 in
such an arrangement that the semiconductor element 3 was placed
on the underfill resin sheet 10 which had been put in B stage
state in a predetermined position. At the same time, the
sexhiconductor element 3 was placed on and tentatively bonded to
the underfill fesin sheet 10 provided on the board 1 in a
predetermined position (positioning and contact-bonding step).
Subsequently, as shown in Fig. 19 (c), the heating tool 42 was

allowed to come in contact with the surface of the
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m nutes) to prepare a semi conduct or devi ce havi ng the gap between the

sem conductor chip 3 and the board 1 filled with an underfill resin |ayer 4
as shown in Fig. 1. - 129 - Tabl e 14 [Third enbodi nent] Exanple Nos. 35
36 37 38 39 40 Resin preheating conditions 130[err] C x
150 sec. Chip tenperature ([err]C) 175 175 250 175 175 175
Board tenperature ([err]Q 125 125 148 - - Pressure
(kg/cnferr]) 15 15 . 15 15 15 15 Pressing tine

(sec.) semiconducid@ el2fment6(B witith 138d béénSeenhdaiyehgabeddeli o

- _ - 250 300 350 tenperature ([err]C) Secondary heated board

- - the underfi23 resdnt shpetalrso (fleat |tWe Rnglenfiid I kgsdm shept

- _ - 0.5 0.5 0.5 Pressure retention tine . - - -
30 30 180 wasechgatredpépst & expdat@miiqed period ofsdimesg Ip2thigg
175 221 between chip and board ([err]C _Residual heat of _reaction

70 69 mganergs theundexfidd. regmin shegl BBndiay gsfled (step of

-.gelling underfill resin). In this manner, the underfill resin
thus gelled was packed into the gap between the board 'l and the
semiconductor element 3. After the packing of underfill resin,
as shown in Fig. 19 (d), the underfill resin which had been
'gelled by bringing the heating tool 43 into contact with the
semiconductor element 3 was cured at a predetermined
temperature. Sﬁbsequently, the board 1 was cooled by a cooling
plate 44 positioned below the board 1 (curing step). In this
manner, -a semiconductor device having the gap between the
semiconductor chip 3 and the board 1 filled with an underfill
resin layer 4 as shown in Fig. 1 was prepared.

The wvarious conditions such as temperaturé and time
used at the foregoiﬁg B stage step of putting the resin in B
stage state, the positioning and contact-bonding step, the
underfill resin gelling step and the curing step are set forth

in Table 18 below.
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[ Resi dual heat of reaction] The resin shéet was placed on a heating plate.
The resin sheet was sanpl ed every agei ng. The sanpl e was then neasured
for residual heat of reaction by DSC. The sem conductor devices thus

obtai ned were each then after-cured at a tenperature of 150[err]C for 30

m nut es. The degree of warpage of the sem conductor device thus
after-cured was then determ ned by nmeasuring the warpage of the
sem conductor chip on the diagonal line by neans of a surface - 130 -

roughnessTabfler 18 For the eval uati on of warpage, the nmaxi num val ue was

determ ned. The results are set forth in Tables 15 to 17. The sem conduct or

devi ces thus obtained were each then subjected to EOEQPﬁglﬁn test under the
bsg

foll owi ngl conditions [before and after noifturegxa Y se
Sol der | ng (NP1 Thn[-n oo thd_unf r=Yd rlquu as5—He g-3 ggal ||gggﬂp52
AN A I orey

TTTOC UG JoTIhCuUTrTuaucTt

adhesi on puhdeefiilheresitnhcehdett or el enent and ahe pblnted cirauit ho rd
under the TOIIOMAn condi {1 ons_(before andl affer tur -absQrpti PS) .
Further ng?:ﬁﬂm(.élﬁﬁ CaZyi £8€Codr o ﬁlggnﬁg thLﬁo 11§§ 35 ock
test (Tsfr poé%%ﬁlﬁgx 5 ghipt Qémbe(fsbb)l%l[ eriys x155m ayses)75n 175
predet ernj gad eyatestl100 cycl es, 0 cyclls). Thereafter, these
sem conduchehdehgPstupr € Boavdl t¥mpv g?ted foa7occyprengg of 3¢rackiyng.
The resulfs are set forth in Tables o {17 given later.
Pressing time 8 6 6 3 8
(sec.)
Gelling % Residual heat of 67 67 70 66 66
step reaction
Board temp. (°C) 75 64 64 47 75
Pressing time (sec.) 10 8 8 5 10
Curing Board temp. (°C) 119 115 143 151 153
step :
Pressing time (sec.) 10 8 8 5 10
Total sealing time 10 8 8 5 10
(sec.)

The wvarious semiconductor.devices'thus obtained were
each measured or evaluated for occurrence of voids, warpage
after contact bonding and warpage of semiconductor device after
post-curing at 150°C for 30 minutes in the same manner as used
above.

Further, these semiconductor devices were each
subjected to thermal shock test (TST: -40°C x 5 minutes &« 125°C
x 5 minutes) in predetermined cycles (100 cycles, 500 cycles).
Thereafter, these semiconductor chips were visually evaluated
for occurrence of cracking.

Moreover, these semiconductor devices were each
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[ Conduction test conditions/adhesion evaluation conditions]

Moi st ur e- absorption VPS conditions: 30[err]C 60 RH% x 168 hours + 215[err]C
x 90 seconds For the conduction test, the resistivity determ ned after

noi st ur e- absorption VPS was represented relative to the initial val ue
(resistivity) determ ned before noisture- absorption VPS as reference

(100). For the eval uation of adhesion, ultrasonic m croscope detection
was ef fected. In sonme detail, the occurrence of voids in the underfil
resin | ayetegsured ana évidhwariedatfioan ind tiildd wadiconidpocxficonhe joint balls
were mainly evaluated. - 131 - Tabl e 15 [First enbodi nent] Exanpl e Nos.
35 36 37 38The3gesuld@sUader Betl fpethninh&aeble 19 below.g b c
d e f Warpage after after- 32 35 36 24 20 18
curing (mPBrbdenddction Initial 100 100 100 100 100 100 test
*1 | sture- absorptjion VPS 100 100 100 100 100 100
Eval uati on Initial None Nongk None Non%xgg&geNgﬁ%_of adhesi op
Mbi st ur e- - 53 54 55 56 57
Occurrence of voids None None None None None
Warpage after contact 22 11 15 5 24
bonding (pm) '
Warpage after standing at 26 16 19 11 28
150°C for 30 minutes (pm)
Occurrence of initial None None None None None
malfunction
Evaluation After 100 None None None None None

chip crack cycles of
after TST TST

*3
After 500 None None None None None
cycles of
TST

The results in Table 16 show that the products of the
present examples produced by processing the board and the
seniconductor chip under the foregoing specific conditions (X)
and (Y) in a continuous 1line had no voids formed in the
underfill resin layer and thus had a good underfill resin layer
formed. These products showed a small warpage after contact
bonding as well as after standing at 150°C for 30 minutes.
Further, these products showed normal condition. Moreover;
these products had no cracking generated in the semiconductor
chip when evaluated for chip crack after TST. All these
semicdnductor devices having a good underfill resin layer

formed therein were efficiently produced in a total sealing

~ 139 -



*2 absor ption VPS None None None None None None

Eval uation After 100 None None None None None None chip crack
cycles of after TST TST *3 After 500 None None None None None None
cycles of TST *1: The resistivity determ ned after noisture-absorption VPS
was represented relative to the initial value as 100. *2: Utrasonic

m cr oscope detection nethod was used to see if delam nation occurs at the
interface of the sem conductor chip with the board. *3: The chip which had
been subj ddimed afo note dwine rtihead 16y slegongts .TST under the conditions of -
40[err]C x 5 mnutes [err] 125[err]C x 5 m nutes was eval uated for
occurrence of cracﬂabquuenmy,- thesﬁam@iqisf{%bcﬁﬁﬁl%nﬁbéﬁﬁénF’Fl’ExzﬁﬁSI}b
Nos. 41 42 43 44 46 Underfill re5|n sheet

c d Perocesrs%laﬁ&@éd&ﬂaemarhersecond and thigd emhpdiments z>4f thPQ

16‘cur|ngﬂ¥gpgss for the production of a semiconductor device in a
. continuous 1line, fespectively, to produce semiconductor
devices. The semiconductor devices thus obtained were each
measured and evaluated in the same manner as mentioned above.
As a result, almost the same good results as obtained with the
semiconductor device obtained according to the first embodiment
of the process for the production of a semiconductor device in
a continuous line were obtained. In other words, the
semiconductor devices thus obtained had no voids formed in the
underfill resin layer and thus had a good underfill resin layer
formed. These products showed a small warpage after contact
bonding as well as after standing at 150°C for 30 minutes.
Further, these products showed normal condition. Moreover,
these products had no cracking generated in the semiconductor
chip when evaluated for chip crack after TST. All these
semiconductor devices having a good underfill resin layer
formed therein were efficiently produced in a total sealing

time of not more than 10 seconds.
Examples of the third aspect of the present invention

will be described hereinafter.

Prior to the examples, the following various components

were prepared.
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Conducti on Initial 100 100 100 100 100 100 test *1
Moi st ure- absorption VPS 100 100 100 100 10'0 1QO0

Eval uati on Initial None None None None None None of adhesion

Moi sture- *2 absorption VPS None None None None None
None Evaluation  After 100 None None None None None None chip crack
cycles of after TST TST *3 After 500 None None None None None None
cycles of TST *1: The resistivity determ ned after noisture-absorption VPS
was reprefBpoey resaniadjto the initial value as 100. *2: Utrasonic

M croscope detection nmethod was used to see if delam nation occurs at the

. interface of the Thei epeaycteestmi plwiih ehdiphenyl * 8YPFheRINY) EAFER had
been subjected to predeterm ned cycles of TST under the conditions of -

40[ err] C %¥eBrafanted P¥rihedo)levivgxstrchprat fes™elarf uated for

occurrence of cracking. - 1331LC Tabl e 16“3
CH,-CH-CH.-0— 0-CH.-CH-CH.
/ N/
Ha Hs

Epoxy equivalent: 195 g/eq; melting point: 107°C
[Epoxy resin a2]

- The epoxy resin a2 is a cresol novolac type epoxy resin
(epoxy equivalent: 195 g/eq; melting point: 80°C).
[Acrylonitrile-butadiene copolymer bl]

Acrylonitrile-butadiéne-methacrylic acid copolymer
[Mooney viscosity: 50; bonded acrylonitrile content: 30 wt-%;
bonded carboxyl group content: 0.05 ephr (mols per 100.g of
rubber) ] |
[Acrylonitrile-butadiene copolymer b2]

Acrylonitrile-butadiene-methacrylic acid copolymer
(Mooney viscosity: 80; bonded acrylonitrile content: 20 wt-%;
bonded carboxyl group content: 0.02 ephr)
[Hardener cl])

The hardener ¢l is a phenol novolac resin (hydroxyl
group equivalent: 175 g/eq; softening point: 75°C) represented

by the structural formula:
OH . H H
@-—CH: -@—C}Iz %CH:—@—CH
.. . ’ m _
0 <m < 30
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[ Third enbodi ment] Exanple Nos. 47 48 49 50 51 52 Underfill resin

sheet a b c . d e f Warpage after after-

33 35 36 25 20 18 curing (nm Conduction Initial 100
100 100 100 100 100 test *1 Moi st ure- absorption VPS

100 100 100 100 100 100 Evaluation - Initial None None None
None None None of adhesion Moisture- *2 absorption VPS

None None None None None None Eval uati on After 100 None None None

None None[RardemwérpcZjack cycles of after TST TST *3 After 500

None None None None None None cycles of TST *1: The resistivity determ ned
after noi st ur e- abBRe phpEASHLS Gds iR cBBARRY POVRLAFe 1Ttﬁﬁl’t‘he(’i>113‘|‘5136"i”52t’1vaI ue
as 100. *2: UItrasonif nicro§§q$? det ection, met hod was @ﬁfd to see if

del am nat 9PPUBceErEValentt 107 FFeRe PLEFRITERILHULARLCLhip with the
board. *3; Tq§?chi§ mhicf had bfen subj ected to predeterm-ned cycles of TST
under t hel BRRAREHD sa%fe-eﬁ%f%Y ]C x 5 nminutes [err] 125[err]C x 5

The hardening accelerator is triphenyl phosphine.
[Inorganic filler]

The inorganic filler is a spherical silica powder
(average grain diametef: 3 pm; maximum grain diameter: 30 um).
EXAMPLES 58 - 67

The various components set forth in Tables 20 and 21
below were mixed in proportions set forth in these tables to
prepare epoxy resin compositions. "These epoxy resin
compositions were each dissolved in toluene. The mixture
solution was then applied to a polyester film which had been
treated for easy release. The coated polyester film was then
dried at a temperature of 120°C to remove toluene therefrom.
Thus, a desired sheet-like underfill material having a

thickness of 100 pm was formed on the polyester film.
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m nutes was eval uated for occurrence of cracking. In Tables 15 to 17, the
results of conduction test before and after noisture-absorption VPS show
that the products - 134 - of the present exanples (all in the first to
third enbodi nents) obtained by connecting the printed circuit board and the
sem conduct or el ement under pressure un the foregoing specific conditions
(X) and (Y) so that the underfill resin sheet and the underf ill resin

| ayer were nelted to forma seal |ayer exhibit a high reliability. Further
t he resul ttakdfe éfal uati on for adhesi on before and after noisture-absorption
VPS show t hat these products had no del am nati on observed and no fine voids
formed in the underfill resin |ayer and t{uesitonparsedby webghtipderfil
resin layer fornmed. Further, these products showed no cracking in the

sem condug¢tor chip when evaluatgqd for chip crgckgu gter TST. Nbreovem
t hese proiucts shomed a snaller degrgg of syar pgge E& 5ter urlgg nan
.t he conpafativeproducts—Fhus; cat—be—Seen—that—the c""“" ce—o+
war page cabpoxy reSﬁactlverallrhletéd36 9 Zfede -fachb8.5sBowe ghat
sem condug¢t or devi ces havi ng no {conduction problens and having an excel |l ent
reliabilify in thermal. shocka@an be-obtarned. -Exé#ptes and cenparative
exanpl es i t hrough a contji u n uction f
productio?ﬁlggegggnlconductofg %g éhé?éftﬁé B ggrgusry nghtloggdﬁsteps
of puttinp the underfill resip |n B_stage state, p95|5iog|ng_and _
Acrylonitrile- bl 10 30 10 10 10 40 10
butadiene . -
copolymer b2 - - - - - - -
Hardening 1.0 1.0 1.0 1.0 1.0 1.0 1.0
accelerator
Inorganic filler 101 - 303 101 101 - 404
Table 21

(unit: parts by weight)

Example Nos.
58 59 60
Epoxy resin al 31.6 47.4 47.4
a2 - - -
Hardener cl 28.4 42.6 42.6
c2 - - -
Acrylonitrile- bl - - -
butadiene
copolymer b2 40 10 10
Hardening 1.0 1.0 1.0
accelerator '
Inorganic filler - 101 404

The sheet-like underfill materials of the various
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cont act - bondi ng the sem conductor el ement and the printed circuit board,
gelling the underf ill resin'and curing the resin are separately effected
wi |l be described hereinafter. Prior to these exanples, the sanme various
conponents as nentioned above were prepared. These various conmponents were
- 135 - m xed in proportions set- forth in Tables 10 and 11 above. The

m xture was withdrawn by a pallet, cooled, and then press- rolled into
sheet to prepare a desired sheet-like epoxy resin conposition (underfil
resi n shee¢xampred/PLth@s58btasniedhweskeeiach Kdheappaogessad corposdingnso
(underfill resin sheets) thus obtained were then processed according to the
first enbodherefieregoing prosess fiar twke ppsaductinanoris acoerirrRRARGROT
device in a continuous |ine where the various steps are separately effected
to producedeViesi E@nBEeHYFedEpmdgondurkooflevdeesi-| , I |SafTh A abhprasing

o e e ha 1104 B 5B P e LY W S Sre
| en PrSSeR ARGALAN & HEYARSa HEPATE: Yos % Lol q6a RSN et hA
o o hsntBuhBhe, o g B SHERRL Fag ASNRAR e
arrangenentytf@s; 11¢ SETAEPN ST Cind! SORRL : 519%96c Pl ffk: column having
a diameter of 150 um and a height of 30 um) provided thereon.
Thereafter, as.shown in Fig. 22, a semiconductor element 3
(thickness: 350 um; size: 13 mm x 9 mm) having connecting
electrode portions 2’ (material: solder; melting point: 299°C;
shape: sphere having a diameter of 120 p and a height of 90 um)
provided .thereon was placed on the sheet-like underfill
material 10. Thereafter, the sheet-like underfill material was
heated and melted at a heating temperature of 150°C under a
load of 0.1 kgf per electrode for 1 minute so that the resin
thus molten was packed into the gap between the printed circuit
board 1 and the semiconductor element 3. In this manner, the
two components were tentatively bonded to each other while the
connecting electrode portions 2, 2’ of the two components were
electrically connected to each other. Subsequently, the resin
was heat-cured (at 150°C for 60 minutes) and the connecting
electrode portions‘z were melted (at 250°C for 30 seconds) to
produce eight samplés of semiconductor device having the gap

filled with an underfill resin layer 4 each for the example as

shown in Fig. 20.
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on the underfill resin sheet 10 which had been put in B stage state in a
predeterm ned position. At the sane tine, the sem conductor elenent 3 was
pl aced on and tentatively bonded to the underf ill resin sheet 10 provi ded
on the board 1 in a predeterm ned position (positioning and contact-bondi ng
step). Subsequently, as shown in Fig. 19 (c), the heating tool 42 was
allowed to cone in contact wwth the surface of the - 136 - sem conduct or
el enent 3 which had been tentatively bonded to the underfill resin sheet 10
so that the underThé| sessiconshedioriOdexdckeat tlus oroktginetbt wexienedaghbri od
of tinme. In this manner, the underfill resin sheet 10 was gelled (step of
gel li ng updkiertedreaiinitial, comduckiometestne ey ITqussiontt pfsthel | ed
was packed into the_gap between the board | and the seniconductor el epent

3. After ?h@hbaéﬁmﬁéeéfW@ﬁ@bﬁNQJGQQQQrﬁoagoghﬁmﬁlﬁﬁ ﬂ%}thﬁfw%ﬁ,shﬂ%k
underfill resin which had been ge

|l ed by brinagi h i | i
contact wWFBRTt hESTelf I %‘{‘Iﬁr glﬂ%t"%W&ér&g:&ggﬁlégsgsg%%gg’f‘igﬁ?ﬁgg'l e
.S 1 . N 4
oo 1 b SRRPRELSO, AT A SSEAR L AR B B
devi hayi ng. B i d
111 eq w PheRtho 987, BRaYREf’ Y SRR CRIMNE Ry Db INE POBARE o

various cgpdi LLENEoSHE N ASTLETRET #5 UL£q 298 BdiEwused at the foregoing B
stage step of putting the resinin B

The other four out of the eight samples which had not
been subjected to TST were subjected to moisture absorption at
30°C and 60%RH for 168 hours and then to VPS (vapor phase
soldering) at 215°C for 90 seconds before conduction test. The
results are set forth in Tables 22 and 23 below.

Separately, the sheet-like underfill materials obtained
in the foregoing examples and comparative examples are each
singly heated at a temperature of 150°C for 60 minutes to
obtain sheet-like hardened materials. These sheet-like
hardened materials were each then measured for elastic modulus
in tension at 25°C by means of a universal tensile testing
machine (autograph available from Shimadzu Corp.). The results

are set forth in Tables 22 and 23.
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stage state, the positioning and cbntactibonding step, the underfill resin
gelling step and the curing step are set forth in Table 18 below - 137 -
Tabl e 18 Exanpl e Nos. 53 54 55 56 57 Underfill resin sheet

a b C a a B stage step (135[err]C x) (sec.) 150 150
135 135 135 Positioning Chip tenmp.([err] O 175 175 175 175
175 and contact- bondi ng step Board tenp. ([err] O 47 42 42
34 47 Pressing tinme 8 6 6 3 8 (sec.) CGelling %
Resi dual Mekileof2 67 67 70 66 66 Sstep reaction Board
t enp. ([err]C) : 75 64 64 47 75 Pressing tine (sec.)

10 8 5 10 Curing Boar d tenp (hﬁf oS . 119 145
143 151 153 step Pressing ti me (seo_.-,g 511% §28 635 64l0]

Tot al seafg—titre +0— +o—~(secH)—The—vartous

seni condufEbas by inedulwsisimbt ai né.icﬂmbré(ﬁhdﬁl(lﬁihsﬁmﬁh a0y allhtled
occur r encgtension deMPahr page

Initial conduction o/8 0/8 0/8 0/8 0/8 0/8 0/8
test (number of '
defectives/8 samples)

Conduction test after 0/¢. 0/4 0/4 0/4 0/4 0/4 0/4
TST (number of
defectives/4 samples)

Chip crack after TST 0/4 0/4 0/4 0/4 0/4 0/4 0/4
(number of
defectives/4 samples)

Conduction test after 0/4 0/4 0/4 0/4 0/4 0/4 0/4
moisture-absorption
VPS (number of
defectives/4 samples)

—

Table 23

Example Nos.
65 66 67

Elastic modulus in 300 5000 15000
tension (MPa)

Initial conduction test 0/8 0/8 0/8
(number of defectives/8
samples)

Conduction test after 0/4 0/4 0/4
TST (number of
defectives/4 samples)

Chip crack after TST 0/4 0/4 0/4
(number of defectives/4
samples)

Conduction test after 0/4 0/4 0/4
moisture-absorption VPS
(number of defectives/4
samples)

The results in Tables 22 and 23 show that the products
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after contact bondi ng and warpage of sem conductor device after post-curing
at 150[err]C for 30 mnutes in the sanme manner as used above. Further,
these sem conductor devices were each subjected to thernmal shock test
(TST: -40[err]C x 5 mnutes [err] 125[err]C x 5 mnutes) in predeterm ned
cycles (100 cycles, 500 cycles). Thereafter, these sem conductor chips were
visual |y evaluated for occurrence of cracking. Mreover, these

sem conduct or devices were each - 138 - measured and eval uated for
initial nalfcaheupresentT kxanpalds hal smmsadefertives) dhbl énlfhbelinitiaabl e
19 Exanpl e Nos. 53 54 55 56 57 Cccurrence of voids

None NoneonNurtiohokesthomondagiign dfdsy aremcTST test, exap2nationh _
15 5 24 bonding ([err]m Warpage after standing at . 26 16
19 11 forpgrasl| enr emiepndockpruchip( péLernfShcandr eapdustippi tpak

None None_None _None None nalfunction_Evaluation . After 100

None Non8ftRsnBoispnee-apserehion ¥R« IncQthes werdsg dhergroductsrof

. the present examples exhibit stable conductivity against stress
tests such as initial conduction test, TST and moisture-
absorption VPS.

Industrial applicability

The present invention can provide a process for the
production of a semiconductor device which allows an easy
formation of an underfill resin layer in the gap between the
semiconductor element and the board and facilitates the resin
sealing of the gap. The present invention also can provide a
process for the production of a semiconductor device which can
inhibit warpage of the entire device during the formation of an
underfill resin layer in the gap between the semiconducto:
element and the board, making it easy to produce a
semiconductor device excellent in reliability. Further, the
present invention can provide a semiconductor device whiﬁh
exerts an excellent effect of relaxing the stress on the
semiconductor element, printed circuit board and connecting

electrode portions and thus exhibits a high reliability.
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*3 After 500 None None None None None cycles of TST The results
in Table 16 show that the products of the present exanples produced by
processi ng the board and the sem conductor chip under—the—foregoing—

specific conditions (X) and (Y) in a continuous line h ﬁo voids fornmed in

the underf ill resin layer and thus had a good underf i n B aced
formed. These products showed a small warpage after cont t wel |
as after standing at 150[err]C for 30 m nutes. Further,

showed normal condition. Mor eover, Cledasproducts had no cracking
generated in the sem conductor chip when evaluated for chip crack after
TST. Al these skni dnpuecessddvrcdthehaproduet iendofindersemicorduetonyer
fornmed therein were efficiently produced in a total sealing - 139 - time
of not noréeYie® YDiShcSREPTisess yurerisondyeier |Aderent| oned Psheeed

were each processed according to the second and third enbodi ments of the
process fo 1¥%%1B§HHHEIWHﬁhbg'%@%@%*EB% fepngetiog ¢ eﬁtEBHgiQREE&Pn§ine,

TGRS ! EogEY ciishy
Gevt cos { RROEHIEH TR ol SRR MET nn d e GRR-PEEV PR RELA L RS her
as ment| onggl APy Spodfa P Bisla sATEOhadRos UEHBRY hETHY! SedtedhALRE

with the

an underfill resin layer, characterized in that said underfill
resin layer is formed by melting a lamellar solid resin
provided interposed -between said printed circuit board and said
‘semiconductor element.

2. The process for the production of a semiconductor

device according to Claim 1, wherein said solid resin is made
of the following epoxy resin composition (A):
(A) An epoxy resin composition comprising the following
components (a) to (c¢), the proportion of said component (c)
being predetermined to not more than 50% by weight of the total
weight of said epoxy resin composition (A): ° |

(a) Epoxy resin;

(b) Phenol resin; and

(¢) Inorganic filler having a maximum grain diameter
predetermined to not more than 100 um.

3. The process for the production of a semiconductor
device according to Claim 1 or 2, which comprises placing an
underfill resin sheet on said printed circuit board, placing
said semiéonductor element on said underfill resin sheet,

heating and melting said underfill resin sheet so that the
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sem conduct or devi ce obtained according to the frrst~eﬁbedLnenL_QL__he
process for the production of a sem conductor devi n a continuous Iline
wer e obt ai ned. In other words, the sem conduct; atad obt ai ned
had no voids forned in the underfill resin |layer a I ood
underfill resin layer fornmed. These products showe ge after
contact bonding as well as after standing at 150[err]C for 30 m nutes.
Further, these products showed normal condition. Mor eover, these products
had no cr aoidexnfigdneestiead thost hel tem o mphadtesd iﬂuqothbegapvlaétm@d sagird chi p
crack after TST. Al'l these sem conductor devices having a good underfil
resin | ay@rintiec ¢ ineridi boawde apfif sclténserylgmdu@'equehlqner@talamad:ihe#g
time of not nore than 10 seconds. anpl es_of the third aspect of the
present i ﬁmﬁewwﬁql%émrﬁ%ef@%ﬁé%m@erh%rr%m H@!@Fa'rrpl es t he

foll ow ng vari ous conp nents were ep 140, - [ Epox ,res The
epoxy resin al is% T&?e%@ fgﬂfﬁ)%s‘er é%ﬁqg"’r‘btd%éjrﬁ & ‘Eﬁ‘i‘

To7 er ] CABHT PESEReERE ThY SERINT okt s eh “oHpEdERtno ?%%ﬂ‘%ypagl
epoxy res'd}lderflll resin sheet on said printed circuit board, placing
said semiconductor element on said underfill resin sheet, and
then pressing the laminate until said underfill resin sheet
exhibits at least one of the following physical properties (a)
to (c) while being heated for a predetermined period of time so
that the underfill resin thus molten is packed into the gap
between said printed circuit board and said semiconductor
elemenf:
(a) Resin viscosity is not less than 5,000 poise;
(b) Supposing that the initial gelling time of the underfill
resin sheet or underfill resin layer before heating is 100%,
the gelling time thereof is 30% or less of the initial gelling
time; and
(c) Supposing that the initial residual heat of reaction of
the underfill resin sheet or underfill resin layer before
heating is 100% as determined by a differential scanning
calorimeter (hereinafter referred to as "DSC"), the residual
heat of reéction thé:eof is not more than 70% of the initial
residual heat of reaction.
- 5. The process for the production of a semiconductor

device according to Claim 1 or 2, which comprises forming an
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(epoxy equivalent: 195 g/eq; nelting point: 80[err]C).
(Acryl oni tri ligkideAilsBed RepR@i ymer bl ] Acrylonitrile-butadi ene-nmethacrylic

acid copolyne osity: 50; bonded acrylonitrile content: 30
wt - % bonded c mm&m!“mﬂcontent: 0. 05 ephr (nols per 100 g of rubber)]
[Acrylonitrilet ol ymer b2] Acrylonitrile-butadi ene-nmethacrylic
acid copolyner (Money viscosity: 80; bonded acrylonitrile content: 20

-% bonded carboxyl group content: 0.02 ephr) [Hardener cl] The hardener
cl is a phederfihbloresinchayex nnirsadd pyrioedequirealidnboardsip/ eych an
softening point: 75[err]C) represented by the structural fornula: %err -
141 - emaagmen‘ézgthqheth%mmctc@q §1@C§m§w@| PRE&¢éPRE PESVAdEHy@RoxXYI
group equi val ent: 105 g/eq; . softening pojnt: err]C Har deni ng

accel er at bR ?H€fﬁ§Pdéan§ah€cEFé Q%qu%ﬁ) AIF pW8§IMQﬁFh(Pﬁ5Fﬁ$n|c
filler] The |norgan|c filler is a s powde ave rain
i anot br | SKOPRST] TP IR FAMFCORNEREF: eT5eEF, PR Sabdupopasestadcr
. electrode portions in such an arrangement that the electrode
portions of said semiconductor element come in contact with
said connecting electrode portions, heating and melting said
underfill resin layer so that the underfill resin thus molten
is packed ‘into the gap between said printed circuit board and
said semiconductor element, and then hardening the underfill
resin to form said underfill resin layer.
6. The process for the production of a semiconductor
device according to Claim 5, which comprises placing a
semiconductor element on said printed circuit board in such an
arrangement that the electrode portions of said semiconductor
element come in contact with the connecting electrode portions
of said printed circuit board, and then pressing the laminate
until said underfill resin sheet exhibits at least one of the
following physical properties (a) to (c¢) while being heated for
a predetermined period of time so that the underfill resin thus
molten is packed'into the gap between said printed circuit
board and said semiconductor element:
(a) Resin viscosity is not less than 5,000 poise;
(b) Supposing that the initial gelling time of the underfill
resin sheet or underfill resin layer before heating is 100%,

the gelling time thereof is 30% or less of the initial gelling
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The vari ous conponents set forth in Tables 20 and 21 bel ow were m xed in

proportions set forth in these tables to prepare—epoxy resin
ons. These epoxy resin conp05|t| ns were each dissolved in

The m xture sol ution Vias Sh Y 0 a polyester filmwhich
treated for easy rel ease. | yester filmwas then dried

conposi ti
t ol uene.
had been

at a tenperature of 120[err]Cto r

herefrom Thus, a desired

sheet-like underfill material having a thickness of 100 [err]m was fornmed
on the potymeteandlil m - 142 - Table 20 (unit: parts by weight) Exanple
59 60 61 62 63 64 Epoxy resin al 47.4 36.9
(c»8. sSuppo8ing. £ha the -initial residlial4 heat of-reactienrdéner

Nos. 58
4.7.4 -
cl 42.

- Acryl onthej |@derf1ti|l resinigheedp orimndemfilligresip layemubafipsae

copol ymer
1.0 1.0
- 303

6 33.1 42.6 42.6 - 28.4 42.6 c2 - 31.5

-, Hardeni ng
heaping gis 11(90%1 65 qu;e&@b’é’reé’f aPUr 3 nélrlg"é-':rﬂr@“ftﬂ-lailerscannlng

%giorigéter (he%ginzgter %%ferred to as "DSC"), the residual

heat of reaction thereof is not more than 70% of the initial
residual heat of reaction.

7. The process for the production of a sémiconductor
dévice according to Claim 5 or 6, wherein said underfill resin
layer is formed by placing an underfill resin sheet on a
printed circuit board having connecting electrode portions
provided thereon.'with said connecting electrode portions
provided interposed therebetween, and then heating and melting
said underfill resin sheet.

8. The process for the production of a semiconductor
device according to Claim 5 or 6, wherein said underfill resin
layer is formed by print-coating an underfill resin layer-
forming material on a printed circuit board having connecting
electrode portions provided thereon.

9. The process for the pfoduction of a semiconductor
device acdording to Claim 5 or 6, which comprises forming an
underfill resin layer on the surface of said semiconductor
element in suéh an arrangément that the connecting electrode
portions are each partly exposed, placing said semiconductor
element on said printed circuit board in such an arrangement

that the electrode portions of said printed circuit board come
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(unit: parts by weight) Exanple Nos: 58 59 60 Epoxy resin
al 31.6 This $Heef¥las Been Re a2 ) - Hardener

cl 28. 4 [ .6 c2 - - Acrylonitrile-
bl - lewy" ”_,lHD adi ene copol yner b2 40
10 10 Har 1.0 1.0 1.0
accel erator Inorganic filler - 101 404 The
sheet-1like underfill materials of the various - 143 - exanpl es t hus

obt ai ned aer goateabttwibh maick somtestdmgdehgetvotibepdnt boms ncheatoiges anfdor
the production of a sem conductor device to produce sem conductor devices.
In sone deeditlingasaddownderfild. resint hayenese -that thelamdenfiildamesia 10
was then placed on a printed circuit board 1 (glass epoxy board having a
thi ckness tMs1RdFeRa¥P RAVRM SN FhE g BREVRBR1FHHE PrinhadGigenit
POl der el Ll 9 s d Sheldd Bustiebos SOLU ol 1R fateter oLs0
ELglhgsihén%%%#ggg?%%%%% %L?Q%Qh %a'%hh% g%%§113§%s.%r&L§£r§ize: 13 mmx 9
10. The process for the production of a semiconductor
device according to Claim 9, which comprises placing a printed
circuit board on said semiconductor element in such an
arrangement that the electrode portions of said printed circuit
board come in contact with the connecting electrode portions
provided on said semiconductor element, and then pressing the
laminate until said'undéffill resin sheet exhibits at least one
of the following physical properties (é) to (c¢) while being
heated for a predetermined period of time so that.the underfill
resin thus molten is packed into the gap between said printed
circuit board and said semiconductor element:
(a) Resin viscosity is not less than 5,000 poise;
(b) Supposing that the initial gelling time of the underfill
resin sheet or underfill resin layer before heating is 100%,
the gelling time thereof is 30% or less of the initial gelling
time; and
(c) Supposing that the initial residual heat of reaction of
the undeffill resin sheet or underfill resin layer before
heating is 100% as determined by a differential scénning

calorimeter (hereinafter referred to as "DSC"), the residual

heat of reaction thereof is not more than 70% of the initial
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el ectrode portions 2' (material: solder; nelting point: 299[err]C, shape:

sphere having a dianeter of 120 [err] and a hei ght of 96~ffﬁ444@_4u121nggh
t hereon was placed on the sheet-|ike underfill nateriaIT§P Thereafter, e

sheet-like underf ill material was heated and nelted at "g} HagBeen Replaceg
tenperature of 150[err]C under a load of 0.1 kgf per ele nut e
so that the resin thus nolten was packed into the gap be m\gd
circuit board 1 and the sem conductor elenent 3. In this manner, th
conponent sesdidaatle hieatti ol ywelaatded .t 0 each other while the connecting

el ectrode portions 2, 2' of the two conponents were electrically connected
to each other. SuBdequBihel proceesr fernthmspiedunctiordf &t sEIdconductionr 60
m nutes) and the connecting el ectrode portions 2 were nelted %at 250[err] C
for 30 sedevdse ascprddngetei Ghrim fhired Oof whereipnsritd g1n el FRFiAg t he
gap filled wth an underfjill resin |ayer 4 each fgr t he exanpl e as shown in

Fig. 20. layex .is fprmedenp¥omd@cisd da9i addenfid lopFesiRd e®ha
subjected to.initial cond test. Further, four %ft of the e

Ecti 0 . i_ght
sanpl os WEERISSRONEESY 1 SLSBORE, HInG  CRBPREF800 B RERTOIT SPOCEIRAT i on:
- 400err] Q.8 nubgs Lenr ] 12Rl LI & XS IULE3) o TRALSAI Chodtiess

sanpl es re sSubj ect 0 conduction . rcracking on
o Cona gt SGETA TS 3nBt R, AL Dyl Al 6 Loy o
said underfill resin sheet. '
12. The process for the production of a semiconductor
device according to Claim 9 or 10, wherein said underfill resin
layer is formed by print-coating an underfill resin layer-
forming material on a printed‘circuit board having connecting
electrode portions provided thereon. |
13. The process for the production of a semiconductor
device according to Claim 1 or 2, which comprises forming an
underfill resin layer on one side of said semiconductor
element, placing said semiconductor element on a printed
circuit board having a plurality of connecting electrode
portions provided thereon in such an arrangement that said
connecting electrode portions come in contact with said
connecting electrode portions, heating and melting said
underfill resin layer so that the underfill resin thus molten
is packed into the gap between said printed circuit board and
said semiconductor element, and then hardening said resin to

form said underfill resin layer.

14. The process for the production of a semiconductor
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been subjected to TST were subjected to noisture absorption at 30[err]C and
60%H for 168 hours and then to VPS (vapor phasesﬁﬂ&ﬂmmri B&ﬂR hEdder r ]

for 90 seconds before conduction test. The results n Tables
22 and 23 bel ow. Separately, the sheet-like underfi tained in
t he foregoi ng exanpl es and conparative exanples are ea eated at a
tenperature of 150[err]C for 60 mnutes to obtain sheet-llke har dened
materi al s. These sheet-like hardened materials were each then neasured
for el asti dewdgel wraardiagi 6@ Sdais] k¥ objchegonpaiisgsurplaging saddi|l e
testing machine (autograph avail abl e fron1Sh|nadzu Corp.). The results are
set forth ﬁﬁmssnégcmraﬁaerzsnt onsspid priqifg cirauifmboand,dn sgch gy

60 61 | astjc noqul . 5000 _500 11000 5500,6500
300 15000 PERENGRMERBaF AR, £hE) B ﬁagaéﬁoﬁem 1877 ompg Of) 8Re0Psclo g
0/8 0/8 te er_of defectives Cbnductlo st _af

o/ o4 O 4gab 5 Sefycogagctey ﬂ%‘“ c%’“‘%f If SomtasE 4vas |8§‘?

Chi p CraCkcgkhSEtI§E electQGée ﬂ@%%lgyé oéﬂ alév r1£¥ed QiéCult board,

and then pressing the laminate until said underfill resin layer

exhibits at least one of the following physical properties (a)
to (c) while being heated for a predetermined period of time so
that the underfill resin thus molten is packed into the gap
- between said printed circuit board and said semiconductor
element:
(a) Resin viscosity is not less than 5,000 poise;
(b) Supposing that the initial gelling time of the underfill
resin sheet or underfill resin layer before heating is 100%,
the gelling time thereof is 30% or less of the initial gelling
time;'and
(c) Supposing that the initial residual heat of reaction of
the underfill resin sheet or underfill resin. layer before
heating is 100% as determined by a differentiai scanning
calorimeter (hereinafter referred to as "DSC"), the residual
heat of reaction thereof is not more than 70% of the initial
residual heat of reaction.
15. The process for the production of a semiconductor
device according to Claim 1 or 2, which comprises forming an
underfill resin layer on one side of said printed circuit

board, placing.a semiconductor element having a plurality of
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(nunber of defectives/4 sanples) CbnductTTFFT€§T‘afrer————G#4 0/4  0/4
0/4 0/4 0/4 0/4 noisture-absorption VPSgH & g&n ef ectives/ 4 sanpl es)
Tabl e 23 Exanpl e Nos. 65 66 ql] JE | ! s in
|
[

300 5000 15000 tension (MPa) Ini t est _

0/ 8 0/ 8 ~0/8 (nunber of defect Conducti on test
after 0/ 4 0/ 4 0/4 TST (nunber of defectives/4
sanpl es) Chip crack after TST 0/ 4 0/ 4 0/ 4 (nunber

of def ect icpegiettdagpedeytEoddupbrohonsspravided thereon on Walid printed)/ 4
0/ 4 noi sture-absorption VPS (nunber of defectives/4 sanples) The results in
Tabl es 22cdxguil heard hdn tsuchr educasrang@rent that said connecting

electrode portions come in contact with said undeffill resin
layer, heating and melting said underfill resin layer so that
- the underfill resin thus molten is packed into the gap between
said printed circuit board and said semiconductor element, and
then hardening said resin to form said underfill resin layer.
16. The process for the production of a semiconductor
device according to Claim 15, which comprises placing said
semiconductor element on a printed circuit board having
connecting an underfill resin layer formed on side thereof in
such an arrangement that the underfill resin layer formed on
one side of said printed circuit board come in contact with the
connecting electrode porﬁions of said semiconductor element,
and then pressing the laminate until said underfill resin layer
exhibits at least ohe of the following physical properties (a)
tb (c) while being heated for a predetermined period of time so
that the underfill resin thus molten is packed into the gap
between said printed éircuit board and said semiconductor
element:
(a) Resin viscosity is not less than 5,000 poise;
(b) Supposing that the initial gelling time of the underfill
resin sheet or underfill resin layer before heating is 100%,
the gellingltime thereof is 30% or less of the initial gelling
time; and

(c) Supposing that the initial residual heat of reaction of
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of the present exanples had no defectives all in the initial conduction
test, conduction test after TST qﬁ§gwaq5§gkgﬂgzggifor crack on

seni conduct or chip after TST and af ter noi sture-absorption
VPS. In other words, the product31 exanples exhi bit stable
conductivity against stress tests conduction test, TST and
noi st ure- absorption VPS. Industrlal appllcablllty The present invention
can provide a process for the production of a sem conductor device which
al l ows an Wwsyuhderfilldn xs¥sian sheetfidn nadenfiljerresin hdayep thafowen the
sem conductor el ement and the board and facilitates the resin sealing of
the gap. MRAGNGeAs | HORHtidn dPEBTRARSHr R d@ adﬁféﬁéggt?-%l t§fanning
production qof a sen conductor device ich can inhibit e of the
entire deROTHRGTRF (RETSIIATTOR EPESRTeRdtrs PP "DSS" m—;@% 795 4halgap

b d dthe b d k t d
e e e ARt R SRS 209 B RORECuntB S, i 33 A e
i nvention Ic dQIaO.LV' c%] rge%g]__ lﬁq'ne SdeV| ce which exerts an excel | ent

effect of aX|ng ess on em conductor elenment, printed circuit

lr)gf‘lr gbf‘lnf't gon?e“ b o] e'Aegf&ﬂfséjoféi- OEﬁeaBQ‘oHHHﬁS}ShUi' & saeﬂc%hductor

device comprising a semiconductor element on a printed circuit
board with a plurality of . connecting electrode portions
provided interposed therebetween, the gap between said printed
circuit board and said semiconductor element being sealed with
an underfill resin layer, characterized in that a lamellar
solid resin provided interposed between said printed circuit
board and said semiconductor element is heated for a
predetermined period of time until the temperature of said
solid resin reaches a predetermined range where said printed
circuit board and said semiconductor element are connected
under pressure under the following conditions (X) and (Y) so
that said solid resin is melted to.form said underfill resin
layer:

(X) Supposing that the initial residual heat of reaction of
the solid resin before heating is 100% as determined by a
differential scanning calorimeter (DSC), the residual heat of
reaction thereof is not more than 70% of the initial residual
heat of reaction; and

(Y) The temperature of the semiconductor element is

predetermined higher than that of the printed éircuit board,
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1. A process for the production of a sem conductor device whitchconprises a
sem conductor elenent on a printed circuit board with qaplggghgée

f

connecting el ectrode portions provided interposed there ¥ ﬁ
between said printed circuit board and said sem conduct mmmﬂ g
sealed with an underfill resin layer, characterized in t ( fill
resin layer is forned by nelting a lanellar solid resin provided interposed
between said printed circuit board and said sem conductor el enent, and said
sol i d resnd ithendd€ feirehbe inltenpewntpox \betssen thepodst not 1€9s thgn An
epoxy resin conposition conprising the foll ow ng conponents (a) to (c), the
proporti &P . sai d conponent (c) being predeternmined to not nore than 90%
by weight of the total weight of said epoxy resin conposition (A): (a)
Epoxy resin; (b) ar ddlienpragess; fandthe) produghivr 9% |8 GCMHLANHARGLATRXI nUM
grain dianeter predetermned to not _nore than 100 [err]m 2. The process
for the FieNthre aaePiding e f4adticlidr Whorednagabd Fobid resiR s mags ch
conprises placin n underf ill resin sheet as the _lanellar solid resin on

£he ey

said pri O PP &STI s SPREHESNUAGr el ement on sai d
underf i) resjin sheet and.t hen 1;l)lregs' ng the | am nat e _ til oid underfill
resin she{.ﬁ) e .bletpéaxéd[ FEFST oRB™BP f‘hé ?ol‘f%’%’ﬂjgs’prl)ﬁ/s%}.hef pfglﬂe‘)rvﬁr{gs (a)
| 00CC), M "R e 6% MECSAILP S Rl Lobentel e e
circuit Roanth 3 RAImIHIC LBINGE thofd ATRIH ¥YIbPNdEFRE: of tHéRotal
weight of said epoxy resin composition (A):
(a) Epoxy resin;
(b) Phenol resin; and
(c) Inorganic filler having a maximum grain diameter
predetermined to not more than 100 um. |
19. The process for the production of a semiconductor
device according to Claim 17 or 18, which comprises placing an
underfill resin sheet as a solid resin on said printed circuit
board, placing a semiconductor element on said underfill resin
sheet, connecting the two components under pressure under the
foregoing conditions (X) and (Y) while being heated for a
predetermined period of time so that the underfill resin thus
molten is packed into the gap between said printed circuit
board and said semiconductor element, and then hardening said
 resin to form said underfill resin layer.
20. The process for the production of a semiconductor
device according to Claim 17 or 18, which comprises forming an

underfill resin layer on said printed circuit board in such an

S
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thereby fornming the underfill resin Tayer: (a)y~ Resimviscosity is 5,000
poi se or nore; (b) Supposing that theh0kickdlas IR, |ne of the underf

il resin sheet before heating is 100% |ne t hereof is 30% or
|l ess of the initial gelling time; and (mmm hat the initial

resi dual heat of reaction of the underf t before heating is
100% as determ ned by a differential scanning calorlneter (DSC), the

resi dual heat of reaction thereof is not nore than 70% of the initial

resi dual rasnangenenitthat the vpangesingseiertreade mw@tqm%rpmviaied on
sem conduct or _ devi ce accordlng to Caim1l, which conprlses form ng
underfil| F&kd nPripedoRiggnd pMQQﬁﬁjﬁﬁ%(ﬁﬂqhbﬁaFH Ynezperedn &ﬂ#ﬁﬁgéhe
that the connecting el ectrode ortlons prov,i ded pn e surface of said

printed ci t SR A ‘F%°’éa‘€ SHSRE| Pl oPrb‘F nGLrEcueLhy PBﬁéFGct’dl*

el enent on 531d connectin rtions iin _such an,arran nt .t

d
the el ect rotf p&ﬁ|8ﬁ§a{}?g-'§' Ctstrel?r?"gon ct §CSEE ﬁt BBﬁ%J‘?ﬂsco ad? th
sai d Conn%én}%rf\dtﬁfg xodglgﬂéﬁ{:o%m Ptl'xt E‘Bpt%%s ’lﬁ]t Q§ {16‘@0’}1%% ‘i’hsq cal

sai d unde reS|n ayer exhrbits St Teast -one o Iomnng

propertie C) ei g A#ggﬁg or. dﬁﬂaﬂé o tinme
so t hat th%ei%)ntc#ﬁéll Ipdr/%}slidr?{lgt)hus nol ten |és p}-'a nt(;gt e gap et vveen sai d
printed cIﬂfégéuﬂ@%meanéhéafdrégﬁﬁgmﬁlﬁise t ap@d( iﬂgrvﬂf»‘rféibetl hgy eby

formng the underfill resin layer: (a) Resin V|sc03|ty IS 000 poi se “or
nmore; (b) nagywsifed hhpiceaBEehﬂihé@'p@@idd E tiife 86 thet Wi ndnddr £iQ3i n

resin thus molten is packed into the gap between said printed
circuit board and said semiconductor element, and then
hardening said resin to form said underfill resin layer.

21. The process for the production of a semiconductor
device according to Claim 20, wherein said underfill resin
layer is formed by plécing an underfill resin sheet on a
printed circuit board having connecting electrode portions
provided thereon with said connecting electrode portions
provided interposed therebetween, and then heating and melting
said underfill resin sheet.

22. The process for the production of a semiconductor
device according to Claim 20, wherein said underfill resin
layer is formed by print-coating.an underfill resin layeré
forming material on a printed circuit board having connecting
electrode portions provided thereon.

23. The process for the production of a semiconductor
device according to Claim 17 or 18, which comprises forming an

underfill resin layer on said semiconductor element in such an

e

| O
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| ayer before heating is 100% the gelling tine thereof is 30% or | éss of
the initial gelling time; and (c) Supposing that the initial residual heat
of reaction Oﬂhistshetﬂad!ﬁilﬁﬁ\iﬁ cefesin | ayer before heating is 100% as

determ ned by scanning cal orineter (DSC), the residual heat
of reaction th rethan 70% of the initial residual heat of
reaction. 4. T

rocess for the production of a sem conductor device
according to Claim1l, which conprises formng an underfill resin | ayer on
sai d semaorahgemente ithegntthenconokcinngr ebegbnede pomtionhs poowieded on

el ectrode portions provided on the surface of said sem conductor el ement
wer e eaclsgif t sgmigpaduatop| adrpngns sae *RAvhucPartiyerzposed,sqilficing
connecting el ectrode portions_in such an arrangenent that the el ectrode
porti ons SHidSemicondertREt leBpRRe MR & iPrERRACEiRFRAtsRrardordect i ng
el ectrode partions, and then gressi ng.the | amnate until said underfi]l

resin | ayBClb AR BrrangemeBhsthahdhif HHASRPRG IPRFsPETa A BFemEesk (a)

(06L) B W Bes SthL ot ocr el L ALACL RS (Bl Ll e il e

he oot e, AR HE: Pt EBEhoARH, UREAROBLecbISE" Bhdel 7 [0

SuproS! LS ol s S SAIT TS PSRl NG e

initial gatdddi®inifed P¥kiod of time so that the underfill resin thus
molten is packed into the gap between said printed'circuit
board and said semiconductor element, and then hardening said
resin to form said underfill resin layer.

24. The process for the prbduction of a semiconductoxr
deﬁice according to Claim 23, wherein said uhderfill resin
layer is formed by placing an underfill resin sheet on a
semiconductor element having connecting electrode portions
provided thereon with said connecting electrode portions
.provided interposed therebetween, and then heating and melting
said underfill resin sheet.

25. The process for the production of a semiconductor
device according to Claim 23, wherein said underfill resin
layer is formed by print-coating an underfill resin layer-
forming material on a semiconductor element having connecting
electrode portions provided thereon.

26. The process for the production of a semiconduétor

device according to Claim 17 or 18, which comprises forming an

underfill resin layer on one side of said semiconductor
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(c) Supposing that the initial residual hear”of—reacrron—cf—the underfi l
resin | ayer before heating is 100% as deter?% ga ke ‘Fntlal scanni ng
calorinmeter (DSC), the residual heat of IS not nore
than 70% of the initial residual heat of rea £§B mﬁﬁﬂu rocess for the
production of a sem conductor device accordi mhlch conpri ses
formng an underfill resin |layer on one side of sai d sen1conductor el enent
pl aci ng said sem conductor elenment on a printed circuit board having a
plurality elememppectpleayialgeceadde pemiconduptori dekbnidietr com | a Spcinted
arrangenment that said underfill resin layer conmes in contact with said
connect i ngcstewit odwaust t hendngana tpergiidssi of t henheatihnge edrdtrade d
underfill resin layer exhibits at |east one of the follow ng physical
properti esP@eiews (PyowAHRd Hdigrpdreaivdsugh 2wprantergrmaRl Fddtocsaidtine
so that the underf ill resin thus nmolten is packed into the gap between

sai d printeRNReeEing RRGEERAP saaqartslaﬂscoﬁ@a@t ofNe| EABRACHNCWHER detRir

thereby forn1 g the underfill resin g Resi n SCOSIt! is 5,000
poi se or ' noPRRETHING,H %ST—ﬁad‘PhBPrFHBn m £P Peljé'rllF‘Bn& S FCQPRORERES £

1225;3?:&@%@%”6 e et e A t“e.r%ﬁb%e' Pt g B gt
100% fe. drarnd heERSH W fae%%ég‘?ee‘é"&a%%ﬁ S Y eaRe BBy e ©

residual h@ﬁ&ef¥1ll resin thus molten is packed into the gap between said

printed circuit board and said semiconductor element, and then
hardening said resin to form said underfill resin layer.

27. The process for the production of a semiconductor
device according to Claim 17 or 18, which comprises forming an
underfill resin layer on one side of said printed circuit
board, placing a semiconductor element having a plurality of
connecting electrode portions provided thereon on said printed
circuit board in such an arrangement that said connecting
electrode portions provided on said semiconductor element come
in contact with said underfill resin layer, connecting the two
components under pressure.under the foregoing conditions (X)
and (Y) while being heated for a predetermined period of time
so that the underfill resin thus molten’is packed into the gap
between said printed circuit board and said semiconductor
element, and then hardening said resin to form said underfill
resin layer.

28. A semiconductor device comprising a semiconductor

element provided on a printed circuit board with a plurality of

I
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reaction thereof is not nore than 70%-ef-the initial residual heat of
reaction. 6. The process for the production of a sem conductor device

according to Caima1, which conprises ThigSkg Been edil|l resin layer on
one side of said printed circuit board, 151 -
sem conductor el enment having a pluralit g el ectrode portions

provi ded thereon on said printed circuit board 1 n such an arrangenent that

sai d connecting el ectrode portions conme in contact with said underf il

resi n | ayefonaRdtingreleasrode) ponéipasgi previded iintexipdseddthérébetwsen, ,
| ayer exhibits at |east one of the follow ng physical properties (a) to (c)
whi | e bei nfPReafd® f Hetyefedeidtdi nerinted odcdrcuite bwansat and usabdfil |

RSB S b, b RT3 S i S
oo e aghe), TRRLSRERAY 5 00, B ShafBiti SHRPOTRE
1004 175 ST 415 HEISHod Bl A A 1100 ™
L1 P, ok B1aBSAe cubtolic o Seafiftons ST 1 B, 300 1o

differenti scanni ng cal orineter ( e residua
thereof is1peyonwpg, than 70% of the initial residual heat of reaction.

29. The semiconductor device acéording to Claim 28,
wherein said underfill resin layer is formed by an epoxy resin
composition comprising the folloﬁing components (A) and (B):
(A) Biphenyl type epoxy resin represented by the following

general formula (1):

R 3
CHz'CH'CH:'D—@_Q—U'Cﬂz'CH'Cﬂz see (1)
Yo .Y

wherein R; to R, may be the same or different and each represent
a C,, alkyl group; and
(B) Acrylonitrile-butadiene copolymer.

30. The semiconductor device according to Claim 29,
whereih said acrylonitrile-butadiene copolymer as the component
(B) is an acrylonitrile-butadiene-methacrylic acid copolymer.

31. The semiconductor device according to Claim 29,
wherein said acrylonitrile-butadiene copolymer as the component
(B) is an acrylonitrile-butadiene-acrylic acid copolymer.

-32. The semiconductor device according to any one of

Claims 29 to 31, wherein said epoxy resin composition is an
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7. The process for the production of a sem conductor device according to
Gaim3, 4, 5 %is@hee%ﬂﬁ&éﬂﬁéed underf ill resin layer is formed by

heati ng and nelt 11 resin sheet. 8. A process for the
production of a H‘ﬁl‘E evi ce conprising a sem conductor el enent on
a printed circui wth a plurality of connecting el ectrode portions
provi ded i nterposed therebetween, the gap between said printed circuit
board and sai d sem conductor elenment being sealed with an underf ill resin
| ayer, epohey aesdn renposithan aohpmiésing the i folkowing reonpleeentht(€)posed
between said printed circuit board and said sem conductor elenent is heated
for a préstiglan maddhedmpenents fd)usnd (Ble tenperature of said solid
resin reaches a predetermn ned range where said printed circuit board and
sai d sem(@ndRhenoldicenggesiny ereprrsentadunidr theskRHlQnng 13853 owi ng
conditions (X), and (Y) so that said solid resinis nelted to formsaid
underfil 1% la I(%)e"r: (X) Supposing that the initial residual heat of
reaction of the solid resin before heating.is 100% as determ ned by a

differential scary ng cal ori net (O#SC), the resi dyal t of reaction

t hereof is not e than.{0% of initi esi dufil t of reaction; and
(Y) The tenpera mr@—seﬁi ﬂﬂz‘@m‘;ﬂz-' t erniC hi gher
than that of th rinte I rcuitlLbvard, and”the didflerénce in tenperature

between themis not less than 50[err]C. 9. The process for the production

of a semgnduGt of de %c?yscyﬁg,et QAride)egP.l Or 8, wherein a lanellar
solid resin having a thickness of from50to 95% of the "total connection
hei ght " 33. A sheet-like underfill material for use in the
formation of an underfill resin layer in a semiconductor device -
according to any one of Claims 28 to 32, which exhibits the
following physical property (%) ‘when hardened: |
(Z) The elastic modulus in tension at 25°C is from 300 to
1,500 MPa. |
34. The sheet-like underfill material according to
Claim 33, obtained by forming an epoxy resin composition
comprising the following components (A) and (B) into sheet:
(A) Biphenyl type epoxy resin represented by the following

general formula (1)<

R Ra
cuz-cu-CH,-o—Z(:))———@—o-cn,-cu-cn. e (1)
" R X {

2 4 '

wherein R; to R, may be the same or different and each represent |
a C,., alkyl group; and -
(B) Acrylonitrile-butadiene copolymer.

35. The sheet-like underfill material according to

QL



as defined herein is used. 10. The procegg*?BF‘Tﬁé‘prﬁdﬂeLLon of a
sem conductor device according to C ai m 2, ThisRed. pall underf i1l resin

sheet having a thickness of fromb50 to 950 laednnect i on hei ght "
as defined herein is used. 11. A sem condu m,ﬂw’ll rising a

sem conductor elenent provided on a printe with a plurality
of connecting el ectrode portions provided interposed therebetween, the gap
between said printed circuit board and said sem conductor el ement being
seal ed mﬁt¢ﬂaﬁnujMdewhérbinesahdI&g&ylonﬂunkiﬂ1hdtﬁﬁiene tepolymer as tthmt
said underf ill resin |ayer exhibits the follow ng hardened physical
property (XMpYmENTheBe| a5t ia@ mmmmhrn{laﬂmcg{e nEsmathacny il @rdbo to

15,000 MPa. - 154 -
copolymer.

36. The sheet-like underfill material according to
. Claim 34, wherein said acrylonitrile-butadiene copolymer as the
component (B) is an acrylohitrile—butadiene-adrylic acid
copolymer.
37. The semiconductor device according to any one of
Claims 34 to 36, wherein said epoxy résin composition is an
epoxy resin composition comprising.the following component (C)
besides said components (A) and (B):
(C) Phenolic resin represented by the following general

formula (2):

OH OH | i
_@-cag-@—cm cm-@-__—cﬂ- - - (2)

wherein m is 0 or a positive integer.

38. The process for the production of a semiconductor

device according to Claim 1 or 17, wherein said lamellar solid
resin is the following compound (S):
(S) Solid resin having a shépe and size such that it can be
accommodated in a spatial portion surrounded by a plurality of
connecting electrode portions positioned at the outermost
periphery of said plurality of connecting electrode portions in
the preceding claims.

39. The process for the production of a semiconductor
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device according to .Claim 38, wherein othér connecting
electrode portions are further provided in a portion surrounded
by the plurality of connecting electrode portions positioned at
the outermost periphery and holes are provided in said soiid
. resin (S8) corresponding to said other connecting electrode
portions.

40. The process for the production of a semiconductor
device according to Claim 1 or 17, wherein an underfill resin
sheet having a thickness of from 50 to 95% of the "total

connection height" as defined herein.

\\
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